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I nhibit caspases that nediate cell apoptosis and inflammtion. The

i nvention alsqwb%b%b§§ to met hods of using the 15 conpounds and
pharmaceutical conmpositions of this invention to treat discecEesShase
caspase activity is inplicated. Back gro of the Invention Apoptosis, or
programmed cell death, is a 20 principal nmechani sm by which organi sns
elimnate unwanted cells. The deregul ati on of apoptosis, either excessive
-apoptosis or the failure to undergo it, has been inplicated in a nunber of
di seases such as cancer, acute inflammatory and autoi mmune di sorders,

I schem ¢ di seases 25 and certai n neurodegenerative disorders (see generally
Sci ence, 1998, 281, 1283-1312; Ellis et al., Ann. Rev. Cell. Biol., 1991,

7, 663). Caspases are gak8iMhYyrOfa i I S enz§nes t hat are key
medi ators in the signarTﬁg'parﬁmﬁfgﬁgggléggﬁgp,ggc§§Q assenbly
(Thor nberry, Chem

3 Ralated Applications

This application claims priority to US Provisional Patent

Application 60/192,826 filed March 29,2000.

Field of the In%ention

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

15 compounds and pharmaceutical compositions of this

invention to treat diseases where caspase activity is
implicated.

Background of the Invention

Apoptosis, or programmed cell death, iz a
20 principal mechanism by which organisms eliminate unwanted
cells. The deregulation of apoptosis, either excessive
apoptogis or the failure to undergo it, has been
implicated in a number of diseases such as cancer, acute
inflammatory and autoimmune disorders, ischemic digeases
25 and certgin neurodegenerative disorders (see generally
Science, 1938, 281, 1283-1312; Ellis et al., Ann. Rev.
Cell. Biol., 1991, 7, 663). '
Caspases are a family of cysteine protease
enzymes-that are key mediators in the signaling pathways
30 for apoptosis and cell disassembly (Thormberry, Chem.
Biol., 1298, 5, R97-R103). These signaling pathways vary



Biol-, 1998, 5, R97-R103)_ These signaling pathways vary 2 5 S E P 2004 WO
01/ 72707 PCTI USOV101S2 -2- depending on cell type and stinulus, but all
apoptosis pathways appear to converge at a common effector pathway

| eading to proteolysis of key proteins. Caspases are involved in both the

effector phase of the signaling 5 pathway and further upstrean?tys%p z@
initiation. The wupstream caspases involved in initiation events be Ihe
activated and _in turn activate other caspases that are involved in the

| ater phases OfQ8W&30sis. Caspase-1, the first identified cREpESey0i82 10
al so known as interleukin converting enzyne or "ICE." Caspase-1 converts
precursor interleukin-1p ("plL-1P") to the pro-inflammtory active form by
specific cleavage of plL-].P between Asp-116 and Al a-117. Besi des
caspase-1 there are also el even other know# human caspases, all of 15

whi ch cl eave speldgdrididgy oat cg§paﬂ.ﬁyé mis@iﬁﬁlulbeﬁu@r&dl ?%@‘?%ﬁggfé ved to

have stringent requirenents for at 1east four am no aci es on the
N-ternminal side RAChWAYS @bpaengeo stenverfiee ataspasamchawf detarr gpattaidy ed

into three 20 g, end| n_the no _acid.sequepce that is
preferred or prinarl §1I ?d?g’cgghﬁg%%sﬁ%&fg?&a’p%? 48P asPEPRRFT R ESicl udes
caspases 1, 4, dmyciveldainbbeth stioweffectpirebhasBySF opho Lo 0fRf i ¢ ami no
aci ds at posgti ge site.” Anot her

coLos oL Dol Syl SBICphELE Al e 1 Le o spuane site ot e
at both positionpskrend é¢aspasde NHrtAVWEDNAL $hi€iation events become
activated and in turn activate other caspases that are
involved in the later phases of apoptosis.
Caspase~1l, the first identified caspase, is
10 also known as interleukin converting enzyme or “ICE.”
Caspase-1 converts precursor interleukin-1f (*pIL-1B”) to
the pro-inflammatory active form by specific cleavage of
PIL-1p between Asp-116 and Ala-117. Besides caspase-1
there are also eleven other known human caspases, all of
15 which cleave specifically at aspartyl residues. They are
also observed to have stringent requirements for at least
four amino acid residues on the N-terminal éide of the
cleavage gite.
The caspases have been classified into three
20 groups depending on the amino acid sequence that is
preferred or primarily recognized. The group of caspases,
which includes caspases 1, 4, and 5, has been shown to
prefer hydrophobic aromatic amino acids at position 4 on
the N-terminal side of the cleavage site. Another group
25 which includes caspases 2, 3 and 7. recognize aspartyl
residues at both positions 1 and 4 on the N-terminal side
of the cleavage site, and preferably a sequence of
Asp-Glu-X-Asp. A third group, which includes caspases 6,
8, 9 and 10, tolerate many amino acids in the primary
30 recognition sequence, but seem to prefer residues with
branched, aliphatic side chains such as valine and

leucine at position 4.



of the cleavage site, and preferably a sequence of Asp-du-X-Asp. Athird
group, which includes caspases 6, 8, 9 and 10, tolerate nmany am no aci ds
in the primary 30 recognition sequence, but seemto prefer residues with
branched, aliphatic side chains such as valine and |eucine at position 4.
2 5 S EP 1004 WO 01/72707 PCT/USO1/ 10182 -3- The caspases havgéfﬁipg@ﬁen

grouped according to their perceived function. The first subf sists

of caspases-1 (ICE), 4, and 5. These caspases have been shown to be

i nvol ved i n prY¥0i0xTI78hmat ory cyt oki ne 5 processi ng and t her ef@resophaigz an

I nportant role in inflammtion.' Caspase--1, the nost studied enzyne of
this class, activates the |IL-1P precursor by proteolytic cleavage. This
enzyme therefore plays a key role in the inflanmatory response. Caspase-1
is also involved in the 10 processing of im&-erferon gamua inducing factor

(IG@F or 1L-18) which stirqul ai&Sad dyct] f interferon gamm, a
key i1 mrunoregul ator that nodul aﬁas %‘ra\th%é%n%%!r)gg%%?a?xf%ﬁe AEYCAES; vat i on

angf cel : adhesihd'ﬁ? thed rr peraceived c&ggaé@ft.nmhe fl.’prsktl:l&am#d.yamﬂnslﬁltlbh: rd
subfamlies. T _ar centra i mportance in the intracellular
%%ec%%ééglg %gft gngtﬁfi)o'ptezL dsiP&d Bne QfISPEHTTeve Beennhe

si gnal i ng pat hways
enzynes i nvol vedbowni bt bat imeplenehtin pirot RRF BRRRIGIHE cyRidiwY, i ncl udi ng
Menbers of this

transductiongof gignals f rol%ttrl_gerzoopl asga menbyr ane. 0 o
subfam 'y indl udé “Caepadedtd METRFoTRIPIBY FheMITARUBRAS B, consi sti ng

inflammation.” Caspase-1, the most studied enzyme of this
class, activates the IL-1P precursor by proteolytic
cleavage. This enzyme therefore plays a key role in the
inflammatory response. Caspase-1 is also involved in the

10 processing of interferon gamma inducing factor {IGIF or
IL-18) which stimulates the'production of interferon
gamma, a key immunoregulator that modulates antigen
presentation, T-cell activation and cell adhesion.

The remaining caspases make up the second and

15 third subfamilies. These enzymes are of central
importance in the intracellular signaling pathways
leading to apoptosis. One subfamily consists of the
enzymes involved in initiating events in the apoptotic
pathway, including transduction of signals from the

20 plasma wmembrane. Members of this subfarily include
caspases-2, 8, 9 and 10. The other subfamily, consisting
of the effector capsases 3, 6 and 7, are involved in the
final downstream cleavage events that result in the
systematic breakdown and death of the cell by apoptosis.

25 Caspases involved in the upstream signai transduction
activate the downstream caspases, which then disable DNA
repair mechanisms, fragment DNA, dismantle the cell
cytoskeleton and finally fragment the cell. |

A four amino acid sequence primarily recognized

30 Dby the caspases has been determined for enzyme
substrates. Talanian et al., J. Biol. Chem. 272, 9677-
9682, (1997); Thornberry et al., J. Biol. Chem. 272,



of the effector capsases 3, 6 and 7, are involved in the final downstream
cl eavage events that result in the systematic breakdown and death of the
cell by apoptosis. 25 Caspases involved in the upstream signal
transduction activate the downstream caspases, which then disable DNA
repair nmechani sns, fragnment DNA, dismantle the cell cytoskel 3;50ﬂ_£and

finally fragment the cell. A four am no acid sequence primril C}H@ﬁni zed

30 by the cas been determ ned for enzyme substrates. Tal anian et
al., J. Bi ol.qgﬁgrfﬁﬂ@& 9677- 9682, (1997); Thornberry et aFCT/USOUIBIE3

Chem 272, 25SEP2004 WD 01/72707 PCT/US01110182 -4- 17907-17911, (1997).
Know edge of the four am no acid sequence primarily recognized by the
caspases has been used to design caspase inhibitors. Reversible

tetrapeptide inhibitors have been prepared fiavi ng the 5 -structure CH3CO
[P41 - [P31 - [ RFY07~CHSQR) CLROTPH wheswl iyd @fP4hd ERUESBRIN8NaLPE i Nal
am no acid reco%réitieon seguence and R is an_aldehyde, nitrile or ketone
capabl e of bi ndiTGE ro°% RETRATHLE FE5RITH 4R Y fARFd OpsPargfobas doeen

Thornberry, ChemedBitel dedigh48adpasd 198 Mpitdd | i g : Bi oorg. 10 Med.
Chem Lett. 3, 2689-2692 (1893) : N chol son et aI.,e‘%hart%llljer%3376, 37- 43
(1995) . irrever SS5F@PPRELBRt RBiBbEekE have fheemn preperedt bavipg pthee

D0OHBOOTR . B e eeeiatt P e I ard dhar o+ [ SR Br Rl RE o SEen
as 2, 6-di chl or oBER¥E§RBRyanNdPt ek carfirics aCAAHZ ¥ cwhraieiXni Sequasey gy gr oup
such as F or R is an aldehyde, nitrile or ketone capable of binding to
the caspase cysteine sulfhydryl. Rano and Thornberry,
Chem. Biol. 4, 149-155 (1997); Mjalli, et al., Bioorg.
10 Med. Chem. Lett. 3, 2689-2652 (1993); Nicholson et al.,
Nature 376, 37-43 (1995). Irreversible inhibitors based
on the analogous tetrapeptide recognition sequence have
been prepared where R is an acyloxymethylketone -
COCH;OCOR’. R’ is exemplified by an optionally
15 substituted phenyl such as 2,6-dichlorobenzoyloxy and
where R is COCH.X where X is a leaving group such as F or
Cl. Thornberry et al., Biochemistry 33, 3934 (1994):;
Dolle et al., J'hed. Chem. 37, 563-564 {1994).
The utility of caspase inhibitors to treat a
20 variety of mammalian disease states associated with an
increase in cellular apoptosis has been demonstrated
using peptidic caspase inhibitors. For example, in
.rodent models, caspase inhibitors have been shown to
reduce infarct size and inhibit cardiomyocyte apoptosis
25 after myocardial infarction, to reduce lesion volume and
neurological deficit resulting from stroke, to reduce
post-traumatic apoptosis and neurological deficit in
Lraumatic brain injury, to be effective in treating
fulminant liver destruction, and to improve survival
30 after endotoxic shock. Yaoita et al., Circulation, 97,
276 (1998); Endres et al., J Cerebral Blood Flow and
Metabolism, 18, 238, (1998); Cheng et al., J. Clin.



Cl . Thornberry et al., Biochem stry 33, 3934 (1994); Dolle et al., J Med.
Chem 37, 563-564 (1994). The utility of caspase inhibitors to treat a 20
vari ety of mammalian di sease states associated with an increase in

cel lul ar apoptosis has been denonstrated using peptidic caspase

i nhi bitors. For exanple, in rodent nodels, caspase inhibitors_have been
shown to reduce infarct size and inhibit cardi onmyocyte apoptB&ﬁEPZ@&after
nmyocardi al infarction, to reduce |esion volune and neurological deficit

resulting fromwebrmker to reduce post-traumatic apoptosis aﬁﬁ’r PJggi cal
deficit in traumatic brain injury, to be effective in treatlng m nant

| iver destruction, and to i nprove survival 30 after endotoxic shock. Yaoita
et al., G rculation, 97, 276 (1998); Endres et al., J Cerebral Bl ood Flow
and Metabolism 18, 238, (1998); Cheng et-@ ., J. Cdin. 2 5 SEP 2004 WO

01/ 72707 PCT/[T 18 1 1998 Yakovl t
1T hburOSC|eLc§Gb%%Q i§1(1§5%§ 8%%%?|q8é§°¥ieglg g é OK@SV e18?1

2067 (1996); Gr@lcmlscébnaé,,1‘M)|74Jl‘ﬂ3dl,995), EB&ri&@&Q)etl.ﬂ gener ghy the

pepti dic |nh|b| r ribed ove are very potent agalnst sone t he
caspase enzynes. ﬁ—z\weﬁ% the% g’cﬂgeﬁ’?cyGPf&?mﬁféF atvways, béeh Meé?fl,eét.ed in

cellul ar nodel ssgt qpopypsis. In addition peptide inhibitors are typically

characterlzed by 10 undesirabl e pharnacol ogi cal properties such as poor
or al In general, the peptidic inhibitors described

above are very potent against some of the cagpase
enzymes. However, this potency has not always been
:eflected in cellular models of apoptosis. In addition
peptide inhibitors are typically characterized by

10 undesirable pharmécological properties such as poor oral
absorption, poor stability and rapid metabolism.
Plattner and Norbeck, in Drug. Discovery Technologies,
Clark and Moos, Eds. (Ellis Horwood, Chichester, England,
1950} .

15 There are reports of modified peptide
inhibitors. WO 91/15577 and WO 93/05071 disclose peptlde
ICE inhibitors of the formula:

Z-Qz-Asp-Qq

wherein Z is an N-terminal protecting group; Q. is 0 to 4

20 amipo acids; and Q; is an electronegative leaving group.

WO 99/18781 discloses dipeptide caspase

inhibitors of the formula:

CO2R3
n1—-AA—N’g(Rz
H o
wherein R; is an N-terminal protecting group; AA is a
25 residue of a natural @-amino acid or B-amino acid; R; is
hydrogen or CH;R; where R; is an'electronegative leaving
group; and Rz is alkyl or hydrogen.

WO 99/47154 discloses dipeptide caspase
inhibitors of the formula:



absorption, poor stability and rapid netabolism .Plattner and Norbeck, in
Drug- Discovery Technologies, dark and Mos, Eds. (Ellis Horwood,
Chi chester, England, 1990). 15, There are reports of nodified peptide
inhibitors. WO 91/15577 and WD 93/ 05071 di scl ose peptide |CE inhibitors of
the formula: Z-Q2-Asp-Q wherein Zis an N-term nal protectipgsgpq ;@
iIs 0Oto 4 20 amno acids; and Q is an el ectronegative |eaving group. WO
99/ 18781 di SC'\Q&ﬁénq%\fept i de caspase inhibitors of the fornmula: R AA-N
O wherein R 15 af'N-termnal protecting group; AA is a 25 YeWP§HAWR a
natural a-amno acid or n-amno acid; R2 is hydrogen or CHZR4 where R4 is
an el ectronegative | eaving group; and R3 is al kyl or hydrogen. WO 99/47154
di scl oses di peptide caspase inhibitors of_the fornmula: 2 5 SEP 7004 WO
01/ 72707 PCT/USO01/ 10182 -6 R1-AA-N H O wherein RL is an N-term nal
protecting group; AAis a residue of a non-sJBMpal a-am no acid or P-am no
acid; and R2 is optionally substituted al kyl or hydrogen. 5 WO 00/ 023421
di scl oses (substituted) acyl Ry—AA—N F

H o

wherein R; is an N-terminal protecting group; BA is a
residue of a non-natural d-amino acid or P-amino acid;

and R; is optionally substituted alkyl or hydrogen.

5 WO 00/023421 discloses (substituted) acyl
dipeptide apoptosis inhibitors having the formula:
CO.R®
] R®  (CH)q
R —X—{CHz), B
A—N
o) H o

where n is 0, 1, or 2; q is 1 or 2; A is a residue of
certain natural or non-natural amino acid; B is a

10 hydrogen atom, a deuterium atom, C;_;, straight chain or
branched alkyl, cycloalkyl, phenyl, substituted phentyl,
naphthyl, substituted naphthyl, 2-benzoxazolyl,
substituted 2-oxazolyl, (CH,J.cycloalkyl, (CH,).phenyl,
(CH,) w (substituted phenyl), (CH;)w(1- or 2-naphthyl),

15  (CHz)yheterocaryl, halomethyl, CO,R'?, CONR™R®, CH,ZR'®,
CH,O0COaryl, CH;OCO(substituted aryl), CH,0CO(hetercaryl),
CH,0CO (substituted heteroaryl), or CH,0PO{R'}R!®, where
R¥, R™, R, R, R and R!® are defined in the
application; R* is selected from a group containing

20 hydrogen, alkyl,-cycloalkyl, phenyl, substituted phenyl,
(CHz) NH2; R’ is hydrogen, alkyl, cycloalkyl,
{cycloalkyl)alkyl, phenylalkyl, or substituted
phenylalkyl; X is CH;, C=0, O, S, NH, C=0ONH or CH,OCONH;
and Z is an oxygen or a sulfur atom.

25 WO 97/24339 discloses inhibitors of

interleukin-1P converter enzyme of the formula:



di pepti de apoptosis inhibitors having the formula: R1-X-(CH2) , Q2R3
(CH2)g AN~" R2 OHp wherenis 0, 1, or 2, gis 1 or 2; Ais a residue
of certain natural or non-natural amno acid; Bis a 10 hydrogen atom a
deuteriumatom Cz_,,o0 straight chain or branched al kyl, cycloal kyl,
phenyl, substituted phentyl, naphthyl, substituted naphthyl,

2- benzoxazol yl, substituted 2-oxazolyl, (CH2)'ntycl oal kyl, (z(ﬁ—%P Zﬂ%enyl ,
(CH2). (substituted phenyl), (CH2).m(1- or 2-naphthyl), 15

(CH2) . 1het er oavgby72hied onet hyl , CO2R13, CONR14R1$, CH2ZR16, 4eri?g4a9ad14s -
CH2O0C(( substituted aryl), CH2000(heteroaryl), CH20CO (substituted
heteroaryl), or CH2OPO (R17) R18, where R13, R14 , RI5, R 6 , R17 and R18
are defined in the application; R2 is selected froma group containing 20
hydr ogen, al kyl, - cycl oal kyl, phenyl, substituted phenyl, (CH2)1NH2i R3
I s hydrogen, alkyl, cycloal kyl, (cyclaal kyl)al kyl, phenylal kyl, or
substituted phenylalkyl; X is CHZ, C:EE 0, S. NH, C=ONH or CH2OCONH, and
Z is an oxygen or a sulfur atom 25 SAR2433ON4EY scl oses inhibitors of

i nterl eukin-1p converter enzyme of the fornula:H25SEP 2004 WO 01/ 72707
PCT/USO ./10182 -7 O

wherein R' represents H, alkyl, alkoxy, a carbocycle, a
heterocycle, and various other groups; AA' and AA? are

5 single bonds or amino acids; and Y represents a group of

0,f,
/q/ (CHz) Z—-E
o)

wherein the Tet ring represents a tetrazole ring; and Z

formula:

represents, inter alia, alkylene, alkenylene, 0, S, SO,
10 and S0;.
-~ EP 618223 discloses ICE inhibitors of the
formula:
R-B;-Ay-X-A; ,
wherein R is H, a protecting group, or an optionally ring
15 substituted PhCH;0; A; is an o-hydroxy- or o-amino acid
residue; A, is an a-hydroxyacid residue or a-amino acid
or A, and A; form together a pseudodipeptide or a
dipeptide mimetic residue; X is a residue derived from
Asp wherein A; is CH.X1COY,, CH,0Y;, CH.SY; or CH,{CO).Y¥e
20 wherein X is O or 8, mis 0 or 1 and Yy, Y> ,¥s and Y; are
optionally substituted cyclic aliphatic or aryl groups.
WO 98/16502 discloses, inter alia, ICE

inhibitors of the formula:

R'f
YN COM
o)
OEN Mg
H o

25 wherein R; and R; are as described in the application and

the pyrrolidine ring is substituted by various groups.



R1AAt - AA2-N-Y H wherein R represents H, alkyl, alkoxy, a carbocycle, a
het erocycl e, and various other groups; AA and AA2 are 5 single bonds or
am no acids; and Y represents a group of fornmula: 02N (Cf-1 )n Tet Z EO
wherein the Tet ring represents a tetrazole ring; and Z represents i nter
alia, alkylene, alkenylene, 0, S, SO 10 and SQ2. EP 618223 ¢ sydt @ | CE
I nhibitors of the formula: R-Ai-Aa-X-A3 wherein Ris H a prote E‘S
group, or %{z)tlonally ring 15 substituted PhCH2O, Al is an a-hydroxy- or
a-an no aci d V&I A2 is an I Xx- hydroxyaci d resi due or a- 2GT/j8014018% or
Al and A2 formtogether a pseudodi peptide or a dipeptide mnetic residue;
X is a residue derived from Asp wherein A3 I s CH2XI COY1l, CH20Y2, CH2SY3 or
CH2 (CO nv¥6 20 wherein XI is O or S, mis or 1 and YI, Y2 , Y3 and Y6
are optionally substituted cyclic aliphat |% or aryl groups. WO 98/16502
di scloses, inter alia, | %:.whabmﬁrﬂf& ¥ tdae fa%m.ﬂhﬁlb!i:kz&g%&‘@@rﬁééh R2
and R2 are as descrlggg he application ang:]> the pyrrolidine ring 1s

substituted by V&PPS grbEp%s Bots s v (Wpehbey 1 theyoropeseesthe 10182

appropriate pharmacological properties to be
Vtherapeutically useful. Therefore, there is a continued
5 need for small molecule caspase inhibitors that are
potent, stable, and penetrate membranes to provide
effective inhibition of apoptosis in vivo. Such
compounds would be extremely useful in treating the

aforementioned diseases where caspase enzymes play a
10 role.

Summary of the Invention

It has now been found that compounds of this
invention and pharmaceutical compositions thereof are
15 effective as inhibitors of caspases-and cellular

apoptosis. These compounds have the general formula I:

) R

| E o 1 !

= Y
z e H o

I
wherein:
20 Z is oxygen or sulfur;
' is hydrogen, -CHN;, ~-R, ~CH;OR, -CH,SR, or -CH,Y;
R is a Cy.; aliphatic, aryil, aralkyl, heterocyclyl, or
heterocyclylalkyl;
Y is an electronegative leaving group;
25 Rr? is CO.H, CH,CO:H, or esters, amides or isosteres
thereof;
R’ is a group capable of fitting into the 82 sub-site of a
caspase;
R' and R® taken together with the intervening nitrogen

30 form a mono-, bi- or tricyclic hetero ring system



-8- While a nunber of caspase inhibitors have been reported, it is not

cl ear whether they possess the appropriate pharmacol ogical properties to
be therapeutically useful. Therefore, there is a continued 5 need for
smal |l nol ecul e caspase inhibitors that are potent, stable, and penetrate
menbranes to provide effective inhibition of apoptosis in vivo. such
conpounds woul d be extrenely useful in treating the aforenen?iag&%

di seases where caspase enzynes play a 10 role. Summa of the ﬁ Wn 1 ¢
has now been Mupdzrétat conpounds of this invention and phag@mashbse!
conpositions thereof are 15 effective as inhibitors of caspases and

cel lul ar apoptosis. These conpounds have the general fornmula l: R4 OR2 u
RS. NO !1 Z wherein: 20 Z is oxygen or sulfur; Rl is hydrogen, -CHNZr
-R, -CH2OR, -CH2SR, or -CH2Y; Ris a 01..X2-aliphatic, aryl, aralkyl,

het er ocycl yl, or VGl el roneg t|ve | eavi ng group;
25 R2 is CO2H, %%éla{gog'r %eé'%‘ g%gxgtécr#%e%egﬁcmdegfgﬁe fRErBof Bs a
group capabl e of antﬁuijurnto the S2 sub-site of a

The compounds of this invention have inhibition
properties across a range of caspase targets with good
efficacy in cellular models of apoptosis. In addition,
these compounds will have good cell penetration and
pharmacokinetic properties and, as a consequence of thejir
potency, have gqod efficacy against diseases where

caspases are implicated.

Detailed Description of the Invention

5 This invention provides novel compounds, and
pharmaceutically acceptable derivatives thereof, that are
useful as caspase inhibitors. The invention also
provides methods for using the compounds to inhibit
caspase activity and to treat caspase-mediated disease

10 states. These compounds have the general formula I:

2
® o "
1
z @ H o
I

15 wherein:
Z is oxygen or sulfur;
! is hydrogen, -CHN,, -R, -CH;OR, -CH.SR, or -CH,Y¥;
R is a Cy1; aliphatic, aryl, aralkyl, heterocyclyl, or
heterocyclylalkyl;
20 Y is an electronegative leaving group;
R? is CO;H, CH;CO;H, or esters, amides or isosteres

thereof;



caspase; R and R5 taken together with the intervening nitrogen 30 forma
nono-, bi- or tricyclic hetero ring system2 5 SEP 2004 WD 01/ 72707

PCTI USOL/ 10182 -S- having 1-6 heteroatons sel ected from nitrogen, oxygen
or sulfur. The conpounds of this invention have inhibition properties
across a range of caspase targets with good efficacy in cel Ig#gég nodel s of

apoptosis. In addition, these conpounds will have good cell (8ii on

and phar macokyggihgeProperties and, as a consequence of theppy Y
have good efficacy agai nst di seases where caspases are inplicated.

Detai |l ed Description of the Invention 5 This invention provides novel
conpounds, and pharnmaceutically acceptable derivatives thereof, that are
useful as caspase inhibitors. The inventiangal so provides nethods for
using the conpounds to inhibit caspase activity and to treat

caspase- medi at ed® i e sEraup stamadbde Phefbtebmpourds they 82t kubgehbeapt a

f(C):Ir—IerC]l?a lC{—IZég Wne&géﬁéﬁé iqgmpxygen or sul fur; R' is hydrogen, -CHN2, -R
- , - , or - ; Is a C3,-:L2 aliphatic, aryl, aralkyl,
heterocyclyl, oR* hatleRboyakter aldgelthe20w¥thstian jaltexiveniegahi.teogenavi ng
group; R2 is CO2H, fcgr_%qam#éng-r, S1't-erosz:’ t%rlncggfigrhétseorsé erri?lsé system
5 having 1-6 heterocatoms selected from nitrogen, oxygen
or sulfur,.

As used herein, the following definitions shall
apply unless otherwise indicated. The term “aliphatic”
as used herein means straight chained or branched C;-Cj;

10 hydrocarbons which are completely saturated or which
contain one or more units of unsaturation. For example,
suitable aliphatic groups include substituted or
unsubstituted linear, branched or cyclic alkyl, alkenyl,
or alkynyl groups and hybrids thereof such as

is {cycloalkyl)alkyl, {(cycloalkenyl)alkyl or
{cycloalkyl)alkenyl. The term "alkyl" used alone or as
part of a larger moiety refers to both straight and
branched chains containing one to twelve carbon atoms..
When the term alkyl is used as part of a larger moiety,

20 as in aralkyl or hetercaralkyl, the alkyl portion will
preferably contain one to six carbons. The term
ﬁhalogeﬁ" means F, Cl, Br, or I. The term “aryl” refers
to monocyclic or polycyclie aromatic ring groups having
five to fourteen atoms, such as phenyl, naphthyl and

25 anthryl. The term *heterocyclic group” refers to
saturated and unsaturated monocyclic or polycyclic ring
systems containing one or more hetercatoms and a ring
size of three to nine such as furanyl, thienyl, pyrrolyl,
pyrrolinyl, pyrrolidinyl, dioxolanyl, oxazolyl,

30 thiazolyl, imidazolyl, imidazolinyl, imidazolidinyl,
pyrazolyl, pyrazolinyl, pyrazolidinyl, isoxazolyl,
isothiazolyl, oxadiazolyl, triazolyl, thiadiazolyl,



thereof; 2 5 SEP 2004 WO 01/72707 PCTI USO1/ 10192 -10- R3 is a group capable

of fitting into the S2 sub-site of a caspase; and R4 and R5 taken together

with the intervening nitrogen forma nono-, bi- or tricyclic hetero ring

system S having 1-6 heteroatons sel ected fromnitrogen, oxygen or sulfur.

As used herein, the following definitions shall apply unless otherw se

I ndi cated. The term "aliphatic" as used herein neans straighi ggﬁi ed or
tedl Sbif /

branched C3,-Cl12 10 hydrocarbons which are conpletely satura i ch
contain one oWeBKBTIaMits of unsaturation. For exanple, suipcaERusmabisphatic
groups include substituted or wunsubstituted |inear, branched or cyclic

al kyl, al kenyl, or al kynyl groups and hybrids thereof such as is .
(cycl oal kyl')al kyl, (cycl oal kenyl)al kyl or (cycloal kyl)al kenyl. The term
"al kyl" used alone or as part of a |argerlimiety refers to both straight

Ayl 1o used adTparyigr PRETARE L HLE, Bl QR Rl K Rompne ThyT)” 1T
het eroaral kyl, tdi&hikkyl, pthicoorpidel inylr,ebet ik yiePN} apyr(KiRIr/1Si X
carbons. The term__"hal ogen: neans FE, . B, or I. The term"aryl" refers
to monocyclic oFYporyey ri%lg?fﬁﬁﬁq¥;¢§€ﬁja§Fﬁﬁgs FeitiRtpn¥tve to fourteen
atoms, such as fdheénilzingbht iydoBy, ZxAREBIYL, THEo1isiya " heterocyclic
group’ referg tg, saturatef and unsaturated mohocyclicor polyeyclic ring
benzthiazolyl, purinyl, quinolizinyl, quinolinyl,
isoquinolinyl, cinnolinyl, phthalazinyl, quinazolinyl,
quinoxalinyl, 1,8-naphthyridinyl, pteridinyi,
quinuclidinyl, carbazolyl, acridinyl, phenazinyl,

10 phenothiazinyl, or phenoxazinyl. ‘“Heterocaryl” refers to
a heterocyclic ring that is aromatic. It is understood
that the compounds of this invention are limited to thosge
that can exist in nature as stable chemical compounds.

The term ®“carbocyclic group” refers to

15 saturated monocyclic or polycyclic carbon ring systems of
three to fourteen carbons which may be fused to aryl or
heterocyclic groups. Examples include cyclohexyl,
cyclopentyl, cyclobutyl, cyclopropyl, indanyl,
tetrahydronaphthyl and the like.

20 An aliphatic, alkyl, aryl, heterocaryl,
heterocyclyl, or carbocyclyl, used alone or as part of a
larger moiety, refers to substituted or unsubstituted
groups. When substituted, these groups may contain one
or more substituents. Examples of suitable substituents

25 include halogen, -R, -OR, -OH, -SH, -SR, protected OH
{(such as acyloxy), phenyl (Ph), substituted Ph, -OPh,
substituted -OPh, -NO;, -CN, -NH,, -NHR, -N(R)., -NHCOR,
-NHCONHR, ~NHCON(R),, -NRCOR, -NHCO,R, -CO3R, -CO.H, -COR,
-CONHR, -CON(R)., -S{O):R, -SONH,, -S{O)R, -SO.NHR,

30 ~-NHS (0) 2R, =0, =8, =NNHR, =NNR;, =N-OR, =NNHCOR, =NNHCO.R,
=NNHSO;R, or =NR where R is an aliphatic group or a
substituted aliphatic group.



systens containing one or nore heteroatons and a ring size of three to

nine such as furanyl, thienyl, pyrrolyl, pyrrolinyl, pyrrolidinyl,
di oxol anyl, oxazolyl, 30 thiazolyl, imdazolyl, imdazolinyl,
i m dazolidinyl, pyrazolyl, pyrazolinyl, pyrazolidinyl, isoxazolyl,

I sot hi azol yl ,

oxadi azolyl, triazolyl, thiadiazolyl, 2 5 S E P 2004 WO

01172707 PCTIUSO1110182 -11- pyranyl, pyridinyl, piperidinyl,?8iSpramy! .

nmor phol i nyl ,

dithiﬁﬁyl, t hi onor phol i nyl, pyridazinyl, pyrirnidinyl,
I

pyrazi nyl, pi , triazinyl, trithianyl, indolizinyl, PCHISIYI0IE2
I soi ndol yl, indolinyl, 5 benzofuranyl, benzothiophenyl, .indazolyl,
benzi m dazol yl, benzthiazolyl, purinyl, quinolizinyl, quinolinyl,

i soqui nolinyl, cinnolinyl, phthalazinyl, quinazolinyl, quinoxalinyl,

1, 8-napht hyridinyl, pteridinyl, . quinuclidil&l, carbazolyl, acridinyl,
phenazinyl, 10 phenot hi aziyn 1&g??p dnyl  "Heterparyl" refers fo a
heterocyclic ring that is arglblbn%?il:% %?ﬁlﬁ%’ S8t §6d® gﬁ%r?%gib‘ﬁpﬁﬁﬂis of
this invention &8 bentpsdohallinoswbsititaitesan axiishbia Babsit Er@snsd aby €

chem cal conpou ae_term carbocycli r " refers to_15 saturated
nmonocyclic or pg?%5§gﬁfgg83rB%%i?g%éﬁs§%angﬂgp2RtHWE@‘FbRﬁoHPF€§chh?bons

whi ch may be
cycl ohexyl ,

f used al dpaayl cogrofeter of Wilhst i@heeRS a1 E¥BEPL &Sgidgh Ude
cycl opentyl, _¢ cycl opropyl, indanyl,

5 ¥c|obu%%l ] _ .
t et r ahydr onapht hyl and t hETFFREER ARch Fulfush Bayc beai Ry PhedF yoxidiged oaryl |
heterocyclyl, oifoeay baguchytrogsethad} Bl i ad8uBlekin®bed form.
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25
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The term “electronegative leaving group” has
the definition known to those skilled in the art (see

March, Advanced Organic Chemistry, 4™ Edition, John Wiley

& Sons, 1992). Examples.of electronegative leaving
groups include halogens such as F, Cl, Br, I; aryl, and
alkylsulfonyloxy groups, triflucromethanesulfonyloxy, OR,
SR, -0C=0(R}, -OPO(R®) (R7}, where R is an aliphatic group,
an aryl group, an aralkyl group, a carbocyclic group, an
alkyl carbocyclic group, a heterocyclic group, Or an
alkyl heterceyclic group; and R® and R’ are independently
selected from R or OR.

When the R? group is in the form of an ester or
amide, the present compounds undergo metabolic cleavage
to the corresponding carboxylic acids, which are the
active caspase inhibitors. Because they undergo
metabolic cleavage, the precise nature of the ester or
amide group is not critical to the wdrking of this
invention. The structure of the R? group may range from
the relatively simple diethyl amide to a stercidal ester.
Examples of esters of R? carboxylic acids include, but are
not limited to, Ci.;; aliphatic, such as C, alkyl or Ci.ig
cycloalkyl, aryl, such as phenyl, aralkyl, such as benzyl
or phenethyl, heterocyclyl or heterocyclylalkyl.

Examples of suitable R® heterocyclyl rings include, but

are not limited to, 5-6 membered heterocyclic rings



| arger noiety, refers to substituted or unsubstituted groups. Wen
substituted, these groups may contain one or nore substituents. Exanples
of suitable substituents 25 include halogen, -R -OR -OH, -SH, -SR,
protected OH (such as acyl oxy), phenyl (Ph), substituted Ph, -OPh,
substituted -OPh, -NO2, -CN, -NH2, -NHR -N(R)2, -NHCOR, -NHCONHR, - NHCON
(R 2i -NRCOR -NHCO2R, -C02R, -C2H, -COR, -CONHR -CON(R) 2.5 SFP(Mi2R
-SONH2, -S(O R -SO2NHR, 30 -NHS(0) 2R, =0, =S, =NNHR, =NNR2r =N OR
=NNHCOR, =NNHOW@RUTZ8NNHSO2R, or =NR where R is an al | phat i QI ERIP1682 a
substituted aliphatic group. 2 5 SEP 2004 WO 01/72707 PCT/US01/ 10182 5
-12- A substitutable nitrogen on a heterocyclic ring nmay be optionally
substituted. Suitable substituents on the nitrogen include R, COR S(O 2R,
and CO2R, where Ris an aliphatic group of3a substituted aliphatic group.

,Nitrogen and stafingmaneberi fwd Nedde Beitdhgeduct OdN, 3 s¥;LL99en may be in
a quaternized form The term'el ectronegati veu?eavélnr%l gr&?ﬁ&ﬁﬁés t he
definition knowRPGTEFas¥lsker | errhektimalart (see March, Advanced Organic

((a:lhg(r:nt fz);\)ébafitCeEld:agi/iog’g 3?@3%%!%3532&%@%%%%%3%- %%Ei(’g,gglci??si‘ﬁ%’fyq, aryl,
and al kyl sul f offceRfagroapstertidtor Smethnhessifamithesys OR th8R - OC=0
Gralkyl oroup o ehepaavepfet tiing bRIEALE e dihn B0 B0 g6t o
heterocyclic gr@ape groups independently selected from the aliphatic,
aryl, aralkyl, heterocyclyl or heterocyclylalkyl groups
described above for the R? ester alcohol. Likewise, other
prodrugs-are'includéd within the scope of this invention.
10 See Bradley D. Arderson, "Prodrugs for Improved CNS
Delivery" in Advanced Drug Delivery Reviews (1996), 19,
171-202.
Isosteres or bioisosteres of R? carboxylic
acids, esters and amides result from the exchange of an
15 atom or group of atoms to create a new compound with
similar biological properties to the parent carboxylic
acid 6r ester. The bioisosteric replacement may be
physicochemically or topologically based. An example of
an isosteric replacement for a carboxylic acid is
20 CONHSO;{alkyl) such as CONHSO,Me.
R® may be any group capable of fitting into the
52 sub-site of a caspase. Such groups are known from the
many caspase inhibitors that have been reported (see
WO91/15577, W093/05071, W0S9/18781, W099/47154,

25 WO00/023421, W09724339, EP618223, W09816502, all of which
are described above). Furthermore, the structures of
several of the caspase enzymes including the S-2 subsites
are also known. References to the caspase structure
include the following: Blanchard H, et al., J. Mol. Biol.

30 302(1), 5-16 (2000); Wei Y, et al., Chem. Biol. 7(6):423-
32 (2000); Lee D, et al., J Biol. Chem. 275(21):16007-14
(2000) ; Blanchard H, et al., Structure Fold Des.



al kyl heterocyclic group; and R6 and R7 are independently selected fromR

or OR Wen the R2 group is in the formof an ester or amde, the present

conpounds undergo netabolic cleavage 20 to the correspondi ng carboxylic

acids, which are the active caspase inhibitors. Because they undergo

met abol i ¢ cl eavage, the precise nature of the ester or am de,gr .S not
g 0 IHtRY

critical to the working of this invention. The structure of roup

may range fro relatively sinple diethyl amde to a s ' ster.
Exanpl es of eg%éigéiﬁﬁ R2 carboxylic acids include, but are ?§§ﬁ$¢&a°% dto,
C _z2 aliphatic, such as Cl1.6 alkyl or C3_10 «cycloalkyl, aryl, such as
phenyl, aral kyl, such as benzyl or phenethyl, heterocyclyl or

het erocycl yl al kyl . 30 Exanpl es of suitabl eq22 heterocyclyl rings include,
but are not limted to, 5-6 nenbered heterocyclic rings 2 5 SEP 2004. WO
01/ 72707 PCT/ USTA{S0cd25-33- (R8FPhg Sramefo t¥wo eferdro SharmasBull.

piperidinyl . PlPRAGENTMY (1911705 PNOLbSYY . MRS Ok RecCaIDONY| beopcl ds
may be primary, secondary or tertiary. Suitable substituenfs on the 5
am de nitrogen idgnud@724al)are2pet K1997)ed Wad keandPor etnvie, gfelps

| ndependently s e ramt | phat i ar aral_kyl , t.erocyclyl or
het erocycl yl al kﬂf@f)dggé g?eé@??giaﬂ o) ve:"“lfs(?l}'1 %Hf?é ﬁ§ & t'érNgﬁggﬁol .
Li kewi se, ot Ber 37wr(@disays2adapesi (rbaged within the scope of this invention.

10 See Bradley D. Anderson, "Prodrugs for |Jnprqved CNS _Deliyery” jn
Advanced Drug Delivery ReVFER£;f1§9%§?uﬂjﬂll £it info the 5-) sdbsite

will depend on the particular caspase that is being
considered. The size of the subsite will range from the
small S-2 subsite of caspase-3 which permits a group up

10 to the size of a C; aliphatic group'to a relatively large
subsite which permits a group having a molecular weight
up to about 140 Daltons, such as a naphthyl éroup. The
size, along with the electronic nature, of the R? group
will influence the caspase selectivity of the inhibitor.

15 From the references provided above, one skilled in the
art could readily ascertain whether a group is capable of
fitting favorably into an S-2 subsite of a caspase, for
example, by using standard molecular modeling programs
such as Quanta or Macromo@el.

20 R® groups include those that are selected from

hydrogen, a side chain of a natural a-amino acid, or a
substituted or unsubstituted group having a molecular
weight up to about 140 Daltons selected from aliphatic,
aryl, aralkyl, heterocyclyl, and heterocyclylalkyl

25 groups. Examples of R® aliphatic groups include methyl,
ethyl, propyl, isopropyl, cyclopropyl, butyl, isobutyl,
sec-butyl, tert;butyl, cyclobutyl, pentyl, cyclopentyl,
hexyl, and cyclohexyl. Examples of R’ aryl groups include
phenyl, indenyl and naphthyl. Examples of R® heterocyclic

30 groups include pyrrolidinyl, pyrrolinyl, imidazolidinyl,
imidazolinyl, pyrazolinyl, pyrazolidinyl, piperidinyl,
morphelinyl, thiomorpholinyl, piperazinyl,



171-202. Isosteres or bioisosteres of R2 carboxylic acids, esters and

am des result fromthe exchange of an 15 atomor group of atons to create a
new conpound with simlar biological properties to the parent carboxylic
acid or ester. The bioisosteric replacenent may be physicochemcally or
topol ogi cal |y based. An exanple of an isosteric replacenent for a
carboxylic acid is 20 CONHSO2 (al kyl) such as CONHSO2Me. R3 ggugﬁ f
group capable of fitting into the S2 sub-site of a caspase. @ u
are known fromadéer27atany caspase i nhibitors that have been renaishfhig:S
W91/ 15577, W93/05071, W99/18781, W99/47154, 25 W00/ 023421, V®9724339,
EP618223, W9816502, all of which are described above). Furthernore, the
structures of several of the caspase enzynmes including the S-2 subsites

are al so known. References to the caspase—sﬁ*ucture i ncl ude the follomﬁng,
2000) Wi.Y, et al.

Bl anchard H, et . Bial ., 30,302 ;
Chem Biol . 7(65‘&-“%}’339#3(’?’&00) nd EEinpeli % R LescRER’ 275 (21)

: 16007- 14 (ZOOBé:teﬂbmeha_:frbdﬁs dhcabde ﬁﬁf&&@}frll ecqu, Deg r%éﬂifZOO
01172707 PCT/ USQ1/ 1018 - 14- 7&% 1125-33.(1999); Okanot o § al | Chen1
Pharm Bull. (% '47t1'{:'f)z° 21“1&@999}3'1 wwarym 1éanF-°1}il Bi ol .
Chern. 272 (11)i6GuRbe i) Bragiibkey, \B a.r%l ol %g (2):343-52
(1994); and VVIson KP, et al., Nature 370(64 "270- F% Whet her a
group will fit Friadiarolyly aysdsdayl, pyridazinyl, pyrmidmyl

pPyrazinyl, triazinyl, indolyl, isoindolyl, indolinyl,

PsS
ee

benzofuranyl, benzothiophene, indazolyl, benzimidazolyl,
benzthiazolyl, purinyl, quinolinyl, isoquinolinyl,
quinelizinyl, cinnolinyl; phthalazinyl, quinazolinyl,

10  quinoxalinyl, naphthyridinyl, pteridinyl, chromanyl, and
isochromanyl. Each group may contain one or more
substituents, as described above.

R* and R® taken together with the intervening
nitrogen form mono-, bi- or tricyclic hetero ring system

15  Thaving 1-6 heterocatoms, preferably 1-4 heteroatoms. Such
rings include substituted or unsubstituted indole,
isoindole, indoline, indazole, purine, dihydropyridine,
benzimidazole, imidazole, imidazoline, byrrole,
pyrrolidine, pyrroline, pyrazole, pyrazoline,

20 pyrazolidine, triazole, piperidine, morpholine,
thiomorpholine, piperazine, carbazole, phenothiazine,
phenoxazine, dihydrophenazine, dihydrocinnoline,
dihydroquinoxaline, tetrahydroquinoline,
tetrahydroisoquinoline, dihydronaphthyridine,

25 tetrahydronaphthyridine, dihydroacridine, SH-
dibenzo (b, f]azepine, 10,11-dihydro-5H-
dibenzo[b, flazepine, f-carboline, pyrido[4,3-b]lindole,
2,3,9-triazafluorene, 9-thia-2,10-diazaanthracene, 3,6, 9-
triazafluorene, thieno(3,2-blpyrrole, or

30 dihydrophenanthridine. Suitable substituents on R* or R®
include one or more groups independently selected from a

haleogen, -R, -OR, -OH, -SH, -8R, protected OH (such as




wi || depend on the particular caspase that is being considered. The size
of the subsite will range fromthe small S-2 subsite of caspase-3 which
permts a group up 10 to the size of a C4 aliphatic group to a relatively

| arge subsite which permts a group having a nol ecul ar weight up to about
140 Dal tons, such as a naphthyl group. The size, along with igggf %ctronlc
nature, of the R3 group wll influence the caspase sel ectivi !

i nhi bitor. 15woonrtéwe references provided above, one skilled in the art
could readily ascertain whether a group is capable of fitti¥/Faaeup v
into an S-2 subsite of a caspase, for exanple, by using standard nol ecul ar
nodel i ng prograns such as Quanta or Macronodel. 20 R3 groups include those
that are selected from hydrogen, a side chgein of a natural a-am no acid,

or a substitutgd,9 substi tut having a nol ecular weight up to
about 140 Dal tonsYsgéiqgp ﬁ‘ @Iq'\) E‘tlt‘a‘F% Phar aiqah,, snbsér!.tmyeﬂyl
and heterocycl yrarkyl Nma,gnqmpspmﬁggnnh§§ Q& Eﬁ al i 3uﬁ§R|nclude

nmet hyl, ethyl, i sopr.o clopropy buty : |so U

sec- butyI tert %?@NR)WCI‘S'BGB b, ]Sé , ~€9R opaItL§l —cdmxylcomnﬂ
cycl ohexyl . Exarpbretr)of R (a A RUBRE I nden and
napht hyl . npl es of R3 hétgygcycllc230 gtouﬁsﬂﬁgkﬂ%%e ﬂ%%ﬁﬁ?nﬁh

pyrrolinyl, 3 m %S iRHYR is indepondently m&l&wednfkompﬁﬁaéPiE%ﬁéﬂ’é

pi peridinyl, npraloldhy I o] pi perazinyl, 2 5 SEP 2904 WO
01/ 72707 PCT/USQ / 10182 -féyéhg%%?tge%jroﬁyw ¢ §F&Gui nucl i di nyl . Exanpl es

of R3 - Compounds of this invention where R? is COOH are
gamma-ketoacids, which may exist in solution as either

the open form 1 or the cyclized hemiketal form 2. The

10 representatlon herein of either isomeric form 1s meant to
include the other. . Similarly, cyclization may also occur
where R? is CH,COOH, and such cyclized isomers are
understood to be included when the ring copen form is
represented herein.

15

e o CO.H ” o O
HS,NTO\I)LEI%W — Rs,n'; o\l)L rg(d
\;_l’ Lo fyd
1 2
Likewise it will be apparent to one skilled in
the art_that certain compounds of thig invention may
20 exist in tautomeric forms or hydrated forms, all such
forms of the compounds being within the scope of the
invention. Unless otherwise stated, structures depicted
herein are also meant to include all stereochemical forms
of thg stxructure; i.e., the R and 8 configurations for
25 each asymmetric center. Therefore, single stereochemical
isomers as well as enantiomeric and diastereomeric
mixtures of the present compounds are within the scope of
the invention. Unlessg otherwise stated, structures
depicted herein are also meant to include compounds that

30 differ only in the Presence of one or more isotopically



het eroaryl groups include furanyl, thienyl, pyrrolyl, oxazole, thiazolyl,

I m dazol yl, pyrazolyl, isoxazolyl, isothiazolyl, oxadiazolyl, furazanyl,
triazolyl, 5 thiadiazolyl, pyridinyl, pyridazinyl, pyrimdinyl, pyrazinyl,
triazinyl, indolyl, isoindolyl, indolinyl, benzofuranyl, benzothiophene,

I ndazol yl, benzi m dazolyl, benzthiazolyl, purinyl, quinolinyl,

I soqui nolinyl, quinolizinyl, cinnolinyl, phthalazinyl, quinazﬁw Eﬁh 10
qgui noxal i nyl , naphthyridinyl, pteridinyl, chromanyl, and iso 5 %I.
Each group naywaontzaém one or nore substituents, as descri hesrnadodysnsz R4
and R5 taken together with the intervening nitrogen formnono-, bi- or
tricyclic hetero ring system 15 having 1-6 heteroatons, preferably 1-4.
het eroat ons. Such rings include substituted or unsubstituted indole,

i soi ndol e, indoline, indazole, purine, dihydropyridine, benzimdazole,

I m dazol e, imdazol,ine, pyrrole, pyrrolidine, pyrroline, pyrazole,
pyrazol i ne, 20 ﬁVFEf@FFdF%@WStriE&Rﬂ%ﬁaﬂﬁlﬁerFﬁmﬂéqnﬁmﬂﬁhdﬂﬁhéhe

Lt onor phol 1 ne. ghiedRnd2 sBeuctaDazol &pd RRNOLAL AL coliRNVEAE N
di hydr ophenazi ne, di hydroci nnol.i ne, éihy roqui no I ne,
t et r ahydr oqui no/yis&ogenebyanydewtemsiqw ol cnétichhysh ortaphdplmicdineat 3%

10, 114 hydr o 58 “eBEnEY BT Ta78hi nG- SHERGIBOITATEo R P e B A55 DY MRdol e,
2,3,9-tri azabl uscepe, o8- thia- nddhtdicazaant hracene, 3,6, 9- triazafl uorene,
Lhi eno(3,2-b] pyrrol e, or g cj hydraphenapt ] 0 g, 4 .20l.g gubs( Lt uents”on
compounds that have one or more, and preferably all, of
the following features:
(1) Z is oxyg.en.
10 - (ii) R® is hydrogen, -R, -CH,OR, -CH,SR, or —-CHY.
More preferably, R! is -CH,OR, -CH,SR, or —-CH,Y. An
even more preferred R' is -CH,Y. Most preferably,
R' is ~CH,F.
(iii) R? is CO,H or an ester, amide or isostere
15 thereof.

(iv) R® is a group having a molecular weight up to
about 140 Daltbns, such as an aliphatic or aralkyl
group. More preferably, R® is a C;-C, alkyl which
is a group that fits into the $2 subsite of a range

20 of -caspases .

(v) R* and R® taken together with the intervening
nitrogen form a monocyclic, bicyclic or tricyclic
heterocyclic or hetercaryl ring system wherein each
ring of the system has 5-7 ring atoms.

25 A key feature of the present compounds is the
hetero ring system formed by taking R* and RS tc;gether
with the intervening nitrogen. Bicyclic or tricyclic
heterocyclic or heterocaryl rings are preferred over
monocyclic rings. Accordingly, a preferred embodiment

30 relates to compounds having one or more, and preferably
all, of the following features: (i) Z is oxygen; {(ii) R®
is hydrogen, -R, -CH,OR, -CH,SR, or -CH,Y, more



I ncl ude one or nore groups independently selected froma halogen, -R -OR
-OH, -SH, -SR, protected OH (such as 2 5 SEP 2004 WO 01/ 72707 -16-
acyl oxy), phenyl (Ph), substituted Ph, -OPh, substituted -OPh, -NO2, -CN,
-NH2, -NHR, -N(R)21 -NHCOR, -NHCONHR, -NHCON (R) 2, -NRCOR, -NHCOZR,
-CO2R, -CO2H, -COR, -COW -CON(R)2, -S(0)2R, -SONH2r -S(O R, -SQ2NHR, or
-NHS(O) 2R, 5 where each R is independently selected froman &% §pRei0E
group or a su i al i phatic group. Conpounds of this invention where
SO DT

R2 is COON ar etoaci ds, which may exist in soluti onPEEUMI{IABR the
open formIl or the cyclized hetniketal form2. The 10 representati on herein
of either isoneric formis neant to include the other. Simlarly,
cyclization may al so occur where R2 is CH2COOH, and such cyclized isoners
are understood to be included when the ri-d§-open formis represented

LTI 1 e SRR, Sl R R e R
preferably, R' is —-CH;Y, and most preferably, R! is ~-CH,F;
(iii) R? is CO,H or an ester, amide or isostere thereof;
(iv) R® is a group having a molecular weight up to about

3 140 Daltoms, such as an aliphatic or aralkyl group, more
pPreferably a C;.4 alkyl group; and/or (v) R* and R® taken
together with the intervening nitrogen form a bicyclic or
tricyclic heterocyclic or hetercaryl ring system wherein
each ring of the system has 5-7 ring atoms.

10 Examples of preferred mbpdcyclic rings include
triazole, pipéridine, morpholine, thiomorpholine,
imidazole, pyrrolidine, pyrazole, and piperazine.
Examples of preferred bicyclic rings include indeole,
isoindole, indoline, indazole, benzimidazole, thieno([3,2-

15 blpyrrole, dihydrogquinoxaline, dihydrocinnoline,
dihydronaphthyridine, tetrahydronaphthyridine,
tetrahydroquinoline, and tetrahydroisoquincline, most
preferably indole or indoline. Examples of preferred
tricyclic rings inclu@e carbazole, phenothiazine, B-

20 carboline, pyrido(4,3-blindole, 2,3,9-triazafluorene, 9-
thia-2,10-diazaanthracene,.3,6,9-triazafluorene,
phenoxazine, dibenzoazepine, dihydro-dibenzcazepine,
dihydrophenazine, dihydroacridine, or
dihydrophenanthridine, most preferably carbazole,

25 phenothiazine or dihydrophenanthridine.

Specific examples of compounds I are shown in
Table 1.



exist in tautoneric forns or hydrated forns, all such forns of the
conpounds being within the scope of the Unless otherw se stated, structures
depicted herein are also neant to include all stereochem cal forns of the
structure; i.e., the Rand S configurations for 25 each asymetric center.
Therefore, single stereochem cal isonmers as well as enantionmeric and

di astereoneric mxtures of the present conpounds are wi thintygspspmpe of
the invention. Unless otherw se stated, structures depicted herein are

al so neant towmatmme conpounds that 30 differ only in the proasesovei1sf one
or nore isotopically 2 5 SEP 2004 wo 01! 72707 PCT/USO /10182 -17- enriched
atons. For exanple, conpounds having the present structures except for the
repl acenent of a hydrogen by a deuteriumor tritium or the replacenent of
a carbon by a 13C-- or 14C-enriched carbonigare within the 5 scope of this
i nvention. One enbodinment of this invention relates to conpounds that have
one or nore, and preferably all, of the followng features: (i) Zis
oxygen. 10 (ii) TBbléS1hyekffeTes -9 PoohidOR I- £bdShunds (£HEY .oxpens
preferably, Rl I1s -CHZOR, -CHZSR™ or -CHZY. An even nore preferred RL is
-CH2Y. Most preferably, R is -CH2F. (iii) RL is CO2H or an ester, am de
or isostere 15 thereof. (iv) R3 is a group havi Rg a nol ecul ar weight up to
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about 140 Dal tons, such as an aliphatic or aral kyl group. Mre preferably,
R3is a Cl-4 alkyl which is a group that fits into the S2 subsite of a
range 20 of caspases. (v) R4 and R5 taken together with the intervening
nitrogen forma nonocyclic, bicyclic or tricyclic heterocyclic or
heteroaryl ring systemwherein each ring of the systemhas 5-7 ring atons.
25 A key feature of the present conpounds is the hetero ring2$EPdafif or med
by taking R4 Q%BJQ %?gether with the intervening nitrogen. Bicyclic or
tricyclic het &éé c or heteroaryl rings are preferred ov@ET/UspKt82c| i c
rings. Accordlngly, a preferred enbodi ment 30 relates to conpounds havi ng
one or nore, and preferably all, of the followng features: (i) Zis
oxygen; (ii) R is hydrogen, -R -CH2OR -CH2SR, or -CH2Y, nore 25SFP 2004
WD 01/ 72707 PCTI USO/10182 -18- preferabl y-2fm is -CH2OR, -CH2SR, or -CHay,
nore preferablly s -CHZY, and nost preferapty,—R—Ts—=CH2F—(iii) R
is CO2H or an es{N(?r',, am de or isos.ter&Simettage: (iv) R3is a grgup
havi ng a nol ecyrar phati c
or aralkyl groyp, Smofe preferably a CIf4 al kyl group, and/or (v) B4 and R5
taken togetherl with|the intervening en forn1a bicyclic or tricyclic
het erocyclic or|] hetefjoaryl ring syste erein ring of the system has

5-7 ring atons.] 10 Exanpl es of prefeyr Q:Sﬁic rings include

i0




triazole, piperidine, norpholine, thionorpholine, imdazole, pyrrolidine,
pyrazol e, and pi perazine. Exanples of preferred bicyclic rings include

i ndol e, isoindole, indoline, indazole, benzim dazole, thieno[3,2 15

bi pyrrol e, dihydroqui noxal i ne, dihydrocinnoline, dihydronaphthyridine,

t et rahydr onapht hyri di ne, tetrahydroqui noline, and tetrahydroi soquinoline,
nost preferably indole or indoline. Exanples of preferred %55 Vﬂ@%c rings
i ncl ude carbazol e, phenothiazine, (3 20 carboline, pyrido[4,63- ?i | e,
2,3,9-triazaf lwoesmey? 9- thia-2, 1Q di azaant hracene, 3,6, 9-t rp@gpédiHpfENe,
phenoxazi ne, di benzoazepi ne, dihydro-di benzoazepi ne, di hydrophenazi ne,

di hydroacridi ne, or dihydrophenanthridi ne, nost preferably carbazole, 25
phenot hi azi ne or di hydrophenant hri di ne. Specific exanples of conmpounds |
are shown in Table 1. 2 5 SEP 2004 WO 01/ 72y07 PCT/US01/10182 -19 Table 1
Exanpl es of FormH-a——conpounds (Z is axygen) 5 No. Structure ZCgH Nyo ---w
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-26 Structure 0 0O OH)ro NF 0 H3CH3 H PCT/USol1/10182 2 5 SEP 2004 WO

01/ 72707 PCTIUS01110182 -27- After evaluating nmany R4-N-R5 heterocyclic
rings, it was found that tricyclic conpounds where the end rings are
substantially co-planar show surprisingly superior broad caspase activity
conpared to acyclic 5 analogs or other tricyclic ring systens that are not
substantially co-planar. This substantial co-planarity can quggh%Eyed

when the m ddl e riqg of the tricyclic ring systemis a 5- or 6-nenbered
ring, such as YA %72%8%r bazol e or phenot hi azi ne ring. 10 FurtPeIusManist hese
substantially co-planar tricyclic ring systens, as well as bicyclic ring
systens such as indole and indoline, confer better broad caspase activity
that the correspondi ng conmpounds where the RA&-N- R5 heterocyclic ring is
monocyclic such as piperidine, 15 piperazi-@g€-or norpholine. Accordingly, a

el S RN R 1 e, SISO Sln @Rt
rings, 1t was found that tricyclic compounds where the
end rings are substantially co-planar show surprisingly
superior broad caspase activity compared to acyclic |

5 analogs or other tricYclic ring systems that are not

substantially co-planar. This substantial co-planarity
can be achieved when the middle ring of the tricyeclic
ring system is a 5- or 6-membered ring, such as in a
carbazole or phenothiazine ring.

10 Furthermore, these substantially co-planar
tricyclic ring systems, as well as bicyelic ring systems
such as indole and indoline, confer better broad caspase
activity that the corresponding compounds where the R*-N-
R’ heterocyelic ring is monocyclic such as piperidine,

15 piperazine or morpholine.

Accordingly, a preferred embodiment of this
invention relates to compounds of formula I where R*-N-R®
is a tricyclie ring system having 1-6 heteroatoms,
preferably 1-4 heteroatoms, selected from nitrogen,

20 oxygen or sulfur wherein the end rings of the ring system
have 5-7 ring atoms and the middle ring has 5 or 6 ring

atoms.

One aspect of this embodiment relates to

compounds of formula II:

AJ
@’”T"VLNL(“’
25 z R H ¢
II
where X is a bond, -8-, -0-, -CH,-, or -NH-, and Z, R, R?

and R® are as described above. Where X is —~CH,-, each of



preferably 1-4 heteroatons, selected fromnitrogen, 20 oxygen or sul fur
wherein the end rings of the ring system have 5-7 ring atons and the
mddle ring has 5 or 6 ring atonms. One aspect of this enbodi nent rel ates
to conpounds of forrmula Il: 25 11 where Xis a bond, -5-, -0-, -CH2-, or
-NH, and Z, R, R2 and R3 are as descri bed above. Were X is --CH2-, each
of 2 5 SEP 2004 WD 01/72707 PCT/US01/ 10182 -28- the nethyl ene Zh@SﬁPo@%s may
be optionally wadyifgdependently replaced by -OR -0OH, -SR, | d CH
(such as acyl ox?) u:u@g‘ “NH2, -NHR -N (R) 2, -NHCOR -NHC%%&H&ESL%I'—EO\I
(R 2, -NRCOR, -NHCO2R, -C2R, -C2H, -COR, 5 -CONHR, -CON(R)2, -S(0)2R
-SONH2, -S(O R, -SBNHR, -NHS(O) 2R, =0, =S, =NNHR, =NNR2, =N OR, =NNHCOR,
=NNHCO2R, =NNHSO2R, or =NR where R is a Clygt aliphatic group. Were Xis
-NH, the NH hydrogen may be replaced by aliyl, CO (al kyl), cCo2(alkyl), or
S02(al kyl ). Preftdtt aethydeps hydrpgenRinaRbamptidmmldyasndescri bed above.

2
known (ot hose SEITTeRaattly, HptRbelRup SR Con, Gt Rae egted I Pt r at e
by the general Guinines belydwxghd bENT helHy, epNHARL i VE (RXaNpherorhat 15
fol low. Scheme '-ﬁg@%ﬁ%‘? e%NHCON(R):;, -NRCOR, -NHCO;R, -~CO;R, -CO.H, -COR,
5 -CONHR, -CON(R)a2, -S{O);R, -SONH,, -S(O)R, -SONER,
-NHS (O) 2R, =0, =S, =NNHR, =NNR;, =N-OR, =NNHCOR, =NNHCO,R,

=NNHSO;R, or =NR where R is a ;.4 aliphatic group. Where
X is -NH-, the NH hydrogen may be replaced by alkyl,
_CO(alkyl), CO;(alkyl), or SO.(alkyl). Preferred groups
10 for R', R? and R® are as described above.
The compounds of this invention may be prepared
in general by methods known to those skilled in the art
for analogous compounds, as illustrated by the general

schemes below and by the preparative examples that

15 follow.
Scheme I
4 4
HOYCOZFI a E 6. con b R
R T RO e R
zZ R z R
1 3 4
HZ
1
c HZN/ErR
OH



1 RARA RS NOYCO2R b RS.NTOYCO2H Z IR3 Z RI3 34 dHN 5R4A0ZR36 H
R$' N\yQ Jc HYyRi OH 2 5 SEP 7004 WO 01/72707 PCT/US01/ 10182 -29 Reagents: (a)
R5-N=C=Z (2) ; (b) NaOH THF/ H20; (c) EDC/ DVAP/HOBt; (d) i. Dess-Martin -
periodinane, (ii) TFA/DCM5 Schene | above shows a synthetic route for
obt ai ni ng conpounds where R4 is a hydrogen. Reaction of anggfggﬁzﬁéte or

t hi oi socyanate 2 with a lactic acid derivative | produces 3. The

ester group of 3 10 is hydrol yzed using base or, when the ester is a
t-butyl groupYOQETX¢ trifl uoroacetic acid to provide the achcrmdsorredszch is
then coupled with the am no alcohol S. Depending on the nature of RlL and
R2 an am no ketone may be used, in place of the am no al cohol, which

avoi ds the
-29-

Reagents: (a) R°-N=C=Z (2); (b) NaOH/THF/H,0; (c)
EDC/DMAP/HOBt; (d) i. Dess-Martin periodinane, (ii)
TFA/DCM

Scheme I above shows a synthetic route for
obtaining compounds where R* is a hydrogen. Reaction of
an isocyanate or thioisocyanate 2 with a lactic acid
derivative 1 produces carbamate 3. The ester group of 3

10 is hydrolyzed using base or, when the ester is a t-butyl
group, using trifluoroacetic acid to provide the acid 4,
which is then coupled with the amino alecohol 5.
Depending on the nature of R' and R? an amino ketone may
be used, in place of the amino alcohol, which avoids the

15 subsequent oxidation step. In the case of fluoromethyl
ketones where R' is CH;F, the amino alcohol 5 may be
obtained according to the method of Revesz et al.,
Tetrahedron Lett., 1994, 35, 9693. Finally the hydroxyl
group in compound 6 is oxidized and the resulting

20 compound treated appropriately according to the nature of
R*. For example, 1f the product I requires R® to be a
carboxylic acid, then R® in 6 is preferably an ester and
the final step in the scheme is a hydrolysis. -

Starting isocyanates or thidisocyanates 1 are

25 commercially available or may be made by reaction of an
amine with phosgene or a phosgene equivalent (or
thiophosgene for preparation of thioisocyanates) in the
presence of a base such as triethylamine. The lactate
derivatives are commercially available or may be made by

30  reaction of an amino acid with a diazotization reagent

such as with NaNO,.



15 subsequent oxidation step. In the case of fluoronethyl ketones where Rl
Is CH2F, the am no al cohol 5 may be obtained according to the nethod of
Revesz et al., Tetz-ahedxon Lett., 1994, 35, 9693. Finally the hydroxyl
group in conmpound 6 is oxidized and the resulting 20 conpound treated
appropriately according to the nature of R2. For exanple, if the product |
requires R2 to be a carboxylic acid,. then R2 in 6 is preferhbSEP ai,est er

and the finalwalemipn the schenme is a hydrolysis. Starting | s or
LGOI

t hi oi socyanates | are 25 conmercially available or nmay be ction
of an amne wth phosgene or a phosgene equivalent (or thiophosgene for
preparation of thioisocyanates) in the presence of a base such as
triethylamne. The lactate derivatives arg,comercially available or may
be made by 30 reaction of an amino acid with a diazotization reagent such
as with NaNoR. Scheme]fL72707 -30 Scheme || HOYCO2R 3 1 a 00 NON O o CO2R

R3 7 b, ¢ 25 SEP 2004
N

HO_CO:R L bc R
?:{: , Q,N\iro CO.R . R5’N‘|r°YC°2H
0 R z B

1 7 3

S5 Reagents: (a) CDI/THF; (b) MeOTE/CH,Cl,; (c) R*R*NH
(8) /THF.

Scheme II above shows a synthetic route for
obtaining compounds I of this invention where R* is an
alkyl group or when R* and Rr® together form a ring.

10 Reaction of the lactate derivative 2 with 1,1'-
carbonyldiimidazole (CDI) gives the imidazolate 7.
Methylation of 7 by méthyl triflate, followed by reaction
with amine 8'(see J. Med. Chem., (1996), 39, 982)
provides the intermediate 3.. Scheme I above shows how 3

15 may be converted to I.

Scheme III

4
48 a 7 b E 0._CO,R
R°R°NH =~ ——— —  » R5 '
R4R5NH’H\CI RO,
Z R
8 9 : 3

20 Reagents: (a) COCl;/CH,Cl,; (b) 1/THF.

An alternative synthetic route for obtaining
compounds I of this invention where R' is an alkyl group
or when R* and R® together form a ring is shown in Scheme

25 III above. Treatment of amine 8 with phosgene gives a
carbamoyl chloride intermediate 9. Reaction of 9 with

lactate derivative 1 provides intermediate 3.



PCTI USCL1/ 10182 R4 RS. \yOYCO2H Z 1R3 3 5 Reagents : (a) CDI/THF;, (b)
MeOTf/ CH2C12i (c) RARSNH (8) /THF. Schene |1 above shows a synthetic route
for obtaining conpounds | of this invention where R is an alkyl group or
when R4 and R5 together forma ring. 10 Reaction of the |actate derivative
2 wth 1,1 - carbonyl diimdazole (CDT) gives the imdazol ate 7.
Met hyl ation of 7 by nmethyl triflate, followed by reaction _w’ggsgpn'z@ghS

. eme |

(see J. Med. Chem %1996), 39, 982) provides the internediate

above shows ho¥PR14%% gy be converted to I. Scheme |11 R4ARSMHTESID10182
RARSNH) ~CI R4 RS, NyOYCO2R Z RS 8 9 3 20 Reagents: (a) COCl12/CH2Q 2; (b)
1/ THF. An alternative synthetic route for obtaining conpounds | of this
i nvention where R4 is an al kyl group or when R4 and R5 together forma
ring is shown in Schene 25 ZI T above. Treat3dent of anine 8 with phosgene
gives a carbamoyl chloride internmediate 9. Reaction of 9 with

Scheme IV

R4
HO__CO,R 2 Cla__O_ _COR b N__O__C
\i!{: — ... \ér 1; 2 ——— Rﬁz \"/ \rs 02R
o R
1 10 3

Reagents: (a) Cl;COC(O)Cl/THF; (b} R4R<NH (8), NaOH,
Bu,yNBr,
Scheme IV above shows a synthetic route for
_ obtaining compounds of this invention where R* is a

10 hydrogen or an alkylg:oup or when R* and R® together form
a ring. Reaction of hydroxy ester 1 with phosgene or a
phosgene equivalent such as diphogene or triphosgene
leads to chloroformate intermediate 16. Reaction of 10
with amine 8 provides intermediate 3.

15 The compounds of this invention are designed to
inhibit caspases.. Therefore, the compounds of this
invention may be assayed for their ability to inhibit
apoptosis,. the release of IL-1B or caspase activity
directly. BAssays for each of the activities are

20 described below in the Testing section and are also known
in the art.

One embodiment of this invention relates to a
composition comprising a compound of formula I or a
pharmaceutically acceptable salt thereof, and a

25 pharmaceutically acceptable carrier.

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

30 such acid salts are the following: acetate, adipate,



| actate derivative 1 provides internediate 3. 2 5 SEP 2004 WO 01/ 72707 -31
Schene 1V hoYco2R a on Cf ~O CO2R 3 OR3 1 10 5 PCT/LTS01/10182 R4 R5

, \yOYCO2R 0 ' R3 3 Reagents: (a) C13000(0)C1/ THF; (b) RARSNH (8), NaCH,
Bu4NBr . Schene |V above shows a synthetic route for obtaining conpounds
of this invention where R4 is a 10 hydrogen or an al kyl group or when R4 and
R5 together form a ring. Reaction of hydroxy ester 1 with phpS¢eRallér a

phosgene equi V. ch as di phogene or triphosgene | eads
X SEssagre:

chl orof ormat e C&/Hedi ate 10. Reaction of 10 with anine 8

I nternmedi ate 3. 15 The conpounds of this invention are designed to inhibit
caspases. Therefore, the conpounds of this invention nmay be assayed for
their ability to inhibit apoptosis,. the release of IL-1P or caspase
activity directly. Assays for each of the3tivities are 20 descri bed

below in the TestifohHect | Q304180 epah 5820 Wknddhe! Ra130hate,
bisulfate, butyrate, citrate, camphorate, camphor
sulfonate, cyclopentanepropionate, digluconate,
dodecylsulfate, ethanesulfonate, fumarate,

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

10  3-phenyl-propionate, picrate, pivalate, propionate,
succinate, tartrate, thiocyanate, tosylate and
- undecancate. Base salts include ammonium salts, alkali
metal salts, such as sodium and potassium salts, alkaline
earth metal salts, such as calcium and magnesium salts,
15 salts with organic bases, such as dicyclohexylamine
salts, N-methyl-D-glucamine, and salts with amino acids
such as arginine; lysine, and so forth.

Also, the basic nitrogen-containing groups may
be quaternized with such agents as lower alkyl halides,

20 such as methyl, ethyl, propyl, and butyl chloride,
bromides and iodides; dialkyl sulfates, such as dimethyl,
diethyl, dibutyl and diamyl sulfates, long chain halides
such as decyl, lauryl, myristyl and stearyl chlorideé,
bromides and iodides, aralkyl halides, such as benzyl and

25 phenethyl bromides and others. Water or oil-soluble or
dispersible products are thereby obtained.

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

30 selective biological properties. Such modifications are
known in the art and include those which increase

biological penetration into a given biological system



One enbodi ment of this invention relates to a conposition conprising a
conpound of fornmula | or a pharnmaceutically acceptable salt thereof, and a
25 pharnaceutically acceptable carrier. If pharmaceutically acceptable
salts of the conpounds of this invention are utilized in these
conpositions, those salts are preferably derived from inorganic or organic
acids and bases. Included anong 30 such acid salts are the fdQdlJ $hd 1o
acetate, adipate, 2 5 SEP 2004 WO 01/12707 PCT/ US01/10182 -32- al gi nate,
aspartate, beW@8B0henzene sul fonate, bisul fate, but yr at ecTaEsoi/a6182
canphorate, canphor sulfonate, cyclopentanepropionate, digluconate,
dodecyl sul fate, ethanesul fonate, fumarate, 5 gl ucoheptanoat e,

gl ycer ophosphat e, hem sul fate, heptanoate, hexanoate, hydrochl ori de,

hydr obr om de, hydroiodide 2- hydr oxyet harngsul f onate, | actate, nmal eate,

met hanesul f onat -n nesul fonate, nicotinate, oxalate, panpate,
pecti nat e, rsﬁl f§t é, E}BE ‘g pﬁ@?ﬁ% Lo BYBhETe, CPRtcFak emyiovd system) ,

bropi onate, | Sudeinatse ol rasaei,labhu@.e?fan%@reéﬁyg&&ﬁ;ﬂ’l‘i uBdgggpgate.
Base salts include.amoni um salts, alka netal salts suc as sodrum and

pot assi um sal t s 2ABRAPERREIom vh iRdeskisn) t alten oteteboddlsni amdaadtargnesi um

salts, 15 saltsratkhoor&aeiseRases, such as dicycl ohexylam ne salts,
N—-nethyI-D- | ucam ne, and salts with am no acids such as arginine,

lysine, and 30 forth. A sthamasenidcelhytacyeptaidd aiatinigrgr €HAS HRY
be used in these compositions include, but are not
limited to, ion exchangers, alumina, aluminum stearate,
lecithin, serum proteins, such as human serum albumin,
buffer substances such as phosphates, glycine, sorbic

10 acid, potassium sorbate, partial glyceride mixtures of
saturated vegetable fatty acids, water, salts or
electrolytes, such as protamine sulfate, disodium
hydrogen phosphate, potassium hydrogen phosphate, sodium
chloride, zinc salts, colloidal silica, magnesium

15  trisilicate, polyvinyl pyrrolidone, cellulose-based
substances, polyethylene glycol, sodium
carboxymethylcellulose, polyacrylates, waxes,
polyethylene-polyoxypropylene-block polymers,
polyethylene glycol and wool fat.

20 According to a preferred embodiment, the
compositions of this invention are formulated for
Pharmaceutical administration to a mammal, preferably a
human being.

Such pharmaceutical compositions of the present

25 invention may be administered orally, parenteraily, by
inhalation spray, topically, rectally, nasally, buccally,
vaginally or via an implanted reservoir. The term
“parenteral” as used herein includes subcutaneous,
intravenous, intramuscular, intra-articular,

30 intra-synovial, intrasternal, intrathecal, intrahepatic,

intralesional and intracranial injection or infusion



be quaternized with such agents as | ower al kyl halides, 20 such as nethyl,
ethyl, propyl, and butyl chloride, brom des and iodides; dialkyl sulfates,
such as dinethyl, diethyl, dibutyl and dianyl sulfates, |ong chain halides
such as decyl, lauryl, nyristyl and stearyl chlorides, brom des and

| odi des, aral kyl halides, such as benzyl and 25 phenethyl brom des and
others. Water or oil-soluble or dispersible products are thepghgypoggai ned.
The conpounds utilized in the conpositions and nethods of this invention
may al so be moUPPYEI%by appending appropriate functionaliti ESTUEANce
30 selective biological properties. Such nodifications are known in the
art and include those which increase biological penetration into a given
bi ol ogi cal system2 5 SEP 2n WD 01/ 72707 PCTI USDI /10182 -33- (e.g., blood,
| ynphatic system central nervous systen),‘3%'ncrease oral availability,

i ncrease sol ubi lddahdion@lsl OWpra€BkBbsY ! athd NedipddiitQehisOlreal ter metabol i sm
and alter rate of excretion. 5 Pharmaceutically acceptable carriers that
may be used i n adwigdstenedscrrdAy PRclbBEaVaRAUSdYe not linited to, ion

exchangers, alum na, al um%g@lé@%z%e%ﬁggtabigcf&ﬁwas %%Bﬁﬁgﬁl‘@foné%f‘ as

human serum al bum n, buffer stances such as phosphat es, ycli ne, sorbic
10 aci d, pot assiithnssdmvaint iopambiyabe gaguerisieomioltaacEinons ssapemaienl.

vegetable fatty gcids, water, salts o | ectrql ytes, such as protam ne
Ul at e, di Gl (e BORER=HRBSORAY oo pET ARSI FRE A BB phat o, Sodi um
techniques known in the art using suitable dispersing or
wetting agents and suspending agents. The sterile
injectable preparation may also be a sterile injectable
solution or suspension in a non-toxic parenterally
10 acceptable diluent or solvent, for example as a solution
in 1,3—butaneéiol. Among the acceptable vehicles and
solvents that may be employed are water, Ringer’s
solution and isotonic sodium chloride solution. In
addition, sterile, fixed oils are conventionally employed
15 as a solvent or suspending medium. For this purpose, any
bland fixed oil may be employed including synthetic mono-
or di-glycerides. Fatty acids, such as oleic acid and
its glyceride derivatives are useful in the preparation
of injectables, as are natural pharmaceutically-
20 acceptable oils, such as olive oil or castor oil,
_especially in their polyoxyethylated versions. These oil
solutions or suspensions may also contain a.long-chain
alcohol diluent or dispersant, such as carboxymethyl
cellulose or similar dispersing agents which are commonly
25 used in the formulation of pharmaceutically acceptable
dosage forms including emulsions and suspensions. Other
commonly used surfactants, such as Tweens, Spans andg
other emulsifying agents or bioavailability enhancers
which are commonly used in the manufacture of
30 pharmaceutically acceptable solid, liquid, or other
dosage forms.may also be used for the purposes of

formulation.



chloride, zinc salts, colloidal silica, nmagnesium 15 trisilicate, polyvinyl
pyrrolidone, cellul ose-baBed substances, polyethylene glycol, sodium

car boxynet hyl cel | ul ose, pol yacryl ates, waxes,

pol yet hyl ene- pol yoxypr opyl ene- bl ock pol yners, pol yethyl ene glycol and wool
fat. 20 According to a preferred enbodi nent, the conpositions of this

I nvention are fornmulated for pharmaceutical adm nistration §35$ |,
preferably a hunman being. Such pharnmaceutical conpositions ﬁgmgrzsent

25 invention swyoper@dm ni stered orally, parenterally, by iﬂ@ﬁﬁﬁﬂﬂdﬂ}
spray, topically, rectally, nasally, buccally, vaginally or via an

I npl anted reservoir. The term "parenteral mas used herein includes

subcut aneous, intravenous, intranuscular, intra-articular, 30
intra-synovial, intrasternal, intrathecal .q¢ntrahepatic, intralesional and
intracranial injection or infusion 2 5 SEP 2004 WO 01/72707 PCT/US01110182
-34- techni ques. Preferabfje phsrmecepsdcal onempsrs tiztsi nEstkied orally or

i ntravenously. $LeL) 'qispt | e r of . t,he conpositions, of this
i nventi on may be a%%%%ﬁ% ort o eé%ﬁ%ggéggﬂéf%ﬁEﬁ?ﬁ#)ﬁ§'?ﬁ@s@r§ ensi ons may
be formul ated agcoepiiaigle cdodtaeyeh fogmeinkDoddng N Hute ndkt 1445081 St tabl e

di spersing or mettiig%aa ent.s and suspendi ng agents. The sterile
i nj ect abl e pr epETRTTUTE neyP oSS hETHESTR r PREPSTioesapresoetinnon din

suspensi on i atRONcdHxXiSf RRALARILE abkYoral use, carriers that are
commonly used iﬁclude lactose and corn starch.
Lubricating agents, such as magnesium stearate, are also
typically added. For oral administration in a capsﬁle
form, useful diluents include lactose and dried

10  cormstarch. When aqueous suspensions are required for
oral use, the active ingredient is combined with
emulsifying and suspending agents. If desired, certain
sweetening, flavoring or coloring agents may also be
added.

15 Alternatively, the pharmaceutical compositions
of this invention may be administered in the form of
suppositories for rectal administratidn. These may be
prepared by wmixing the agent with a suitable
non-irritating excipient which is solid at room

20 temperature but liquid at rectal temperature and '
therefore will melt in the rectum to release the drug.
Such materials include cocoa butter, beeswax and
polyethylene glycols.

The pharmaceﬁtical compositions of this

25 invention may also be administered topically, éspecially
when the target of treatment includes areas or organs
readily accessible by topical application, including
diseases of the eye, the skin, or the lower intestinal
tract. Suitable topical formulations are readily

30 prepared for each of these areas or organs.

Topical application for the lower intestinal

tract may be effected in a rectal suppository formulation



10 acceptable diluent or solvent, for exanple.as a solution in

1, 3-but anedi ol . Anong the acceptable vehicles and solvents that may be
enpl oyed are water, Ringer's solution and isotonic sodium chloride
solution. In addition, sterile, fixed oils are conventionally enpl oyed 15
as a solvent or suspending nedium For this purpose, any bland fixed oi
may be enpl oyed including synthetic nono or di-glycerides. Fazgggﬁqmms,
such as.oleicvﬁgi and its glyceride derivatives are useful int
preparation o 2% abl es, as are natural pharmaceuti cal | yPCHUSMHRISE abl e
oils, such as olive oil or castor oil, especially in their

pol yoxyet hyl at ed versions. These oil solutions or suspensions may al so
contain a.long-chain alcohol diluent or dispersant, such as carboxynet hyl
cellulose or simlar dispersing agents whith~ ar e commonly 25 used in the

fornul ation of pbaenaeevéj cad ! %C%%m:aﬁhs emgﬁor;lm T 1igac! udi ng
ac

emul si ons and suspensions. Qther comonly used sur tants, such as
Tweens, Spans ar@Pigghby- ‘éﬁm%dmaﬁgpagehes Ay i lomy &id adsied.ty enhancer s

whi ch are comonly used |§5}Pg% i %ééyrga f 29 arn%?%%%égﬁgégaior the

acceptable solid, Iiquid, age ornﬁ
pur poses of foﬂnmpaslbmnﬁ tﬁa}SHa Iaeﬁum&d/ﬁ?mkﬂ@ﬁm&blﬁﬂ:ﬁént% The

phar naceut i cal 88€P%$ﬁ£|0q3 of his_inven;ionqﬁﬁl oraIIy admnistered in
any orally “accéptable dosage Toriri REFRAPHRE i q P fdgspved in
capsul es, tabl ebse afguests caiSfieRSi.0NCadFi&ed WdOtopilkal

administration of the compounds of this invention

include, but are not limited to, mineral oil, liquid

petrolatum, white petrolatum, propylene glycol,

10 polyoxyethylenef pPolyoxypropylene compound, emulsifying
wax and water. Alternatively, the pharmaceutical
compositions may be formulated in a suitable lotion or
Cream containing the active components suspended or
dissolved in one or more pharmaceutically acceptable

15 carriers. Suitable carriers include, but are not limited
to, mineral Qil, sorbitan monostearate, polysorbate 60,
cetyl esters wax, cetearyl alcohol, 2-octyldodecanol,
benzyl alcohol and water.

For ophthalmic use, the pharmaceutical

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

25 uses, the pharmaceutical compositions may be formulated
in an ocintment ‘such as petrolatum.

| The pharmaceutical compositions of this
invention may also be administered by nasal aercsol or
inhalation. Such compositions are prepared according to

30 techniques well known in the art of pharmaceutical
formulation and may be prepared as solutions in saline,

employing benzyl alcohol or other suitable preservatives,




5 the case of tablets for oral use, carriers that are comonly used

I ncl ude | actose and corn starch. Lubricating agents, such as magnesi um
stearate, are also typically added. For oral adm nistration in a capsule
form useful diluents include |actose and dried 10 cornstarch. Wen aqueous
suspensions are required for oral use, the active ingredient is conbined
with emnulsifying and suspendi ng agents. if desired, certain st@py ni ng,
flavoring or coloring agents may al so be added. 15 Alternatively, e

phar maceuti calwoermoei ti ons of this invention may be adm nighef&dnbi,t he
formof suppositories for rectal adm nistration. These nmay be prepared by

m xi ng the agent wwth a suitable non-irritating excipient which is solid
at room 20 tenperature but liquid at rectal tenperature and therefore wll
melt in the rectumto release the drug. Syegh materials include cocoa
butter, beeswax and polyethylene glycols'. The pharnmaceutical conpositions
of this 25 i nverfiso¥Pipnapsondeersitionicsthaned bopaeadilabilaspgci al ly when

the target of trgafjiRat i ud e or_ organs, .readil ccessi bl e by
t opi cal application, i%gFgg%hdgiaﬁéégé; er°ﬁH§“E§@P§¥uﬁ§i§E£il%ﬁngjg; | oner
i ntestinal tractisp8wistingl egémpscal fornul ations are readily 30 prepared

for each of these areas o Topi cal application for the | ower

or gans.
intestinal tract nmay be é? é%b%ﬁfWq?sngQE@afogﬁﬁﬁﬁﬁﬂqqﬁdﬁrﬁornulation
25SEP2004 WO 01paztaeuPadl PYSe3d 1182 therapeutic applications relating

to an IL-1 mediated disease, an apoptosis mediated
disease, an infiammatory disease, an autoimmune digease,
a destructive bone disorder, a proliferatiﬁe disorder, an
infectious disease, a degene;ative disease, a disease

10 associated with cell death, an excess dietary alcohol
intake disease, a viral mediated digsease, uveitis,
inflammatory peritonitis, ostecarthritis, pancreatitis,
asthma, adult respiratory distress syndrome,
glomerulonephritis, rheumatoid arthritis, systemic lupus

15 erythematosus, scleroderma, chronic thyroiditis, Grave'’s
disease, autoimmune gastritis, diabetes, autoimmune
hemolytic anemia, autoimmune neutropenia,
thrombocytopenia, chronic active hepatitis, myasthenia
gravis, inflammatory bowel disease, Crohn’‘s disease,

20 psoriasis, atopic dermatitis, scarring, graft vs host
disease, organ transplant rejection, osteoporosis,
leukemias and related disgorders, myelodysplastic
syndrome, multiple myeloma-related bone disorder, acute
myelogenous leukemia, chronic myelogenous leukemia,

25 metastatic melancma, Kaposi’s sarcoma, multiple myelowma,
haemorrhagic shock, sepsis, septic shock, burns,
Shigellosis, Alzheimer’s disease, Parkinson’s digease,
Huntington's disease, Kennedy's disease, prion disease,
cerebral ischemia,epilepsy, myocardial ischemia, acute

30 and chronic heart disease, myocardial infarction,
congestive heart failure, atherosclerosis, coronary

artery bypass graft, spinal muscular atrophy, amyotrophic



-36- (see above) or in a suitable enema fornmulation. Topically-transdernal
patches may al so be used. For topical applications, the pharnmaceuti cal
conpositions may be fornulated in a suitable ointnent 5 containing the
active conmponent suspended or dissolved in one or nore carriers. Carriers
for topical admnistration of the conpounds of this invention include,
but are not limted to, mneral oil, liquid petrolatum whi tezs)ng%ﬂgtum
propyl ene gl yc‘gb,o ;ﬂ%o ol - yoxyet hyl ene, pol yoxypropyl ene conpound,

enmul sifying wa X ter- Alternatively, the pharnaceuti calPCTASapUg82 i ons
may be fornmulated in a suitable lotion or creamcontaining the active
conponent s suspended or dissolved in one or nore pharnmaceutically
acceptable 15 carriers. Suitable carriers include, but are not limted to,
m neral oil, sorbitan nonostearate, polysorite 60, cetyl esters wax,

cetearyl al coholjais et Wdedecanol m%ggnfé’lsﬁefcr%%gsﬁggfi ‘3’%%3%@52{ ed as

opht hal mi ¢ use, the pharmaceutical NPoS
m croni zed suspefrdenirlitis,segingg, apbpac als tradulgila1Sahinige Qfie to

preferably, as j ons jin_isotoni H adj usted sterile saline, elther
Wi th our wit houté%ld;#éése“?‘x?&t’?&év‘éu‘éﬁfé*éfsb MAtIEH BB B HEE,
Al ternatively, fagimyihtdealdniie;jdeylSRépatteihar MaeaW;irgal cconpositions may

be formul at eg i,n _an .qi.nt nent ﬁCh as petrol atum ~The pharfaceuti cal
conposi ti ons " of Rpar 143878t v8 AeyEeres ensme Fevean edrbyapasese aer 0sol

or inhalation. ehepheqiRes, vaPsods rPhRPYLd 1366 ¢309.50  renal

disease, polyaptic kidney disease, H. pylori-associated
gastric and duodenal ulcer disease, HIV infection,
tuberculosis, and meningitis. The compounds and
10 compositions are also useful in treating complications
associated with coronary artery bypass grafts and as a
component of immunotherapy for the treatment of various
forms of cancer.
The amount of compound present in the
15 above-described compositions should be sufficient to
cause a detectable decrease in the severity of the
disease or in caspase activity and/or cell apoptosis, as
measured by any of the assays described in the examples.
The compounds of this invention are also useful
20 in methods for preserving cells, such as may be needed
for an organ transplant or for preserving blood products.
Similar uses for caspase inhibitors have been reported
(Schierle et al.,.Nature Medicine, 1999, 5, 97). The

method involves treating the cells or tissue to be

25 preserved with a solution comprising the caspase
inhibitor. The amount of caspase inhibitor needed will
depend on the effectiveness of the inhibitor for the
given cell type and the length of time required to
Preserve the cells from apoptotic cell death.

a0 According to another embodiment, the
compositions of this invention way further coﬁprise

another therapeutic agent. Such agents include, but are



30 techni ques well known in the art of pharmaceutical fornulation and may
be prepared as solutions in saline, enploying benzyl alcohol or other

sui tabl e preservatives, 2 5 SEP 2004 WO 01/72707 PCT/US01110182 -37-
absorption pronoters to enhance bioavailability, fluorocarbons, and/or

ot her conventional solubilizing or dispersing agents. The above-descri bed
conpositions are 5 particularly useful in therapeutic applications relating
to an IL-1 nedi ated di sease, an apoptosis nedi ated disease, BRSEP 2004
inflammat ory eveegee7 an autoi mune di sease, a destructive foaRRqficsey der.
a proliferative disorder, an infectious disease, a degenerative di Sease, a
di sease 10 associated with cell death, an excess dietary al cohol intake

di sease, a viral nediated disease, uveitis, inflammatory peritonitis,
osteoarthritis, pancreatitis, asthma, adubf_respiratory distress syndrone,
gl onerul onephritis, rheumatoid arthritis, systemc lupus |5 erythenatosus,
scl eroderma, chP@ dimhyedi ot i thr@twilytic dgertsesuchitai miwsaegastritis,

di abet es, aut oi : | yii 1 a,. aut oi ne neutropenia,
thronbocytopenigﬁ%%ﬁ%gﬁggRa%%#%%ggﬁgﬂﬁﬁ%is TERYRETRATS a Ty g Second

i nfl ammat ory bowgkendi $saseed O’ scdingieagant 20aP WY | A%lihi stkeREC
dermatitis, scagn%gg n?raft vs host _di sease, organ transplant rejection,
osteoporosi s, . SreUkENTas® SHPFETER APSATEF 9B OF AfeIRFdFs FFast #Eng5g ndr one,
mul ti pl e nyes omdosabat S6rhoneidli e dRipodalE Cor HGLRAENAUS! SEKERl 2,

chronic el ogenous | eukem a,
ny 9 1nventfbn.

It should also be understood that a specific
dosage and treatment regimen for any particular patient
will depend upon a variety of factors, including the

10 activity of the specific compound employed, the age, body
weight, general health, sex, diet, time of
administration, rate of excretion, drug combination, and
the judgment of the treating physician and the severity
of the particular disease being treated. The amount of

15 active ingredients will also depend upon the particular
compound and other therapeutic agent, if present, in the
‘composition.

In a preferred embodiment, the invention
provides a method of treating a mammal, having one of the

20 aforementioned diseases, comprising the step of
administering to said mammal a pharmaceutically
acceptable composition described above. In this
embodiment, if the patient is also administered another
therapeutic agent or cagpase inhibitor, it may be

25 delivered together with the compound of this invention in
a single dosage form, or, as a separate dosage form.

When administered as a separate dosage form, the other

caspase inhibitor or agent may be administered prior to,

at the same time as, or following administration of a
30 pharmaceutically acceptable composition comprising a

compound of this invention.



25 metastatic nel anoma, Kaposi's sarcoma, nultiple nyel oma, haenorrhagic
shock, sepsis, septic shock, burns, Shigellosis, Alzheiner's disease,

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

di sease, cerebral ischem a, epilepsy, nyocardial ischema, acute 30 and
chronic heart disease, nyocardial infarction, congestive heart failure,
at heroscl erosis, coronary artery bypass graft, spinal nuscul ] erﬂﬂihy,
anyotrophi ¢ 2 o9FH %904 WO 01/ 72707 PCT/[TSCOL/ 10182 -38- |ateral :
sclerosis, nultiple sclerosis, HV-related encephalitis, agFfhyUSWipiex; a,
neur ol ogi cal damage due to stroke, ulcerative colitis, traumatic brain
injury, spinal cord injury, hepatitis-B, hepatitis-C, 5 hepatitis-G

yel | ow fever, dengue fever, or Japanese e_gggphal itis, various forns of

| iver disease, renal disease, polyaptic kidney di sease, H.

pyl ori-associ ated gastri @nanddeduotienal thilsc éhvehe£as ebe Hhdkd MLy ON,
tubercul osis, a Rl naiLt i The. conpounds and 10 conpositions are al so
useful in treat iq%bd%ésr%?’%aﬁ%ngdg%% BCERHRERVER dgstedn®ery bypass
grafts and as a excmpfleseaieobet NFHEE herdRY el Bkaifed FLAL e various
forns of cancer._ The anount_of conpound present inh the 15 above-descri bed
conposi ti ons sh&AT&BE Sff tltrehfatirn eadyeandgere et dee razasst ued he

severity of BheagdilS@asengr thé T 2abi Y or_ cell .apoptotis, as
measured by any of"the asgays dﬁ%bed :ﬁn %%%g%gfa%plle%_ani’ WP,

Synthesis Examples

The following Examples provide synthetic

procedures for selected compounds of this invention.

10
Example 1
[BS/R]-5-F1uoro—4-oxo-3-[(S)-B-methyl—z-(carbazole—
- carbamoyloxy-butyrylamino] -pentanocic acid
® ca
o\rjtw F
U'El'*“, ; H/I%rﬁ\
is 0 O
Method A:

(S)-2-(chlorocaxbamoyloxy)—3~methy1butyric acid, tert-
butyl ester

20

oo ok
A

To a solution of diphosgene (4.55g) in THF (34
ml) at 0°C was added a solution of (S} -2-hydroxy-3-
25 methylbutyric acid tert-butyl ester {for preparation
method see Tetrahedron. Lett., (1993), 7409) (4.0g) and

pyridine (1.82g)in THF (34 ml) dropwise over 25 minutes.



The conpounds of this invention are also useful 20 in nethods for
preserving cells, such as may be needed for an organ transplant or for
preserving blood products. Simlar uses for caspase inhibitors have been
reported (Schierle et al.,.Nature Medicine, 1999, 5, 97) _ The nethod

i nvol ves treating the cells or tissue to be 25 preserved with a solution
conprising the caspase inhibitor. The anobunt of caspase inhgﬁigﬁ;g@feded

will depend on the effectiveness of the inhibitor for the | type
and the | engt (WQPLTAT0e required to preserve the cells frommAnedidie: cel |
death. 30 According to another enbodi ment, the conpositions of this

I nvention may further conprise another therapeutic agent. Such agents

i nclude, but are wo 01/72707 2 5 SEP 2004 PCT (JSol/10182 -39- not |limted
to, thronbolytic agents such as tissue plgsm nogen activator and

st rept oki nase. %%%n a second agent is used, the second agent may be

adnini stered eiftReFe§81518g fehurel¥eggalieoved oro asmparto aoom single 5

dosage form wi t kekperapIROUSHS: O HAFROSHhL rd s dilpeRlnoR L, should
¢ do F&7 any

al so be understood that a specifi sage an reatment regi men
particul ar pati &Rrough| relitpermhdifde filbraes ycaicdrmtates undelkudi ng the 10

el th, "sox, i StooproBsFORRR B bR e ot W astatvedh Bar g
conbi nati on,5andiethyl ether (200 ml) and again filtered through celite.

The filtrate was éoncentrated under reduced pressure to

give the sub-title compound as a pale yellow oil (5.27g) :

'H NMR (400MHz,CDCl;) 8 0.98-1.10 (6H, m), 1.55 (SH, s),

2.30 (1H, m), 4.83 (1H, m).

10
Method B:
(S)—3—methy1-2-(carbazole-carbamoylo;y)-butyric acid,

Eert-butyl ester

(J

To a solution of carbazole (15.15g) in

dichloromethene (180 ml) and THF (142 ml) at 0°C was
added granulated sodium hydroxide (5.45g) followed by
20 . tetrabutylammonium bromide (2.93g). The resulting
mixture was stirred for 30 min then a solution of
chloroformate (21.41g) in THF (81 ml) was added dropwise
over 55 min. The mixture was then allowed to warm to
room temperature overnight. Dichloromethane (1L) and
25 water (350 wml) were then added and the organic phase
removed. The aqueous phase was then extracted with
dichloromethane (2 x 250 ml) and the combined organics
washed with water (200 ml), then brine (200 ml), dried

{(magnesium sulfate), filtered and concentrated. The



the judgnent of the treating physician and the severity of the particular
di sease being treated. The anmount of 15 active ingredients will also depend
upon the particular conpound and other therapeutic agent, if present, in
the conposition. In a preferred enbodi ment, the invention provides a

met hod of treating a mammal, having.one of the 20 aforenentioned di seases,
conprising the step of adm nistering to said manmal a phar mac2hSER 0Ly
accept abl e corp@pi/fhgn descri bed above. in this enbodi nment, h{_ hhe Patient
is al so adm ni stered anot her therapeutic agent or caspase i KB 15pi8z; ¢
may be 25 delivered together with the conpound of this invention in a
singl e dosage form or, as a separate dosage form Wen adm nistered as a
separate dosage form the other caspase inhibitor or agent nay be

adm nistered prior to, at the sane tine a&4 or foll owi ng adm ni stration of
a 30 phar maceut imeslidyeacagpbabl £1 6D RO SE 14N &mhe'gf}gpﬁy ‘(791’@9‘%}%1 f this
i nvention. 2 5 SEP,_2004 WO Ol1] 72707 PCITJUSO1/ 10152 -40-"1n order t this
i nventi on be moPSSFECRYPERARELERRELQUHRE the sl bd tprepanpound @ t esti ng

exanpl es are seluoff h esiar oy, 1 rpose.of _illustration
only and are not %h%'geggng??ug%?%g Il?rﬁ(ﬁ?rlI ngotoﬁg{zs%g’ﬁﬂ?‘gfat%&si‘ﬁv@ﬁt i on
in ané way. f Synt(§8si m) Exanpb eSQIIIhe;);,on_gmi NAHEXAFP! §s2pr euizdeqsynt hgtd c
procedures fgr sle_lsgct(gg’cg{'rpo&l_n&s &H’t rg)s |ar]\4gnt(:|2§[1.d}.

r

Method C:

(S)—3-methyl~2-(carbazole—carbamoyloxy)—butyric acid

| ®

Trifluoroacetic acid (84 ml) was added dropwise

to a stirred ice cold solution of (S) -3-methyl-2-

(carbazole—carbamoyloxy)-butyric acid, tert-butyl ester
15 (4.11g) in anhydrous DCM (300 ml). The mixture was

stirred at 0°C for 2h then at room temperature for 1h.

The mixture was concentrated under reduced pressure and

then the residue dissolved in dry DCM and the solvent

again removed under reduced Pressure. The process was
20 7repeated several times in order to remove excess

trifluorocacetic acid. This afforded the acid as a pale

green gum (3.30 g): 'H NMR (400MHz,CDCl;) & 1.12-1.37 (6H,
m), 2.70 (1H, m), 5.47 (1H, m), 7.32-7.56 (&4E, m), B.00
(2H, d), 8.37 (2H, 4).

25
Method D:

[38/R, 4S/R}—5-fluoro—4—hydroxy-3—((S)-B-methyl-z-

(carbazole}-carbamoyloxy-butyrylamido)-pentanoic acid,
texrt-butyl ester




10 Exanple 1 13S/R] -5-Fluoro-4-o0x0-3- [ (S) -3-neth |-2- (carbazol.e-
carbano to -but lam nd]- entanoic acid 15 Method A: (S) -2-(chl orocarbanplO
)-3-neth lbut ric acid, tert- butyl ester 20 CY-.510k o/\ To a solution of
di phosgene (4.55g) in THE (34 m) at OC was added a solution of (S)
-2-hydroxy-3 25 nethyl butyric acid tert-butyl ester (for preparation

nmet hod see Tetrahedron. Lett., (1993), 7409) (4.0g) and pyrigi ne (1.82g)in

THE (34 m) dropwi se over 25 minutes. 2 5 SEP 2004 WD 01/ 72707 SEP 2004

PCT/ USO1/ 10180 ani270vhe resulting m xture was all owed to warpoThSol/fass
tenperature over 4 hours. The m xture was then filtered through celite and
the filtrate concentrated under reduced pressure. The residue was
re-dissolved in 5 diethyl ether (200 m) and again filtered through celite.
The filtrate was concentrated under reducedl3pressure to give the sub-title
conpound as a pale yellow oil (5.27g): xH NVMR (400MHz, CDC13) 8 0.98-1.10
(6H, m, -1.55 (94, s) , 2.30 (1H m, 4.83 (1H, m. 10 - Method B:

S
SEPCR

A stirred mixture of (8)-3-methyl-2-

5 (carbazole) -carbamoyloxy-butyric acid {3.30g), 3-amino-5-
fluorof4—hyd;oxy-pentanoic acid tert-butyl ester (2.42g),
HOBt (1.58g), DMAP {1.49g)and THF (80 ml) was cooled to
G°C then EDC (2.249) was added. The mixture was allowed
to warm to room temperature during 16h then concentrated

10 under reduced pressure. The residue was purified by
flash chromatography (15—45%lethyl acetate/hexane) to
afford the subtitle compound as a white foam (4.60g): H
NMR (400MHz,CDCls) 8§ 1.09-1.50 (15H, m), 2.49-2.80 (3H,
m), 3.20-3.62 (1H, m), 3.92-4.58 (4H, m), 5.32-5.42 (1H,

15 d), 6.86 (1H, brm), 7.40-7.55 (4H, m), 8.02 (2H, d), 8.3%5
(2H, m); "*F NMR (376MHz,CDCl;) -229.6, -229.7, -230.8, -
231.4.

Method E:
20 {3S/R] -5-Fluoro-4-oxo-3~[(S) -3-methyl-2- {carbazole-

carbamoyloxy-butyrylamino] -pentancic acid, tert-butyl

ester

O CO,1Bu

19¢ha

25



(S)-3-nethyl -2-(carbazol e-carbano to )-but is acid, tent-butyl ester 15 To
a solution of carbazole (15.15g) in dichloronethene (180 m) and THP (142
m) at OC was added granul at ed sodi um hydroxi de (5.45g) followed by 20

t et rabut yl ammoni um brom de (2.93g). The resulting mxture was stirred for
30 min, then a solution of chloroformate (21.41g) in THP (81 m) was added
dropwi se over 55 min. The nmixture was then allowed to warmt @5 SiGoi;
tenperature o ' Di chl oronmet hane (iL) and 25 water (35 t hen
added and t-he@?@ﬁ? phase renoved. The aqueous phase was Pﬁ@%@wiéct ed
with dichioronmethane (2 x 250 m) and the conbi ned organics washed with
water (200 m ), then brine (200 m), dried (nagnesiumsulfate), filtered
and concentrated. The 2 5 SEP 2004 WO 01/72707 PCTIUSO /10182 -42- residue
was purified by flash chromatography (0-5% ét‘hyl acet at e/ hexane)to afford
the sub-title corrpound aSAastEQi:Q&”é@ﬁﬁ:n.Q!d o(f25t3§9iz 4&%@'@:&%\4123
CDC13) 5 1.15-1.23 (9H, : élH m 27 (1H, d
5.7.57 (4H, m, 1‘8’663”%’2?1 Qﬂ?’ % laﬁ’tlzmarz‘d)carmﬁﬁ aJe:a(@moxalmﬁ

| - 2- (car bazol e- t%‘}@ Tritlu o M) was
added dropw se Qﬁ{ s?&??ééb?%%t%%@%& %ﬁ]]%tlgﬁ%fg?g?f é’gelﬁ {4d26(0894) r}
(car bazol e- carbéwﬁvﬂ§%yﬁ BOMy (1 @0 ael )d wasetrebtied| wekhel, 1,1~ trlacetoxy—

5 1,1-dihydro-1,2-benziodoxol-3(1H)-one (4.68g)} at 0°C.

36

The resulting mixture was kept at 0°C for 2hr, diluted
with ethyl acetate, then poured into a 1:1 mixture of
saturated aqueous sodium hydrogen carbonate and saturated
agueocus sodium thiosulfate. The organic layer was removed

10‘ and the agueous layer re-extracted &ith ethyl acetate.
The combined organic extracts were dried (Magnesium
sulfate) and concentrated. The residue was purified by
flash chromatography (10-40% ethyl acetate/hexane)to
afford the subtitle compound as a whlte solid (3.96g) :

15 ©NMR (400MH=z,CDCl;) & 1.85 (4.5H, s), 1.94-1.31 (6H, m),
1.36 (4.5H, s}, 2.59 (1H, wm), 2.70-3.11 (2H, m), 4.91-
5.31 (3H, m), 5.40-5.49 (1H, m), 7.25 (1H, brs), 7.42
(2H, m), 7.53 (2H, m), 8.04 (2H, m), 8.35 (2H, m);¥"F NMR
(376MHz,CDCL,) -222.0, -232.1.

20

Example 1A

[38/R]-5—F1uoro—4-oxo-3-[(S)-B-methyl—z—(carbazole)-

carbamoyloxy-butyrylaminol -pentanoic acid

® o
O\KJLN F
O er ; H/(n/\
o]

25 /A\ ©

This was prepared using procedure similar to
that described above in Method C. The product was
isolated as a white solid (88% last step): IR (solid)



15 (4.11g) in anhydrous DCM (300 m). The m xture was stirred at OC for 2h
then at roomtenperature for |h. The m xture was concentrated under
reduced pressure and then the residue dissolved in dry DCM and the sol vent
agai n renoved under reduced pressure. The process was 20 repeated several
times in order to renove excess trifluoroacetic acid. This afforded the
aci d as a pale green gum (3-30 g) : 1H NWMR (400MHz, CDC13) gb§5@gﬁﬁ£

(6H, , 2.70 é , 5.47 (1H, m , 7.32-7.56 (4H, m,

8. 37 (2H d) WORVPWhod D [3S/R 4S/R-5-fluoro-4-h dro -3ec(1(r®ommath
1-2- (carbazole) carbanp to -but [am do)- entanoic acid, tert-butyl ester
2 5 SEP no& WO 01/72707 PCT/USOLl 10182 -43 A stirred m xture of
(S)-3-nmethyl-2 5 (carbazol e) - car banoyl oxy-butyric acid (3.30g), 3-am no-5-
fl uoro- 4- hydroxy-pentanoi c acid text-butyl-48ster (2.42g), HOBt (1.58Q),

DVAP (1. 49Q)and1?FE 5801@5% pas, gopled 10 4 C EgﬁgrngH&ﬁ%éﬁg) ﬁ&:ddEd

The nixture was allowed to warmto Toom tenperat t

concentrated 10758d&r cme’duéndumesmumz Je-pesodue mag Refl fhesh Py .44 ash
chromat ography (,15-45's eth acet at e/ hexane)to afford the subtitie

compound as a wHitfe F‘ban?(izﬁ%)g?‘l G3E, R @480nMiz8ZTDELHH.S M. CB2F) 50 (15H,
?)1i4 21i=,19d)2 82 gngtl)Hm%:rL?r’,r)(204§40 é 55%(54:?ZH “&2 82 (2&@@ 883332 > 42
(2H, m), 8.30 (2H, m), 8.51-8.99 (1H ‘brm), 12.60 (1H,
brs); ™C NMR (100MHz, d¢-DMSO) § 19.0, 19.1, 19.3, 30.4,
30.5, 30.6, 32.9, 34.5, 34.7, 47.3, 47.4, 52.0, 52.3,
80.4, 80.8, 83.2, 83.4, 83.4 , 85.1, 85.2, 116.2, 116.3,
124.1, 125.7, 125.9, 137.9, 151.7, 151.9, 152.0, 168.8,
10 169.0, 169.2, 172.0, 172.1, 173.1, 173.2, 202.2, 202.4,
202.5, 202.6; “F NMR (376MHz, d¢-DMSO) -226.6 (t), -226.8
(t), -230.5 (t), -230.9(t) , -232.9(t) , -233.0 (t); MS
(ESI +ve) 443 (M+H).

15 Example 2
[BS/R]-S-Fluoro-4—oxo—3—[(S)-B—methy1—2-(3-

chlorocarbazole) -carbamoyloxy-butyrylamino] -pentanoic

acid

20

This was prepared using procedures similar to
those described in methods A-E. The product was isolated
as a white solid (99% last step): IR (solid) 1721.2,
25 1690.5, 1664.9, 1444.7, 1367.9, 1209.1, 1040.1 cm™ ;

NMR {400MHz, ds-DMSO) § 1.02-1.13 (6H, m), 2.40 (1H, m),
2.50-2.99 (2H, m), 4.30-4.85 (1.6H, m), 5.09-5.48 (2.4H,
m), 7.48 (1H, m), 7.56-7.66 (2H, m), 8.20-8.32 (3H, m),



(2H, m ; 19F NWR (376MHz, CDCl13) -229.6, -229.7, -230.8, - 231.4. Method
E: 20 [3S/R]-S-Fluoro-4-0x0-3-[(S)-3-nmeth | -2--(carbazol e- carbanp to -but

| am no] - entanoic acid, tert-butyl ester 25 2 5 SEP 2004 WD 01/72707
PCTIUSO /1O 82 -44- A stirred solution of [3S/R, 4S/R] -5-f luoro-4

hydr oxy- 3- ((S) - 3- et hyl - 2- (car bazol e) - car banoyl oxy- butyryl ag 5d(é)é%pent anoi ¢

acid, tert-butyl ester (4.60g) in anhydrous DCM (100 m) wa 2080 with

1,1, 1-tri acet ypyR7h 1- di hydro-1, 2- benzi odoxol - 3(1 H) - one (4¢$ﬁ§
The resulting mxture was kept at OC for 2hr, diluted wth B MP%@?ate

then poured into a 1:1 mxture of saturated aqueous sodi um hydrogen
carbonate and saturated aqueous sodiumthiosul fate. The organic |ayer was
renoved 10 and the aqueous |ayer re-extracted with ethyl acetate. The
conbi ned organic extracts were dried (Nhgﬁéérun1 sul fate) and concentr at ed.

The residue was 8pasi f(LEd hy, élg@recjycmm@oggﬁphyliLgmﬁgy gl 12 §m8% ).
I'te g

acetate/ hexane)to afford the subtitle conpound as a sol'id
'H 1S NVR (400M{Z00MEz3) dg-PMKS ©418HL, r1§.9,1.19411. 30.46H300F, 21:8F (4.5H,

> 25 (1h bre) -5 oty 4t B ooy o8 0a (0. AL . B G )
; 19F NVR (376M83,.€B¢C| 85.123&5 (B, -1232.8]. 13@ 0, 117.0, 119.3, 121.3,

5 122.3, 124.3, 124.7, 127.2, 127.4, 127.9, 128.5, 136.5,
138.4, 151.5, 151.6, 151.7, 168.7, 168.9, 169.0,.169.1,
172.0, 172.1, 173.1, 173.2, 202.2, 202.4, 202.44, 202.8
(C); F NMR (376MHz, d¢-DMSO) -226.6 (t}, -226.8 (t) -
230.4 (t), -230.9 (t), -231.0 {t), -232.8 (t), -232.84

10 (t), -232.9 (t); MS (ESI +ve} 477 (M:H).

Example 3 .
[38/R]—5—F1uoro-4—oxo—3-[(S)—3—methyl—2-(3,6-

dichlorocarbazole)-carbamoyloxy—butyrylamino]—pentanoic
15 acid

ST
SEpert

This was prepared using procedures similar to
20 those described in methods A-E..The product was isolated
as a white solid (99% last step): IR (solid) 1721.2,
1659.7, 1470.3, 1434.4, 1367.9, 1209.1, 1075.9, 1045.2 cm”

'; 'H NMR (400MHz, de-DMSO) 8 0.98-1.14 (6H, m), 2.30-2.50
(1€, m), 2.50-3.01 (2H, m), 4.29-4.84 (1.5H, m), 5.09-

25 5.41 (2.5H, wm), 7.66 (2H, m), B.19-8.29 (2H, m), 8.45
(2H, m}, 8.57-8.99 (1H, brm), 12.60 (1H, br, OH); C NMR
(100MHz, dg-DMSO) & 15.5, 15.1, 19.2, 30.4, 30.45, 30.6,

33.0, 34.5, 34.7, 47.3, 47.5, 52.0, 52.3, 80.8, 81.1,



Example 1A [3S R -5-Fluoro-4-o0x0-3- [ (S) -3-neth |-2- (carbazole) -

car banoyl o _xy--butyrylam no] -pentanoic acid 25 This was prepared using
procedure simlar to that described above in Method C. The product was

i solated as a white solid (88% 1l ast step): IR (solid) WD 01/72707 5 2 5 SEP
2004 PCT/ USOL/ 10182 -45- 1721.2, 1695.6, 1664.9, 1449..8, 1378.1, 1198.9,
1040.1, 758.5 cm1; 1H NWVR (400MHz, d6-DVBQ 8 1.10 (6H, br@)5SEPI0L (1H,
m, 2.54-3.04 (2H 4.31-4.82 (1.6H, in, CH2F), 5.10-5.41 (2.4H, M,
7.45 (2H, m), WOBKXISH '\ 8.22 (2H n), 830 (2H ), 8.5REFEHIANE
brm, 12.60 (1H, brs) ; z3C NWR (100MHz, d6-DMSO 8 19.0, 19.1, 19. 3,
30.4, 30.5, 30.6, 32.9, 34.5, 34.7, 47.3, 47.4, 52.0, 52.3, 80.4, 80. 8,
83.2, 83.4, 83.4, 85.1, 85.2, 116.2, 116.3, 124.1, 125.7, 125.9, 137.9,
151.7, 151.9, 152.0, 168.8, 10 169.0, 169-27-172.0, 172.1, 173.1, 173.2,

202.2. 202. 4. 02 62yl (37 2226, 8
(t). -230.5 (t). -230%(?‘) 84: 'gg'zwgﬁtj) 8%%318!?% Q\?Slz s Ve) 443
(MtH) . 15 Exam3128 A SSIBRV, 524 20ris1420xa53- 4| 1@ 63- IHE&JBI 148 .63
chl orocarbazol e)pgarhantg tg -put [amngl - entangic jacid 20,
202.4, 202.6; ¥r NMR (376MHz, ds-DMSO) -226.6 {t), —226;8
5 {(t), -230.4 (t), ~-230.8 {t), -232.8 (t), -232.9(t); MsS
(ESI +ve) 511/513 (M+H). '

Example 4
[35/R]—5—F1uoro-4—oxo-3-[(S)-3~methy1-2-(2-

10 chlorocarbazole)-carbamoyloxy- butyrylamlnol-pentan01c

acid
<98
0\)?\‘“ caH
(T3 J;f
VAN
Method F:

15 4'-Chloro-2-nitrobiphenyl

To a solution of 2-bromonitrobenzene (646 mg)
20 in THF (17 ml) under nitrogen was added
tetrakis (triphenylphosphine) palladium (0) (900 mg). The
resulting mixture was stirred at room temperature for 20
min, then a solution of 4-chlorophenylboronic acid (1.0
g)‘in ethanol (17 ml} was added and the resulting mixture

25 stirred at room temperature for 1hr. 2M sodium carbonate



This was prepared using procedures simlar to those described in nethods
A-E. The product was isolated as a white solid (99% | ast step): IR (solid)
1721.2, 25 1690.5, 1664.9, 1444.7, 1367.9, 1209.1, 1040.1 cm 1; 1H NWR
(400MHz, d6-DWVSO) 8 1.02-1.13 (6H, n), 2.40 (1H, m, 2.50-2.99 (2H, m,
4.30-4.85 (1.6H, m), 5.09-5.48 (2.4H, ), 7.48 (IH m), 7.56-7.66 (2H, m,
8.20-8.32 (3H m, 2 5 SEP 2004 WO 01/72707 PCT/[JSO /10182 265 B0 (1H
m, 8.55-8.99 m, 12.5 (1A br); '3C N\MR (100MHz, - 18. 1,
18,9, 19.1, 36&%@’:@8".”5, 33.0, 34.5, 34.7, 47.4, 52.0, 52.3?‘6%@@91%‘3?9,
81.1, 83.4, 83.43, 85.1, 85.2, 103.8, 104.0, 117.0, 119.3, 121.3, 5 122.3,
124.3, 124.7, 127.2, 127.4, 127.9, 128.5, 136.5, 138.4, 151.5, 151.6,
151.7, 168.7, 168.9, 169.0, 169.1, 172.0,,172.1, 173.1, 173.2, 202.2,
202. 4, 202.44, 202.8 (O ; '-F NMR (376NF&,'d6-DNBC» -226.6 (t), -226.8
(t) - 230.4 (t),(172a@D) 9wés) therddaded tand tB32r8attlon-RézZe&d to Gelfix
-232.9 W Ms (ESI +ve) 477 (MrH), . Exam-le 3 [3S/R] -5-Fluoro-4-ox o-3- |
(S) -3-methyl - 25°F32 Brsqj chirebshHe #128) FRarpakbPuedpt® ¢efh ML ent anoi ¢
15 acid Thi s WagoREEREF&Led SiidePrRLRMHNCHra5BhLE! Phe 2fedRge gscri bed
in methods A-E. The product was isolated as a wnhite solid (99%1 ast step):
IR (solid) 172192ssabwed7in 1gtimy acetateq (1486WLD, andoghd  aquersiso layess. 2
am 1 ; 'H Q)& , - : L. ( . -2 50,4(1H m
2.50-3. 01 (gﬁs &?9 WG, g Jn%ﬁ%éﬁﬁgisé.%gs BEbnld widn Feindad

ml), dried (magnesium sulfate), filtered and

concentrated. The reside was purified by flash
chromatography (0-10% ethyl acetate/hexane)to afford the
sub-title compound as a yellow solid {646 mg): H NMR

10 (400MHz,CDCl;) & 7.24-7.31 (2H, m), 7.41-7.47 (3H, m),
7.52 (1H, wm), 7.65 (1H, m), 7.90 (1H, d).

Method G:

2-Chlorocarbazole

15
O Cl
O NH
A mixture of 4'-Chloro-2-nitrcobiphenyl (640 mg)
and triethyl phosphite (1.9 ml) was heated at 150°C for
20 3hrs. The mixture was then allowed to cool and purified
by flash chromatography (5-10% ethyl acetate/hexane} to
afford the sub-title compound as a white solid (382 mg):
'H NMR (400MHz, de-DMSO) § 7.12-7.23 (2H, m), 2.40 (1H,
m), 7.46-7.54 (2H, m), 8.12 (2H, d).
25

EkagEle 4
[38/R] -5-Fluoro-4-0oxo-3-{{(8)~3-methyl-2-{2-

chlorocarbazole) -carbamoyloxy-butyrylamineol] ~pentanoic

acid



25 5.41 (2.5H m, 7.66 (2H, m, 8.19-8.29 (2H, m, 8.45 (2H,

8.57-8.99 (1H, brm, 12.60 (IH, br, OH ; 13C NNIR (100MHz, d6- DNBC» $

15.5, 19.1, 19.2, 30.4, 30.45, 30.6, 33.0, 34.5, 34.7, 47.3, 47.5, 52.0,

52.3, 80.8, 81.1, 25SEP 2004 WD 01/ 72707 PCT/ USOL/ 10182 - 47- 81.2, 83.4,

84.43, 85.1, 85.2, 117.8, 121.1, 126.3, 128.4, 128.7, 136.9, 151.2, 151.4,

168.6, 168.8, 168.9, 168.95, 172.0, 172.04, 173.1, 173.14, 28ZFR,20R02. 3,

202. 4, 202.6; 19F NWR (376MHz, d6-DWVBSO) -226.6 (t) , -226.8 5 (t) , -230.4

(t) , -230. BWQow/72707232. 8 (t) , -232 .9 (t) ; M5 (ESI +velPCEIUS0E1E8Y M+H)
Exanple 4 [3S/R] -5-Fluoro-4-ox0-3- [ (S) -3-nmeth I-2- (2 10

chl orocar bazol e)-carbano to -but |lam no)- entanoic acid Method F. 15 4

-Chloro-2-nitrobi hen | NO2 C To a solution of 2-brononitrobenzene (646

ng) 20 in THE (17 m ) under nitrogen was-gglded

tetraki s(triphenyl phosphine) palladium (0) (900 ng). The resulting m xture

was stirred at roomtenperature for 20 mn, then a solution of

4- chi or ophenyl boronic acid (1.0 g) i danol (17 m) was added and the

resulting mxture 25 stirred at room -erature for [ hr. 2M sodi um

carbonate 2 5 SEP 2004 WD 01/ 72707 M

This was prepared using procedures similar to
5 those described in methods A-E. The product was isolated
as a white solid (9%% last gtep): IR {solid) 1731.4,
1695.6, ,1664.9, 1424.2, 1367.9, 1326.9, 1193.7, 1045.2
em™ ; 'H NMR (400MHz, de-DMSO) & 1.58-1.70 (6H, m}), 2.85-
3.10 (1H, m), 3.10-3.54 (2H, m), 4.85-5.39 (1.4H, m),

10 5.65-5.98 {2.6H, m), 7.94-8.20 (34, m), 8.73-8.90 (4H,
m), 9.10-9.56 (1H, brm), 13.2 (1H, br); ¥C NMR (100MHz,
d¢-DMSO) & 17.7, 17.9, 19.0, 19.1, 19.2, 30.4, 30.5, 33.0,
34.5, 34.7, 52.0, 52.3, 80.6, 80.9, 81.1, B3.4, 83.43,
85.1, 85.2, 104.0, 117.1, 121.0, 122.1, 124.2, 124.4,

15 124.6, 124.8, 129.0, 132.0, 138.2, 138.4, 151.6, 151.61,
168.7, 168.9, 169.0, 172.0, 172.05, 202.4, 202.42, 202.6;
12F NMR (376MHz, dg-DMSO) -225.89 (t), -226.2 (t), -229.8
(t), -230.3 {t), -232.3 (t), -232.4 (t); MS (BSI +ve)

477 (M+H) .

20

Example 5
[38/R] -5-Fluoroc-4-oxo-3-[(8) -3-methyl-2-(2,3-

dichlorocarbazole) ~carbamoyloxy-butyrylamine] -pentancic

acid
cl

o o
25 AN



-48- (17 m) was then added and the reaction heated to ref lux for 2 hrs.
The m xture was then allowed to cool and concentrated under reduced
pressure. The residue was dissolved in ethyl acetate (100 m) and the
aqueous | ayer 5 renoved., The organi c phase was washed with brine (20 ml),
dried (magnesiumsulfate), filtered and concentrated. The reside was
purified by flash chromatography (0-10% et hyl acetate/hexane%ﬁ;EgB@grd t he

sub-title conpound as a yellow solid (646 ng): 1H NVR 10 (400

7.24-7.31 (2H,

, 3) 8
WINOUTZ90%1.7. 47 (3H, n), 7.52 (1H, n), 7.65 (1HCTmlfﬂlﬂ%J

(1H, d) . Method G 2-Chl orocarbazole 15 CI A m xture of

4' - Chl oro- 2-ni trobi phenyl (640 ng) and triethyl phosphite (1.9 m) was
heated at 150C for 20 3hrs. The mi xture was then allowed to cool and
purified by flash chromatography (5-10% etsmyl acetate/ hexane) to afford
the sub-title conmpound as a white solid (382 ng): 1H NWVR (400MHz, d6- DMSO)
6 7.12-7.23 (2H, m, 2.40 (1H, m, 7.46-7.54 (2H, m, 8.12 (2H, d) . 25
Exanpl e 4 (3S/R] -5-Fl uor §hdsowes3pt¢Hral nating p?aéadures similar to

hl I I EP 2004
o hcar bezel S il LSS £4.279, 5 EEkT. 208 02001 1

10

15

20

25

was prepared using procedures similar to those described
in methods F and G. The product was isolated as a white
solid (98% last step): IR (solid) 1721.2, 1659.7, 1434.4,
1367.9, 1204.0, 1188.6, 1045.2 cm™ ; H NMR (400MHz, d.-
DMSOC) & 1.04-1.14 (6H, m), 2.29-2.48 (1H, m), 2.53-3.00
(2H, m), 4.30-4.84 (1.7H, m), 5.09-5.41 (2.3H, m), 7.49
(1H, m), 7.63 (1H, m), 8.20-8.33 (2H, m), 8.42-8.49 (1H,
m), 8.62 (1H, m), 8.80-9.00 (1H, brm), 12.5 (1H, br); 33C
NMR (100MHz, dg-DMSO) & 17.7, 17.9, 19.0, 19.1, 30.5,
33.0, 34.5, 34.7, 47.5, 52.0, 52.3, 80.8, 81.0, 81.2,
83.4, 85.1, 85.2, 116.3, 117.9, 121.5, 122.4, 124.1,
l24.6, 126.1, 126.6, 129.0, 129.7, 136.8, 138.5, 151.4,
151.45, 168.6, 168.3, 172.0, 172.03, 173.1, 202.2, 202.3,
202.4, 202.5; F NMR. (376MHz, ds-DMSO) 226.6 (t), -226.8
(t), -230.3 (t), -230.8 (t), -232.8 (t), -232.9 (t); MS
(ESI +ve) 513 (M+H).

Example 6
[38/R]—5-F1uoro—4~oxo-3—[(S}-B—methyl—z—(z-

triﬁluoromethyl)—carbazole-carbamoyloxy—butygylamino]—

pentancoic acid

This was prepared using procedures similar to

those described in methods A-E. 2-



-49 This was prepared.using procedures simlar to 5 those described in

nmet hods A-E. The product was isolated as a white solid (99% 1| ast step) :
IR (solid) 1731.4, 1695.6, ,1664.9,. 1424.2, 1367.9, 1326.9, 1193.7, 1045.2
cml1l ; IHNW (400MHz, Cl16-DMSO S 1.58-1.70 (6H, m , 2. 85- 3.10 (1H, m,
3.10-3.54 (2H, m, 4.85-5.39 (1.4H, m, 10 5.65-5.98 (2.6H, n), 7.94-8.20
(3H, m, 8.73-8.90 (44, m, 9.10-9.56 (1H, brm, 13.2 (114, P5§gpéﬁl? NVR
(100MHz, d6-DVSO) 8 17.7, 17.9, 19.0, 19.1, 19.2, 30.4, 30.5 .0, 34.5,
34.7, 52.0, 5WQ@0/BG, 80.9, 81.1, 83.4, 83.43, 85.1, 85. IcTifddrtbisall7. 1,
121.0, 122.1, 124.2, 124.4, 15 124.6, 124.8, 129.0, 132.0, 138.2, 138.4,
151.6, 151.61, 168.7, 168.9, 169.0, 172.0, 172.05, 202.4, 202.42, 202.6;
19F NWR (376MHz, d6-DWVBO) -225.99 (t) , -226.2 (t) , -229. 8 (t), -230.3
(t), -232.3 (t), -232.4 (t); M5 (ESI +Ve).g477 (MrH) . 20 Exanple 5 (3S/'Rj
- 5- Fl uor o- 4- oxo-

.3 & &sg -3-nmethyl -2- (2, 3-

di chl or ocar bazolt&£E4PE ‘H%W%&F-’%‘\WP-?I WAE peeparet asong proced@ied5 wO

01n2707 - 50 Z5SERn2084 BSTEMAI GHALEZIAI 2, RS RLEPR BflaUg] Ny BT Ocedur es
. y OF cnlo

simlar to those described in nethods A- rocar bazol e
-pProduct was isolated as a white solid (85% last step): IR

(solid) 1731.4, 1695.6, 1695.7, 1434.4, 1321.8, 1198.9,

5 1122.1, 1065.7 cm™ ; 'H NMR (400MHz, de~DMSQ) & 1.06-1.15
(6H, m), 2.42 (1H, m), 2.50-3.01 (2H, m), 4.29-4.83
(1.6H, m), 5.08-5.42 (2.4H, m), 7.53 (1H, m), 7.68 (1H,
m), 7.83 {(1H, m), 8.29-8.40 (2H, m), 8.48 (1H, m), 8.64
(1H, m), 8.80-2.01 (1H, m), 12.60 (1H, brs); *C NMR

10 (100MHz, d.-DMSO) & 17.4, 17.6, 19.0, 19.1, 30.4, 31.0,
32.9, 34.5, 34.7, 52.0, 52.3, 80.7, 80.9, 81.1, 81.1,
83.4, 85.1, 113.3, 116.3, 120.7, 120.9, 123.6, 124.4,
126.2, 127.2, 127.5, 127.8, 128.1, 128.9, 137.2, 138.9,
151.6, 168.6, 169.0, 172.0, 202.2, 202.3, 202.4, 202.6;

15 °F NMR (376MHz, ds-DMSO) -60.4 (s), -226.6 (t), -226.8
(t), -229.9 (t), -230.4 (t), -231.0 (&), -232.9 (t), -
233.0 (t); MS (ESI +ve) 511 (M:H).

Example 7
20 [BS/R]-5—Fluoro—4—oxo—3—[(S)-B-methyl-z-(z-

methylcarbazole)—darbamoyloxy-buﬁyrylamino]-pentanoic

acid

25
This was prepared using procedures similar to
. . . AN
those described in methods A-E. The product was isolated
as a white solid (90% last step): IR (solid) 1726.3,
. 1700.7, 1664.9, 1552.2, 1460.0, 1552.2, 1460.0, 1367.9, -



was prepared using procedures simlar to those described 5 in nethods F and

G The product was isolated as a white solid (98% | ast step) : IR (solid)

1721.2, 1659.7, 1434.4, 1367.9, 1204.0, 1188.6, 1045.2 cm- ; 1H NWR

(400MHz, d6- DVMSO) 5 1.04-1.14 (6H, m, 2.29-2.48 (1H, m, 2.53-3.00 (2H,

m , 4.30-4.84 (1.7H, m, 5.09-5.41 (2.3H, m, 7.49 10 (1H, m , 7.63 (1H,
, 8.20-8.33 (2H, n) , 8.42-8.49 (1H, m, 8.62 (IH m, 8. 8G-SFPAML 1H,

brtn), 12.5 ( p.;%o |3C NWR (100MHz, d6-DVBO) S 17.7, 17. 9C 19.00 19.1,
30.5, 33.0, 34878 7, 47.5, 52.0, 52.3, 80.8, 81.0, 81.2, FCHYSI01Z 1
85.2, 116.3, 117..9, 121.5, 122.4, 124.1, 15 124.6, 126.1, 126.6, 129.0,
129.7, 136.8, 138.5, 151.4, 151.45, 168.6, 168.9, 172.0, 172.03, 173.1,
202.2, 202.3, 202.4, 202.5;' '9F M (376¥Hz, d6- DMBO) 226.6 (t), -226.8
(t), -230.3 (t), -230.8 (t), -232.8 (t), -2%2.9 (t); M5 (ESI +ve) 513
(MrH) . 20 Exanplis3@.p3SiBbo- b; A ues 07 A-x04w 3- o™X S) u3nmRt 4 boruz ( 2, -
trifluoronmeth |)-carbazol e-carbanp 10 -but |Iam no]- entanoic acid 25 This
was prepared usiO¥Er 8ckeadt ek X9 4t mo 2tROs3.G@sE6Hpen) i M ARAHodS A-E. 2

25SEP2004 WD 01/ %2807 | US04/ 1 7 trifluyo yl carbazol e, was
prepared using- pczldégdu!rﬁeé Ugi#ﬁ%%o(%s#ggem&ésgr%gggwn th'gld‘gé F(]\ﬁrd G
The product wasli,s@l.&6ed18s @) whd t&5 -sllisd (6&5%e) ast.svep)H, |}, 8.50-

5 9.10 (1H, brm), 12.50 (1H, brs); ¥®C NMR (100MHz, d¢-DMSO)

§ 17.7, 18.0, 19.0, 19.1, 19.2, 22.2, 30.4, 30.5, 30.6,
30.6, 33.0, 34.5, 34.7, 47.4, 52.0, 52.3, 52.7, 80.3,
80.6, 80.7, 80.8, 83.2. B83.4, 83.5, 85.2, 85.2, 103.8,
104.0, 116.2, 116.3, 116.6, 120.3, 120.4, 123.4, 124.0,

10 125.2, 125.8, 127.3, 137.5, 137.9, 138.2, 151.7, 151.9,
151.9, 168.8, 169.0, 169.2, 169.2, 172.0, 172.1, 173.1,
173.2, 202.3, 202.4, 202.5, 202.6; °F NMR (376MHz, d-
DMSQ) -226.55 (t), -226.76 (t), -230.43 (t), -230.89 (t),
-232.84 (t), -232.97 (t).

15 '

Example 8
[3S/R]—5—Fluoro-4—oxo—3-[(S)-2—(carbazolewcarbamoyloiy)-

butyrylamino] -pentanoic acid

20

This was prepared using procedures similar to
those described in methods A-E. The chloroformate was
prepared from (S)-2-hydroxybutanoic acid, tert-butyl

25 ester as described in method A. The product was isélated
as a white solid (90% last step): IR (solid) 1716.1,

1654.6, 1449.8, 1372.9, 1326.9, 1204.0, 1050.4, 1029.9 cm”

; 'H NMR (400MHz, ds-DMSO) & 1.03-1.12 (3H, m), 1.96-2.15

(2H, m), 2.50-3.01 (2H, wm), 4.31-4.82 (1.8H, m), 5.11-



(solid) 1731.4, 1695.6, 1695.7, 1434.4, 1321.8, 1198.9, 5 1122.1, 1065.7
cm1; 1H NMR (400MHz, d6-DMBO) 8 1.06-1.15 (6H, m), 2.42 (7.H m,
2.50-3.01 (211, nm), 4.29-4.83 (I. GH n), 5.08-5.42 (2.4H n), 7.53 (IH-
m, 7.68 (1H, n), 7.83 (1H, n), 8.29-8.40 (2H, rn), 8.48 (1H, ), 8.64
(1H m), 8.80-9.01 (1H, n), 12.60 (1H brs) ; 13C NVR 10 (100MHz, do- DVBO)
5 17.4, 17.6, 19.0, 19.1, 30.4, 31.0, 32.9, 34.5, 34.7, 52. 055§@pqm580 7,

80.9, 81.1, 8;Xé u§§§74 85.1, 113.3, 116.3, 120.7, 120.9, 124. 4
126.2, 127.2 9 127.8, 128.1, 128.9, 137.2, 138.9, 151P@HUg@gm@2

169.0, 172.0, 202.2, 202.3, 202.4, 202.6; 15 ' 9F NMR (376MHz, d6- DMSO)
-60.4 (s), -226.6 (t), -226.8 (t), -229.9 (t), -230.4 (t), -231.0 (t),
-232.9 (t), - 233.0 (t) ; M5 (EST +ve) 511 (M+H) . 20 25 Exanple 7 [3S/R]
-5-Fluoro-4-o0x0-3- [ (S) -3- rreth 1-2- (2 méBR | carbazol e)-carbam 10 - but

| am no] - entanoig, g cizd 2N § e usi procedures simlar to
t hose descri bed | n rrgqt hods A— Tﬁg Sﬁi’duc)t’ \ég’g gﬁat'@ 8188t e solid
(90% | ast step): (4R @™ol |3d§3192653(1H470ﬁ::ﬁ),, 1664609 ,(14558rg) ; 1460yir 1552. 2,

1460.0, 1367.9, ¢ gngEP 2004 01/ 72707 PCTI USOL/ 10182 -52- 1332. 0,
1209.1, 1193.7, RRB¢ 4BORHZ2 - W6-, BVBO) (825.01- 2519, (6H,

m, 2.30-3.00 (65"00)34462934:85 47.4, 52.0, 52.3,77.1, 77.3, 77.4,

5 77.45, 83.4, 83.5, 85.2, 85.22, 116.3, 120.6, 124.0,
125.7, 127.9 , 137.9, 151.5, 151.7, 169.5, 169.8, 172.0,
172.1, 173.1, 202.3, 202.4, 202.5, 202.6; °F NMR (376MHz,
ds-DMSO) -226.6 (t), -226.8 (t), -230.4 (t), -231.0 (), -
232.9 (t), -233.0 (t).

10

Example 9
(38/R] -5-Fluoro-4-oxo-3- [(S})-3,3-dimethyl-2- (carbazole~

carbamoyloxy) -butyrylamine] - -pentanoic acid

15

This was prepared using procedures similar to

those described in methods A-E. The chloroformate was
prepared from (8) -2-hydroxy-3, 3-dimethylbutancic acid,

20 tert-butyl ester (for DPreparation method see Tetrahedron.
Lett., (1983), 7408) as described in-method A. The
product was 1solated as a white solid (94% last step): IR
(solid) 1782. 7, 1721.2, 1526.6, 1444.7, 1373.0, 1332.0,
1301.3, 1198.9, 1117.0, 1040.1, 753.3 cm? ; H NMR

25 (400MHz, d-DMSO) § 1.15 (SH, s), 2-50—2.98-(2H m),
4.29-4.88 (1.5H, m}), 4.97-5.45 (2.5H, m), 7.45 (2H, m),
7 59 (2H, m), 8.23 (2H, m), 8.33 (2H, m), 8.50-8.97 {1H,
brm), 12.50 (1H, brs); *C NMR (100MHz, d.-DMSO) § 27.3,



(1.5H, m, 5.11-5.52 (2.5H, m, 7.29 (1H, m, 7.45 (1H, m), 7.55 (1H, M,
8:05-8.18 (3H, M, 8.27 (1H, M, 8.50 5 9.10 (1H, brn), 12.50 (1H, brs);:
13C NMR (100MHz, dG-DMSO) S 17.7, 18.0, 19.0, 19.1, 19.2, 22.2, 30.4,
30.5, 30.6, 30.6, 33.0, 34.5, 34.7, 47.4, 52.0,.52.3, 52.7, 80.3, 80.6,
80.7, 80.8, 83.2. 83.4, 83.5, 65.2, B5.2, 103-8, 104.0, 116.2, 116. 3,
116.6, 120.3, 120.4, 123.4, 124.0, 10 125.2, 125.8, 127.3, 137>5FP 1. o,
138. 2, 151'7"%§é§%%" 151.9, 168.8, 169.0, 169.2, 169.2, 172.0, 172.1

173.1, 173.2, 297 502. 4, 202.5, 202.6: 19F NVR (376Miz, HSIUBNARE?
-226.55 (t), -226.76 (t), - 230. 43 (t),. -230.89 (t), -232.84 (t) , -232.97
(t) 15 Exa le 8 [3S/R]-5-Fl uoro-4-oxo-3-[(S)-2-(carbazo| e-carbanp to )-
but | am noj- entanoic acid 20 This was prepared using procedures simlar to
t hose described in nethods A-E. The chl or of5¢rnat e was prepared from (S)

- 2-hydroxybutangj£ sacikd, gt exl- utyh 25 %gtser as degg be? i d A The
ot %r‘?'sﬁ‘

product was isol ate as a whité soflid I ast S *1716. 1,
1654. 6, 1449.8, BE3%2. 84.032689.11284.3, 1956.0.,4 85029, 91mm1, ;1141 NVR (400MHz,

26§EW§C%25(i'gil'§§%€§Tffng }§265% 1€%§%£&ﬂg%/?27338 {é%ﬁaﬂgk§§4'53-
5.43 (2.2H, M, 1B245,(268.a}, 18859, (268.9) 168..38- 87326, 172.65, 173.6,
5 202.6, 202.8, 202.9, 203.0; °F NMR (376MHz, d¢-DMSO) -
226.5 (t), -226.6 (t)}, -230.9 (t), -231.5 (t), -232.9
(£}, -233.0 (t); MS (ESI +ve) 457 (M+H).

%

Example 10
1a [38/R] -5~Fluoro-4-oxo-3-{(S)-2-(2-chlorocarbazole-

carbamoyloxy-butyrylaminol] -pentancic acid

SRR

This was prepared using procedures similar to

15 those described 1n methods A-E. The chlorcoformate was
prepared from (S)-2- hydroxybutan01c acid, tert-butyl
ester ag described in method A. 2-Chloroccarbazole was
Prepared as described in methods F-G. The product was
isolataﬁ aé a white solid (77% last step): IR (solid)

20 1733.03, 1699.892, 1662.97, 144B.18, 1423.38, 1369.84,-
1332.48, 1215.16, 1199.62, 1052.26, 1033.17, 764.57,
747.53, 720.08, 651.8B5 cm ' ; 'H NMR (400MHz, d¢~DMSO) b
1.06-1.10 (3H, m), 2.01-2.09 (2H, m), 2.53-2.98 (2H, m),
4.34-4.78 (1.6H, m), 5.14-5.3% (2.4H, m), 7.45-7.61 (38,

25 m), 8.24-8.31 (4H, m), 8.63-8.99 (1H, brm), 12.50 (1H,
brs); »C NMR (100MHz, d¢-DMSO) & 9.7, 23.7, 25.0, 31.3,
34.6, 34.8, 52.0, 52.3, 77.4, 77.6, 83.4, 85.2, 110.9,
1i1.6, 116.2, 116.3, 119.0, 119.4, 120.7, 120.9, 121.9,
122.1, 124.2, 124.3, 124.6, 124.8, 126.3, 128.3, 130.2,



(4H, m, 8.58-9.05 (1H, brm, 12.60 (1H, brs); 13C NVR (100MHz, ds-DwVsO 8
0 9.8, 9.9, 9.94, 24.9, 25.1, 25.2, 33.0, 34.6, 34.7, 47.4, 52.0,
52.3,77.1, 77.3, 77.4, 5 77.45, 83.4, 83.5, 85.2, 85.22, 116.3, 120.6,
124.0, 125.7, 127.9 , 137.9, 151.5, 151.7, 169.5, 169.8, 172.0, 172.1,
173.1, 202.3, 202.4, 202.5, 202.6; 19F NWR (376MHz, ds-DMSO -226.6 (t),
-226.8 (t), -230.4 (t), -231.0 (t), - 232.9 (t), -233.0 (t). %QSEﬁ%ﬂfle q

[ 3S/ R] - 5- Fl uor o-4- oxo-3-[(S)-3, 3-dineth | -2-(carbazol e-

car banmoyl oxy) wpdhiyam no] - entanoic acid 15 This was pr ep%? ?
procedures simlar to those described in nethods A-E. The chl orofornate
was prepared from (S)-2-hydroxy-3, 3-di net hyl butanoi c acid, 20 tert-butyl
ester (for preparation nethod see Tetrahedron. Lett., (1993), 7409) as
described in nmethod A. The product was |soI ated as a white solid (94% | ast
step): IR (solid) 1782.7, 1721.2, 1526.6,°°1444.7, 1373.0, 1332.0, 1301.3,

1198.9, 1117.0, 1394, 113875.§ 313@%1 1%h:| ﬁwﬂé’ﬁs(‘lg.@%'& ml@'mﬁo(3%?«11—:31:5 (9H,

s), 2.50-2.98 (2H, 4. 8 (1. n, 7-5748 ( m, 7.45% (2H,
n, 7.59 (2H ¥#-P 023-@2#1 69) (tB{ 3322(62+a3 r('):) 8 5@08397(1(JLH 23% B8 12.50
(IH brs); ‘13C NWR (199Mg, gg gb %929:)3 2 5 SEP 2004 WO 01/ 72707

PCT/ US01110182 -54' 334, 34. 34.8, 35.1, 52.5, 52.9, 83.5,

83.9, 84.0, 84.1, 84.3, 85.7,

5 Example 11
[38/R] -5-Fluoro-4-oxo-3- [{S) -3-methyl-2- (indole) -

carbamoyloxy-butyrylamino] -pentancic acid

"

This was prepared using procedures similar to

10

those described in methods A-E. The product was isolated
as a white solid {92% last step): IR'(solid)1731.4,
1664.9, 1536.8, 1454.9, 1393.5, 1326.9, 1239.8, 1035.0 cm”

15 ' ; 'H NMR (400MHz, de-DMSO) & 1.30-1.62 (6H, m), 2.79 (1H,
m), 3.00-3.48 (2H, m), 4.77-5.04 (1.6H, m), 5.42-5.88
(2.4H, m), 7.29 (1H, m), 7.70-7.90 (2H, m), 8.10-8.31
(2H, m), 8.51-8.63 (1H, m), 8.91-9.45 (1H, m), 13.0 (1H,
brs); **c NMR (100MHz, d¢-DMSO) & 15.5, 17.3, 17.6, 18.9,

20 1s.2, 30.6, 32.9, 34.5, 34.7, 47.4, 52.0, 52.3, 65.3,
B0.0, 80.3, B80.5, 93.4, 83.41, B85.1, B5.2, 104.02, 108.7,
108.71, 108-8,'114.9, 122.0, 123.5, 125.0, 126.3, 130.5,
135.0, 150.4, 168.8, 169.0, 165.1, 169.14, 172.0, 172.1,
173.1, 202.2, 202.4, 202.5, 202.6; *F NMR (376Miz, ds-

25 DMSO)-226.1 (t), -226.3 (t), -230.0 (t), -230.5 (t), -~
232:3 (t), -232.4 (), -232.5 (t), -232.6 (t}; MS (EsI
+ve) 393 (M+H).



85.73, 116.7, 116.8, 121.2, 124.6, 124.64, 126.2, 128.4, 138.4, 152.2,
152.4, 152.5, 168.4, 168.7, 168.8, 168.9, 172.6, 172.65, 173.6, 5 202.6,
202. 8, 202.9, 203.0; 19F NWR (376MHz, d6-DVBSO) - 226-.5 (t), -226.6 (t.),
-230.9 (t), -231.5 (t), -232.9 (t), -233.0 (t); Ms (ESI +ve) 457(M+H).
Exanple 10 ° 10 [3S/R] -5-Fluoro-4-o0xo0-3- [ (S) -2- (2-chlorocarbazol e-
carbano 10 -but lam noj- entanoic acid This was prepared usi nggpgrfpcmﬂures
simlar to 18y Qﬂée;%descri bed in nethods A-E. The chl orof or mat e was
prepared from (S)-2-hydroxybutanoic acid, tert-butyl ester BET/HSMwIs2ed in
met hod A. 2-Chl orocarbazole was prepare. as described in nethods F-G The
product was isolatal as a white solid (77% | ast step): IR (solid) 20

1733. 03, 1699.89, 1662.97, 1448.18, 1423.38, 1369.84, 1332.48, 1215. 16,
1199. 62, 1052.26, 1033.17, 764.57, 747.5356720.08, 651.85 cm1 ; 1H NMR
(400MHz, d.- DVMS@kakp1d. 96-1.10 (3H, M, 2.01-2.09 (2H, m, 2.53-2.98 (2H,
m, 4.34-4.78 l(haTGEF“rﬁ_ 5.14-5.39 (2.4H, m, 7.45-7.61 (3H, 25 m,
8.24-8.31 (4H, #pS/Bla3=Bluerd-uHonor-m)- [ (52-50méthyl -Hr B3hoddG VR {00MZ,
d6-DVBO) 8 9.7, cR3bimovPetr 1ok 134.6 34.8, 52.0, 523, 774, 7767
83.4, 85.2, 110,09 —1Pr ol it XFYiaPanol -pegtanciqoagid120. 7, 120.9, 121.9,
122.1, 124.2, 124.3, 124.6, 124.8, 126.3, 128.3, 130.2, 2 5 S E P 2004 WO
01/ 72707 PCT/USO1/10182 -55- 132.0, 138.1, 138.4, 151.3, 169.6, 172.1; 1'9F

NVR (376MHz,
COH
"\rr“\iu j
° A

Method H:

(S)—3-methyl-2-(phonothiazine)-carbamoyloxy—butyric acid,

tert-butyl ester

° A

10

ok

To a stirred solution of (8) ~2-hydroxy-3-
methylbutyric acid tert-butyl ester (for pPreparation
15 method see Tetrahedron. Lett., (1993), 7409) (300mg) in
THF (5 ml) at 0°C was added sodium hydride (50%
suspension in mineral oil, 72mg) . The resulting mixture
was stirred for 30 minutes then pPhenothiazine-10-
carbonylchloride (450mg) was added and the mixture
20 allowed to warm to ambient ovef 12 hrs. The reaction
mixture was then diluted with ethyl acetate (15 ﬁl) and
water (3 ml). The organic phase was separated and the
aqueous phase extracted with 2 x 5 ml of ethyl acetate.
The combined organics were then washed with brine (5 ml),
25 dried (magnesium sulfate), filtered and concentrated.

The residue was purified by flash chromatography (0-10%



d6- DMSO) -226.60 (t), -226.83 (t), -230.34 (t), -231.88 (t) , -232.84 ,
(t) , -232. 99 (t) 5 Exanple 11 DS/R] -5-Fluoro-4-o0x0-3- [ (S) -3-neth |-2-
(i ndol ) - carbanoyl oxy-butyryl am no] -pentanoic acid 10 This was prepared
using procedures simlar to those described in nethods A-E. The product
was isolated as a white solid (92% 1l ast step) : IR (solid) 1731.4, 1664.9,
1536.8, 1454.9, 1393.5, 1326.9, 1239.8, 1035.0 cm is 1 ; HN §400|\/Hz

d6-DVBO) 8 1.30-1.62 (6H, n), 2-79 (11-1, n), 3.00-3.48 (2H, EPal0t7- 5. 04
(1.6H, M, 5 4268 2. 4H M, 7.29 (111, n), 7.70-7.90 (2HpctRhsorfhslO- 8
31 (2H, m). 8.51-8 63 (1H n), 8. 91-9.45 (1H, m, 13-0 (1H  breay B2y, 3¢
NMR (100MHZ, d6-DMSO) 8 3.5..5, 17.3, 17.6, 18.9, 20 19.2, 30.6, 32.9,
34.5, 34.7, 47.4, 52.0, 52.3, 65.3, 80.0, 80.3, 80.5, 83.4, 83.41, 85.1,
85.2, 104.02, 108.7, 108.71, 108.8, 114. 957122 0, 123.5, 125.0, 126. 3,

130.5, 135.0, 1 168 8 169.0, 169 .1 169,14 172.0, 172 1 173 1,
202.2, 202.4, 26‘%%9’ 35state {aexagm (@aﬁﬁ?r shesseheey tle gompqund a

2 1 ket i 08 g A ° ()

PCTI USO / 10182 056G6EXaHpme, 1258 315, Flueno{4Hpxa) 3-4 (&9 - Bretd) ,
- 3- nehonot hi azi r}e)l2 _garn QarZ?Ht 0 - bu7t | am_no) - .entanoic acid

m), (2, m) .
5
(S) -3-methyl-2- (phonothiazine) -carbamoyloxy-butyric acid
o Ko
A\
10 Deprotection of (S)-3-methyl-2-(phonothiazine) -

'carbamoyloxy-butyric acid, tert-butyl ester (528mg) using
trifluorcacetic acid as described in method C afforded
the acid as a white s0lid (440 mg): *H NMR (400MHz,CDCl,) &
0.77-1.00 (6H, m), 2.29 (1H, m), 5.02 (1H, d), 7.15-7.48

15 (6H, m), 7.70 (2H, m).

Example 12
[38/R] -5-Fluoro-4-oxo-3-[(8) -3-methyl-2- (phonothiazine) -

carbamoyloxy-butyrylamino] ~-pentanoic acid

20

This was prepared using procedures similar to
those described in methods C-E. The product was isoclated
25 as a white solid (98% last step): IR (solid) 1782.7,
1710.9, 1521.5, 1465.2, 1260.3, 121%.4, 1168.1, 1045.2,



5 Method H (S)-3-nmethyl -2-( honothiazine)--carbano to -but ric acid,
ter:-butyl ester 10 To a stirred solution of (S)-2-hydroxy-3-
thethyl butyric acid tert-butyl ester (for preparation 15 nethod see
Tetrahedron. Lett., (1993), 7409) (300mg) in THE (5 m) at OC was added
sodi um hydride (60% suspension in mneral oil, 72ng). The resulting
m xture was stirred for 30 m nutes then phenot hi azi ne-10- cagbdtel 84y ori de
(450mg) was added and the m xture 20 allowed to warmto anbi ent over 12
hrs. The reactY8® 3 #%ture was then diluted with ethyl acetaPET{USSL/HWI82 and
water (3 m)- The organi c phase was separated and the aqueous phase
extracted with 2 x 5 m of ethyl acetate- The conbi ned organics were then
washed with brine (5 m), 25 dried (magnesium sulfate), filtered and
concentrated. The residue was purified by-3$%ash chromat ography (0-10%2 5
SEP 1004 WO 01/ 7 T PCTAU 1 -B7- eth etaj e/ hexane), to afford
the sub-title coﬁgp%'usn(fggs’ SLgrlco oﬁ%Pg@%‘zm 5%%?@%? &‘441—?%(61{' mf)'
(400MHz, CDC13) 8L (e 16 QAH6H) 1) 2.4058. 69H(258) m)2- 205015, 48) (a#; &9 (1H,
d, 7.12-7.45 (%g&qﬂ 7.70 §72H n; 5
(S) - 3- et hyl - 2-( afneY- 28r bAEnoPt oxY-4ut {3H c Mei .68 LR it on
of (5)-3-nethyl -2-dponal i1azi Beny , €88 POV X MsLY R3€ 1K Y1 obfifrk ; PHLY!
ester (528ny) using !
5 ©DMsO) & 16.8, 17.1, 19.0, 19.2, 30.3, 30.5, 33.0, 33.2

;
34.5, 34.8, 47.3, 52.0, 52.4, 79.3, 79.6, 79.7, 83.4,

* 83.5, 85.1, 85.2, 103.8, 127.1, 127.2, 127.3, 127.4,
131.4, 138.0, 138.1, 152.6, 152.8, 158.82, 169.3, 169.5,
16s.7, 172.0, 172.1, 172.13, 202.3, 202.4, 202.6, 202.8;

10 'F NMR (376MHz, ds-DMSO) -226.6 (t), -226.8 (t), -230.3
(t), -231.3 (t), -232.9 (t), -233.0 (t); MS (ESI +ve)
475(M+H) .

Example 13
15 [38/R] -5-Fluoro-4-oxo-3- [ (S) -3-methyl-2- (2~

chlorophonothiazine) -carbamoyloxy-butyrylaminol -pentanoic

acid
Cl
Q, CQH
é/ %F
O
20
Method I:

2-Chlorcphenothiazine carﬁamyl chloride

Cl

&

25



trifluoroacetic acid as described in nethod C afforded the acid as a white
solid (440 nmg) : 1H NMR (400MHz, CDCI3) $ 0.77-1.00 (6H, m, 2.29 (1H m,
5.02 (1H, d), 7.15-7.48 15 (6H, m, 7.70 (2H, n) . Exanple 12
(3S/ R] - 5- Fl uor o- 4- oxo- 3- ((S) - 3-net h - 3-nehonot hi azi ne) -
car banoyl 5>xr - but yryl am nol - pentanoic acid 20 This was prepared using
procedures simlar to those described in nmethods G E The pr?%%ﬁ% $@s
i solated 25 as a white solid (98% 1l ast step): 1R (solid) 1782 140 - 9,
1521.5, 1465. 3y0 826073, 1219.4, 1168.1, 1045.2, 25SEP 2004 %’9‘%"7’5‘%{
PCTI US01110182 -58- 758.5 cm1; 'H NVR (400MHz, d6-DVBO) 8 0.64-0 6H,
m, 1.96-2.16 (1H n), 2.40-2.98 (2H, M, 4.50-5.42 (4H, n), 7.28 (2H,
m, 7.39 (2H, m, 7.49 (2H, m, 7.68 (2H, brn), 7.88-8.91 (1H, brm, 12.61
(1H, brs) ; 13C NWR (100MHz, d6 5 DVSO 8-%6-8, 17.1, 19.0, 19.2, 30.3,
30.5, 33.0, 33.2, 34.5, %4. 47.3, .52.0,_ 52.4, 79. 3, 79.6, 79. 7 83. 4,
83.5 85 1, 85 2 103.8, 19731susBsiision $f 3-chborophéncrhiszings (8g) 138 1,
152.6, 152.8, 138 831046930 dBfuds o Biphlalnd 1 Iag)1727h3, 202.3,
202. 4, 202.6, 202.8; 10 '9F NWR (376MHz, d6- (?(t) -226.8 (t),
-230.3 (t), -2%dxgure) Waszh'zafgeé t§0 1493% @OFt}ShrWB (TES miwshred#s6 MrH) .
Exanpl e 13 15 [%ﬁéﬁlcoélgangﬁ@ éhénﬁyiéné:rg§£ve§ &Eﬁéﬁ”ré&%ceﬁz chlroro
honot hi azi ne) - car banoto - ..am no anol c

pressure. The residue was purified by flash

chromatography (2-5% ethyl acetate/hexane) to afford the
sub-title compound as a brown solid (2.04g): H NMR
(400MHz,CDC1;) & 7.26-7.43 (4H, m), 7.45-7.51 (1H, m),
7.59-7.68 (2H, m).

io0
Example 13
[35/R] -5-Fluoro-4-oxo-3- [(S) -3-methyl-2- (2-
chlorophonothiazine)—carbamoyloxy-butyrylamino]—pentanoic
acid

15

-

This was prepared using procedures similar to

Iill

é?c.

those described in methods H and C-E. The product was

20 isolated as a white solid by reverse phase HPLC (61% iast
step): IR (solid) 1732, 1460, 1365, 1207 cm™ ; *H NMR
(400MHz, d;-DMSC) 6 0.70-0.87 (6H, wm), 2.02-2.10 {(1H, m),
2.58—2.9Q (2H, m), 4.34-5.37 (4H, m), 7.27-7.88 (7H, m),
8.31-8.81 (1H, m}; **C NMR (100MHz, ds-DMSO) & 16.7/16.9,

25 18.9/19.1, 30.3/30.3, 34.5/34.8, 52.0/52.4, 79.6/80.0,
84.2/84.3, 127.0, 127.3, 127.3, 127.6, 128.0, 129.p,
130.5, 130.9, 131.7, 137.5/137.5, 139.1/135.1,
152.3/152.5, 169.6/169.7, 172.0/172.1, 202.3/202.7 (24, T



acid 20 Method I: 2-Chloro henothiazine carba | chloride 25 2 5 SEP 2004 WO
01/ 72707 PCT/ USOL/ 10182 -59- To a suspension of 2-chl orophenot hi azi ne (29)
in xylene (20 m )was added di phosgene (3.4g). The mxture was heated to
140C for 18hrs. The m xture was then cool ed and the xyl ene renoved under
reduced 5 pressure. The residue was purified by flash chromatography (2-5%
ethyl acetate/hexane) to afford the sub-title conpound as a DHGRP 80! i d

2.04g): 1H N , CDA3) b 7.26-7.43 (4H, , 7.45-7.51 (1H :
(7.59-3? 68 (2H, "%?% Exam | e 1% DS/R] -5-Fl uf)r o- 4[?)xo- 3-- (f‘éﬁmg“l’l“lsg)
-3-nmethyl -2- (2- chl orophonot hi azi ne) -carbanoyl oxy-butyx ryllam no3
-pentanoic acid is This was prepared using procedures simlar to those
described in nethods H and CGE. The product was 20 isolated as a white
solid by reverse phase HPLC (61% 1l ast step) : IR (solid) 1732, 1460, 1365,
#)207 cm' ; sH NMR1/0400WHSF NERDYBD5ME8z 0. &ODHSEY wrgim(t)n,)z.m.slo (1H,

, 2.58-2.90 {(2H, 4.34:-5. 37 (4H, , 1.27-7.88 (7H, , 8.31-8.81.
(1H m : 13C Nl\és%('lﬁg?\’/ﬁz? ?‘i’esa i (fg?-?/ 16. 9,

Example 14
5 [38/R] -5-Fluocro-4-oxo-3-[(8) -3-methyl-2- (3~

chlorophonothiazine) -carbamoyloxy-butyrylamino] -pentanocic

acid

Ct

Qo

. This was prepared using procedures similar to

10

those described in methods H, I and C-E. The
Phenothiazine was prepared according to'procedures
described in J. Chem. Soc. (1970), 2437-2441. The

15 product was isolated as a white solid (89% last step): IR
(solid) 1717, 1527, 1469, 1350, 1322, 1217, 1042 cm™ ; H
NMR (400MHz, d¢-DMSO) & 0.67-0.85 (6H, m), 2.00-2.06 (1H,
m), 2.58-2.87 (2H, m), 4.33-4.86 (2.6H, m), 5.12-5.36
(1.4H, m), 7.27-7.30 (1H, mw), 7.38-7.51 (3H, m), 7.63-

20 7.68 (3H, m), 8.24-8.82 (iH, m); *’C NMR (100MHz, ds-DMSO)
& 17.3/17.6 (CH3), 19.4/19.5 (CH3), 30.8/30.8,
35.0/35.3, 52.5/52.9, B80.0/80.1, 84.7/84.8, 127.2, 127.3,
127.6, 127.9, 128.6, 130.7, 131.2, 133.7, 136.9/137.0,
137.8/137.8, 153.0/153.2, 170.1/170.2, 172.5/172.6,

25 202.9/203.2; F NMR (376MHz, de-DMSO) —-226.7 (br), -226.5
(br), -233.0 (t}; MS (ESI +ve) 509/511(M+H).



25 18.9/19.1, 30-3/30.3, 34-5/34.8, 52.0/52.4, 79.6/80.0, 84.2/84.3,
127.0, 127.3, 127.3, 127.6, 128.0, 129.0, 130.5, 130.9, 131.7,
137.5/137.5, 139.1/139.1, 152.3/152.5, 169.6/169.7, 172.0/172.1,
202.3/202.7 (2d, J 2 5 SEP 1004 WO 01/ 72707 PCT/US01/ 10182 -60- 14.1/14.0;
'9F NWR (376MHz, d6-DMBO -226.6 (t) , -226.8 (t), -233 0 (t), -233.1 (t).
Exanpl e 14 5 [3S/R] - 5- Fl uoro-4-ox0-3- [ (S) -3-nethyl-2- (3 SEP )

chl or ophonot hi_azi n%-car bamoyl oxy-but yryl am no] - pent anon c ac?é éf’ %

This was prepaf®iViid¥hg procedures simlar to those descri rctrisomedibods H,
| and C-E. The phenothiazine was prepared according to procedures
described in J. Chem Soc. (1970), 2437-2441. The 15 product was isol ated
as a white solid (89% 1 ast step): IR (solid) 1717, 1527, 1469, 1350, 1322,
1217, 1042 cm1 ; 1H NWR (400MHz, d6-Dwvse¥1ié 0.67-0.85 (6H, n), 2.00-2.06

(1H m, 2.58-%F%E$i§g_$n) 4.33-4.86 (2.611, m), 5.12-5.36 (1.4H m,
7.27-7.30 (1H, 51 (3H, nm), 7.63- 20 7.68 (311, n), 8.24-8.82
(1H, m ; 13C NVRS{/ROSSHELudbe DMERo- 6 [(E) 34 1e Enf1COR) (3, 52. 4/ 19. 5 (CH3),

30.8/30.8, 35.Q/35 3 ~5 5/52 9 - 80 078D, T, 87 /18743 LZ7 2 127. 3,
127.6, 127.9, 15&CElokey banggl ]

153. 0/ 153. 2, 17@Lﬁt&ﬁ818.aéﬂ2 5/172_6 25 202, 9/ 203, 2 10F VR (376Mz,
d6-DVBO) -226.7 (br) , -226.9

ct
CQH

SE

cl

This was prepared using procedures similar to
those described in methods H, I and C-E. The

10 phenothiazine was prepared according to procedures
_described in J. Chem. Soc. (1970), 2437-2441. The
product was isolated as a white solid by reverse phase
HPLC (76% last step): IR (solid) 1793, 1721, 1521, 1465,
,1317, 1214, 1086, 1044 cm™;'H NMR (400MHz, dg-DMSO) &

15 0.71-0.76 (3H, m), 0.84-0.88 (3H, m), 2.05-2.12 (1H, m),
2.58-2.92 (2H, m), 4.31-4.87 (2.5H, m), 5.09~5.36 (1.5H,
m), 7.47-7.56 (2H, m), 7.67-7.71 (24, m), 7.72-7.81 (1H,
m), 8.39-8.87 (iH, m); *C NMR (100MHz, de-DMSO) &
16.7/16.7/17.0, 19.0/19.1/19-2/19.3, 30.3/30.3/30.4,

20 34.5/34.8, 52.0/52.4, 79.8/80.1, 84.2/84.3, 127.3, 127.4,
127.7, 128.5, 129.2, 123.7, 131.4/131.4, 132.0,
133.1/133.2, 136.4/136.5, 138.8/138.9, 152.2/152.3;
169.5/169.6, 172.0/172.1, 202.4/202.5; °F NMR (376Muz,
ds-DMSQ) -226.5 (br), -226.8 (t), -232.9 (£}, -233.0 (br}).

25



(br), -233.0 (t) ; M5 (ESI +ve) 509/511 (MtH) . 2 5 SEP 2004 WD 01/72707
PCTI US01/ 10182 ~- 61 Exanple 15 [3S/R] -5-Fluoro-4-0ox0-3- [ (S) -3-neth

| -2- (3, 7- dichloro honothiazine)-carbanb to -but |lam no]- entanoic acid 5
Cr C This was prepared using procedures simlar to those described in
methods H, | and C-E. The 10 phenot hi azi ne was prepared according to
procedures described in J. Chem Soc. (1970), 2437-2441. The? Sdff@dgit was
i solated as a ' olid by reverse phase HPLC (76% | ast :

(sol i d) 1793, T%df?ﬁ"i’zzl, 1465, 1317, 1214, 1086, 1044 cm%@a}%ﬁkﬁn
(400MHz, d6-DVSO) 8 15 0.71-0.76 (3H, m, 0 84-0.88 (3H, m, 2.05-2.12 (1H,

m, 2.58-2.92 (2H, m), 431487(2 5H, ,509536(1 5H, m,
7.47-7.56 (2H, ), 7.67-7.71 (2H, ,772%81(1H , 8.39-8.87 (1H,
m ; 13C NI\/R(lOOM—Iz d6-DVBO) 8 16.7/16.7747.0, 19 0/19 1/19. 2/ 19. 3,

30. 3/ 30. 3/ 30. 4, E26mBle 5184. 8, 52.0/52.4, 79.8/80.1, 84.2/84.3, 127.3,
127. 4, 127.7, . . 3 133. 1/ 133. 2,
136. 4/ 136.5, 138=<F 2220/ 172. 1,

202. 4/ 202. 5: 19alamiMma@an@ws&rbgasy&mutﬂgg@ngn@)_ -232.9

(t), -233.0 (br£ 2o WO 01/ 72707
entanoic acid

5

ol
C

St

This was prepared using procedures similar to

those described in methods H, I and C-E. The

10 phenothiazine was prepared according to procedures
described in J. Chem. Soc. (1970}, 2437-2441. The
Product was isolated as a white solid by reverse phase
HPLC (58% last step): IR (solid) 1736, 1436, 1365, 1222,
1050 em™ ; 'H NMR (400MHz, d¢~DMSO) & 0.66-0.85 (6H, m),

15 2.00-2.08 (1H, m), 2.57-2.93 (2H, m), 4.30-5.35 (4H, m),
7.31-7.71 (6H, m), 8.27-8.83 (1H, m); *°C NMR (100MHz, de¢-
DMsSO) & 16.8/17.1, 19.0/1%.1, 30.3, 34.5/34.8, 52.0/52.4,
79.7/80.0, 84.2/84.3, 179.2/178.6, i27.1, 127.3, 127.5,
1l28.2, 128.5, 128.5, 129.6, 130.0, 133.7, 137.3/137.3,

20 137.6/137.6, 152.5, 169.5/169.5, 172.0/172.1, 202.3; °F
NMR (376MHz, de-DMSO) -226.6 (t), -226.8 (t), -232.9 (t).

Exaggle 17
[38/R] -5~Fluoro-4-oxo-3-[(8) -3-methyl-2-(9,10-

25 Dihydrophenanthridine) ~-carbamoyloxy-butyrylamino] -

pentanoic acid




-62 25SEP2004 PCTI US01/ 10182 Exanple 16

(3S/ Rl - S-Fl uoro-4-o0x0-3-((S)-3-nethyl -2-(3, 4- dichl orophonot hi azi ne)

- car banmoyl oxy- but yryl am no) - pentanoic acid 5 ci This was prepared using
procedures simlar to those described in nethods H | and CE. The 10
phenot hi azi ne was prepared according to procedures described in J. Chem
Soc. (1970), 2437-2441. The product was isolated as a white §§gi%lgy
reverse phase HPLC (58% 1l ast step): IR (solid) 1736, 1436, Z P g ,
1050 cm 1 ; 1AVORAR200F00MHz, d6-DVBO) S 0.66-0.85 (6H, m , IfEcruiiRndis®S
(1H, m, 2.57-2.93 (2H, m, 4.30-5.35 (4H m, 7.31-7.71 (6H, m,
8.27-8.83 (1H, m; 13C NWR (100MHz, d6- DMSO) 8 16.8/17.1, 19.0/19.1, 30.3,
34.5/34.8, 52.0/52.4, 79.7/80.0, 84.2/84.3, 179.2/178.6, 127.1, 127.3,
127.5, 128.2, 128.5, 128.5, 129.6, 130.056333.7, 137.3/137.3, 20
137.6/137. 6, 152. 5, 169.5/169.5, 172 0/ 172.1, 202. 3; "9F NWMR (376MHz,
ds-DVBO) -226.6 (t), -226.8 (t), 2.9 (t). Exanple 17 (3S/R)
-S-Fluoro-4-o0x0-3- ((S) -3-neth 1 (9,10 25 DiégAdro

henant hri di ne)-carbano to -but | am;no] pgﬁl:/i&fgi d25SEP 2004 w

01/ 72707 PCT/ USO1/ 14182

This was prepared using procedures similar to
those described in methods H, I and C-E. 9,10-
5 Dihydrophenanthridine was prépared as described in J.

Chem. Soc. (1951), 3207-3211. The product was isolated as
a white solid by reverse phase HPLC(56% last step): IR
(solid) 1732, 1365, 1226, 1212, 1203 cm™ ; *H NMR (400MHz,
dg-DMSO) 8 0.84 (6H, m), 2.0S (1H, m), 2.55;2.90 (2H, wm),

10 4.28-5.36 (6H, m), 7.26-7.43 (SH, m), 7.75-7.77 (1H, m),
7.89-7.91 (2H, m), 8.24-8.81 (1H, mw); *’C NMR (100MHz, ds-
DMSO) 8 17.1/17.4, 18.9/15.0, 30.3/30.4, 34.4/34.8, 46.9,
51.9/52.4, 79.0/79.4, 84.2/84.3, 123.8, 124.3, -125.1,
125.7, 126.2, 128.0, 128.2, 128.3, 128.5, 131.5, 134.1,

-15 136.9, 153.1, 170.0/170.1, 172.0/172.1, 202.47202.8; 15p
NMR (376MHz, ds-DMSO) -226.7 (br), -226.9 (br), -233.1
{t); MS (ESI -ve) 455(M-H).

Example 18 _
20 Dibenzo[b, flazepine-5-carboxylic acid 1- (1-carboxymethyl-

3-fluoro—2-oxo—propy1carbamoyl)-2-methy1—propy1 egter




-63 This was prepared using procedures simlar to those described in
nmethods H, | and GE. 9,10 5 D hydrophenant hri di ne was prepared as
described in J. Chem Soc. (1951), 3207-3211. The product was isol ated as
a white solid by reverse phase HPLC(56% | ast step): IR (solid) 1732, 1365,

1226, 1212, 1203 cm 1 ; 1H NMR (400MHz, d6-DWVSO) 8 0.84 (6H, ng 2.05 (IH,
m, 2.55"2-90 (2H, m), 10 4.28-5.36 (6H, m), 7.26-7.43 (5H, mMIEL M8t 7. 77
(1H, m, 7.89-7.91 (72H, m, 8.24-8.81 (1H, nm); 13C Nl\/R(lOOM—Iz d6 DI\/ISO) 8
17.1/17. 4, 18¥UF2H7 30.3/30. 4, 34.4/34.8, 46.9, 51.9/52. LCTRSUEEHS
84.2/84.3, 123.8, 124.3, 125.1, 125.7, 126.2, 128.0, 128.2, '128. 3, 128 5,
131.5, 134.1, 15 136.9, 153.1, 170.0/170.1, 172.0/172.1, 202.4/202.8; 19F
NVR (376MHz, -d6-DMSO) -226.7 (br), -226.9 (br) , -233.1 W M (ESI -ve)
455(MH). Exanple 1B 20 Di benzo[b,f]aze i mé45-carbo lic acid 1- (1-carbo

eth |- 3-fluoro-2--oxo- rTihc_grQ%D%aspagemﬁgbuggfgcgdgéégdsiqnﬁagEP 004 WO

01/ 72707 PCT/USO01/ 10182 -64- Th prepare I Nng procedures simlar to
t hose descri bed thesgethsdsibpd| immetthdEls 'IFhe IpraduCtEwathe i moddtcdd wass a

s e>o119 100hgeaPbgPl sl RA T bLaee 1P, 20%0cdd?S S,

NVR (400MHz, d61DRBOR,S101509 +01683 (HH, 15225xsr;r) 149299 (iﬁonj,, 132554,2. 93

e R R
(400MHzZ, d¢-DMSQ) & 0.50 +0.68 (6H, 2 x m), 1.90 (1H, m),
2.54-2.93 (2H, m), 4.20-5.44 (4H, m), 7.02 (2H, s), 7.30-
7.80 (8H, m); '“C NMR (100MHz, ds-DMSQ) § 18.73, 19.17,
30.34, 34.56, 52.18, 84.37, 127.92, 128.61, 128.69,

10 129.63,'130.83, 134.40, 153.90, 169.64, 172.23, 202.29,

202,43, 202.63 202.76; YF NMR (376MHz, d¢-DMSO) -226.83
(£), -226.87 (t), -232.93 (t), -233.07 (&), -233.10 (t),
-233.32 (t); MS (ESI +ve) 469 (M+H).

15 Example 19
10,11-Dihydro~-dibenzo[b, flazepine-S-carboxylic acid 1-(1-

carboxymethyl-3-fluoro-2-oxo-propylcarbamoyl) -2-methyl -
propyl esgter

20 - ‘ o F

This was prepared using procedures similar to
those described in methods H, I and C-E. The product was
isolated as a white solid (100% last step): IR (solid)

25 1796.2, 1683.9, 1521.8, 1491.5, 1368.3, 1324.8, 1278.6,
1213.4, 1201.9, 1108.0, 1056.4, 931.1, 776.5, 746.7 cm™ ;

'H NMR (400MHz, d¢-DMSO) & 0.50-0.95 (6H, m), 1.90 (1H,



30. 34, 34.56, 52.18, 84.37, 127.92, 128.61, 128.69, 10 129.63, 130. 83,
134. 40, 153.90, 169.64, 172.23,- 202.29, 202,43, 202.63 202.76; 19F NWR
(376MHz, d6-DMBO) -226.83 (t), -226.87 (t), -232.93 (t), -233.07 (t),
-233.10 (t), -233.32 (t) ; M5 (ESI +ve) 469 (MtH) . 15 Exanple 19
10, 11-Di h dro-di benzo(b,f]aze ine-5-carbo lic acid 1-(1- carbo eth
| -3-tluoro-2-o0xo- ro lcarbamo 1)-2-meth |- ro | ester 20 Thi s? WSEP paepar ed
usi ng procedures simlar to those described in methods H | and CGE. The
product was i"6OPUTRY as a white solid (100% | ast step): | R RGIUSOH)0185
1796.9, 1683.9, 1521.8, 1491.5, 1368.3, 1324.8, 1278.6, 1213.4, 1201.9,
1106. 0, 1056-4, 931.1, 776.5, 746.7 cm-; ''"H NVR (400MHz, (16-DMSO) 5
0.50-0.95 (6H, m, 1.90 (1H, 2 5 SEP 2004 WO 01/72707 PCT/(TSO /10182 -65-
m, 2.55-3.00 (2H, 1), 4.20-5..30 (8H, m) 6%-10-7.50 (8H, m); 13C NMR
(100MHz, d6-DWVs 8218524, 946 y w9 4 na 224,43 8. 36, w4, 12 0,
1227. 89, 128.43,@)138. gg,g'géa.{%’, 5'4%‘3,0 %6365&?11’1 oaﬁ%ﬁéfé Uy 12,
202.28, 5 202-42) ;18T MMR (306MHZ, ASTBIGD) 5- 226476 1et.)79, 3833401 (t),
-233. 11 (t), -2%%.33 (tg; M5 (ES2 +ve 471(N%F2. Exaqgge 20
[ 3S/R) - 5- Fl uor 0°4-8%0- 3339 -2 3% H24H-6%ndbR &7 189 10 Z8ar43and 300223- net hyl
-but Ianino)- entaneb¢ asidodbtivg sk, 190(&k; 2174149 dazal §sar hggo,50
)-3-nmeth Ibut ric_acid,,, ’

5 202.42; YF NMR (376MHz, d¢-DMSO) -226.76 (t), -233.01

(£}, -233.11 (t), -233.38 (t); MS (ESI +ve) 471(M+H).

Example 20
[BS/R]—S—Fluoro—4—oxo—3—((S)—Z,B-dihydroindole—l-

10 carbamoyloxy-3-methyl-butyrylamino) -pentanoic acid
CQH
°\j\. F
A0 e
VAN

15 (S)-2- (imidazolecarbamoyloxy) -3-methylbutyric acid,

Method J:

benzyl ester

e

20 To a stirred solution of (8)-2-hydroxy-3-
methylbutyric acid benzyl ester (for preparation see J.
Med. Chem., (1896), 39, 982, 1.5g) in THF (20 ml} was
added carbonyldiimidazole (1.17g) -and the resulting
mixture stirred at room temperature for 12h. Reaction

25 mixture was concentrated under reduced pressure and the
residue re-dissolved in ethyl acetate (30 ml). The
solution was washed with 1% phosphoric acid (2x 10 ml,

then brine (10 ml), dried (magnesium sulfate), filtered



benzyl ester 20 To a stirred solution of (S)-2-hydroxy-3- nethylbutyric
acid benzyl ester (for preparation see L. T. Med. Chem, (1996), 39, 982,
1.5g) in THE (20 m) was added carbonyl diim dazole (1.17g) -and the
resulting mxture stirred at roomtenperature for 12h. Reaction 25 m xture
was concentrated under reduced pressure and the residue re-dissolved in
ethyl acetate (30 m). The solution was washed with it phosphbSERIMEI d (2x
10 M, +then brine (10 m), dried (nagnesiumsulfate), filtered 2 5 SEP
2004 WO 01/ 72 "¥I7USO / 10182 - 66- and concentrated to af fREEHUSKA0182
sub-title conpound as a colourless oil (1-899): 1H NWR (400MHz, CDC13) S
1.02 (3H, d) , 1.11 (3H, d) , 2.47 (IH m , 5.15 (IH d) , 5.18-5-32

(2H, m , 7.11 (iii, s) , 7.18-7.60 (6H m , 8.20 (111, m . 5 Method X
(S)-(2,3-di h droindol e-I-carbanp to )-3-ne§ﬁ | but ric acid, benzyl ester

10 To a stirred | pE -2- (dJn da b o) |_butyric
aci d, benzyl esat§1 gr H%%ggne%ﬁe% %—@f(ﬂ?r Q 37:9 &8’([': d%%rgﬁp r}'b“tr% Sy
trifluoronet haneslbfphase éfﬂ]ﬁilﬂé@) Thenmgsqhbbnﬂz @Qb@S)QﬁJM@% qggrred

for 30m n. Indoline_(280 qg was _then added and the mxture allowed'to
warmto room t&hpetatir EBwet) 12 s (1Rea®l i oh- B xflHe Has 5-ddrGedir at ed

under reduced pregsung, andii herd eshdue 58.7 6o (6H, m), 8.20 (1H, w).
5
Methed K:

(S)—(2,3-dihydroindole-1-carbamoy10xy)—3-methylbutyric

acid, benzyl ester

be

10 ° A /NT::j

To a stirred solution of (S)-2-
(imidazolecarbamoyloxy) -3-methylbutyric acid, benzyl
ester (355 mg) in THF (7 ml) at 0°C was added methyl

15 trifluoromethanesulfonate (0.13 ml). The resulting
solution was stirred for 30min. Indoline (280 mg) was
then added and the mixture allowed to warm to room
temperature over 12 hrs. Reaction mixture was
concentrated under reduced pressure and the regidue re-

20 dissolved in ethyl acetate (30 ml). The solution was
washed with saturated sodium bicarbonate solution (5ml)
then IM hydrochloric acid (2 x 5 ml), then brine (5 ml),
dried (magnesium sulfate), filtered and concentrated.
The residue was purified by flash chromatography (5-7%

25 ethyl acetate/hexane) to afford the sub-title compound as
a colourless oil (342mg): 'H NMR (400MHz,CDCl,) & 0.86-
1.18 (6H, m), 2.35 (1H, m), 3.08-3:25 (2H, m), 4.05-4.25
(2H, m), 4.85-5.32 (3H, m), 6.95-7.81 (SH, m).

30 Method L:



20 dissolved in ethyl acetate (30 m). The solution was washed with
saturated sodi um bi carbonate solution (5m) then 1M hydrochloric acid (2 x
5m), then brine (5 M), dried (nagnesiumsulfate), filtered and
concentrated. The residue was purified by flash chromatography (5-7% 25
ethyl acetate/ hexane) to afford the sub-title conpound as a colourless oil
(342my) : 1H NWR (400MHz, CDC13) S 0-86- 1.18 (6H, m, 2.35 (2 HSEPR0L
3-08-3.25 (2H, @i 4 .05-4.25 (2H, m , 4.95-5.32 (3A m, 6.95-7.91 (9H,

m . 30 Method 2PVY37Y Sep 2004 WO 01! 72707 PCT/ US01/ 10152 - -S/US0G)0182
(2, 3-di hydroi ndol e-1-carbanmo lox ) -3-neth_ylbuty rzc acid 5 A stirred
solution of (S)-(2,3-dihydroindol e-2- earbanoyl oxy) - 3-net hyl butyric acid;
benzyl ester (342 ng) in nmethanol (25 m) was added 10% pal | adi um on
carbon (80 ng). The m xture was hydrogenaté&d at roomtenperature 10 for
2hrs. The m xtur@)uas shamnfitdaied Jraugh gelite ) apd Lhe fLLLLE at_;
concent r at ed tom‘{ﬂ‘b‘-‘t‘ 19 255
ng): iHNVR (4684, CDC3) 8 0.95-1.21 (6H, m), 2.40 (1H n), 3.20 (2H,
m, 4.01-4.25 (2H, m), 4.95-5.15 (1H, m, 6.97-7.99 15 (4H, n). Exanple 20
(3S/ R] - 5- Fl uor o- 4- oxo-3-((S)-2, 3-di h droindol e-1- carbanmoto -3-nethyl. -but
'am no) - entanoic acid -

X

A stirred solution of (8)-(2,3-dihydroindole-1-
carbamoyloxy)f3—methylbutyric acid; benzyl ester (342 mg)
in methanol (25 ml} was added 10% palladium on carbon (80
mg} . The mixture was hydrogenated at room temperature
10 for 2hrs. The mixture was then filtered through celite
and the filtrate concentrated to afford the sub-title

compound as a colourless oil (255 mg): *H NMR
(400MHz,CDC1;) & 0.95-1.21 (6H, m), 2.40 (1H, m}, 3.20

(2H, m), 4.01-4.25 (2H, m), 4.95-5.15 (1H, m}, 6.27-7.99
15 {4H, m).

Example 20
IBS/R]-5-Fluoro-4—oxo-3-((S)—2,3-dihydroindole-l—

carbamoyloxy-B-methyl—butyrylamino)-pentanoic acid

CQH
S en

This was prepared using procedures similar to

those described in methods C-E. The product was isoclated

20

25 as a white solid (94% last step): IR (solid} 1680.2,
1485.6, 1413.9, 1137.4, 1050.4, 758.5 cm™* ; H NMR

r

(400MHz, d¢~DMSO) & 0.95 (6H, brm), 2.17 (1H, brm), 2.50-
2.54 (2H, m), 3.12 (2H, brm), 3.84-4.23 (2H, brm), 4.27-



20 This was prepared using procedures simlar to those described in

met hods CG-E. The product was isolated 25 as a white solid (94% | ast step):
IR (solid) 1680.2, 1485.6, 1413.9, 1137.4, 1050.4, 758.5 cm:L ; =H NWR
(400MHz, d6-DMBO) 8 0.95 (6H, brm), 2.17 (1H, brm, 2.50- 2.94 (2H, m,
3.12 (2H, brm, 3-84-4.23 (2H, brrn), 4.27 2 5 SEP 2004 WO gﬁ.ggﬁ?@

PCTI US01/ 10182 -68- 5.39 (4H, m , 6.98 (1H, m , 7.22 (2H, y (1H,
brm , 7.78-&®&sReid, brn), 12.50 (1H, brs) ; 13C NWR (1001!}@;,lI O
6 3.7.2, 19.0, 19.2, 27.3, 30.4, 30.6, 32.9, 34.5, 34.6, 47 %ﬁﬁ%g;mﬁ
52.0, 52.2, 78.3, 83.4, 85.1, 104.0, 5 114.2, 123.0, 125.4, 127.5, 131.7,
170.0, 172.07, 172.1, 173.2, 173.25, 202.3, 202.5, 202.6; |-F NWR (376N+E,
d6- DMBO) -226.7 (t), -226.8 (t), -233.1 (BB -233.3 (t) ; MS (ESI +ve)

395(MtH) . 10 EXx D -5-F oro4ox03 - 3- net hyl - 2-
(carbazol e) - §nggmg‘%%b s{oUt & 1% W5}~ ™nt dndRc (égrdm di B4y | @& dbreg ,
Method M To a Stiered3solid) Grf, q_ty q},o( Ii)igrrpj_.,gsi 13@I’ﬁ§ﬁ ﬂo Aesgri bed
in methods A-E) (100 ng) in THE (2 at 0C was added et hyl am’ne *( 16

mg) in THE (O. 5DH$?)2§)11ﬂ2,ow@u0by19 2 27. 3 30.4, 30.6, 32.9, 34.5,

1 (o et am nogr gpvd) 2 (e carbal i de /byt oghlri de, B0y (58 ).

removed under Ed€uzedli ekswras.and lite s, esddue, pur fo edi7y ofl,asha 1,
173.2, 173.25, 202.3, 202.5, 202.6; °F NMR (376MHz, d¢-
DMSO) -226.7 (t), -226.8 (t), -233.1 (t), -233.3 (t); Ms
(ESI +ve) 395 (M+H).

10 Example 21
[38/R]~5—Fluoro—4—oxo-3-[(S)-3-methy1—2-(carbazole)-

carbamoyloxy-butyrylamino] -pentanoic acid, diethylamide

15

Method M:
To a stirred solution of acid (Example 1;

‘prepared as described in methods A-E) (100 mg) in THF (2
ml) at 0°C was added diethylamine (16 mg) in THF (0.5 ml)

20 followed by 1-(3-dimetlaminopropyl) -3- (ethylcarbodiimide
hydrochloride, EDC) (48 mg). The mixture was then warmed
to room temperature over 12 hrs. Solvent was removed
under reduced pressure and the residue purified by flash
chromatography {50-60% ethyl aéetate/hexane) to afford

25 the amide as a white sclid (54 mg); H NMR (400MHz,CDCl,)
d 0.69-1.38 (12H, m), 2.42-3.37 (7H, m), 4.85-4.92 (1H,
m), 5.01-5.55 (3H, m), 7.31-7.70 {5H, m), 7.90-8.05 (2H,
m), 8.25-8.42 (2H, m); °F NMR (376MHz,CDCl;) -232.6 (t),
—232-8‘{!:};.1\45 (ESI +ve) 498 {M+H).



chr omat ogr aphy (50-60% et hyl acetate/ hexane) to afford 25 the am de as a
white solid (54 ng) ; 1H NWR (400MHz, CDC13) S 0.69-1.38 (12H, m,
2.42-3.37 (7H, m, 4.85-4.92 (1H, n), 5.01-5.55 (3H, n), 7.31-7.70 (5H,
m, 7.90-8.05 (2H, n), 8.25-8.42 (2H, n) ; 19F NWR (376MHz, CDC13)" -232.6
(t), -232.8 (t) ; M5 (ESI +ve) 498 (M+tH) . 2 5 SEP 2004 WO 01/72707
FCTI USO1110182 -69 Exanple 22 [3S/R] -5-Fl uoro-4-o0xo0-3- | (S)ngifgrﬁghyl -2-
(carbazole) -- carbanp to -but |am no)- entanoic acid, ethyl "anide Thi s
was prepared ¥ ag2priocedures simlar to those described i roratshomhisd The
product was isolated as 10 a white solid (62% :1H NVR (400MHz, CDC13) 8
0.96-1.31 (9H, m, 2.21-2.45 (1H, m), 2.48-2.80 (2H n), 3.15-3.48 (2H,
m, 4.23-4.76 (3H, m, 5.05-5.42 (1H, m, 6.42-6.84 (1H, n), 7.38-7.60
(4H, m, 7.95-8.09 (2H m), 8.20-8.41 (2H-69n) ; Z9F NWR (376MHz, CDCL13)
-223.8 (t) , -224.5 (t) , -226. 5 15 (t) , -227.1 (t) , -231.9 (t) , -232
(t) ; M5 (ESI +ve) 452 (MtH20) Exanple 23 '
[ 3S/ R] - 5- Fl uor oExappde322[ (S)-3-nmeth -3-nethyl -2- (carba carbanmo to --but
L ani nol -pentanqie,/a¢ld. pRL B IS A U5 35,25, 7 2004, 10 0 72707
carbamoyloxy-butyrylamino] -pentanocic acid, ethyl amide

This was prepared using procedures similar to

those described in method M. The product was‘isolated as
10 a white solid (62%):'H NMR (400MHz,CDCl;) § 0.96-1.31 (9H,

m}, 2.21-2.45 (1H, m), 2.48-2.80 (2H, m), 3.15-3.48 (2H,

m), 4.23-4.76 (3H, m), 5.05-5.42 (1H, m), 6.42-6.84 (1H,

m), 7.38-7.60 (4H, wm), 7.95-8.09 (2H, m}, 8.20-8.41 {2H,

m); "F NMR (376MHz,CDCl;) -223.8 (t), -224.5 (t), -226.5
15 (£), -227.1 (t), -231.9 (t), -232 (t); MS (ESI +ve)

452 (M+H,0) .

Example 23
[38/R] -5-Fluoro-4-oxo-3~[(S) ~3-methyl-2- (carbazole) -

20 carbamoyloxy-butyrylamino] -pentancic acid, piperazine

amide

25



This was prepared using procedures simlar to those described in nmethod M
The product was isolated as a white solid (78%: 1H NVR (400MHz, CDC13) 8
1.10-1.35 (6H, m, 1.80-3.55 (14H, m, 4.82-4.98 (1H, m, 5.00-5.45 5 (3H,
m, 7.38-7.60 (5H, m, 7.95-8.08 (2H, m, 8.27-8.45 (2H, m) ; 19F NWR
(376MHz, CDC13) -232.5 (t) , -232.7 (t) ; ) ; M (ESI +ve) SZ?F(SE#%U'
Exanpl e 24 10 [3S/ R1-5-Fl uoro-4-ox0-3-[(S)-3-neth |-2-(carbazole)- cgr bama
le -but | am n%bo 9; c acid, N, N dinethylam noethyl am depdfrudiheispas
prepared using procedures simlato those described in method M The
product was isolated as a white solid (49%): 1H NVR (400MHz, CDC13) 6
1.14-1.31 (6H M, 1.88-3.04 (13H M, 3.88-4.41 (3H, m, 4.57-4.74 20
(1H, r), 5.33-5.61 (1H, mM, 6.86-7.12 (1H,_4y., 7.33-7.56 (4H, m,
8.01-8.05 (2H, m), 8.27-8.41 (2H, nm) ; 19F NVR (376MHz, CDC13) -222.4 (t),
-222.5 (t) ; M5 (ESI +ve) Tii3 (iisHprep@bedxenipioe p2ocpdgrRs similar to

o Doyt oy bor Ehote laseiiEs In EFaed 0 R Brsgnctiovge, bagtated as
PCTI[JS01110182 5 7Jn Mt hosi N (F@43 St g (@Qbmisbpopets) & 1.10-1.35
[ 3S/ R] - 5- Fl uor o-4- oxo- 5

3-[(5) - 3- met hy| - 26¥ cambazol &d-abBartdgHoxg} bust \idri4adBndH, peht ahof &~ 2ct ¥
fromExanple gl (139 9, in 4 .6Nlar QBB hge 7 95-8.08 (2H, m), 8.27-8.45

(28, m); °F NMR (376MHz,CDCl;) -232.5 (t), -232.7 (t}; );
MS (ESI +ve) 525(M+H).

Example 24
10 [38/R] -5-Fluoro-4-oxo-3-[(8) -3-methyl-2- (carbazole) ~

carbamoyloxy-butyrylamino] -pentancic acid, N, N-

dimethylaminoethyl amide

15
This was prepared using procedures similaf” to
those described in method M. The product was isolated as
a white solid (49%): 'H NMR (400MHz,CDCl;) & 1.14-1.31
(6H, m), 1.88-3.04 (13H, m), 3.88-4.41 (3H, m), 4.57-4.74
20 {1H, m), 5.33-5.61 (lH,‘ m), 6.86-7.12 (1H, m), 7.33-7.56
(4H, m), 8.01-8.05 (2H, m), 8.27-8.41 (2H, w); °F NMR
(376MHz, CDCl,;) -222.4 (t), -222.5 (t); Ms (ESI +ve)
513 {M+H) .

25 Example 25
{3S/R] -5-Fluoro-4-oxo-3-[(8) -3-methyl-2- (carbazole) -

carbamoyloxy-butyrylamine] ~-pentanocamide




(1.5 mM) and di nmethyl ormam de (0.075 m) was added carbonyldiim dazole (66
nyg). The mxture was stirred for 2 hrs then cooled to OC whilst anmoni a
was bubbl ed 10 through. The m xture was diluted with ethyl acetate/ 10%
pot assi um hydrogen sul fate solution. The organi c phase was renoved and the
aqueous extracted with ethyl acetate. The conbined organics were dried
over magnesiumsulfate, filtered and concentrated. The resi gggrpag)
purified by 15 flash chromat ography (St- nethanol/ dichloronmethane) to
afford the anWR01§3703 white solid (80 ng); 1H NVR (400MHz, @DEARP1/idoig0- 1. 28
(6H, m, 2-12-2.75 (3H m, 4.10- 4.85(4H, m, 5.29 (1H m, 6.36, 6.55,
6.78,6.98 (1H, 4 x s), 7.17 (1H m, 7.42 (2H m, 7.50 .(2H, m, 7.99
(2H, 20 m, 8.29 (2H, m ; 19F MR (376MHz, CDC13) -225.47 (t), - 226.00 (t),
-227.33 (t), -227.50 (t), -228.43 (t); MS7XESl ve) 424 (MH20+H) . 25
Exanmpl e 26 (3S/ Rl -5-Fl uoro- 4-oxo- 3- (S) -3-neth |-2- (carbazole) -
carbano | -but | am no]- entanoic aci{ cl ohe ester 2 S SEP 2Pnk WO

01/ 72707 PCT/ USQOL/ 101%$2 -72 This wa Qg procedures simlar to
"those described in method M Thes das 5 a white solid
(379 :1H NMR (400MHz, CDC13) & 0X9 . ¥ ~Z.59 (1H, m), 2.75-3.15
(2H, m, 4.40 (0.5H, m, 4.64 (0.5H, np, A9 45 (4H, m, 7.25 (1H m,
7.42 (2H, m , 7.52 (2H, m , 8.05 (2H m , 8.36 (2H, m ; 19F NWVR (376
MHz , CDC13) -231.95 (t), -232.08 (t).

Method N:

To a stirred solution of [3S/R]l-5-Flucro-4-oxo-
5 3-[(8)-3-methyl-2-(carbazole-carbamoyloxy-butyrylamino] -
pentancic acid from Example 1 (150 mg) in dichloromethane
(1.5 ml) and dimethylformamide (0.075 ml) was added
'carbonyldiimidazole (66 mg). The mixture was stirred for
2 hrs then cooled to 0°C whilst ammonia was bubbled
10 through. The mixture was diluted with ethyl acetate/ 10%
potassium hydrogen sulfate solution. The organic phase
was removed and the aqueous extracted with ethyl acetate.
The combined organics were dried over magnesium sulfate,
filtered and concentrated. The residue was purified by
15 flash chromatography (5% methanol/dichloromethane) to
afford the amide as a white solid (80 mg); *H NMR
{400MHZ,CDC1;) 1.10-1.28 (6H, m), 2.12-2.75 (3H, m), 4.10-
4.85(4H, m), 5.29 {1H, m), 6.36,6.55, €.78,6.98 (1H, 4 x
s), 7.17 (1H, m), 7.42 (2H, m), 7.50 (2H, m), 7.9% (2H,
20 m), 8.29 (2H, m); °F NMR (376MHz,CDCl;) -225.47 (t), -
226.00 (t), -227.33 (t), -227.50 (t), -228.43 (t}; Ms
(ESI +ve) 424 (M-H,0+H).

25 Example 26
[38/R]-5—F1uoro-4—oxo-3-[(S)~3—methyl-2-(carbazole)—

carbamoyloxy-butyrylamine] -pentancic acid, cyclohexy

ester



10 Example 27 [3S/R] -5-Fluoro-4--o0x0-3- [ (S) -3-nmeth |-2- (carbazole) -
carbama to --but lamno]- entanoic acid, n- ro | ester 15 This was prepared
usi ng procedures simlar to those described in method M The product was

i sol ated as

a white solid (82% :1H NVR (400MHz, CDC 3) 8 0.80 (3H, rr) , 20

1.13-1.36 (6H, n), 1.42 (1H n), 1.58 (1H n), 2.60 (1H n), 2.80-3.08
(2H, rr) 3-70 (1H, m), 3.98 (1H n), 4.92- 5.50 (4H, m), 7.22 XSER 1My, 7.40

(2H m, 7.50

CDClB) - 232.

8%8%71{52997 8.00 (2H, M, B.32 (2H, m ; '9F NWR (376 Mz,

1232-01 (t): M5 (ESI +ve) 48S (MrH). 25PCHEMMBGE WO

01! 72707 PCT/tTSOLl/ 10182 -73 Exanple 28

(3S/ R] - 5- Fl uor o-4-ox0-3-((S)-3-nethyl -2-(carbazol e)- carbanp to -but
| am no] - entanoic acid, isopropyl ester 5_This was prepared using
procedures simlar to those described in'ﬂ@fhod M The product was

i sol ated as

7.43 (2H, m,

10

15

20

25

a white solid (7% :1H.A
m, 2.55 (1H, m, 2.78-3.15 (2H, m
7.55 (2H, n), 8.05 (2®
CDC13 ) -232.00 (t), - 232.03 (t

R (400MHz, CDCI 3) S 0.90-1.33 (12H, 10
.80-5.50 ([SH, m), 7.2S (1H, br s),
m, o8. ; 19F NMR (376 Mz

This was prepared using procedures similar to

‘those described in method M. The product was isolated as

a white solid (37%):'H NMR (400MHz,CDCl,;) & 0.90-1.80

(16H, w), 2.5% (1H, m), 2.75-3.15 (2H, m), 4.40 (0.SH,

m), 4.64 (0.5H, m), 4.95-5.45 (4H, m), 7.25 (1H, m), 7.42
(2H, m}, 7.52 (2H, m), 8.05 (2H, m), 8.36 (2H, m); F NMR
(376 MHz , CDCli) -231.95 (t), -232.08 (t).

Example 27
[BS/R]-5—F1uoro~4—oxo-3-[(s)-3-methy1-2—(carbazole)—

carbamoylqu—butyrylamino]-pentanoic acid, n-propyl ester

This was prepared using procedures similar to
those described in method M. The product was isolated as
a white solid (82%):'H NMR (400MH=z,CDCl;) & 0.80 (3H, m),
1.13-1.36 (6H, m), 1.42 (1H, m), 1.58 (1H, m), 2.60 (1H,
m}, 2.80-3.08 (2H, m), 3.70 (1H, m}), 3.98 (1H, m), 4.92-
5.50 (4H, m), 7.21 (1H, m), 7.40 (2H, m), 7.50 (2H, m),
8.00 (2H,m), 8.32 (2H, m); F NMR (376 MHz, CDCl,) -
232.00 (t), -232.01 (t); MS (ESI +ve) 485 (M+H) .



[ 3S/ R] - S- Fl uor 0-4- oxo-3-((S)-3-neth |-2-(carbazole)- carbatrtoto -but

| am nol - ntanoic acid, nethyl ester 20 This was prepared using procedures
simlar to those described in method M The product was isolated as a
white solid (81%): S 1H NnR (400 MHz CDC13) 1.20 (6H, m2.58 (1H, m,
2.80-3.05 (2H, m, 3.42, 3.61 (3H, 2 x 25 s), 4.98-5.26 (3H mM, 5. 41 (1H,
m, 7.20 (1H, br s), 7-45 (2H, m, 7.55 (2H, m, 8.04 (2H, %Slg/lg—ig
m:; 2 5 SEP 2004 WO 01/ 72707 PCTI USOL/ 10182 -74- z9F NMR (3 13)
-231.99 (t) , weeoo (t) ; MS (EST +ve) 457 (M+H). Exanpl q,cqg,sgl,{ﬁa R)
-5-Fluoro-4-0x0-3- [ (S) -3-nethyl-2- (carbazole) - carbano to -but

| ami . noj - entanoic acid, cholesterol ester 10 This was prepared using .
procedures simlar to those described in nethod N, using

car bonyl di | m dazole as. the coupling reagestcccs. The product was isol ated
as a white sol 1%%% 1H NMR (400MHz, CDC13) 8 0.65-2.35 (47H, m,
2.58 (1H, m, Zgéﬁ‘g—ié—ﬂ. 2H, m, 4.25 (0.5H m, 4.48 15 (0.5H, m,

4.97-5.46 (5H, Mhs/R) 39- ¥ Bbrdls-oke4-(35) - 05 (2H, m,
8.33 (1H, m ; +) . The

correspondi ng kseab_memcum Saﬂiﬂdi (i2bpropBl H NVR (400

MHz CDC13) S 0g§5ag. 10 (48H, m), 2.35-3.15 (2H, 3xm), 3.42 20 3.69 (1H,
m, 4.10-4.96 (A4H—T), 5.15-5.65 (2H, m), 6.78 (1H, n), 7.45 (2H, m), 7.57

(2H, m, 8.05 (2H m , 8.34
O s

This was prepared using procedures similar to

those described in Method M. The product was isolated as

a white solid (7%):'H NMR (400MHz,CDCl:) & 0.590-1.33 (12H,

10 m), 2.55 (1H, m), 2.78-3.15 (2H, m), 4.80-5.50 (S5H, m),
7.25 (1H, br s), 7.43 (2H, m), 7.55 (2H, m), 8.05 (2H,
m), 8.36 (2H, m); F NMR (376 MHz CDCl, ) -232.00 (t), -

232.03 (t).

15 Example 29
I3S/R]—5-Fluoro—4—oxo—3-{(S)-B-methyl—z-(carbazole)-

carbamoyloxy-butyrylamino] -pentancic acid, methyl ester

o
o o’
‘(ﬂ‘ F
: H
VAN

This was prepared using procedures similar to

20

those described in method M. The product was isolated as
a white solid (81%): & 'H NMR (400 MHz CDCl;) 1.20 (6H, m
), 2.58 (1H, m), 2.80-3.05 (2H, m}, 3.42, 3.61 (3H, 2 x
25 s8), 4.98-5.26 (3H, m), 5.41 (1H, m), 7.20 (1H, br s),
7.45 (2H, m), 7.55 (2H, m), 8.04 (2H, m), 8.35 (2H, m):;



(2H, m ; x9F NMR (376 MHz CDC13) -230.57 (t), -230.67 (t) . Testing

Met hods 25 Enzyne Assays The assays for caspase inhibition are based on
t he cl eavage of a fluorogenic substrate by reconbinant, 2 5 SEP 2004 WO
01/ 72707 PCTI USOL/ 10182 -75- purified human Caspases -1, -3, -7 or -8. The
assays are run in essentially the sane way as those reported by
Garcia-Calvo et al. (J. Bial. Chem 273 (1998), 32608- 32613) 2 SudiPrignia
substrate speg&é@§7for each enzynme. The 5 substrate for Caspase-1 is

Acetyl - Tyr - Val™-
-3, -7 and -8 is Acetyl-Asp-d u-Val - Asp-am no- 4-nmet hyl coumarin. The
observed rate of enzyne inactivation at a particular inhibitor
concentration, k,b$, is conmputed by 10 direct fits of the data to the
equation derived by Thornberry et al. (Biodfem stry 33 (1994), 3943-3939)

2¥h- ami no- 4-met hyl counarin. The subst r at BCHES018883ases

using a nonl i neabp a8t ¢ HAUMSSBAR]Y Si2%1CABPYLET D5 Ogram gé])f;R'vng' quoz' « bs

G aphPad software). To obtain the secon order ' fate” const

val ues are pl ot t¥®)ag87ndM+Hb- t heir respective inhibitor concentrations and

ki aact val ues are subsequently cal culated by conputerized |inear
regressi on. Many of the present conpounds that were tested had, against
caspase- 1, ki na&xappliaedObet ween 25,000 and 1,500,000 M =s-1; agai nst

caspase-3, kgit pal -5-1; _agai nst
caspase- 8, it R. s hT < ¢ caéLazole -
carbamoyl
ester
10 This was prepared using procedures similar to

those described in wethod N, using carbonyldiimidazole as
the coupling reagentcccs. The product was isolated as a
white solid (12%):'H NMR (400MHz,CDCl;) 8§ 0.65-2.35 (47H,
m), 2.58 (1H, m), 2.75-3.15 (2H, m), 4.25 (0.5H, m), 4.48
15 (0.5H, m), 4.97-5.46 (5K, m), 7.30 (1H, m), 7.44 (2H, m),
7.58 (2H, m), 8.05 (2H, m), 8.33 (1H, m); °F NMR (376 MHz
CDCl, ) -231.81 (t), -232.03 (t). The corresponding ketal
was also isolated as a white solid (21%): *H NMR (400 MHz
CDCl;) & 0.65-2.10 (48H, m), 2.35-3.15 (2H, 3xm), 3.42-
20 3.69 (1H, w), 4.10-4.96 (4H, m), 5.15-5.65 (2H, m), 6.78
(12, m), 7.45 (24, m), 7.57 (2H, wm), 8.05 (2H, m), 8.34
(2H, m); *®F NMR (376 MHz CDCl,;) -230.57 (), -230.67
(t}.

Testing Methods

25 Enzyme Assays

The assays for caspase inhibition are based on

the cleavage of a fluorogenic substrate by recombinant,



Inhibition of IL-1 secretion from M xed Popul ati on of Peripheral Bl ood
Mononucl ear Cells (PBMC) 25 Processing of pre-1L-13 by caspase-1 may be
measured in cell culture using a variety of cell sources. Human PBMC

obtai ned from heal thy donors provides a m xed population of |ynphocyte and
nononucl ear cells that produce a spectrum of interleukins and cytokines.in
30 response to many cl asses of physiological stinmulators. 2 2 35@ ﬁ@04 WO
01/ 72707 PCT/US01110182 -76 Experi mantal procedure The test é l} S

di ssol ved i n sdomtasolr  sul f oxi de (DVSO, Si gnma #D- 2650) to gi wetasiHidigM
stock solution. This is diluted in conplete nmediumconsisting 5 of RPM
contai ning 10% heat inactivated FCS (G bco BRL #10099-141), 2nM

L-d utainine (Sigm, #G 7513), 100U penicillin and 100 pg/m streptomnycin
(Sigma #P-7539). The final concentrati on-y@ange of test conpound is from
100 M down to 6 nnge ei ght dilution steps. The 10 hi ghest. concentration
of test conpounBYFiLfigi HaamCaspasgs1od DVED i TV tHe “&ssg?@ REFBYSPBRE are

i sol ated from Beiihyifoadgentoiainedef come the, bl oad fankapsi-pda by
centrifugation on Ficol]|-Paque | eukocyte separation medium (Aner sham #17

15 1440-02) andCeReiecfelyaretasday (Fs Bied orhami 273 J18PB)e 38608l |
et oo™ chgheet oo SEGMELLSE B W BB CPMy | o
(Si gma #L- 3(F2) subsEorte for Caspase-1 is Acetyl-Tyr-Val-Ala-Asp-amino-
4-methylcoumarin. The substrate for Caspases -3, -7 and
-8 is Acetyl-Asp-Glu-Val-Asp-~amino-4-methylcoumarin.
The observed rate of enzyme inactivation at a
particular inhibitor concentration, kg, is computed by
10 - direct fits of the data to the equation derived by
Thornberry et al. (Biochemistry 33 (1994), 3543-3939)
using a nonlinear least-squares analysis computer program
(PRISM 2.0; GraphPad software). To obtain the second
order rate constant, Kipace, Keps values are plotted against
15 their respective inhibitor concentrations and kipaee values
are subsequently calculated by computerized linear
regression. Many of the present compounds that were
tested had, against caspase-1, Kkip.ce values between 25,000
and 1,500,000 M*s™; against caspase-3, Kimse values
20 between 9,000 and 1,500,000 M'ls™; against caspase-8,
Kinact values between 10,000 and 700,000 Mls™,

Inhibition of IL-1B secretion from Mixed Population of
Peripheral Blood Mononuclear Cells (PBMC)

25 Processing of pre-IL-1B by caspase-1 wmay be
measured in cell culture using a variety of cell sources.
Human PEMC obtained from healthy donors provides a mixed
population of lymphocyte and mononuclear cells that
produce a spectrum of interleukins and cytckines in

30 response to many classes of physiclogical stimulators.



ng/ M final concentration- Controls consist of cells +/ 20 LPS stinulation
and a-serial dilution of DMSO diluted in the sanme way as conpound. The

pl ates are incubated for 16-18h at 37 Cin 5%C2 & 95% hum dity

at nosphere. After 16-18 h the supernatants are harvested after
centrifuging the plates at 100 x g at 18 C for 15 25 mn and assa¥ed for

their IL-1A content. Measurenent of mature IL-I1P in the super'hiﬁélh 004 s

performed usi m ét@rpyQuanti ki ne kits (R&D Systens) according
manuf acturer's instructions. Mature IL--103 |evels of aboutP%HHS"i@ﬂ)'Gz

pg/mM are observed for PBMCs in positive control wells. 30 The inhibitory
potency of the conpounds nmay be represented by an I1Cs() value, which is

t he concentrati on 25SEP2004 WD 01172707 PC%USOl/ 10182 -77- of inhibitor at
whi ch 50 of the mature 1L-10 is detected in the supernatant as conpared to
the positive coBxperimentabiprdeeshons i nhibition of 1L-10 secretion from
peri pheral bl ood nononucl ceII for | ect d conmpounds _of this

i nvention as deterni ned b@% he atooc\?g1 r?élfﬁoﬂlg LY Woiisatdythave been

tested in this sa?sé@yléand(mmymﬁg@al #Di-Risto) Ltd Ogi-ed 625 Vgl |tgg§3_. val ues
bet ween 0. 04M a C(;I]_ZOM Ant | - Fas, &dﬁced A o tosis Assay 5 Cellul ar
apopt osi s nay be LAy Rpihd s UtRE P rampletmumedimgs (consd sting

receptor, CB5 ¢FaRIMI @Hﬁﬂns.r@ﬁqo@f naatamhbye ffad & aécf‘sd (b%%%t% g, known
as deat h- recep%:ﬁé Agg)h can tri ger apoptosis in cells via ac |vat|on
of the caspase @?Pe]c cad@™ & HFG@é% {8§igma, #G-7513), 100U

penicillin and 100 pg/ml streptomycin (Sigma #P-7539).

The final concentration rangs of test compound is from
100 uM down to 6 nM over eight dilution steps. The
10 highest concentration of test compound is equivalent to
0.1% DMSO in the assay. |
Human PBMC are isolated from Buffy Coats
obtaingd from the blood bank using centrifugation on
Ficoll-Pagque leukocyte separation medium  (Amersham, #17-
15 1440-02) and the'cellular assay is performed in a sterile
96 well flat-bottomed plate (Nunc). Each well contains
100 ul of the cell suspension, 1 x 105 cells, 50 ul of
compound dilutions and 50 ul of LPS (Sigma #L-3012) at 50
ng/ml final concentration. Controls consist of cells +/-
20 LPS stimulation and a ‘serial dilution of DMSO diluted in
the same way as compound. The plates are incubated for
1l6-18h at 37 °C in 5%CO; & 95% humidity atmosphere.
After 16-18 h the supernatants are harvested
after centrifuging the plates at 100 x g at 18 °C for 15

25 win and assayed for their IL-1P content. Measurement of
mature IL-1f in the supernatant is performed using the
Quantikine kits (R&D Systems) according to manufacturer’s
instructions. Mature IL-1B levels of about 600-1500
pg/ml are observed for PBMCs in positive control wells.

30 The inhibitory potency of the compounds may be

represented by an ICs;y value, which is the concentration



10 initiated by the binding of the adapter nolecule FADD MORT-1 to the
cytoplasm c domain of the CD-95 receptor-ligand conpl ex. Caspase-8 then
bi nds FADD and becones activated, initiating a cascade of events that
i nvol ve the activation of downstream caspases and 15 subsequent cel |l ul ar
apoptosis. Apoptosis can also be induced in cells expressing CD95 eg the
Jurkat E6.1 T cell |ynphona cell line, using an anti body, r;’:ﬁ’u P@F@n
FasL, to crosslink the cell surface CD95. Anti-Fas- induced ogo S
al so triggere®™@pu200fe activati on of 20 caspase-8. This prowaiasot/msbasi s
of a cell based assay to screen conpounds for inhibition of the caspase-8-
nmedi at ed apoptotic pathway. f~Merinmental Procedure Jurkat E6.1 cells are
cultured in conplete 25 nedium consisting of RPM-1640 (Signa No) + 10t
foetal 2 5 SEP 1004 WO 01/ 72707 PCTI USOL/ 101$2 -78- calf serum (G beo BRL
No. 10099- 141) + Prgg—,gl,ut amne (Sigma No. G7513). The cells are
harvested in Iogf?ng dPLEPT bR ch GO Hhicfobhe apatize TL-bBLdm detkestat are
transferred to Skekhkeg c&;&&:r' ge.t R, C rifuged for
5 m nutes at 100xg glt rggénﬂtlae%f%hur e. #&g g%péei?“ﬁ% anduﬁrse ?&%ﬁ%\%@ gand t he
conbi ned cell pdabdess sbews podidd timn2 ol IDf 18 avgdeitei srediremm  The cel l's
are 10 is counted_an thf dfns&trr}/ a(y' uit ed to 2x106cells/mM with conplete
medi um Péripheral bloo onoriuclear cells for selected compounds

of this invention as determined by the above methods.

Selected compounds have been tested in this
assay and shown to inhibit IL-1f release with ICs, values

between 0.04UM and 20uM.

Anti-Fas Induced Apoptosis Assay

5 Cellular apoptosis may be induced by the
binding of Fas ligand (FasL) to its receptor, CD95 (Fas).
CD95 is one of a family of related receptors, known as
death receptors, which can trigger apoptosis in cells via
activation of the caspase enzyme cascade. The process is

10 initiated by the binding of the adapter molecule
FADD/MORT-1 to the cytoplasmic domain of the CD-95
receptor-ligand complex. Caspase-8 then binds FADD and
becomes activated, initiating a cascade of events that
involve the activation of downstream caspases and

15 subsequent cellular apoptosis. Apoptosis can also be
induced in cells expressing CD95 eg the Jurkat E6.1 T
cell lymphoma cell line, using an antibody, rather than
FasL, to crosslink the cell surface CD95. Anti-Fas-
induced apoptosis is also triggered via the activation of

20 caspase-8. This provides the basis of a cell based assay
to screen compounds for inhibition of the caspase-8-

mediated apoptotic pathway.

Experimental Procedure

Jurkat E6.1 cells are cultured in complete

25 medium consisting of RPMI-1640 (Sigma No) + 10% foetal



The test compound is dissolved in dinethyl sulfoxide (DVSO) (Signma No.
D-2650) to give a 100nM stock solution. This is diluted to 400pMin
conplete medium' then serially diluted in a 96-well plate prior to
addition to the cell assay plate. 100121 of the cell suspension (2x106
cells) is added to each well of a sterile 96-well round-bottonmed cluster
plate (Costar No. 3790). 50} A of conpound solution-at the apbﬁggpkﬁﬁ

di lution and STON anti--Fas antibody, clone CH 11 (Kami No
at a final 20 conééﬁ?ration of long/m, are added to the mel%gr 0ap8? oI

wel ls are set up mnus anti body and m nus conpound but wth a seri al
dilution of DMSO as vehicle control. The plates are incubated for 16-18hrs
at 37C in 5% CO>2 and 95% hum dity. 25 Apogéosis of the cells is neasured
by the quantitation of DNA fragnentation dSing a "Cell Death Detection
Assay' from Boehalfigserivin(tihds BRL NER440085141) ALt giimi catdefithel OF

16- 18hrs the asgg{ Iates ar entrifuged at 100xg at roomtenperature for
5 minutes. 30 1 Hﬂﬁér nItENCeALE AERORREVEsied ciit das phgsel150111

of fresh conpl ebe @mtmn Titﬂ)%ﬁ.' lox 2Eg31khgp sbaLyss of the

| ysis buffer su plled in the 2 5 SEP 2004 WO 01172705%g&%7ﬂ%c§?%0182 79-

assay kit are a ferxag Howdteritise 5ol Eadeen ¢¢mtxwﬁugﬁjﬂubesnsmﬁe

conplete lysis @&&fﬁg%@%ggnﬁgt nyt.e 4 re then

centrifuged at 1900 or 10 mnutg's@gngE Eg&%%pééﬁé?ant eﬁfﬁ %@561 20
The supernatant is removed and the combined cell pellets

resuspended in 25ml of complete medium. The cells are
counted and the density adjusted to 2x10°cells/ml with
complete medium-.

10 The test compound is dissolved in dimethyl
sulfoxide (DMSO) (Sigma No. D-2650) to give a 100mM stock
solution. This is diluted to 400uM in complete medium,
then serially diluted in a 96-well plate prior to

' addition to the cell assay plate.

15 100ul of the cell suspension (2x10° cells) is
added to each well of a sterile 96-well round-bottomed
cluster plate (Costar No. 3790). 50pl of compound
solution at the appropriate dilution ana ﬁoul of anti-Fas
antibody, clone CH-11 (Kamiya No.MC-060) at a final

20 concentration of 10ng/ml, are added to the wells.
Control wells are set up minus antibody and minus
compound but with a serial dilution of DMSO as vehicle
control. The plates are incubated for 16-18hrs at 37°C
in 5% CO, and 95% humidity.

25 Apoptosis of the cells is measured by the
quantitation of DNA fraémentation using a ‘Cell Death
Detection Assay’ from Boehringer-Mannheim, No. 1544 675.
After incubation for 16-18hrs the assay plates are
centrifuged at 100xg at room teﬁperature for 5 minutes.

30 150ul of the supermatant are removed and replaced by
150ul of fresh complete medium. The cells are then
harvested and 200ul of the lysis buffer supplied in the



5 in the-incubation buffer provided. 100pl of this solution is then
assayed according to the manufacturer's instructions supplied wth the
kit. OD465nmis neasured 20 mnutes after addition of the final substrate
in a SPECTRAmax Plus plate reader (Ml ecular Devices). 10 OD405nmi s

pl otted versus conpound concentration and the |CSO values for the
conpounds are cal cul ated using the curve-fitting program SOFREER Mo

(Mol ecul ar Devices) wusing the four paraneter fit option. Sel ected
conpounds havW@M&Mfested in this 15 assay and shown to i REICAISP1/10182
Ras-i nduced apoptosis of Jurkat cells with I CSO val ues between 0.001M and
0.15M Wil e we have described a nunber of enbodinments of this inventi-on,
it is apparent that-our. basic exanples ay,be altered to provide other
enbodi ments, which 20 utilize the conpounds™and nethods of this invention.
Therefore, it wakbapekippiresiadded thakathewsLDpeTind ddlils airBvention is to

be defined by the,append clains rathe than py the specifi nbodi nent s,
whi ch have beeneféﬁ$§§§ﬁ¥gﬁ’ﬁ$ﬁﬁﬁf SPm@iﬁﬁﬁL .SE%GHV£1€F&gﬁFe§.gEEe3%f a
compound of formihetds 4¥ 4G Ro-HeYPlaled rSEtheddUertri®igadd at

pharnaceuticalIx-acceptable derivative thereof, for
900xg for 10 minutes and the supernatants diluted 1:20

5 in the .incubation buffer provided. 100ul of this
solution is then assayed according to the manufacturer’s
instructions supplied with the kit. ODgsnm is measured
20 minutes after addition of the final substrate in a
SPECTRAmax Plus platé reader (Molecular Devices).

10 OD405nm is plotted versus compound concentration and the
IC50 values for the compounds are calculated using the
curve-fitting program SOFTmax Pro (Molecular Devices)
using the four parameter f£it option.

Selected compounds have been tested in this

15 assay and shown to inhibit Fas-induced apoptosis of
Jurkat celle with ICsp values between 0.001pM and O.15uM.
. While we have described a number of embodiments
of this invention, it is apparent that our basic examples
may be altered to provide other embodiments, which

20 utilize the compounds and methods of this invention.
Therefore, it will be appreciated that the scope of this
invention is to be defined by the appended claims rather
than by the specific embodiments, which have been

‘represented by way of example.



t he manufacture of a nedi canent, wherein: Z is oxygen or sulfur; Rl is

hydr ogen, -CHN2, -R -CH2OR, -CHzSR, or -CH2Y; Ris a Cl 12 aliphatic,

aryl, aral kyl, heterocyclyl, or heterocyclylalkyl; Y is an electronegative
| eaving group; R2 is CD2H, CH2CCRH, or-gesters, am des or isoster @ Sffeliiof ;
R3 is a group capable of fitting into the S2 sub-site of a caspase; and R4
and RS taken together with the intervening nitrogen form a nono-, bi- or
tricyclic heter®iit ng system having 1-6 heteroatons selected from

ni trogen, oxygen or sulfur. 2. The use of claim1 wherein the conmpound has
one or nore of the followng features: (i) Z is oxygen; (ii) R is

hydrogen, -R -{H2GRse-GF2SReompoutHDE fdrimulr B2 is CORH or an ester,
am de or isostere thereof; (iv) R3 is a group having a nol ecul ar wei ght up
to 140 Daltons; or -81 2 5 SEP 2004 (v) R4 and R5 taken together with the
intervening nitrogen forma monocyclic, bicygkic or tricyclic ring system
wherein each ring of the systemh&i 5-7 ori atons. 3. The use of claim?2
wherein the conmpound has the fo;lll'\ovvi@ e regt (i) Z is oxygen; (ii) Rl
is hydrogen, -R -CH2OR - CH2SRR orY- CH2Y;N
3
Z R O
I
or a pharmaceutically-acceptable derivative thereof, for
the manufacture of a medicament, wherein:
Z is oxygen or sulfur;
R! is hydrogen, -CHN;, -R, -CH;OR, -CHpSR, or -CHpY;
R is a C;.1; aliphatic, aryl, aralkyl, heterocyclyl, or
heterocyclylalkyl;
v is an electronegative leaving group;
R? is CO,H, CH,CO,H, or esters, amides or isosteres thereof;
R is a group capable of fitting into the $2 sub-site of a
caspase; and
R! and R® taken together with the intervening nitrogen form
a mono-, bi- or tricyclic hetero ring system having 1-6

heteroatoms selected from nitrogen, oxygen or sulfur.

2. The use of claim 1 wherein the compound has one or
more of the following features:
(1) 2 is oxygen;
(ii) R' is hydrogen, -R, -CH;OR, -CH;SR, or -CHzY;
(iii) R? is CO;H or an ester, amide or isostere
thereof;

{(iv) R® is a group having a molecular weight up to 140

Daltons; or



(iti) R2is CO2H or an ester, amde or isosteres thereof; (iv) R3is a
group having a nol ecul ar weight up to 140 Daltons; and (v) R4 and R5 t aken
together with the intervening nitrogen forma nonocyclic, bi cyc

tricyclic heterocyclic or heteroaryl %Pg syst em wherei n each népo?lﬂﬂ’ut he

system has 5-7 ring atons. 4. The use of claim3 whereianis-CHZY 5.
The use of claim4 wherein R is -CH2F and R3 is a Cl..4 al kyl group. 6.

The use of clai 3 Waelgs Rt Al RIqLRhen LOgR! RE ibLbyLAg gt erveni ng

nitrogen forma bi'cycli¢ or tricycli eterocyclic or heteroaryl ring
system wherein eacﬂmn:rmmffo:tdnea systeemdias, SDicwﬁgcaDanSr:L@yCIhe use of
claim6 wherein R4 and R5 take ether . w.,th't nt erveni ng_ni ér gen
forma tricyclic het®d oyt ¥ %é'téera&z;]rfflmﬁiﬁ ?tgﬁﬁsgﬁ@rg? ath ring
of the system hasypsd diédis atons. -82 2 5 SEP 2004 8. The use of claim?7
wherein the mddle ring of the tricyclic ring systemis a five- or

si x-nmenbered ring. 9. The use of claim1 wherein the conpound has one or

f the folly . - CH2SR,
or Sorev: (i11) o T WERPET Rt poh S QAR thiblodi M TR () R3

is Cl_4 al kdilowing features:

(i) 2 is oxygen;

(ii) R is hydrogen, -R, -CH;OR, -CH;SR, or -CHyY;

(iii) R? is CO;H or an ester, amide or isosteres
thereof;

(iv) R® is a group having a molecular weight up to 140
Daltons; and

(v) R* and R® taken together with the intervening
nitrogen form a monocyclic, bicyclic or triéyclic
heterocyclic or hetercaryl ring system wherein each

ring of the system has 5-7 ring atoms.
4. The use of claim 3 wherein R' is -CH,Y.

5. The use of claim 4 wherein R is -CH,F and R’ is a

Ci-4 2alkyl group.

6. The use of claim 5 wherein R* and R® taken together
with the intervening nitrogen form a bicyclic or tricyclic
heterocyclic or heteroaryl ring system wherein each ring of

the system has 5-7 ring atoms.

7. The use of claim 6 wherein R! and R’ taken together
with the intervening nitrogen form a tricyclic heterocyclic
or heteroaryl ring system wherein each ring of the system

has 5-7 ring atoms.



(v) R4 and R5 taken together wth the intervening nitrogen forma ring
selected fromindole, isoindole, indoline, indazole, purine,
di hydr opyri di ne, benzi m dazole, imdazole, imdazoline, pyrrole,

pyrrolidine, pyrroline, pyrazole, pyrazgline, pyrazolidine, tri
g% RESER 204

pi peri di ne, norpholine, thionorpholine, piperazine, carbazole,
phenot hi azi ne, phenoxazi ne, di hydrophenazi ne, di hydrocinnoli ne,

di hydr oqui noxal i ne, tetrahydroquinoline, tetrahydroisoquinoline,

di hydronapht hyri di ne, tetrahydronaphthyridine, dihydroacridine, 13-
carboline, pyri@8o[ 4TBeblisrdofecl2id, 9-whetravafthwrmeinkile ring of the
9-thia-2, 10- dlazEanthracene 3,6,9- triazafl uorene, h|e o[ 3, 2--Db] pyrrol e,

or di hydr GpREXSHEAr FdPHeSYEECMTHE Bkl ¥R~ cPhi $4 H@gbonpound has

one or nore of the followng features: (i') Z is oxygen; (ii) R is
-CH20R, -CH2SR, or -CH2Y; -83 2SSEP 2Q04 (iii) R2 is CO2H or an ester,
ami de or isostePe Theruef; ofi ¢}ahks I switirdin|tihe ;campquad ResawdeR® aken

t oget her h th pLet i nj forma ring selected fromindol e,
|30|ndolem%gﬁﬁoP|ne §§28pgngb£%é$%? azol e, imdazole, pyrrolidine,

pyrazole, triazohke, z mspekydéne, nmor phol i ne, thi onorpholine, piperazine,

(ii) R* is -CH,0R, -CH,;SR, or -CH,Y;

(iii) R?® is CO.H or an ester, amide or isostere
thereof;

(iv) R® is Ci.4 alkyl; or

(v) R? and R® taken together with the intervening
nitrogen form a ring selected from indole, ‘
isoindole, indoline, indazole, purine,
dihydropyridine, benzimidazole, imidazole,
imidazoliine, pyrrole, pyrrolidine, pyrroline,
pyvrazole, pyrazoline, pyrazolidine, triazole,
piperidine, morpholine, thiomorpholine, piperazine,
carbazole, phenothiazine, phenoxazine,
dihydrophenazine, dihydrocinnoline,
dihydroquinoxaline, tetrahydroguinoline,
tetrahydroisogquinoline, dihydronaphthyridine,
tetrahvdronaphthyridine, dihydroacridine, f-
carboline, pyridol[4,3-bklindole, 2,3,9-
triazafluorene, 9-thia-2,l0-diazaanthracene, 3,6,92-
triazafluorene, thienol[3,2-blpyrrole, or

dihydrophenanthridine.

10. The use of claim 9 wherein the compound has one
or more of the following features:

(i) Z is oxygen;

(ii) R* is -CH,OR, -CH,SR, or -CHpY;



car bazol e, phenot hi azi ne, phenoxazi ne, dibenzoazepi ne,

di hydr o- di benzoazepi ne, di hydrophenazi ne, di hydrocinnoli ne,

di hydr oqui noxal i ne, tetrahydroqui noline, tetrahydroisoquinoline,

di hydr onapht hyri di ne, tetrahydronapht hgsidi ne, di hydroacridi ne, 2 BSEP 2004
carboline, pyrido[4,3-b]indole, 2,3,9- triazafl uorene,

9-thi a- 2, 10- di azaant hracene, 3,6,9- triazafl uorene, thieno[3,2-b]pyrrole,

or dihydrophenaptit) di’nés th.HThe atsesfergl akindk0 ovhegekBetkBe conmpound has
one or nore of the following features: (i) Z is oxygen; (ii) RlL is -CH20R,
-CH2SR, or -CH2Y; (PPF$POR2 is CO2H or an ester, anide or isostere thereof;

(iv) R3is Cl_4 alkylg? 9k Syl gyk@pd(ﬁﬁ taken together with the intervening
nitrogen forma substituted or unsubstituted ring system selected from
carbazol e, phenothi &' aed R nuoten Howkdihiere wikH dheennopbyéhangpi ne, 10, 11-

di hydr o- 5Hdi benzo[ b, f] azepiLne, 13-carbol.i ne, ri do[ 4, 3-b] i ndol e,
2,3,9-triazafl uor ehé,trég?ﬂi 50%43 Va0 cﬁe:;fzf}ﬁfjh&é}?ghé‘g’éﬁe'

3,6, 9-triazafl uorengointiblenoi 3dr M eyrivLzo1@, dydimaphenaat hridine. 2 5
5EP 2004 12. The use_ of claim 1l wherein Z is oxygen; Rl is - CH2OR

_CH2SR or -CH2Y: RPifazedpH Byrapl vding. DyFedelsr trdeéseéfe thereof: R3 is
Cl_4 alkyl; and RApapd-R3;ih@KeRorpholine, thiomorpholine, piperazine,

carbazole, phenothiazine, phenoxazine,
dibenzoazepine, dihydro-dibenzoazepine,
dihydrophenazine, dihydrocinnoline,
dihydroguinoxaline, tetrahydroquinoline,
tetrahydroisogquineline, dihydronaphthyridine,
tetrahydronaphthyridine, dihydroacridine, f-
carboline, pyrido[4,3-blindole, 2,3,9-
triazafluorene, 9-thia-2,10-diazaanthracene, 3,6,9-
triazafluorene, thienol[3,2-blpyrrole, or

dihydrophenanthridine.

11. The use of claim 10 wherein the compound has one
or more of the following features:
‘ (i) Z is oxygen;

(ii) R' is -CH,OR, -CH,SR, or -CH,Y;

(iii) R® is CO;H or an ester, amide or isostere
thereof; .

(iv) R?® is Ci.4 alkyl; or

(v) R* and R® taken together with the intervening
nitrogen form a substituted or unsubstituted ring
system selected from carbazole, phenothiazine,
indole, indoline, 5H-dibenzol[b, flazepine, 10,11-

. dihydro-5H-dibenzo[b, flazepine, B-carboline,
pyrido(4,3-blindole, 2,3,9-triazafluorene, 9-thia-



together with the intervening nitrogen forma'substituted or unsubstituted
ring systemsel ected from carbazol e, phenothiazine, indole, indoline,

5H di benzo[ b, f] azepi ne, 10,11--dihydro 5H di benzo[ b, f] azepi ne,

9-carboline, pyrido[4, 3-b]indole, $%tr|azafluorene 9- Chia-%aukpzmﬂ

di azaant hr acene, 3, 6, 9- trlazafluorene I eno[ 3,2- b]pyrrole, or
di hydrophenant hridine. 13. The use of claim 12 wherein Rl is -CH2Y. 14.

The use of claim 2F 4 Ia|n11 wherein
the conpound is se eg?%gﬁ¥¥%§%?ﬁb§§§%%np0un % %ngﬁr Ble 1. 16. The
use of claim1l whegteighd (36 260 TROWIS Lies oseaeﬁyadoﬁah@ﬁaﬁhnri@iﬁ@w ng: 1 12
-85 or 17 25SEP2U 17. The use according to any of clains 1-16 wherein said

medi canment is used for treating or preventing a disease selected from an

|L--1 mediated dhscasfie age 8pOPIoshSIIRAAISL ¢ 98ASGyq¥h | RE agTRtory

di sease, an autoi mune di sease, a destructive bone di sorder,
proliferat FHeOR SHRSR, am rﬁﬁe‘étlbzuswdﬂé)eﬁs@r & @ﬁg@mermldﬁe Q;h sease, a

di sease associ ated th cell ce ietar i nt ake
i oence 2o18BRER EhEPRGE (ROSH Ry STPIE aRa RS 58 ERRRN i Tr e
ost eoart hr tbgethepanttrRathéi Snta@stdmbng adiﬂﬁogees mdrat Qr )eudﬂss:tlltﬁiﬁdsyndr one,

gl onerul onephritis, rheumatojd arthritis, stemc lu eryt hemat osus,
scl er oder nff EH?BHFEIFHQ?ﬁlH%??ssy%iﬁﬂhﬁ%ée ted From darbazol®,

phenothiazine, indole, indoline, SH-dibenzo[b, flazepine,
10,11-dihydro-5H~-dibenzo[b, flazepine, B-carboline,
pyrido[4,3-blindole, 2,3,9-triazaflucrene, S-thia-2,10-
diazaanthracene, 3,6,9%9-triazafluorene, thienol[3,2-

blpyrrole, or dihydrophenanthridine.
13. The use of claim 12 wherein R* is -CH,Y.
14. The use of claim 11 wherein R is -CH,F.

15. The use of claim 1 wherein the compound is

selected from those compounds listed in Table 1.

16. The use of claim 1 wherein the compound is

selected from the following:

/\0 ° A



di sease, autoinmune gastritis, diabetes, autoimrmnmune henolytic anem a,
aut oi nmune neutropeni a, thronbocytopenia, chronic active hepatitis,

nyast henia gravis, inflammtory bowel disease, Crohn's disease, psoriasis,
atopic dermatitis, scarring, graft vs hast disease, organ transplant
rejection, osteoporosis, |euken as and related disorders, nyel odySpfRggy) C
syndrone, nultiple nyel oma- rel ated bone di sorder, acute nyel ogenous

el ogenous | eukem a, netastatic nel anoma, Kaposi's
ma, haenorrhagi ¢ shock, sepsis, septic shock,

| eukem a, chronic
sarcoma, multiple
burns, Shigellosis, W2zhei ner' s, di s&8¢'e, Parkinson's di sease, Huntington's
di sease, Kennedy's ' ;seo\ﬁﬁion di sease, cerebral ischem a, epilepsy,
-86 2 5 S EP 2004 nyoCyf dijil Y'schientya, facute and chronic heart disease,
nyocardi al infarcti8g, comgg;kive heart failure, atherosclerosis, coronary
artery bypass graft, spinal “~ nuscul ar atrophy, anyotrophic |latera
sclerosis, multiple sclerosis, HV-related encephalitis, aging, alopecia,
neur ol ogi cal danmage due to stroke, ulcerative colitis, traumatic brain
injury, spinal cord injury, hepatitis-B, hepatitis-C, hepatitis-G yellow
fever, dengue fever, or Japanese .encephalitis, various forns of, |iver

di sease, renal d Ségg%fmﬁbﬁf§ﬁF%6nﬁi&ﬁe?nﬁigga%%ﬁlmf IpVh orieiyci at ed
gastric andLiuddess candrd! il s8r%e folll YrehPi 861 bONprdvdeF Cil O8I S,
meningitis, a treatnent for conplications associated with coronary artery
bypass gr &Fiseazp sheThthdes apy ol PRéisredtdeseast. vaiti ous forms of

cancer. apoptosis mediated disease, an inflammetory disease, an

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

disease, prion disease, cerebral ischemia, epilepsy,



18. The use according to any one of clains 1-16 wherein said nedicanment is
used to treat conplications associated with coronary artery bypass grafts.
19. The use according to any one of clains 1-16 wherein said nedicanent is
used for the preservation of cells. 20,.The use according to any one of
clains 1-16 wherein said nedicament is-tused for an organ t r ans plZ&rE poxi
for preserving blood products. 21. The use according to any one of clains

1016 wher ahib sl JMPdieaipnl | Scitedadd Bnrouponell, Ofa; ddgmunother apy for

t he treatnent of cancer. -87 22. A conpoun R5,NyO z 2 5
SEP 2004 |nwacaadpharaméemtmaahlycaugeptabéehdertvﬁa1burahereof, wher ei n
Z is oxygen sul

- CH2SR, - CH2Y;
Ris a Cl- 1% gFPSﬁ&FFSSl&ryF°r§P§F%yFrtﬁ5¥N%5%§%$yqr Eﬁﬁfgﬁocycf;lalkyl;

Y is an el amtsmaagatalt\taplh@avbﬁgogﬁ:apmchatérmm&ﬂ?s’%@H,mﬂrtﬁﬂteerS
am des or isqgsteres thereof; s a groug capable of fitting into the S2

sub-site oﬁC&er@ééﬁasgIVéﬁélREeQnénRSP akehls ogrdHed - A XIPQHE i nt er veni ng
hi trogen f%@@kologlcal damage due to stroke, ulcerative colitis,

traumatic brain injury, spinal cord injury, hepatitis-B,
hepatitis-C, hepatitis-G, yvellow fever, dengue fever, or
Japanese encephalitis, various forms of liver disease,
renal disease, polyaptic kidney disease, H.
pylori-associated gastric and duodenal ulcer disease, HIV
infection, tuberculosis, meningitis, a treatment for
complications associated with coronary artery bypass
grafts, or an immunotherapy for the treatment of various

forms of cancer.

18. The use according to any one of claims 1-16
wherein said medicament is used to treat complications

associated with coronary artery bypass grafts.

19. The use according to any one of claims 1-16
wherein said medicament is used for the preservation of

cells.

20. The use according to any one of claims 1-16
wherein said medicament is used for an organ transplant or

for preserving blood products.

21. The use according to any one of claims 1-16
wherein said medicament is used as a component of

immunotherapy for the treatment of cancer.



a nono-, bi- or tricyclic hetero ring systemhaving 1-6 heteroatons
selected fromnitrogen, oxygen or sulfur. 23. The conpound of claim 22
wherein the conpound has one or nore of the followng features: (i) Zis
oxygen; (ii) Rl is hydrogen, -R -CH2CF 7:CHZSR, or -CH2Y; (iii) R2is
C2H or an ester, ami de or isostere théreof; (iv) R3 is a group hSiR i a
nol ecul ar weight up to 140 Daltons; or (v) R4 and R5 taken together with

the intervening,onitnRo fQ5LA armpRPGYELi€, bicyclic or tricyclic -88 2 5
SEP 2004 ring sysfenfﬂ%%@%?ﬁ eagﬁ r?ngdo the systemhas 5-7 ring atons.

24. The conpound of claim 23 wherein the conpound has the follow ng
features: (i) Zis oxygen; (ii) Rl is hydrogen, -R -CHZOR, -CH2SR, or
-CH2Y; (iii) R2 is CO2H or an estgr, amgqle i sosteres thereof; (iv) R3
is a group having a nolecul ar weight yp glo 140 Daltons; and (v) R4 and RS
t aken together with the interveRPhg“’nl oﬁen orm a nonocyclic, bicyclic
or tricyclic heterocyclic or heterg@ary® ri'ngcsystem wherein each ring of
the systemhas 5-7 ring atons. 25_ The conpound of claim 24 wherein RL is
-CH2Y. 26. The conpound of claim 25 wherlein RL is - CH2F and

or a pharmaceutically-acceptable derivative thereof,

wherein:

Z is oxygen or sulfur;

R* is hydrogen, -CHN,, -R, -CH,O0R, -CH3SR, or -CH;Y;

R is a C;.13 aliphatic, aryvl, aralkyl, heterccyclyl, or
heterocyclylalkyl;

Y is an electronegative leaving group:

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

R® is a group capable of fitting into the S2 sub-site of a
caspase; and

R* and R® taken together with the intervening nitrogen foxrm
a mono-, bi- or triecyclic hetero ring system having 1-6

hetercatoms selected from nitrogen, oxygen or sulfur.

23. The compound of claim 22 wherein the compound has
one or more of the following features:

(i} Z is oxygen;

(i1} R' is hydrogen, -R, -CH;OR, -CHzSR, or -CH;Y;

(iii) R? is CO;H or an ester, amide or isostere
thereof;

{(iv) R} is a group having a molecular weight up to 140
Daltons; or

(v) R* and R®> taken together with the intervening

nitrogen form a monocyclic, bicyclic or tricyclic



R3 is a Cl1_4 alkyl group. 27. The conpound of claim 26 wherein R4 and RS
taken together with the intervening nitrogen forma bicyclic or  tricyclic
het erocyclic or heteroaryl ring systemwherein each ring of the system has
5-7 ring atons. 28. The conpound of cla$®m 27 wherein R4 and R5 takgl SEP 2
together with the intervening nitrogen forma tricyclic heterocyclic or
heteroaryl ring system wherein _each ring of A the sgsten1has 5-7 ring atons.

-89 2 5 SEP | 00 2% PFhSYTFFoImersinc Bach 78nghef ek Ret PesHeBdraS r3ng  of
the tricyclic ring. tamis a five- or six-menbered ring. 30. The
conpound of claim 22 wherein the conpound has one or nore of the foll ow ng
features: (i) Z is oxygen; (ii) RLis -CH2OR, -CH2SR, or -CH2Y; (ili) R2is
CO2H or an este apide or isostere - therepof: (iw) is ClL 4 alkyl; or (v)
R and Rt akenPoobPRor STPPREGHEF T it i men Gheh SPEPRIUER: PG

sel ected fehe FodobRingi Sehbdeke: indoline, indazole, purine,

di hydropyri di ne, benzi m dazole, imdazole, imdazoline, pyrrole,
pyrrolidine, pyfidl En&S OFV¥820l e, pyrazoline, pyrazolidine, triazole,

pi peridine, norpholige, ;L H.pmiphpline, _phPSRAZIAG,sR CREDAZA, €,
phenot hi azi ne, phenoxazine, di ydr ophenazi ne, di hydraci nnol i ne,
{iii) R® is COsH or an ester, amide or isosteres
thereof;
{iv) R?® is a group having a molecular weight up to 140
Daltons; and
(v) R* and R® taken together with the intervening
nitrogen form a monocyclic, bicyclic or tricyclic

heterocyclic or hetercaryl ring system wherein each

ring of the system has 5-7 ring atoms.
25. The compound of claim 24 wherein R! is ~CH,Y.

26. The compound of claim 25 wherein R! is -CH,F and

R ig a Ci-¢ alkyl group.

27. The compound of claim 26 wherein R* and R® taken
togethexr with the intervening nitrogen form a bicyclic or
tricyclic heterocyclic or hetercaryl ring system wherein

each ring of the system has 5-7 ring atoms.

28. The compound of claim 27 wherein R® and R’ taken
together with the intervening nitrogen form a tricyclic
heterocyclic or hetercaryl ;ing system wherein each ring of

the system has 5-7 ring atoms.



di hydr oqui noxal i ne, tetrahydroquinoline, tetrahydroisoquinoline,

di hydronapht hyri di ne, tetrahydronaphthyridi ne, dihydroacridine, 13-
carboline, pyrido[4,3-b]indole, 2,3,9- triazafl uorene,

9-thi a- 2, 10-di azaant hracene, 3,6,9- tri_gaafluorene, thieno[3, 2-b] Ry SEG! 2804
or di hydrophenant hridi ne. 31. The conpound of claim 30 wherein the
conpound has one or nore of the following features: (i) Z is oxygen; -90

(i) RLis -CH2QR). - GiSR onfounddid, c229mSER %R04ethi the RR1IEG1IERhOr an

ester, amde or isostere thereof; (iv) R3is Cl_4 alkyl ; or (v) R4 and RS
t aken t ogetHerCh@ tir¥quc it arinshisygLen £Fogehivorn®h #ingrempace@d from

I ndol e, igghggole, I ndol i ne, indazol e, benzimdazole, imdazole,
pyrrolidine, razole, triazole, piperidine, norpholine, thionorpholine,

pi perazine, carbazole, phenothiazine, phenoxazine, dibenzoazepine,
di hydr o- di benzoazepi ne, di hydrophenazi ne, .di hydroci nnol i ne,

i hydr oaut noxal | Hr - (ie AAREEG 1 CaBIE 28: PHRGATD! Cog.F e has
di hydronaphirdwridissse detiahydnaraabighyekdipes: di hydroacridi ne, ~3-

carboline, pyrido[4, 3-b]lindole, 2,3, 9- triazafluorene,
9-t hi a- 2, 10- di azbenthridc e/ 98%/6, 9- triazafl uorene, thieno[3, 2-b)pyrrole,

or (ii}) R' is -CH,OR, -CHzSR, or -CH,Y;

(iii) R? is CO;H or an ester, amide or isostere
thereof;

(iv) R? is ¢;.4 alkyl; or

(v) R*® and R® taken together with the intervening
nitrogen form a ring selected from indole,
isoindole, indoline, indazole, purine,
dihydropyridine, benzimidazole, imidazole,
imidazoline, pyrrole, pyrrcolidine, pyrroline,
pyrazole, pyrazoline, pyrazolidine, triazole,
piperidine, morpholine, thiomorpholine, piperazine,
carbazole, phenothiazine, phencxazine,
dihydrophenazine, dihydrocinnoline,
dihydrogquinoxaline, tetrahydroguinoline,
tetrahydroisoguinoline, dihydronaphthyridine,
tetrahydronaphthyridine, dihydroacridine, f-
carboline, pyrido(4,3-blindole, 2,3,5-
triazafluorene, 9-thia-2,10-diazaanthracene, 3,6,5-
triazafluorene, thieno[3,2-blpyrrole, or

dihydrophenanthridine.

31. The compound of claim 30 wherein the compound has
one or more of the following features:

(i} 2 15 oxygen;



di hydr ophenant hri di ne. 32. The nethod of claim 31 wherein the conpound has
one or nore of the followng features: (i) Z is oxygen; (ii) R is -CHZOR
-CH2SR, or -CH2Y; (iii) R2is CO2H or an ester, am de or isostere thereof;
(iv) RBis -4 alkyl; or (v) R4 and R 6_aken together with the P/tSgpveni ng
nitrogen forma substituted or unsubstituted ring system selected from
car bazol e, phenothi azine, indole, indoline, 5H di benzo[b,flazepine, 10,11

-91 2 5 5EP 200§%?Lh}¥121r3% g_lf_ﬁzghben%ﬁ%ﬁf]oa‘tzgjgjt}ﬁ? P- car bol i ne,

pyrido[4,3-b]in I azaf rene, a- 2,10-di azaant hr acene,
3,6,9-triazafl uotenhe, R? tid exfi3p2- bhpysret e, anidali dw dr ophiszrant hri di ne. 33.
The method of claim 32 \%Znerei n Zis oxygen; RlLis -CH2OR -CH2SR, or
-CH2Y; R2 is COo?H®¥T&R%éster, amide or isostere thereof; R3 is Cl 4

al kyl ; and R4 apg,RSgt akerr, L agriherowi th the intervening nitrogen forma
substituted or unsupst i tutsed ring systemselected from carbazol e,
phenot hi azi ne, {vdoRe anchdol takenskPARbBBAY OF bl | iR piHesTvening

2.5.5. 111 aval | uor SE L BThES D For APasaha hracther 3T ICBLri heaf | Uor one
t hi eno[ 3, 2- b] pyr ricicendaledi hindodphenantnbirezdiae. b8dzikhdazohpound of claim
33 wherein R is -CHAY 0135 plRESOMRAUNI QL Shabn S xhsTgin R i's - G2k,
piperidine, morpholine, thiomorpholine, piperazine,
carbazole, phenothiazine, phenoxazine,
dibenzoazepine, dihydro-dibenzoazepine,
dihydrophenazine, dihydrocinnoline,
dihydroguinoxaline, tetrahydroquinoline,
tetrahydroisoguineline, dihyaronaphthyridine,
tetrahydronaphthyridine, dihydroacridine, [~
carboline, pyridol4,3-blindole, 2,3,9-
triazafluorene, 9-thia-2,10-diazaanthracene, 3,6,9-
triazafluorene, thieno[3,2-blpyrrole, or

dihydrophenanthridine.

32. The method of claim 31 wherein the compound has
one or more of the following features:

(i) £ is oxygen;

(ii) R! is -CH,OR, -CH,SR, or -CHzY;

(iii) R? is COH or an ester, amide or isostere
thereof;

(iv) R’ is Cj-q alkyl; or

(v) RY and R® taken together with the intervening
nitrogen form a substituted or unsubstituted ring
system selected from carbazole, phenothiazine,

indole, indoline, 5H-dibenzo([b, flazepine, 10,11-



36. The conpound of claim 22 wherein the conpound is selected fromthose
conmpounds listed in Table 1. 37. The conmpound of claim22 wherein the
conpound is selected fromthe following: , 1 12 -92 or 17 2 5 SEP 2094 38.

A pharmaceutical conposition conprisinga conpound according to
clainms 22-37 and a pharnaceutically acceptable carrier. Zasng/Epofﬂm

dihydro-5H-dibenzolb, flazepine, P-carboline,
pyrido[4,3-blindole, 2,3,9-triazafluorene, 9-thia-
2,10-diazaanthracene, 3,6,9-triazafluorene,

thieno[3,2-blpyrrole, or dihydrophenanthridine.

33. The method of claim 32 wherein Z is oxygen; R' is
-CH,0R, -CH,SR, or -CH,Y; R® is CO,H or an ester, amide or
jsostere thereof:; R® is (.4 alkyl; and R* and R® taken
togethér with the intervening nitrogen form a substituted
or unsubstituted ring system selected from carbazole,
phenothiazine, indole, indoline, SH-dibenzo[b, flazepine,
10, 11-dihydro-5H-dibenzo (b, f]azepine, B-carboline,
pyrido(4,3-blindole, 2,3,9-triazafluorene, 9-thia-2,10-
diazaanthracene, 3,6,9-triazafluorene, thieno[3,2-

blpyrrole, or dihydrophenanthridine.
34. The compound of claim 33 wherein R* is -CH,Y.
35. The compound of claim 34 wherein R is -CH;F.

36. The compound of claim 22 wherein the compound is

selected from those compounds listed in Table 1.

37. The compound of claim 22 wherein the compound is

selected from the following:




g2- 25 SEP 2004
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38. A pharmaceutical composition comprising a compound
according to any of claims 22-37 and a pharmaceutically

acceptable carrier.






