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(57) Abstract

The present invention provides compounds of Formula (I), pharmaceutical compositions comprising 2 compound of Formula (I), and
methods of treatment of stroke; inflammatory diseases such as theumatoid arthritis or inflammatory bowel disease; septic shock; reperfusion
injury; Alzheimer’s disease; shigellosis; and multiple sclerosis.




- 2- I nhibitors of ICE can also inhibit other cysteine

proteases in the | CE famly. Recently, the nonenclature of these
|CE fam |y cystei ne. éeOt eases (al so known as Caspases with | CE
bei ng known asW@8¥§3€e-1) has been further defined. . PCTRIS9%M630wi ng

proteases are representative nenbers of this class of enzynes 5
usi ng the nonencl ature described in Al nenTi et al., Cell 1996;87:171:

Caspase- 2 (al SPCOINNMIBE IGIB %mﬁ_w@? ffnown as CPP32,
Yama, and apopain); Caspase-4 (ano known as ch-2, and I CE

rel-11); Caspase-5 (al so known asCONVERTINGENXYMEl -111); Caspase-6 (al so
known as Mch2); Caspase-7 (also known as Mh3); Caspase-8 (al so
known as FLI CE and Mch5); Caspase-9 (al so known as 10 | CE- LAP6 and

Mch6); Caspase-10 (al so known a é%/" recogni zed t hat

nmenbers of this enzyme family pls@,gt? "JI%‘&E@&I'IS les in both

I nfl ammati on and apoptosis (programed cell death) (Thornberry
N. A et al., Perspect.i.ﬁze scove

. : d ' 94,
2: 389- 399) . i€ verion rofatgyn 4 e Sios SHRamIY GOm0 S‘k‘g{}&}'lg\?f]

producti ors, | CEtheamerieakin- 3 vivertifig Bhz9ihe] Dhis mventmihdldb'rﬁlate@td he production of
the i nflammatory, nedi at'OaEyI nterferon-[err] (Grayur et al Nat ur e

1997; 386( 6625) : Bhagmassy éﬁ%‘eewmtb%&emv@%mwmﬂh@flsan
i nterferon- [errh{bﬂwlﬂgﬂm h%?ﬁé lg? tive IGF, a
n I nterteron- [er

protein that I nduces product| y T-cells and
natural -killer ewmpositionsforthedreatment of stroke, inflammatonyeliseasep |septivt shdck, n t he

th f f o | L y
o 2T, of oy oAy Al Y AL bickflonis. o 207 96TS and septic

beneficial effects in such disease states by effects on interferon-[err].
The majority of the ICE inhibitors described in the art are pepti de-based

(e.g., Dagle R et al., J. MBACRGROUAPEFIHHANENPIMAYET . the use of

pyri done or pyri m done based peptidom netic inhibitors has
recently been reported (Dolle R 25 et al., WD 9526958, 1995; Dolle

R et al., J Med Chdmerl&ﬂ&‘ﬁlﬁ-@r&éﬁ& als%ﬂﬁlownasmterleukxﬁﬂ%oﬁveﬁmfénzﬂne
Bi oorg. Med Chem Lett. 1997; 7: 1337) X—raﬁacrystallogra hy and

mol ecul ar nodel 1%‘1%%%%?%9‘1%‘!’% {nre-dk-1B e psvduse interfepkisui t abl e

20, 2SN ol U A il SR NS 7l Pl 3
9526958 di scl oséead Sei. 19:89 86:[522)‘&‘62311 ahd BladkRs Adetiah ) WEBS Déts1980,247886-As
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fromO.1 to 10 dissasdsim which interleukin-1 is involved include inflammatory diseases such as

rtheumatoid arthritis and inflammatory bowel disease, and neuroinflammatory

disorders such as stroke, multiple sclerosis, and Alzheimer’s disease (Dinarello

C.A., Eur. Cytokine Netw., 1994;5:517). Other diseases include septic shock,

20 reperfusion injury, and shigellosis.
Agents that modulate IL-1pB activity have been shown to have beneficial
in vivo effects. For example, compounds that are interleukin-1 receptor

antagonists have been shown to inhibit ischaemic and excitotoxic damage in rat
brains (e.g., Relton JX. et al., Brain Research Bulletin 1992;29:243-246).

25 Additionally, ICE inhibitors were shown to reduce inflammation and pyrexia in
rats (Elford P.R. et al., British Journal of Pharmacology 1995;1 15:601-606).



- 3- reflecting the percent inhibition of release of IL-1[err].
Wi | e these val ues refl ect sone activity, the search for better |ICE

i nhi bi tors v od/ddest 1 €at ment of such

Al zheiner's di sease, stroke, and septic shock is desired.

di seases as i pdaseoRddsdN.

SUMVARY OF THE | NVENTI ON 5 . The present invention provides
conpounds of the Fornula I 0
[err] Inhibitors of ICE can also inhibit other aysteine proteas¢sdn tHe ICE each R »

I s i ndependent
I ndependent | y

10
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30

ﬁ%/ﬁélpogen % Tel%?ﬂ%seﬁfam'lycymmepqo?ﬂés@ndzﬁ ggsl,

known as Caspases wnth ICE being known as Caspase-1) has been further defined.

The following proteases are representative members of this class of enzymes
using the nomenclature described in Alnemri et al., Cell 1996;87:171: Caspase-2
(also known as Ich-1); Caspase-3 (also known as CPP32, Yama, and apopain);
Caspase-4 (also known as TX, Ich-2, and ICE rel-II); Caspase-5 (also known as
ICE rel-IIT); Caspase-6 (also known as Mch2); Caspase-7 (also known as Mch3);
Caspase-8 (also known as FLICE and MchS5); Caspase-9 (also known as
ICE-LAPS and Mch6); Caspase-10 (also known as Mch4). It is recognized that
members of this enzyme family play key biological roles in both inflammation
and apoptosis (programmed cell death) (Thornberry N.A. et al., Perspectives in
Drug Discovery and Design 1994;2:389-399),

In addition to its effects on IL~1p production, ICE has been shown to play
a role in the production of the inflammatory mediator interferon-y (Ghayur et al.,
Nature 1997;386(6625):619-623). ICE processes the inactive proform of
interferon-y inducing factor (IGIF; Interleukin-18) to active IGIF, a protein that
induces production of interferon-y by T-cells and natural killer cells. Interferon-y
has been implicated in the pathogenesis of diseases such as inflammatory
disorders and septic shock. Therefore, ICE inhibitors would be expected to have
beneficial effects in such disease states by effects on interferon-y. '

The majority of the ICE inhibitors described in the art are peptide-based
(e.g., DolleR. et al., J. Med. Chem. 1994;37:563. However, the use of pyridone or
pyrimidone based peptidomimetic inhibitors has recently been reported (Dolle R.
et al., WO 9526958, 1995; Dolle R. et al., J. Med. Chem. 1996;39:2438; and
Semple G. et al.,, Bioorg. Med. Chem. Lett. 1997;7:1337). X-ray crystallography
and molecular modeling have shown that pyridoné based inhibitors are suitable
replacements for P»-P3 found in peptide based inhibitors (Golec J. et al., Bioorg.
Med, Chem. Lett. 1997,7:2181-2186).

WO 9526958 discloses the use of pyrimidone based inhibitors of ICE. As
well as possessing some activity in in vitro models, the compounds taught in

WO 9526958 are reported to have an in vivo IC5( range of from 0.1 to 10 pm,



-(CH2)n-substituted aryl, 15

-(CHerr])[err]-OCaryl,

-4- -(CH2) n-0-substituted aryl, (CHZ)n S-aryl,

- (CH2) n- S—sutég{) §/ gsd aryl,

-(CH2).n-S-su ed heteroaryl
-(CHerr])[err]-NR -substituted aryI,
-(CH err])-NR -heteroaryl,

-(CH err]) [ err] - Speamonmis
-(CHerr])-NR -aryl, ---

'(CH[err])[err] NR - substituted

heteroaryl, 10reflectingthe Eer(:éﬁrlﬁrﬂiib”n]nc)x{ Sﬁrél]eadeefmmwhle these values reflect

-(CHZ)[err] substituted

nis |ndependently 0 to 6;

et er o
R3 is hydrogen SPMERRvEY. }%’/’be“t“r ICE ml“l?&"ﬁf“@[‘%‘i’?ﬁtm% RISH  or
hydrogen; and }ieases a&hﬂﬁnﬁ%@%ﬂwﬂ&’% 'disease, stroke, and septic shock is desired.

SUMMARY OF THE INVENTION

5 The present invention provides compounds of the Formula I

ocl.c‘5 alkyl

10

rk

CO,R'

R w

each R’ is independently hydrogen or C;-Cg alkyl,

R and R2 are independently hydrogen, C1-Cg alkyl,

-OH, -(CHy)y aryl,
-(CHp)p-substituted aryl,
15 «(CH2)y-O-aryl,

U'I



-(CH2)n-N-S(CH2) n-substituted aryl, [err]
- 5- [err] -(CH2) [err]-S-(CH) [err]-aryl,

WO 99/56765 PCT/US99/09463

-(CH2)-O-substituted aryl,
~(CH)q-S-ary],
-(CH2)y-S-substituted aryl,
-(CHy)p-S-heteroaryl,

5 -(CHp)y,-S-substituted heteroaryl,
~(CHp)yNR'-ary),
~(CH)n-NR'-substituted aryl,
-(CHp)n-NR’-heteroaryl,
-(CHp)p-NR'-substituted heteroaryl,

10 -(CHgp)y-heteroaryl, or '
-(CH2)y-substituted heteroaryl;
each n is independently 0 to 6;
R3 is hydrogen or C1-Cg alkyl;
R4is C1-Cg alkyl or hydrogen; and

15 X is hydrogen,

0

I
~(CH2)y-N-S-(CH)p-aryl,

| |
20 R'O

0o

i
: -(CHZ)n‘ -S‘(CHz)n‘s‘JbSﬁtuted aryL

| |
25 R'O

Ff .
_(CHZ)n—N_ﬁ—(CHZ)n ,

o
0



5 -(CHerr])-S-(CHerr])[err]-substituted aryl,

[err] and the pharnmaceutically acceptable salts thereof I n
a preferred e‘g’ggglgwt of the compounds of Fornula I, 10 pdTusododaydr ogen
or nethyl. I n anot her .preferred enbodi nent, - each R is--—
hydr ogen. I n anot her preferred enbodi nent,

R3 i s hydrogen, and Rlerr] is nethyl, ethyl, or isopropyl.

In anot her preferred enbodi nent, 5 R[erc]]13i s hydrogen or nethyl; and
R2 is -(CH2)n-phenyl, hydr ogen,

- (CH2) n- O phenyl 10 ' o (CH2) o Lepgiqfm gyl ,

(€N,
0

CH,
r o | =
—(CHY—N—F—(CHy), ,
0
' 3
Ii{ H;C
—(CH)—N—§—(CHy),
0
0

(CHy)y-S-(CH)p-aryl,

5 (CHi)y-S(CHy)rsubstituted aryl,
AN
—(CHy)p0 , of
0 Yo
Nr:\N—R'

and the pharmaceutically acceptable saits thereof.
In a preferred embodiment of the compounds of Formula I,
10 R’ is hydrogen or methyl.
In another preferred embodiment,
each R'is hjdrogen.



-(CHerr])[err]-indolyl, or -

I n anot her preferred enbodinent, Y is [ er

anot her pr efveo sonsd7eanbodi ment, wherein 15

X i s-hydrogen, [err] -7
~6-

In another preferred embodiment,
R3 is hydrogen, and

(CHerr])[err]-phenol.
r In still

PTAUS9D/09463

e
Yis

R# is methyl, ethyl, or isopropyl.
In another preferred embodiment,
5 R1 is hydrogen or methyl; and
R2 is -(CHy),-phenyl,
hydrogen,
-(CHp)y-O-phenyl
-OH,
10 -(CHp)p-benzimidazoyl,
~(CHy),indolyl, or
-(CHj),-phenol.

i
C—X

In another preferred embodiment, Y is _t .
CO,R'

In still another preferred embodiment, wherein

i
C—X
15 Yis _<_ ,
CO,R'
X is hydrogen,
(0]
-CHy-NH-S-CHyCHj-phenyl,
20 !

o



[err] - CH2- S- CH2CH2CH2- phenyl , [err] In a nore
preferred enbodi nent, the present- i nvention provides conpounds ofthe

Formul a | WO 99/56765 PCT/US99/09463
iy
. H,
CH,
gt SN
I
3 .
(o) CH,
—Co eS|
g
Hj
CH,
— -NH-S-CH2 ,
g

-CH3-S-CH,CH;CHy-phenyl,

~N
—(CH,);-0 ,or
(o) O

5 :

=\

Na N—R

~cy—o—f ]
In 2 more preferred embodiment, the present invention provides
compounds of the Formula I



CN [errr] or

each R is independently hydrogen or nethyl; each n is independently
2 to 3; wooydstedrr] and R2 are i ndependently hydrogen, pcruse9/09463
-(CHerr])[err]-phenyl, 10 -(CH err])n-0O phenw , -~ -OH,
[err] -9- -8

R4 R
'

1 |
R .
C N. 1
g O

wherein

OC,-Cg alkyl
each R’ is independently hydrogen or methyl;
each n is independently 2 to 3;
R1 and R2 are independently hydrogen,
-(CHy)y-phenyl,
10 -(CH)-O-phenyl,
-OH,



[err] - 10- [err] Rerr],
Rlerr], and R err] are independently hal ogen, -OCerr]-C6 al kyl or

hydr ogen; RadSceNydrogen; 5 Rlerr] is methyl, eth
I sopropyl ; anyggg’“?fsi s hydrogen, lerr] . ¥ET/U§59/09463_"_
-11- 0.
I
N\IiI I :' ,
—(CHy),

—owou—y—{_).
~aen—e(),
_(CHZ)n—Q

5 —(CH,), ,
—<CH2>H—'EN_/© ,

' —(cnz)n—,—NI R
A

RS
Na ’
N

R ee

Rl

10 — (Cﬂz)ﬁ—w
\ b



[err] ' and the pharnmaceutically acceptable salts thereof.

In a preferred enbodi nent of Formula I, 5 Rl err] is hydrogen and

R2 is - (CH2)wewsidsrésndol yl , © - (CH2) [ err] - subsp¢irussemodemdol vyl ,
-(CHterr)[err]-NH phenyl, - -(CHerr])[err]-0O phenyl, -10
-(CH2)[err]-tetrazolyl, -1d-CH2) [ err] - phenyl,

-(CH err])[err]-substituted phenyl, -(CH2)[err]-substituted
benzi m dazol yl , __?:Hz) = )[err]-benztriazolyl, 15 ) .
-(CH err])[err]-indazo yI,n R® - (CH2)[err]-benzinm dazol yI,
-(CH2)[err]-pyridyl, -(ChBy[ err]-napht hyl,

or -(CHerr])[err]-quinolinyl.] 20 In a nost preferred

enbodi ment, the present inventRon provides the conmpounds:

3- (2- Met hyl - 3- phenet hyl car banoyl - pr opi onyl am no) - 4- oxo- 5- ( 2- phenyl -

et hanesul f onyl am no) - pent anoj id;
—(CHy); OH;

R3, Rb, and RC are independently halogen, -OC;-Cg alkyl or hydrogen;

R3 is hydrogen; _
5 R4 is methyl, ethyl, or isopropyl; and
X is hydrogen,
o
-
-CHz-NH-S-CHyCHjy-phenyl,
10 |
o
3
_CHZNHISICHZ ,
0o
H;
0 CHj,
-—CHZ-NH-ﬁ-CH2 ’
o
H;
CH;
—CI-IZNHISICHZ ,
0

15 <CHy-S-CHyCH,CHy-phenyl,



-12-

3- (2- Car banoyl et hyl - 3- met hyl - but yryl am no) - 5- (7, 7- di net hyl - 2- oxo-

bi cycl o 2. 2. %l; g,KSI-yI met hanesul f onyl am no) - 4- oxo- pent anoi gcAgdesl09463

5- (7, 7-D met hyl™-"Z2-0xo- bi cycl o[ 2. 2. 1] hept - 1-yl net hanesul f-onyl am no) - 3---

[ 3- et hyl - 2- (phenet hyl car banoyl - et hyl ) - bLﬁyr yl am no] - 4- oxo- pent anoi ¢ aci d;
5 =112

3-.(2- Car banoyl net hyl - 3- pet hyl -

et hanesul f onyl - am no) =p nol

3-[ 3- Met hyl - 2- (phenet hyl car barmdyl~R

phenyl - et hanesul f onyl am no) - pent anoi

5-(7,7-Di et hyl - bi cycl of 2. 2. ﬁ;{/- 1-yl met hanesul f onyl am no) - 3-[ 3- 10
th

am no) - 4- oxo- 5- ( 2- phenyl -

, 0T .
é%- but yryl am no] - 4- oxo- 5- ( 2-
d;

nmet hyl - 2- (phenet hyl car banoyl - - but yryl am no] - 4- oxo- pent anoi ¢ aci d;

(S, S)-3-{3-Methyl -2-[(3-phenyl | car banoyl ) - net hyl ] -

but yryl am no} - 4- oxo-butyric acid;

3-{3- Met hyl - 2-[ ( 3- phenoxy- at_h

oxo-butyric acid; 15 éﬁ26

5-(7,7-D met hyl - 2- oxo- bi cycl of

{3-nmet hyl - 2-[ (2- phenoxy- et hyl car

pent anoi ¢ aci d;

3-[ 3- Met hyl - 2- (phenet hyl car banoyl - net hyl ) - but yryl am no] 4- oxo- 5-( 3-

phenyl - pr opyl sul éndithd phapraacestivally acoepicble 24lts thereof.

5-(7,7-Di met hyl - 2-oxq-bicyclal 2..2... 1] hept - 1- yl.met hanesul f onyl am no) - 3-

{3- et hyl - 2-[ (met hyl &bﬁé’ﬁ% W&F%%Qﬁ"—%%ﬂw ]-butyryl ani no }4-

oxopent anoisC acigl js hydrogen and : -

5-(7,7-D nmet hyl - 2- oxg- brcycl o[ 2. 2. 1] hept - 1- yl net hanesul f onyl am no) - 3-

{3-met hyl -2-]( 3-m?1isnmﬂz)ﬁ-mmd13d,ar banmoyl ) - met hyl ] - but yryl am no} 4- oxo- 25

pent anoi ¢ aci d; . .

3-{3- Met hyl - 2- [ ( 3- phetifi2)arsabspituted wdelsly| ) - net hyl ] - but yryl ani no} - 4-

0X0- 5-(2-0x0-2H-chro ﬁaﬁﬁﬁ% ent anoi ¢ aci d;

5-[3-(1H 1 m dazol qu&;h Ti -2-yl oxy] - 3-{3-net hyl - 2-[ (3- phenyl -

propyl car banmoyl ) - met hydgrssby m no} - 4- oxo- pent anoi ¢ acid; 30

5-(7,7-D nmet hyl - 2- oxo@?@?cﬁ%{%ﬂyg 1] hept - 1- yl et hanesul f onyl am no) - 3-

(2- hydr oxyiear banoyl ne{¢CH)xdetra@blyy,| - but yryl am no) 4- oxo- pent anoi ¢ aci d;
~(CHp)n-phenyl,

-(CHj)p-substituted phenyl,

wbanoyl ) ~nmet hyl ] - butyryl ani no) - 4-

hept - 1- yl met hanesul f onyl am no) - 3-
V1) -nmet hyl ] - butyryl am no} - 4- oxo-

-(CHy)qy-substituted benzimidazolyl,
-(CHj)p-benztriazolyl,
15 -(CHp)p-indazolyl,
" -(CHp)p-benzimidazolyl,
-(CHp)n-pyridyl,
~(CH2)n-naphthyl,
or -(CHp)-quinolinyl.
20 In a most preferred embodiment, the present invention provides the

compounds:
3-(2-Methyl-3-phenethylcarbamoyl-propionylamino)-4-oxo-5-(2-phenyl-
ethanesulfonylamino)-pentanoic acid;



-13- 5-(7,7-D met hyl - 2- oxo- bi cycl o[ 2. 2.

1] hept - 1- yl met hanesul f onyl am no) - 3-

(2-([2- (1H wolelssisy! ) - et hyl car banoyl ] - met hyl } - 3- net hyl - bugginydesrbsags no) - 4- o
X0- - - pent anoi ¢ aci d; : - -
5-(7,7-D met hyl - 2- oxo-bi cycl o[ 2. 2. 1] hepg- 1-yl net hanesul fonyl am no)-3- 5
{3-met hyl -2-[[3-(4-hydroxyphenyl ) - propyl car banoyl ] - net hyl ] - but yryl am no} - 4-
oxo- pent anoi ¢ aci d;3" -Carbamoylmﬂhyl-ﬁmsgwlrwmamq)yﬁ-mhdimﬂm-awbo[ 2.2, -

1] hept - 1- yl metg; 4lb f A3 e . el

(2-{[2- (1Hi eyt ?l?gfdhw%ag%ff’ ylaminp)foxo-pentanoic acids - 1 ani no) 4- oxo-
pentanoi ¢ aci d; 10 5«(7,7-Dimethyl-2-oxg.bicyclp[22 Aiheptyl-yimethaceslfonytiming)-2- :
e i e =

but yryl afi no) - 4- ox 3-(@eFarbamsybmetinyl3-methyl-butyrylamino)-4-oxo-5-(2-phenyl-
5-(7,7-D met hylg 2~ - hi ( .1_J].hept - 1- yl net hanesul f onyl am no) - 3-
(3- net hyl - 2-{[%%’%’% 'ﬂ#%ﬁ‘é’g‘?‘&%‘l‘& ) - et hyl car banoyl ] - et hyl }- 15
but yryl am no) - 4- ox 6-[ﬁMethyléﬂ-@ha[e'thylcarb'amoyl-methyl)-butyrylamino¥-4-oxo-5-(2- )
5-(7,7-D met hyl-2-0%0-bi gvch of.2..2. hept..| - yl met hanesul f onyl am no) - 3-
(2-{[ 2- (6-f 1 uGPEY m%ﬁgﬂhﬁ‘?@&%%B‘aﬁﬁ'&mw ] - met hyl } - 3- net hyl -

but yryl am no) - 4- ox 6-(3F-Diatethy bb'ayéld:z.z.l]hept-l-ylmethanesulfonylamino)-B-ﬁ -

5- (7, 7- D met hyl - 2-qxo:- bi cvel o[ 2. 2. 1] hept -1 -yl net h | f onyl ani no) - 3- 20
3 ot hiD- 2- ( PRI et ene g ey o isnng ey pratensiansioy | ) - ot hy! ) -

but yryl am no] - 4- ox ¢S, Sps-{3MeétByl2(3Lphenyl-propylcarbamoyl)-methyl]-
3-{2-[(2- Benz%gm' azpl - % él - etﬂ&%y bgngylpy-'net h(;/% r_ns_ ?'n]at hyl -
but yryl am no} - aming} PHBBC3%id: bi cycl o[ 2. 2.~ 1] hept - 1-

yl met hanesul f onyl aBi@3o\ethyloX[3 ﬁa{q&?&n@' 1@fYafhoytethyl]- ino}e=d-
5-(7,7-D net hyl - 2- oxfg- bietg'{/cl Eo([ .2.1] hept - 1- ylojrrrlz't ha gsmt%%yﬂ’%k“no) - 3-
(3-net hyl -2-{ [°Z°‘_("I§F‘Pé?‘1’§azol -5-yl)-ethyl car banoyl ] - met hyl } - but yryl ani no) - 4-
0x0- penenoi ¢ aci d's-(7,7-Dimethy1_-2-8xo-2icyc1§[2(27.1]&5&&1@&@%&%&1?&&91&&&59-0[ 2.2.

1] hept - 1- yl met hanesul f onyl am n

ox0- 3- { 2- [ ( 3- dRunsthyl3riiphengsy arbameximethyllbutyrylaminohdioxpent anoi ¢ aci d;
30

pentanoic ac:%l cvel o

5- (7, 7- Di met hyl - 2- oxo- £2. 2. 1] hept - 1- yl et hanesul f onyl ani no) - 3-

(2-{[2-(1- et hyl - 1Bf[$1hm;?l/-3=(p enethylogibemoylamethyl)-butytytanihoJodibxo-§4(3m no) - 4- 0xo0
- G . 3 A~ . .
_14- p%ﬂér@ﬂ-ﬂfofxy:_ a%waﬂ??qx%ﬁ;d, . :
[ 2- (1- n2® hyl - H i nd&47,3-Bimpthgkhrpke-hicheloi\2. 1 hept4iyylinethanesulfonylamino)-3-
but yryl am no) -4- | Lk .
3EJ [ g K/bt hyl - )2-{?°{ neig%‘?ﬁk'f‘élt“?ﬁ%%‘t%}ﬁﬁ??‘%kﬂeﬂwr‘}“%%"ﬁvr‘)"}‘éar banoyl } -
oxopentanoic acid; '
5-(7,7-Dimethyl-2-oxo-bicyclo[2.2.1]hept-1-ylmethanesulfonylamino)-3-
{3-methyl-2-[(3-phenyl-propylcarbamoyl)-methyl])-butyrylamino }-4-oxo-
25 pentanoic acid;

3-{3-Methyl-2-{(3-phenyl-propylcarbamoy!)-methyl}-butyrylamino }-4-
0x0-5-(2-ox0-2H-chromen-6-yloxy)-pentanoic acid,
5-[3-(1H-Imidazol-2-yl)—naphthalen—2-ylo:_:y]-3—{3-methyl-2-[(3-phenyl-
propylcarbamoyl)-methyl]-butyrylamino }-4-oxo-pentanoic acid;
30 . 5-(7,7-Dimethy!-2-oxo-bicyclo[2.2.1]hept-1-ylmethanesulfonylamino)-3-
(2-hydroxycarbamoylmethyl-3-methyl-butyrylamino)-4-oxo-pentanoic acid;



yl)-butyryl am no] - 4- oxo-butyric acid; 5

[ (2- Benzoi m dazol - 1-yl - et hyl car banoyl ) - net hyl ] - 3- net hyl -
ryl am no}&, gg futyric acid; PCT/US99/09463
, (-.Di met hyP— -oxo bi cycl o[ 2. 2. 1] hept - 1-yl met hanesul f-onyl am no) - 3~
(2-{[3 - (4-hydroxy-phenyl)-propyl car barmyli met hyl } - 3- et hyl - but yryl am no) -
4- oxo- pentanoi ¢ acid; 10 '} 7- Di met hyl - 2- oxo- bi cycl of 2. 2.
1]-hept - 1- yl net hanesuISf-(dﬂyIDmethyb)Z-@o-blcyclo[zz 1]hept-1-yimethanesulfonylamino)-3-
{3 et ! - 2- [ (24 Cebindoid 565eb¥) GRRRTRMhaee TR S B ) Ao~ ©0-
5-(7, 7-Di net hyl p%nﬁnﬁcbmc;ycl o[ 2. 2. 1] hept 1-yl met hanesul f onyl am no) 3-

o ot o nop Bl 2 b loRE T i SRR &7 575

1] hept - 1- y§ et h8{'3efﬁbth{dCﬂlﬁ{kQM?&bx@henyl)-pmpylcarbamoyl]-methyl]-butyrylammo}-4-
{3-methyl -2-[(3-pyridind-yl.-propyl carbanoyl)-nethyl ] -butyryl am no} 4- oxo-
pent anoj ¢ aci d; ©OXo-pentanoic acid;

5- (7, 7- Di net hyl - 2- oxcs.(qlmﬂaﬁﬁ-z%xum@&lo[iznpmf-haﬂﬁawnémh Meinike)-33- 20
{3-methyl -2-[(3-qui nol | n-2 %/ E)yl car banoyl ) - met hyl | but%ryl am no} 4- oxo-
pent anoi ¢ aci d; € {[2.(1H-mdol- 'Yl)'eﬂ!&' qarbamoy]rraethylj-3smethy-butyry ~490%01 ] hept - 1
-yl met hanesul fo’Béh

{3-methyl -2-[(3-n tha en aﬁ/ propyl car bano ;ZI] butyryl am no} 4-
oxo- pent ad®i ¢ aci d 25(7,7-Dimethyl-2-oxo-tic 010[22I3[| laming)-3- 2.

1] hept-1-yl neth
{]3- (rargt hyl yzm[e( 3- i('J’hckng 3F‘:ﬂbﬁéﬂ-?lﬁcngtr!%an%l&eshylcarbﬁmﬂl] B’Jt“?’r% am no} 4- oxo-

pent anoi ¢ aci d; butyrylammo)—4-oxo—penano§1¢pﬂldn met hyl - 2- oxo- bi cycl o[ 2. 2.

1] hept - 1- yl net hanesul .
3-{3-nethyl-2-[(2- nap%?ﬂabgﬁb@w %Y CIOszHtl)l %%xteﬁlg’ﬁsulgo:} §“r“§/‘f‘%?ﬁw no}- 30
4- oxo0- pent anoi ¢ @nﬂthyl-z-{[2-(7-methyl-lH-mcﬁl-BJyl)?etﬁ}lcnbdmdyl]Qmethyl-}b| cycl o[ 2.

1] hept - 1- yL net hapesul f an m no 3- (3-net hyl -2-{

[ 2- (7- et rthH -1H BH‘HM‘“’%“‘% 8R ‘wf%“&%yl ] - net hyl } -

but yryl am no) - 4- oxo- BT EDimethyl2-dko-bicyclo[2.2.1]hept-1-ylmethanesulfonylamino)-3-

7- Di met hyl -@- U7 €5-fpergdEhingol3-yisthylcasbamoyflamethyl ks am‘%WT ani no) -

5-(7,

3-(2-{[2-(6-fl um@ﬂ;ﬁmmg&mﬁbaﬁhcar banmoyl ] - et hyl } - 3- net hyl -
but yryl am no) - 4- oxo- pg{\t anoi ¢, acid
3-[ 3-
met

Met hyl - 2- ({net hyﬁ T HDmetindZropfo-bieyclq{2 3y kepy i yimgthanesutfonylamipg) 3y . 5

met h
3-{2-
buty
5-(7

hyl) - bapyryl api Rt (1-fmeth§l- BH-indol-3-yl)-ethyl)-carbamoyl }-methyl)-
3-(3-Met hyl - 2- {[met h% (g pf@#gx( P91 Shlindol 3 y1) sthyl)-carbamoyl)-methyl)
but yryl am no) - 4-B¥BY 4coxcnent anoxcacld

3- {2-[(2-Benzo:mzdazol- -yl-ethylcarbamoyl)-methyl]-3-methyl-
butyrylamino}-5-(7,7-dimethyl-2-oxo-bicyclof2.2.1]hept-1-
ylmethanesulfonylamino)-4-oxo-pentanoic acid;

25 5-(7,7-Dimethyl-2-oxo-bicyclo[2.2.1]hept-1-ylmethanesulfonylamino)-3-
(3-methyl-2-{[2-(1H-tetrazol-5-yl)-ethylcarbamoyl]-methyl }-butyrylamino)-4-
oxo-pentanoic acid;

5-(7,7-Dimethyl-2-oxo-bicyclo[2.2.1)hept-1-yimethanesulfonylamino)-4-
oxo-3-{2-[(3-phenyl-propylmrbarﬂoyl)—mﬂhyl]—butwylaMino}-pentanoic acid;

30 5-(7,7-Dimethyl-2-oxo-bicyclo[2.2.1]hept-1-ylmethanesulfonylamino)-3-
(2-{[2-(1-methyl-1H-indol-3-yi)-ethylcarbamoyl]-methyl}-butyrylamino)-4-oxo-
pentanoic acid;



2-{[2- (5, 6-D met hyl - benzoi m dazol - 1-yl ) - et hyl car banoyl | - net hyl } -
nmet hyl - but yryl am no) - 4- oxo-butyric acid, trifluoroacetate salt; 10
, 7- Di metvagbodshesycl o[ 2. 2. 1] hept - 1- yl net hanesul f onyl am peprIS99/09463
3-ret hyl - 2-[ ( 3- phenyl - pr opyl car bamoyl ) - met hyl ] - but yryl am no} 4- oxe=-
t anoi c acid; 5-(7, 7-Ijyet hyl -bicyclo[2.2. 1
pt-1-yl net hanesul fon é& _
2-{[ 2- (1Hi ndol - Mﬂbﬂﬂy{[ }-mfﬂ*d&rlﬂjhmlﬁwl}-etbyln@bmyllmﬂwlw amng)- 15°
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ent ano
2.1 (8ehzo1 m daS3y RIMAYL 2o HieHEIoRE 3 Jutel-Hitefhanespifpmypamino)-3-
yryl am no} {S‘m&hﬂ-ﬂ[(mpyﬁdihﬂyl@ﬂ@i&twgiﬂctﬂylﬂ-iﬁlﬁ@lmﬁno}3ﬂoxo-
met hanesul fonexl am nq),- 4- oxo- pent anoi ¢ aci d
(7, 7- Di met hyREBOJGaeifli oyl o[ 2. 2. 1] hept - 1- yI net hanesul f onyl ani no) -

3- (3-net hyl - 2- {[2 (51(7rvemm&hylﬁztdidnvlcy31orn 1Peptvi-gideRRRTN b nylRhiny)-3-

DT ) R e s yricmbemes el bptyrsdamino) 4-oxo-

1] hept - }5y| netfaanrgsvhéi@ny! am no) -
3-{3-nethyl - 2-T(2- pyri di n4-yl - et hyl car banmoyl ) - rrethyl] but yryl am no} 4- oxo-
pent anoi ¢ aci d: 5+(7,7-Dimethyl-2-oxo-bicyclof2.2. 1 Jhept-1-ylmethanesulfonylamino)-3-

3-(2-{[2-(5-A M@&-[(Mﬁd:ﬁ@l%ﬁﬂ%&%%ﬁﬁ%ﬁhﬁnﬁmyI 5

but yryl am no) - hyl - Z- 0xo-"bi cycl O[ 2
yl met hanesul fcnwﬂamwa@9 4- oxo pent anoi ¢ aci d;

g E:Z, Zre'?h?/?t hy{lé ? tetra -F?axa‘ﬁyb% Zﬁ]g&ét %Dhépjﬁﬁé&{fﬁw}l}'ﬂg&ﬁryl am no) -

4- oxo- p@At anoi -:aghyjd-['(.‘b-qmnolm-z-yl-propylcarbamoyl)-methyl]-butyrylannno}-4-oxo-
N4- (2-Benzoi m n‘:}cll et hyl)-N - (2-ethoxy-5-o0xo-tetrahydro-furan-
3-yl)-2-isopropyl-succi’nani de;

5-(7, 7-D1methyl—2—oxo-bwyclo[2 2.1}hept-1-ylmethanesulfonylamino)-3-

{3-methyl-2-[(3-naphthalen-2-yl-propylcarbamoyl)-methyl}-butyrylamino } -4-
oxo-pentanoic acid,;

25 5-(7,7-Dimethyl-2-oxo-bicyclo[2.2. 1]hept-1-yIlmethanesulfonylamino)-3-
{3-methyl-2-[(3-pyridin-3-yl-propylcarbamoyl)-methyi]-butyrylamino}-4-oxo-
pentanoic acid;

3
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3-
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5-
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4-
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3-
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yl

5-

-(7 7-Dimethyl-2-oxo-bicyclo[2.2.1]hept-1-ylmethanesulfonylamino)-
3- {3-methyl-z-r[(z-naphthalen-z-yl-ethylcarbamoyl)-methyl]-butyrylammo}-
30 4-oxo0-pentanoic acid;
5-(7,7-Dimethyl-2-oxo-bicyclo[2.2.1]hept-1-yimethanesulfonylamino)-
3-(3-methyl-2-{[2-(7-methyl-1H-indol-3-yl)-ethylcarbamoyl}-methyl}-
butyr;lflamino)-4-oxo-pentanoic acid; .



N err]-(2-Ethoxy-5-oxo-tetrahydro-furan-3-yl)-Nerr]-[2-(1Hindol-3-yl)-eth
yl]- 2-1sopropyl - succi nam de;

T[Serr] (2 Et k%%?’?%?%o tetrahydro-furan-3-yl)-2-isopropyl - Ndedriudediosses hyl -

. -yl )-ethyl]-succi nam de; -
N-[ 2- (5, 6 Di chl or o- benzoi m dazol -1 -yl)-gthyl]-Nerr]- (2 et hoxy- 5- oxo-
t et rahydro-furan-3-yl)-2-isopropyl - succi nami de;

N.err] - (2- Et hoxy- 5- 057, 7-Bimethyk2-oxé-bicaclo[2:2/1Thert-I-yimpthapssulfonildndinghenoxy -
thyl) - i L de; .

Norr]- (2 & E32’%f@.{yxégﬂwwamﬂe;-arﬂp-awy@mowmmzsawe.thyl-

NA- [ 2- ( 6- met hoX putityidniifi)-4-dxo-pent@iolydcid; succi nam de;

N err]-(2-Benzotriazgo

- (2- et hoxy- 5- oxo- tet?%@ﬂé‘ﬁ‘?@% o ‘]“ethY1311§1“3d°12'3|Y96?§¥“6}3§‘1’b’§?ﬂ¥& “nani de;
N[err] (2- ﬁhoxynﬁt@g%iﬁlﬁm@m%{MW) N err]-(2-indazol-1-yl-ethyl)-

2-i sopropyl -succi nam d

N[ err] - (2- Et hoxy- 5- o%@%@h%ﬁ%h?@h@%ﬂ@%bw@ﬂ;rmhyl}-

N4- ( 2- phenyl ani ihd): -E-Bﬁ&-b
N err]-(2-Ethoxy- -o% tetrah furan 3dyI)N[err {2 (6-fluoro-1Hindol -
c

3-yl)-ethyl]-2-isopr®3 I-1-yl)-ethy arbamoyl]~methyl}-

HEGIE £ e

-17- 10 5-(hfSimgthyl-bicyclo[2.2.1]hept-1-ylmethanesulfonylamino)-

20005 B ARl skl B -

N err]-(2-Et hoxpexﬁaxmmdcbt rahydro-furan-3-yl)-2-isopropyl-N4-[3-(3, 4, 5-

trimethoxy-phenyl) - pE-‘Zﬂ)i-'ﬂ&n%H&f biggdld [9% 1]hept-1-ylmethanesulfonylamino)-
3-(2-{[2-(1H-indol-3-yl)-ethylcarbamoyl]-methyl }-3-methyl-butyrylamino)-

15 4-oxo-pentanoic acid;

5-(7,7-Dimethyl-2-oxo0-bicyclo[2.2.1]hept-1-yimethanesulfonylamino)-
3-{3-methyl-2-[(3-pyridin-4-yl-propylcarbamoyl)-methyl}-butyrylamino}-4-oxo-
pentanoic acid;

5-(7,7-Dimethyl-2-oxo-bicyclo[2.2.1]hept-1-ylmethanesulfonylamino)-

20 3-{3-methyl-2-[(3-quinolin-2-yl-propylcarbamoyl)-methyl]-butyrylamino}-4-oxo-
pentanoic acid;

5-(7,7-Dimethyl-2-oxo0-bicyclo[2.2.1]hept-1-ylmethanesulfonylamino)-
3- {3-methyl-2-[(3—naphthalen-l-yl-propylcarbamoyl)-methyl]-butyrylamlno}—
4-oxo-pentanoic acid;

25 5-(7,7-Dimethyl-2-oxo-bicyclo[2.2.1]hept-1 -ylmethanesulfonylanuno)
3-{3-methyl-2-[(3-pyridin-3-yl-propylcarbamoyl)-methyl]-butyrylamino }-4-oxo-
pentanoic acid;

3-{2-[(2-Benzoimidazol-1-yl-ethylcarbamoyl)-methyl]-3-methyl-
butyrylamino }-5-(7,7-dimethyl-2-o0xo-bicyclo[2.2.1]hept-1-

30 yimethanesulfonylamino)-4-oxo-pentanoic acid;

$-(7,7-Dimethyl-2-oxo-bicyclo[2.2.1]hept-1 -ylmethanesulfonylannno)—
3-(3-methyl-2-{[2-(1-methyl-1H—1ndol—3-yl)-ethylcarbamoyl]-methyl}-
butyrylamino)-4-oxo-pentanoic acid;



5
Nl - ( 2- Et hoxy- 5- oxo-tetrahydro-furan-3-yl)-2-isopropyl -N4-[2-(phenyl) -
et hyl ] - succiwessisehas N err] PCT/US99/09463

- (2- Et hoxy- 5- oxo-t et rahydr o-f ur an- 3-yl )- 2-isopropyl - N4-{ 4(phenyl ) - -~
but yl ] - succi nam de;

Nl err]-(2-Ethoxy-5,0x0-tetrahydro- furan 3]{ (2-indol -1-yl-ethyl)- 10
2-i sopropyl - succ | Az A/ Jlimethyl-2-oxo-bicyclo[2.2.1 ept— -ylmethanesulfonylannno)— )
Nerr ] (2 Bt Nauts- ey (6lps ANt f-dtichoaiofh i dr FORG BRI} bio.(Pheny! ) -
N err]-(2- Ethm‘}tﬂ@l@@ﬂ,tetrahydro furan-3-yl)-MN4-[2-(5-fluoro-1Hi ndol -

31201 (2 Benzoi m dRSaRAAL fss hﬁ""ﬂ% b ttylcasbamoptmethyl)-fomethyl-
but yryl ai no} bmmla;mne}?( , l-2-oxo-blcyclo[22 1]hept-1-
3- (13- Met hyl - Xi“[‘%%ag‘% u?%ﬁﬁﬂnn% -oQg-%entano\{l )mft hyl car banoyl ] - net hyl } -

but yryl am no)
3-(2-{[2- (5- Fl uor o847, V@linylhyﬂﬂoxmﬂmyelqm Nhept-yyimehirstlonyladiid)y | } - 20

3- net hyl - but t

3- ?2 {f/z (E 53 e n?‘é @%@g‘%@%ﬁ)‘f&yﬁ?’bw@l -ethyLhsgrrylamino)y | ) -

3- net hyl - buty|45dxa+]lemm)mdaai)d§o butyric acid,

3-(2-{[{2 Benzoi m dgzol - -et hyl) - net hyi car banoyl ] - met hyl } -

3- et hy}Q but yryl andV W@aﬂl‘rlr)d-eﬁwi)dq {2 ethoxy-5-oxo-tetrahydro-furan-

but yr y1 an no) 12 aepriepTsediatee 2 baroyl ) ety ]S ety

2 {2- [E) 2t | ndazol - éNyJ(zmHoxwwmamyamfmﬁ?;{sul)-&%[m(mlm&%wl)vétﬁ,rn -noj} -
oxo- butyric,aci

[ 2-(5, 6- DlerEt ﬁﬁq’m‘zﬁcﬁf‘%@& 1-yl)-ethyl]- et hyI car banoyl }- 30
t hyl) - 3- net hyl 1.¥4 t

?[2{{%2 (erI\/E%/hbeN 'anm azo't&iiﬁ?;% f}f{ h% ﬁ?ﬁéﬂﬁﬂ%’é‘?‘%&%&f‘f‘“”"
met hyl )153- et BitindnkSyyl)ethyll-suskisamide; but yri ¢ aci d;

-18-

3-(3-nethyl - 2-{[ 3- R"i*[%r(%ﬁ'ﬂ“i%?ﬂswﬂﬁﬁéﬁw J&rﬁwl-kléﬂ%-&%w Fomet hyl } -
but yryl am no) tefraliytifo-Ritin/3yD)-2818bptopyl-succinamide;
3-{3-Methyl - 2-[ (2- phenoxy et hyl carbanoyl ) - net hyl ] - but yryl am no} -

4-oxo-butyric aci dNE{2vthomesexp-tettahydro-furan-3-yl)-2-isopropyl-N4-(2-phenoxy-

3- Cyano- 3- {3- &2 glaln{d% phenoxy- et hyl car banoyl ) - met hyl ] -
but yryl am no}-propi e Sti d et hyl ester; and

20 Nl-(2-Ethoxy-5-oxo—tetrahydro-ﬁ:ran—3-yl)—2-1sopropyl—
N4.[2-(6-methoxy-1H-indol-3-yl)-ethyl]-succinamide;
N4-(2-Benzotriazol-1-yl-ethy!)-N1.(2-ethoxy-5-oxo-tetrahydro-furan-
3-yl)-2-isopropyl-succinamide;
Nl-(2-Ethoxy-5—oxo—tetrahydro-ﬁ1ran-3-yl)-N4-(2-mdazol- 1-yl-ethyl)-
25 2-isopropyl-succinamide;
N1 -(2-Ethoxy-S-oxo-tetrahydro—ﬁ1ran—3 -yl)-2-1sopropyl-
N4-(2-phenylammo-ethyl)—succmamlde .
Nl-(2-Ethoxy-5-oxo-tetrahydro-ﬁxran-3_-yl)-N4-[2-(6-ﬂuoro- 1H-indol-
3-yl)-ethyl}-2-isopropyl-succinamide;
30 N1-(2-Ethoxy-5-oxo-tetrahydro-ﬁxran-3-yl)-N4-[2-(7-ﬁ1ethyl-lH—indol—
3-yl)-ethyl]-2-isopropyl-succinamide;



3- Cyano- 3- { 3-met hyl - 2- [ (2- phenoxy- et hyl car banmoyl ) - met hyl ] -

but yryl am no} - propi oni ¢ aci d. : Al 'so provided is a

phar maceut i cg*, g&gg.)&Sl tion that conprises a conpound 10 pCTQSS9drdaesul a | .
Al so provided rs"a nethod of treating or- preventing stroke, the method—
conprising admnistering to a patient hayl.,[\g, havi ng had, or at risk of

having a stroke a therapeutically effective anmount of a conpound
of Fornula I. N1 (2-ethoxy-5-of$t§l?a}\95fb\lﬁxﬁkﬁcb-y1§~2§ W“qb -2ty NG
inflammatory diseases, the method 15 _ conprising administering to a
patient having W‘Plﬁﬁa&?hlaiﬂé‘le?‘yﬂr%‘%%@“&e t herapeutically effective

anmount of a Corrpougékpg etrahydro-fisran-3- ?-Z-Isolppoﬁlﬂneté?ﬁ L&d

enbodi nent of the reakl ng seases, the

i nfl anmat ory di Mxy¢heﬂy®)bpmpyl]-shcninhimdetl s or inflamatory bowel

di sease. 20 1 Al so provided is a nethod oftreat4| n septlc shock,

t he net hod conpri si iy -(2-Ethoxy-5-oxgrietrahydrorfiirag-3-y)-3-isppronyiN 't &P Yheptic

shock a t herape LECti ve anpunt of a corrpound of Formul a
%l?%%%aﬁﬁ%V| ded is a method of treating reperfusion

| n jury, the nethod NI.(2-EthoxgSsbitetrahgdcitanisyipLiisgrépyl-N4{ai(pleayl)havi ng

reperfusion i nJM a thera eutlcal ly 25 - effective anount of a

conpound of For -s||1ccmam1 Al so provided is a nmethod of

treating Al zhei ner i aT\NAC gﬂg,gm ni stering
to a patient havi ngslg\l ;%EI et ' seagé?‘%‘ﬁmm-3 y)-N C@@é‘ggeﬁ

ef fecti velOarmunB-lmi:r@ybmpnmnde,of Formula I. Al so provi ded
is a nmethod of treatlf_? shi gel | osis, the pethod cqnpris

30
adninistering to a oR¥TORg-tetFalydiorymns- W2 I?IquéT(PWBT ective

anount of pmpy@smﬁmd of Formula I.
-19- Al'so provided is a method of treating nultiple
sclerosis, the net haNl-(2-Ethoxy-5-oxorptrahyirogfurard-yi)- iRt (S dlubm-HHibadol-ent  havi ng

multiple sclero t apeuti cal.l effective anount of a
conpound of For%ﬂﬁ‘aetalﬁ%lfl 450 l'°pyl's“"""“a/"“de’Al so provided is a nethod of

i nhibiting i nt'erl euk:%-mz-u[zeam]zommer-lJynehﬂuﬂmoyl)-ﬁethyn-st.inetmet hod
conpri sing adm to a patient in need of interleukin-1[err]
converting enzy ‘B‘? gxe-hutyrie %eut ically effective anount of a

(E)E gpcg :J g'(lj' I Céf\l o THE | N\/ENTI &%21{[2-(1-methyl-lH-mdol-B-yl) -ethylcarbamd]LMeihi)-
. butyrylamino)-4-oxo-butyric acid;
3-(2-{[2-(5-Fluoro-1-methyl-1H-indo}-3-yl)-ethylcarbamoyl]-methyl} -
20 3-methyl-butyrylamino)-4-oxo-butyric acid;
3-(2-{[2-(5,6-Dichioro-benzoimidazol-1-yl)-ethylcarbamoyl}-methyl }-
3-methyl-butyrylamino)-4-oxo-butyric acid;
 3-(2-{[(2-Benzoimidazol-1-yl-ethyl)-methyl-carbamoyl}-methyl }-
3-methyl-butyrylamino)-4-oxo-butyric acid;
25 3-{2-[(2-Benzotriazol-1-yl-ethylcarbamoyl)-methyl]-3-methy]l-
butyrylamino}-4-oxo-butyric acid;
3-{2-[(2-Indazol-1 -yl-ethylcarbamoyl)-methyl]—3-methyl-butyrylammo}-
4-oxo-butyric acid;
3-[2-({[2-(5,6-Dimethyl-benzoimidazol-1-yl)-ethyl]-methylcarbamoyl } -
30 methyl)-3-methyl-butyrylamino}4-oxo-butyric acid;
3-[2-({[2-(2-Methyl-benzoimidazol-1-yl)-ethyl]-methylcarbamoyl }-
methyl)-3-methyl-butyrylamino}4-oxo-butyric acid;



The term "al kyl" neans a straight or branched chai n hydrocarbon. 10
Represent ati ve exanpl es of al kyl groups are nethyl, ethyl, propyl,
i sopropyl, woo9rser6s | sobutyl, butyl, tert-butyl, sec-butylpciesddrydsss and

hexyl - Preferred alkyls are CJerr]-C6 al kyl - ---The
term "al koxy" means an al kyI group attagped to an oxygen atom
Representati ve exa rou s include nethoxy, ethoxy,
tert-butoxy, 15 Jﬂ yrPheny)-propylcarbamoyl]-nrethyl )} er m

"hal ogen" i ncl aﬁmop.mdig,buﬁ,lﬁéq&une brom ne, and i odine.
The term "al kenyl ™ neans a branched or straight chai n hydrocarbon

havi ng one or nor e 3cBrMstyk2d @mhenxytathylesshamoyl)-methyl)-butyrylamino}fhe ter m
"al kynyl " rreanﬁo,&,.m@{mﬁ;gtwl e&g,r ai ght chai n hydrocarbon 20 havi ng one
or nore car bon-carbon tripl e bond The term "aryl" means.an

ar omat i c>hydr ocar bérPYﬂR@-ér{és@ﬁbﬂtZ-K&pbmmreﬁwlcarbmoyl) -medtyllar y| gr oups

i ncl ude phenylpuaRfafib o id ethvi The term "heteroatont includes
oxygen, nrtroge?lﬁﬁand ZJSP?H‘ nic acid ethyl ester; and The term "heteroaryl"” means

an aryl group wher 8i¢yaper3- Brmﬁbylél-[(&-rpbmxsl-&thylcarbamyrh)MetHyﬂe aromati c
hydr ocar bon h h a heteroatom Exanples of
heteroaryl ra gpﬁs | ni@@?&ﬁb&& are not limted to, pyridyl, imdazolyl,

pyrrolyl, Alherp!ovxddazabydrmacanhcaiz:ohpbmdmhit%mpﬂfwh%mpmﬂﬂazoI yl,
t hi enyl fur yl u?w pyri mdinyl, pyridazinyl, indolyl,
qur nol yI napr?ph:yrr Ayl , and isoxazolyl. The term
"cycl oal kyl " means Alsoqyovided 1k1ydreﬂmdrobﬁ'&tm5>oﬁmb&ﬁr ?Etr@& the mefhitdl oal kyl
| ud | | ob t I en and c cl,ohexyl .
R L T T hgid or s’ Ficvicgs ™ The

term "patient strﬁh@dl&er&béuttéﬂly@e&ﬂelﬁiwﬂﬂ ofa d&HﬁBﬂﬁi of FoAmRA £S Of

patients include h ﬁ‘gﬁwfsi cats, ,goats, sheep, and pigs.
The term "substitu sg REtrepting i Qry disgases thermethethe or nor e
5 srbstrtcumﬁﬁﬁngammeﬁﬁg)f&pﬁah% %a@mﬁ{a&i}f ggans a cycl ohexyl
radi cal that % one or nPre substituents.” Substituents include,
but are not | ithAransptiGally eseqtive amount of a ggmpound ofjFormula 1. '
[err] In a preferred embodiment of the method of treating inflammatory

diseases, the inflammatory disease is rheumatoid arthritis or inflammatory bowe!

disease,

20 Also provided is a method of treating septic shock, the method comprising

administering to a patient having septic shock a therapeutically effective amount
of a compound of Formula 1. .
Also provided is a method of treating reperfusion injury, the method
comprising administering to a patient having reperfusion injury a therapeutically
25 effective amount of a compound of Formula 1.
Also provided is a method of treating Alzheimer’s disease, the method
comprising administering to a patient having Alzheimer’s disease a
therapeutically effective amount of a compound of Formula 1.
Also provided is a method of treating shigellosis, the method comprising
30 administering to a patient having shigellosis a therapeutically effective amount of
a compound of Formula I.



alkyl, -OJerr]-Cerr] alkyl, and -OH Particularly preferred substituents
I ncl ude, but are not limted to o 0

[err] 20 YVB%%J I kyI , brom ne, fluorine, and chlorine. pcTrus99/09463

The term "cycl'o enyr" means a cycl oal kyl group having at |east one ---
car bon-carbon doubl e bond. Exanples of cyglgoal kenyl groups include

cycl opent ene, cycl obutene, and cycl ohexene. The term

"heterocycle" or " het!ﬁﬁ@p&oﬂd@éiﬂ@mﬁm@mﬂ&wkméﬂ%ﬁo% thspnmd )
wh | f
one i1 oneor o Gl Yok o ARSI il SRS AP <5

and pigﬁcﬁm‘aryduntofacompoundofFonnulaIThe conpounds of Formula | can
be admi nistered to a patient, e.ther OfLE: oo oo o or,as ar.t of a

phar maceutical |y acceptaBi® e‘dfgﬂfpao‘?ﬂ’f’%ﬂ ‘“‘f‘hﬁ'“&dﬁﬁ‘&%’ﬁ‘\‘yﬂg" g &E2e,

adnmi ni stergd to gkietHdd compfising adhiniesting 264 piithi W nse®bf ilRfledkiip V.

rectally, parent er al (int ravenousl y. intranmuscul arly, or

subcut aneousl| y) , conierting paay@eriph g on a therapeutical ffptawagmnamtmfacompound of

i nt raperitoneal I Bﬂtlr avesically, locally (powders oi ntments, or

drops), or as a ucca or nasal spray.

-21- Conpositions suitable for parenteral injection my
conpri se physi ol ogi cal |y acceptabl e steril e aqueous or nonagueous
sol utions, dispersions, DETAILEDSDESCRETION OF THRINVENEIONAND sterile
powders for reconstitution into sterile I nj ectabl e sol utions or

di spersions. Exanpl es of suitable aqueous and nonaqueous 5 carriers,

di luents, sol vents, dFhetetm tdllgd” hnui&mai@tmrbrmhécbﬂminhmmcﬂbbn

(propylene ycol ol vet.hyl ene cerol the | ike i tabl e

m Xt ur es fo M‘E}ngﬁg‘éﬂ gﬁ’ﬁ%‘ky ]oqu‘Xps ‘relé’%lr f%’p B’H'd

i nj ect abl e or ganisehueyl} Gty mmﬁntﬁ,ssec-butyl pemyl;hhyhexyl Préferredutiopiedre 0)uCgli ty
can be maintained, for exanple, by the use of a coating such as

| ecithin, by theall\mh nt enance of the required particle size in the 10

case of di spersions oYk 1B “iko ﬂlegﬂsﬁl%l{}@%}o%gta&achedtoanoxygenatom These

conposi tions nmay al so contain uvants preservi ng
wetting, emul sifRepresentative dnaswlmof alfoxgonps indhudemethoxyn ethbxy, best-Busoxyon of

agents, rofs - HopdB, G, S0 0 Rl or obut anol . ahenol . soric aci d
and the like. It nay THhesernbthaldgen” includesochlorimk) fludrine, tramingcandsadimni ¢ agent s,
for exanple, sugars, fl(l)eqi um‘aﬁﬁI ”Imeahsa ran;[:hhe% or straight chain hydrocarbon
having one or more carbon-carbon double bond. _
The term “alkynyl” means a branched or straight chain hydrocarbon

20 having one or more carbon-carbon triple bond.

The term “aryl” means an aromatic hydrocarbon. Representative examples
of afyl groups include phenyl and naphthyl.
The term “heteroatom” includes oxygen, nitrogen, and sulfur.
The term “heieroaryl” means an aryl group wherein one or more carbon
25 atom of the aromatic hydrocarbon has been replaced with a heteroatom. Examples
of heteroaryl radicals include, but are not limited to, pyridyl, imidazolyl, pyrrolyl,
benzimidazolyl, tetrazolyl, benzotriazolyl, indazolyl, thienyl, furyl, pyranyl,
pyrimidinyl, pyridazinyl, indolyl, quinolyl, naphthyridinyl, and isoxazolyl.
The term “cycloalkyl” means a cyclic hydrocarbon. Examples of
30 cycloalkyl groups include cyclopropyl, cyclobutyl, cyclopentyl, and cyclohexyl.



| i ke. Prol onged absorption of the injectabl e pharmaceutical formcan be

br ought about by the use of agents del ayi ng absorption, for

exanpl e, al wo 95875 nonost earate and gel ati n. PCT/US99/09463  Sol i d
dosage forns for oral administration include capsules, tablets, pilks, 20
powders, and granules. In such solid doggge fornms, the active conpound is
adm xed with at |east one_ inert custonmary excipient (or carrier) such as

sodi um c The synabab " aneans & bend. phosphat e or, (a) fillers-
or extenders, as f ARt Shéh : : KRG se,
mannitol, and sili glh?: acimg;&lz.lS ' gaf%‘ﬁ’“‘l‘ﬁg'?"n ers, asg?%‘?m ix"agrgnpal e,
car boxynet hy| cetients inchude krmags,xows, dogs|catsi goats, sheep, and pigs.

POV 1 DY o1 SO R e B b opmic el s UL > 2°
exanpl e, Sagér mwmmbéﬁarim}dambbnﬁaud cypbﬂlwtyd)meansacyclohexylradical that t api oca

car bonat o; 1 88 St bl Sl bel e B oy RS Bl 1 1,

(1) absorption accelerators, as for €anple, quateQnary amoni um

conpounds; i 1 -22-
(9) wet t i ng -@BprasCy alkyl «CN,eCHENG,, -COCH HCahlkFNNHCOO§-Oy afiga)r ol

nonost ear at e; (h) adsorbents, as for exanple, kaolin and

bent oni 4@¢; an® (i) | ubricants, as for exanple, talc, calcium
Sstearate, magrﬂesi um stearate, solid pol yet hyl ene gl ycol s,

sodi um | auryl GGi-Eqalkyl, SVHzi-Qtpheryd, NHC 6} alkyh -N(Qy -Calkyl), -SC1-Cg case of
capsul es, tablets, and pills, .the dosage forms may al so comprise

buf f eri ng ageﬁﬁ?{i '061'%8 alkyl, and - HIa"B?JﬁFB’ Rrefierred substinentyinclyde; bt arer ¢ ype
may al so be enpleyedias fillers in soft and hard-filled gelatin
capsul es using SUCh exci pients as |actose or m |k sugar as wel |
as hi ghisml ecul ar wei ght pol yet hyl enegl ycol s, an@ the like. 10

Solid dosage forns such as tablets, dragees, capfules, pills, and granul es
can be prepar ¢eit-butylhmethyl, -OH s-NHy) -SCH3,|-EN, s0CH3,a6067+Ey alkylcoat i ngs and

ot hers wel | - - known in the art. They may contai n opacifying
agents, and can so be of such conposition that they rel ease the
active conpound @r conpounds in a _certain part of the intestinal
tract i A%a delNHEQCrlamualkyl, broming Auorise, %ﬂﬁ‘tfgh’aFﬁg conposi tions 15 :

(@]

whi ch can be used e, pol. rj,C_Ssbst ances d, waxes. . The active conpounds
can also be in m c%‘f eHe é’gﬁﬂ‘g‘ﬁ f5PRR 2 WF‘°§‘3}S‘&SB‘PRE€&VE‘,8 Q?Ffﬂ %Bfe or nore
of t he carbaip-catBernduubledioad] Bxamples efi¢yRloalkenyl groupsinclude  Li qui d dosage
forms for oral e}dm' QeinSt rét‘i&ﬁn i ncl uglg har maceutical ly accept abl e
emul si ons, sol Y PRIAETS SHEPBITICHE, P%ggg’- and elixirs. In addition to the
The term “heterocycle” or “heterocycloalkyl” means a cycloalkyl group
25 wherein one or more carbon atom is replaced with a heteroatom. Examples of
heterocycles include, but are not limited to, pyrrolidinyl, piperidinyl, and
piperazinyl. o
The compounds of Formula I can be administered to a patient either alone
or as part of a pharmaceutically acceptable composition. The compositions can be
30 administered to patients such as humans and animals either orally, rectally,
parenterally (intravenously, intrainuscularly, or subcutaneously), intracisternally,
intravaginally, intraperitoneally, intravesically, locally (powders, ointments, or
drops), or as a buccal or nasal spray.



20 active conpounds, the |iquid dosage forms nmay contain inert
di l uents conmonly used in the art, such as water or other

sol vents, sol yBiobkgrk'd agents and emul sifiers, as FeusdNesEd €,
et hyl .al cohol i sopropyl al cohol, ethyl car bonate et hyl acetate, -

benzyl alcohol benzyl benzoate, propylengglycol, 1,3-butyleneglycol,
di net hyl formam' de, oils, in particular, co tonseed oil, groundnut oil, corn
germ 25 oil, oComposmdns smwlaﬁorparbmexahmesmmmy mmpnsgl ycerol ,

t et rahydrof ur f ur 0 et hyl ene ty acid
esters of sorbi Pﬁ#"g? Fﬁq@t%"?e@gbgf“ﬁ%%@%oys or n\émq“e%us ﬁéﬁgﬁ%seggg %gﬁﬁ' he |ike.
Besi des such i ngaspenkidns@ntmulsiohs andmpﬁlsmbwda'smrteahsﬁnmmhtmerﬂdj uvants,
such as wetti ngn% e%tl&]I enmul Sléfé’ rﬁxa%ﬁgser} %leaa%gggus“g‘zﬁ/?e}gtﬂg&bﬁg,
flavori ng, eé‘g%’ﬁ S, in
addition t® t he caxeiets,vammpsbmd&, or@Hicled iichide wates Dethabl) golyols agents,

S3a 0 T aropptsubsn nclyBRencalvoe b ebyEthpid 18 T, PubleSRATY num

met ahydr oxi de, thereof; Fethﬂ@bﬂﬂ(sh&nasﬁﬂi@éoﬂﬁﬁﬁdﬁj&étabf Q&nﬁﬁs{ksﬁ%hﬁs xtures of
t hese subst ances, and 05|t|ons for rectal

admi ni strations eﬁW@‘Bﬂ&f%’%@‘%ﬁ%@?Wtwdmwmﬂ% by theusg 8f2 he pr epar ed
by m xing the C%E@il}ig RKfedithin, Bgﬁfe(?ﬁﬂmthﬁh\ﬁ@@&f RO reffufr&i %%'ﬁélé‘gk@mtﬁe

non-irritating ients or carriers such as cocoa
pol yet hyl #hegl ysase of dispersions and by theuge s surfastaptsnax , V\:hl ch are solid at

ordinary tenperat Ure%&%%bh&ﬁ&S%a bi\dontain adju vgﬁ%%ﬁég}%g‘nd

therefore, nelt in the rectumor va |naI cavi t
active corrponentwettmg, emulsifying, and dispensing @génss. Pseventiont of phecaxtiomdfri ni strati on

of a compound of_. prays,
and i nhal ants. ﬂ"u (,gtm‘?}%égg%drrb%(r)]eﬁen db%VMLgﬂ%a&eﬁﬁ Qg&l ’g%‘!\g%?’é‘r ‘?
conditions with eaamjsly,spadbe@, cldbtobutands cpitendil mrhaamd,ea:xdalmmmn may also be
preservatiyes, buf.f r.opel | ants be req t ha

for mul at i 3%5 Jf‘? 'Bﬂﬁstf’r&?i“é’g s;ﬁ’g?mce ’a‘ﬁ’de’?ﬂ% F@% H‘L‘Jetrﬁﬁl at ed
as ds of be Ih Nike Vlrbhhgbdtdbeorpﬁ&mf the injebtablel mmbmi&' al féfm can be brought The
conmpounds of the se in entlo can e a i ster .a patient at
dosage | evel s H?bg‘ﬁz’yrtgﬁfb‘é g?’”&ﬁ leyimg ¢ i%ptéﬂog’{ %“h’é“ day. For a
nor mal ﬂmmauaauhagam ng ‘a body wei ght of about 70 kg, a dosage
I n the range of about to about 100 ng/ kg of bod}/ wej, ght per

day is preferable. TRelid@esags f"Emﬂf%& administration iglude Capgiies, tablets; Bills, oy
For exanpbe, thq,o%aa,g@.d@eﬂmﬁsuﬁ@@bh%wd&agbwrﬁs%e &five comp ouin@4 OF S

I ncl udi ng the rea uirements of the patient, the severity of the condition

bei ng treated, M@Mlmpagrt@astoawearpwnbﬁormeraévﬁbcﬂaﬁ@dml ng used.

The det&%&%&aﬁ@uﬁihﬁsﬁ%ﬂm dosages for a particular patient is
wel | - known to those inthe art. The terns

phar maceut i cal | ya)acc fifletsior extenderss as for example, swarchies lactosel speross; glggose
~ mannitol, and silicic acid;

25 (b)  binders, as for example, carboxymethylcellulose, alignates, gelatin,
polyvinylpyrrolidone, sucrose, and acacia;
(c)  humectants, as for example, glycerol;
(d)  disintegrating agents, as for example, agar-agar, calcium carbonate, potato
or tapioca starch, alginic acid, certain complex silicates, and sodium
30 carbonate; '
(e) solution retarders, as for example paraffin;
® absorption accelerators, as for example, quaternary ammonium
compounds;



25 as used herein refers to those carboxylate salts, am no acid
addition salts, esters, am des, and prodrugs of the conpounds of

the present wdyagtgsOn Which are within t he scope pdrsovpsisiredi cal
j udgerent, suitable for use in contact -with the tissues- of -~

patients w thout undue toxicity, irritakhon, allergic response, and the
i ke, comrensurate with a reasonabl e benefit/risk ratio, and
effective for (ghel rwettingagants, a8 dor example, getyl amhohaﬂﬁgbwemhmoummml oni ¢

forms, where p Fﬁqﬁ i nvention. The term
"salts" refers o QH Ql?sé%l ve ?élfl?g()%l ?"B:%g%t?%%n?%d and organic

acid addition @l tslulufcamams&lmtsnﬂﬁ, mqumMawnmegnesmmsteIMQ@lgal ts can .
be P 22" lyefhyfehd yBblh Bt fuclt ithee] & Hilhred et Rifd 11 0211 0N

of t he conpounds or

- 24- 5 sepaawtaficapsnies tatilets) and pills, the dosage foempmayalse comprisef r ee base
formw th a suitable organic or inorganic acid and isolating the
salt thus forned. QSB’%’L%%P‘A‘P. ve salts i ncl ude the hydrobrom de,
hydrochl ori de, sul fSelid cothpcsitiohsbfa smilhtrtgpemaﬁﬂﬁéﬁéanployedasﬁllers iwxal ate,

val erate, ol eat St ear | aurate, .borate, benzgate, | actate,
5 phosp I‘F‘&ﬁ@“gsﬂ? ﬁ'@@ gelatin %s usjpg such excipients-as laciose opmalk sugas
tartrate, naphdstwelakhigh molecularweiﬁﬁsydlyétmleﬁglyeab%a gHeaike, | act obi onate, and

Iaurylsulphonate sal and e These may include cations
based of% he al kal % ii%ﬂ“&%é’ﬁ‘ﬁ@m@&? tabletss dragees, @staﬁus, and granules sodi um

lithium pot a&ahu@pmsﬂb&wmmgaﬁﬁﬂms,m&%eﬁd&% FeelfONt OXi C
anmoni um quat ernary _anmonl um and amnmi ne cations i ncl udi ng ut not limted

10 to ammwn%waﬂwmmwwﬁmmﬂm bof such hyl am ne,
di met hyl ani ne,cohfpbaﬁ&mhﬁﬂamxeage&h@&éﬁ% é%ﬁﬂ%rnd 8F Qofhdlihdlin 8 06rtdidl fart | <©

(See, for exanpl €, Berge S. maceutl ca I ts,
Pharm Sc:. 19fthedptestinabtract ina delayed ﬂmmlftﬂrﬁmphswﬁmpbeddhlgctomponumsby

referengs.) table _
nont oxi 2 estervgm% taﬁgefgduep%%}ﬁr?p%ﬁ%%éceEME sgllfr}l’\t/’éakl on fide
Cerr]-Cé6 al kyqaﬂebvb?mm&mcwwh@d@mllfmmpaﬂesmthoneormoreat‘thera| ght or

branched chai ng, WPLSTG dfed S al so include Clerr]-C7 cycloallkyl
esters as vveII as ar esters such as, but not limted to, benzyl.

Clerr]-C4 alkyl anuxd dosagesﬁ)ansfoaoel phmhstmem nn&mdemhammbeuﬂceﬂ;corrpounds of *
et hods. 20  eeblabbaiorsoluions, supeliGBb RS REiEY, T iRy B 'nSR?in ¢
ani des @0 the active compounds;the llquid dodage furms mayeattmnlilxuﬁ“dihmcmdﬂy derived .
Erom 8o & o, g o ok i S SRURBEELY 0 o
branched chai msfdrmxidqﬂe,mﬂ%abﬁhdemmbgﬂylcdml regtfy] cdrbénateTeth§l acetate, may
P trogen at omPeHH Hediehdemyl Berpuf ERITIFRYod L PYTSeGr e pr I‘?m?Cea?nSnes
and dimethylformamide, oils, in particular, cottonseed oil, groundnut oil, corn germ
25 oil, olive oil, castor oil, and sesame oil, glycerol, tetrahydrofurfuryl alcohol,
polyethyleneglycols, and fatty acid esters of sorbitan or mixtures of these
substances, and the like.
Besides such inert diluents, the composition can also include adjuvants,
such as wetting agents, emulsifying and suspending agents, sweetening, ﬂavoring,
30 and perfuming agents.
Suspensions, in addition to the active compounds, may contain suspending

agents, as for example, ethoxylated isostearyl alcohols, polyoxyethylene sorbitol



Cerr]-C2 dial kyl secondary ami nes, are preferred. Am des of the conpounds

of the i nvention may be prepared according to conventional
net hods. WO 165 The term "prodrug” refers to compopfksobieubs ar €
rapidly. trans in vivo to yield the parent conpound of the

above formul ae, for exanple, by 30 Qg/drol ysis in blood. A thorough
di scussion is provided in Hi guchi T. and ™" Stella V., "Pro-drugs as

Novel Delivery w8 kéibian estésd, midoaistillife &llGloSe, aluminum metdhytfpakieym Seri es,
and in Bioreversible Carriers i,n Drug; Desig

, .. Ed d B. .
e ot s A 1288 A AT, o R 8 s PDBAnCER B b il

Press, 1987, both of Compositions foFe6ial sinfinistiaidvhi e PréFerabl§ sBppdsitories Mhighence.
In addition, the conpounds, of .the present in %t ion ¢an exist in unsolvated

as wel | as sol vaeebe prspared by mixingthe camponnds af the present snveption with s4itable such as
water, S g ohlifitting eRGfieh3d®r Ez%xﬁ&s shdh 320&Jatuttel PolystaiIRdeRitof, 8F 45 are

consi dered equivalent to . 1e unsol vated foris™for the ggrposes of
the present i nvenppasitory wax, which are solid at ordipery sempsoatares busliquidat hpds ent

I nvention can e)&kzﬁé’erhﬂre%ﬁ,ftﬁ&‘éﬁ}e{ melt indﬁre&&x%?%aﬂﬂ%}i afnﬁ"rél@as@&ev' rtue of
t he presence of asymetric centers 1n the conmpounds; 1.e., each
asymmet ri ¢ car bastiveconmpanentei t her the R or S configuration. It is

10
contenpl ated that al QI ' A t . %i as
m xtures thereof, i n?°§%ﬁeﬂr¥§8¢§§g§ic°&ré‘ﬁ‘ﬁg%§{,°“£§%Sﬁg‘?ﬁ‘uo%??‘}%?‘? FRvent i on.
The conpoqods ofinélinde ginterats} pawdees)sprays, andanlsadants) The ectivé compeneptisi ent i n

need of ICE inhihitiqgn. In neral. patjents.i.n.need of | I nhi bition are
Chose ot o oot Hith § Bhosit RiPATD arcaprabl i ey oy o o
rol e. Exanpl es giresetvativebSbuffers, or plopeiantsas imag be feuirbd!tOphtialmiet |inted to,

I nfl ammat ory di \slégﬁlgs, such as_.rheunmat ai d ot arthritis and

i nfl ammat ory bo ptions, £y© OLMENS, ROVASHE 98 golifiions arr3lso cantam as

stroke, and septlemgSiiaiikthe ekdiRlof iiSmdémionl NCl ude reperfusion injury,

Al zhei mer' s di sease, aggl shi gel | osi s. .. _ A

"t her apeutlfcal |y ef f dOELOBPOHNGS At the present inyepsinm cap be administsedite agation at

Formula | that cA6\¥s'th HeFakgd dfabcut DAL th ABdut V00 Bk Fer dby FOPEnéri@l can be .
treated h a conpound of Formula | aneljorates a synptom of the

W
di sease. A mmangelt baying 3 bodyweight pEahout, 70 kg slesagsin the sengp ofishoub
Formula | can b ' ' : A ' t b
adm ni stering ae%gprr%glg!r’]‘g 1819 m%gn%ﬂbgﬂ# %@w dwls%gﬂ%gei t%kpgﬁgé 0 ggér Vi né
the results. 25 used, however, can vanxnFor examplezthe desage canrdepend-onas sunmbers off

conmpounds 5gf  t hepRRRS Sl ding HE PdufEmbrits of the patient, He'seerit] of B SORfidn V! ! -
being treated, and the pharmacological activity of the compound being used. The

determination of optimum dosages for a particular patient is well-known to those
skilled in the art.
The terms pharmacentically acceptable salts, esters, amides, and prodrugs
25 as used herein refers to those carboxylate salts, amino acid addition salts, esters,
amides, and prodrugs of the compounds of the present invention which are within
the scope of sound medical judgement, suitable for use in contact with the tissues
of patients without undue toxicity, irritation, allergic response, and the like,
commensurate with a reasonable benefit/risk ratio, and effective for their intended
30 use, as well as the zwitterionic forms, where possible, of the compounds of the
invention. The term “salts” refers to the relatively nontoxic, inorganic and organic
acid addition salts of compounds of the present invention. These salts can be
prepared in situ during the final isolation and purification of the compounds or by



- 26- Schene | [err] 4. NaOH hydrol ysis

of the methyl ester 5. Formation of the brononethyl ketone [err]

6. Di spl acerppbidetds t he potassium salt of N Boc sul f onanp&Rusennsdss

[err]- 7. CF3CO2H -27- - Schene 11 - -
24-

separately reacting the purified compound in its free base form with a suitable
organic or inorganic acid and isolating the salt thus formed. Representative salts
include the hydrobromide, hydrochloride, sulfate, bisulfate, nitrate, acetate,
oxalate, valerate, oleate, palmitate, stearate, laurate, borate, benzoate, lactate,
5 phosphate, tosylate, citrate, maleate, fumarate, succinate, tartrate, naphthylate
mesylate, glucoheptonate, lactobionate, and laurylsulphonate salts and the like.
These may include cations based on the alkali and alkaline earth metals, such as
sodium, lithium, potassium, calcium, magnesium, and the like, as well as nontoxic
ammonium, quaternary ammonium, and amine cations including, but not limited
10 to ammonium, tetramethylammonium, tetraethylammonium, methylamine,
dimethylamine, trimethylamine, triethylamine, ethylamine and the like. (See, for
example, Berge S.M. et al., “Pharmaceutical Salts,” J. Pharm. Sci. 1977,66:1-19,
which is incorporated herein by reference.)
Examples of pharmaceutically acceptable, nontoxic esters of the
15 compounds of this invention include C3-Cg alkyl esters wherein the alkyl group is
a straight or branched chain. Acceptable esters also inchude Cs-C7 cycloalkyl
esters as well as arylalkyl esters such as, but not limited to, benzyl. C1-C4 alkyl
esters are preferred. Esters of the compounds of the present invention may be
prepared according to conventional methods.
20 Examples of pharmaceutically acceptable, nontoxic amides of the
compounds of this invention include amides derived from ammonia, primary
C1-Cg alkyl amines, and secondary C}-Cg dialkyl amines wherein the alkyl
groups are straight or branched chain. In the case of secondary amines, the amine
may also be in the form of a 5- or 6-membered heterocycle containing one
25 nitrogen atom. Amides derived from ammonia, C}-C3 alkyl primary amines and
C1-C, dialkyl secondary amines, are preferred. Amides' of the compounds of the
invention may be prepared according to conventional methods.
The term “prodrug” refers to compounds that are rapidly transformed
in vivo to yield the parent compound of the above formulae, for example, by
30 hydrolysis in blood. A thorough discussion is provided in Higuchi T. and

Stella V., “Pro-drugs as Novel Delivery Systems,” Vol 14 of the A.C.S.
Symposium Series, and in Bioreversible Carriers in Drug Design, ed. Edward B.
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Scheme V
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Roche, American Pharmaceutical Associatioix and Pergamon Press, 1987, both of
which are incorporated herein by reference.

In addition, the compounds of the present invention can exist in unsolvated
as well as solvated forms with pharmaceutically acceptable solvents such as water,
ethanol, and the like. In general, the solvated forms are considered equivalent to
the unsolvated forms for the purposes of the present invention.

The compounds of the present invention can exist in different
stereoisomeric forms by virtue of the presence of asymmetric centers in the
compounds; i.e., each asymmetric carbon can have either the R or S configuration.
It is contemplated that all stereoisomeric forms of the compounds as well as
mixtures thereof, including racemic mixtures, form part of this invention.

The compounds of the present invention are administered to a patient in
need of ICE inhibition. In general, patients in need of ICE inhibition are those
patients having a disease or condition in which ICE plays a role. Examples of such
diseases include, but are not limited to, inflammatory diseases such as rheumatoid
arthritis and inflammatory bowel disease, neuroinflamatory disorders such as
stroke, and septic shock. Other diseases include reperfusion injury, Alzheimer’s
disease, and shigellosis.

A “therapeutically effective amount” is an amount of a compound of
Formula I that when administered to a patient having a disease that can be treated
with a compound of Formula I ameliorates a symptom of the disease. A
therapeutically effective amount of a compound of Formula I can be readily
determined by one skilled in the art by administering a compound of Formula I to
a patient and observing the results.

An illustration of the preparation of compounds of the present invention is
given in Schemes 1-VII.
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Scheme I

0
O
(o 1.RNH, R J\/ﬁ\HZ 2.5%Pd/C,H,
———— ~
N CO,H

—

o 3 o
3. Couple with 3
R - Jki R -~ § \/COZMe
ﬁ CO,H  H-Asp(Ot-Bu)OMe }3‘1 y
CH,CO,t-Bu

hydrochloride o
4. NaOH hydrolysis of the methyl ester R e CH ﬁ\/(lL/Br
5. Formation of the bromomethyl ketone }gM{
o <
\cozt-Bu

6. Displacement with the potassium .0 CHS o .
" salt of N-Boc sulfonamide ' : 3 ﬁ H :
> R. w N s
N

7. CF,COH
3C0;, | H 5 o” X




- 31- Schene VI | [err]
Those having skill in the art wll recognlze that the starting materials
may !%ggkgd and additional steps enployed to prodpEgusosRaesNds
enconpassed by the present invention, as denonstrated by the---
foll owi ng exanpl es. As shgﬁn in Schene 1, acylation of an
appropriate amne with itaconic ANhydri de affords the desired
acrylic acid, which in turn is hydrogensiheseDd Yyield t he
respective propionic acid. The acid is then coupled to an appropriate ani no
acid under standard peptide coupling conditions, such as, for exanple, HOBT

and 10 EDCl in the ppesence of a base sugh as 4-nethyl norpholine, to
produce the ir SHigci ni c este The hyl ester is then
hydrol yzed with a ba eegneggas—————————- F( roxi de: N@f@Mesul ti ng
t-butyl ester acid is ubseﬁd@hFV95f¥Ehsf " i BroEhEo,pEONONE hyl
ket one by, for exa ; rmng the nlxe drﬁgg fromthe aci d,
treating the m xed &nhydridde with di aztife tha and then bromnating with
15 HBr in acetic acid. The displacenent ofthe brom de with the

pot assi um salt of C sulfonanide results in the desired

sul fonyl conpound. J‘ !ﬂﬁt S HED,, Lii HySuplé yithe d to the
acid in the presenge (N%F—sﬂeh-as>§%§ﬁhex NPl €,  H.Asp(OBn)-OAllyl
trifluoroacetic aci H,0, THEAS NMehytirbchloride
(4S)-(-)-4-isoprop idinone is acylated 20 with an acid

of base to formthe desired oxazolidinone

br onpacet at e. THEC
to the succinic acid t J& yl
described in Tet. Lett ;
coupled to (S)-2-an1no succin

@ N acyl oxazelcFgogwne i s then hydr ol yzed
% ester sseu&bﬁMmMuh%.the procedur e

t hen
acid 1- aIIyI ests&:zggéﬁzyl ester under 25

standard peptide coupling conditions i ned bdowangthylketehene | . The
t - butyl
H, o
0O 9. Displacement with the potassium
R. g\/u\/l?.r salt of N-Boc sulfonamide

i 10. Remove N-Boc with CF3CC)2H
0 ¢ 11. 20% Pd/C, H,, and/or RaNi
0,CH,Ph

Hy CH,
0o o 3
R R X
~§ o;Sﬁa s
o
0,H




- 32- ester of this product is then cleaved and the acid is treated

wth O benzyl hydroxyl am ne under simlar peptide coupling

condi ti ons twoedideessd t he desired benzyl oxy carbanpytussdhsisal |yl
ester-is then cleaved essenti al | y by the procedure describee in
Tet. Lett. 1995;36:5741-5744, and the rggulting acid is 5

transforned to the brononet hyl ketone as descri bed above in Schene |I. The
bromide is displaced with the potassiS¢hemeit of N Boc sul f onani de, t he Boc
group is cleaved with acid, and the benzyl ester is hydrogenated
over, for exanple, Pd/C or Raney nickel, to yield the desired
pent anoi ¢ aci d. Me 1. FdrRaten/be B bdnifl estisN€ benzylmesier of the
succinic acid (product ) in 10 cr,co.,HSchene 11 is forrred)fr m benzyl

al cohol in thegy e of a G@W R. apy f or
exanple, EDCl, and t e -Gy | ester drolyze W|th aci d.

The succinic acid benzyl ester 4; Remqygh Gﬁ?féﬂ'x‘tl‘b an appropri &e am ne
under standard pepti de @@%PHIChg conditions as described in Schene
|, and the benzyl ester is then cleaved via hydrogenation as
described in Schene bl Céuplea#ifhord the 15 gyyMe acid. The acid is
subsequent |y coupl ed oh shpwn Jin H . Step 5, and the
resulting al cohol is Hmaqqgi ized to the g E‘s&e‘h{d | by the
procedure described by Deds and%%artin in B Og. OChein 1993; 58: 2899 and in
J Org. Chem 1983;48: 4156- 415\. The final product “is Bltai ned upon

hydrol ysis of the t-bifi0s-Bester with an acid. 4§,t-Bu As
shown in Schene 1V, the succinic acid of Schene Il (product 3) is

coupled to the am no ester of Step 1 under pepti dgfe om.jti ons simlar to

t hose descr igbegidae R |. The &stey is,hydrolyzed with
base, such as, for _—‘%MC% unk i ir&ndcﬁbe resul ting

acid is converted to the br ononet hyl descrl bed above in

- Schenme Il. The bromde is displaced 25 with the (botgy umsalt of an
appropriate nucl eophile and the t-butyl ester is hy@@4 yzed with
acid to produce the desired product. As shown in Schene

- VI, the benzyl oxycarbonyl (Cbz) protecting group of the diethyl
acet al of Cbz-Asp(QtBu)-H is renpved by hydrogenol ysis using 20%
Pd/C as a catalyst. This amne is cog&lﬁed t he nono-protected succinic 30
acid of Schene Il (product 3) under d peptide conditions such as,
for exanpl e, HOBT and EDCl in the presence of a base such as
4- et hyl nor phol i nepeReggeval of the t-butyl groups ke achieved with, for
- 33- exangpl triflludoumeth ¢ aC|d in dltzjsﬂa onmet hane to provi de
the cyclic R{ R N _CO.Me

N COH  HCl H,N\_~COpMe N Y ?
H - 0 E\
" CO,t:Bu CO,t-Bu
" 2. LiOH hydrolysis of the
methyl ester oMe Me o
- H
3. Formation of the bromo- R\N N\)K/Br
methyl ketone H ) H
_ 0 X
C02t-Bu
4. Displacement with the Me. Me

potassium salt of the nucleophile j\lr 0
: - H
. > R N Nuc
5. C_F3 COZH E \ik/




O et hyl acetal . Coupling of this acid under standard peptide coupling

condi ti ons, as stated above, for exanple, wth various am nes
gives the degjé sesshgsoduct . . It is noted that pcomsssmees
containing the cyclic structure 5 : - can exist im-
equilibriumw th the open chain form _20. [err]

Both the cyclic and open chain forns are Thtended to be part of
t he present invention. Sétenet¥wn in Schene VI, acid .
hydrol ysis of the cyclic O ethylacetal of Scheme V (product 4) for
exanmple, in dilute hydrochloric acid in acetonitrile 10 affords the

al dehyde aci d. Me Me The di sclosures in this application of all
articles and references, | clﬁdi ng patents, are incorporated
herein by refer en&BuOZC\L(N\/CozAllthel_gdj_en;b_MQM;Mri ous

i ntermedi ates may be obtaindld f¥om 2. Foryatinaof the bromemethaykketone epar ed

i 0 oéngéﬂawtﬁﬁﬁm'gﬂi ared usin
a%GZé\h i salt of N Boccampharenl ﬂ"%@‘ent ed belgow

from comercial |y avail abl eorg
wel | - known synt heti c met hods.

are intended to illustrate particul ar : enbodi nents of the invention
and are not intended tg |ifd the scope of the speci fication,
including the clains, In y nmanngy . fozt-Bu CF.CO-H
- 34- | H EXAMRlE 4 CF3COE
3- (2- Met hyl - 3- pHBRRG; Moy o) 47 ox o2-5Cquple i RNH,
et hanesul f onyl am no) - pent anol c gcid o o Me 5. 20% Pd/C, H,

CO,Bn

Me Me

t g 0 =
RO N No Me
i A
o O 0 Mc
CO,H



[err] 5 Step A A sol ution of itaconic anhydride (5.00
g, 44.6 mol) and phenet hyl am ne (5.95 g, 49.1 mol) in 100 nL of
acetonitril eypsysshésr red at room tenperature under peI/UsOQee3 f or 72
hours- The m xture (solid forns) is concentrated, then partitioned —-

between Et OAc and 1N HCl . The organic egptact is washed with brine, dried

10 (MgSH4), concentrated, and the residue crystallized from di et hyl

ether to give 5.24 g (50% of

2- (phenet hyl car banoyl - net hyl ) - acryl i (Schemelvas a white solid: nmp

133-140[err] C M5 (APCI) mz 234.2 (MWM+l, 67.4% and 216.2 (M 17,

1009 . Anal ysis Calcd for Cl3H err] NGB8 (233. 269): 15

C, 66.94; H 6.48; N, 6.00. Found: C, 66.74; H, B , 6.00.
hyl)-acrylic

Step B _ t_SLO| ution of 2-(phenethyl carbanoyl -
acid (2.76 g, .8 mmol, Example_ 1,

treated with 5Chal .ﬁEe):l-%p)_o%pd/carﬂz enat ed “at 0 C&Iﬂer ature
and 52 psig of hydrogen 10 . The OBt } =t ered and

concentrated to give néa 9 (8EIPHof EDCI x HC],

2- (phenet hyl car banoyl - hy*) - propi onic acid §Ogtﬁuof fHOBT £ H,001 i d.

M5 (APCI) mz 236.0 (M1, 1009 . Anal ysis Cal cd for err] HL7NO3
(235.285): 25 C 66.36; H 7.28; N, 5. 9&3 Me Found: C

65.31; H 7.05; N,
- 35- sLe
2- (phenet hyl carB
Exanple 1, Step B),
pur chased from Bachem Bi 0Sci e
(HOBT-H20, 1.17 g, 7.64 mmol),

Mg
C

Et

| - N - (3-di met hyl am nopr

A m xture of
Loni &Faﬁﬂzﬂ(lﬂggc 93 mol |
-H g, 7.64 mmy
. ) , dr oxybenzotr |(az dr ate
opyI

Ry R,NH Et
EDCIx HC, °
HOBT x H,0




carbodii m de hydrochloride (EDCI HCI, 1.46 g, 7.62 mol) and
4- met hyl norpholine (0.95 nL, 8.64 mol) in 100 nL of dichloronethane is

stirred at rooaéwgature for 24 hours. The mxture i s congePhdedbsags then
partitioned b t OAc and saturated NaHCO3 sol ution. The organic —--

extract 10 I's washed with saturated KH2PO4 and brine solutions, dried
(MgS™), filtered, concent r at ed>&hd chr omat ographed (silica gel,
25% hexanes/ 75% Et OAc) to give 2.54 g (87% of

2- (2- met hyl - 3- phenet hyl car banoyl - pr opi %@Xén?e }-80) - SUCcCi ni ¢ acid,
4-tert-butyl ester 1l-nethyl ester as a waXy ite solid. M5 (APCI)
mz 420.9 (M 100% . 15 Anal ysis Cal cd for C22H32N206 (420.510):

C, 62.84; H 7.67; N, 6.66. Found: C, 62. 88+——F—69—N—6—564—
Step D MensHeuti on of Me

2- (2- et hyl - 3- phenet h}jl caj bangyl -
4-tert-butyl estB~l- et
Step C) and 0. 1N soqi um hydy oxi

pi onyl anmi no) - 2
(2. PRREL G, M1
e polution (60.1 nmt, 6J01 mmol

ethanol is stirred room®enperdture for 12 hour$. T

concentr at ed, acidified Wth saturated KHPPO4 Solution to ac;S)eFLS,
and extracted with chloroform (2 x 100 niy—Ttre—Tombrmed

chl oroformextract is dried (MgSO), 25 filtered, and concentrated to

give 2.23 g (~100% of 2-(2-methyl-3-

phenet hyl car banoyl - propi any!l am succi nj i aert-butyvl .ester as a

colorless oil, which ﬁgseﬁlé%'d‘g\%?ﬁélﬁe%ﬁﬂﬂfg?oa%‘t#ﬁ#gget a(Str‘f.‘g thenﬁsmay

A sol ution of 2-§eiaried imd additiohalrsedph pinploytdasgydduce campountisiencompassed by

succinic agid, 4;tert-butyl.este 2.2 . nool ) an

2 et hyl mosphol e g vigtsgs derioniriledty e folloRmg deaRBlse. 11 i o

Cl ear-Seal joint 250 AHsho®tfiScheme 1, acylatib®bf MapptopsiliteiatniterwitieRadofiicCa.

R IR N L —

i mredi ately fornme ?éiﬁecﬁb@%ro ionic acid. Theddid B theh cdiipled W?Erobﬁat@iaﬂiﬁoes , then
e

treated with a 0.25 to O. di azomret hane . In er solution (55
nL, 27.5 mmol , gestyndesstandardpepiide coupling cpnditions, sych as, for example, HOBT and) = The

cooling bajph is EBEPHRe prestfce b Vasd/ Rich ww&%hbﬁnéidfrbm_eﬁe room 5
tenperature for 2 hours, cooled to Olerr]C, and treated dropwise with a
sol uti on of desired succinic ester. The methyl ester is then hydrolyzed with a base such as

sodium hydroxide. The resulting t-butyl ester acid is subsequently transformed to

the bromomethyl ketone by, for example, forming the mixed anhydride from the

acid, treating the mixed anhydride with diazomethane, and then brominating with

15 HBr in acetic acid. The displacement of the bromide with the potassium salt of

N-Boc sulfonamide results in the desired sulfonyl compound. The t-butyl ester is
then hydrolyzed to the acid in the presence of an acid, such as, for example,
trifluoroacetic acid.
As shown in Scheme II, (4S)-(-)-4-isopropyl-2-oxazolidinone is acylated
20 with an acid chloride in the presence of base to form the desired oxazolidinone,
which is subsequently alkylated in the presence of base with t-butyl bromoacetate.
The resulting N-acyloxazolidinone is then hydrolyzed to the succinic acid t-butyl
ester essentially by the procedure described in Tet. Letr. 1987;28:6141-6144. The
acid is then coupled to (S)-2-amino-succinic acid 1-ally] ester 4-benzyl ester under
25 standard pepﬁde coupling conditions as defined above in Scheme 1. The t-butyl



48% hydrobrom c acid (10 nmL, 184 mml) in 10 nL of acetic acid. The

col orl ess solution is stirred at roomtenperature for 30 m nutes,
then parti tygRsskRet ween Et OAc and water (~200 necoiis®aedsy. The
organi c extract 1s washed with water, - saturated NaHCO3, and-bri ne
solutions, dried (MgSOM), filtered, and?i;oncentrat ed 10 to give 1.40 g
(539 of 5 br ono- 2- ( 2- et hyl - 3- pheneth car banoyl -

pr opi onyl am n@}teﬂoféhspwdn@emﬂ)mdwedan thencidistydatedavithr as a |ight yell ow

sol i d.
1- di met hyl et hyl- I"’("Z’Sipﬁ%ﬁ{?f‘”?h S%P?éig?g&,&gb%%ﬂm}'“‘??ﬂ‘? g, 1.66
mmol) in 3.0 rdhs:mﬂbawloecycarbmyle Thecliyt estez inthetecleaved essgminlly by the treated
Wi th potassiumt ) stirred at
room t enper at % ceﬁi"g?g% oquzétg(%%}&g? iq)fiﬁ'rr ﬁ"ﬁ&h@r@@%‘d\/\;t
2- (2- et hyl - 3-transfonnedtothe bromomethyl ketone as described above i 1n Scheme 1. The '
phenethylcarb ony| no) - 5-bro ano c,acid, tert-butyl
ester (0.67 g, P%}ace@%é) ‘%Pé”gp‘%}%?ﬁg“ % FBRMRI to warm
tom | 20r mdvedmﬁhma,r@doh%eﬁzghﬁrn{hﬁdr&mﬁkeh over, meiantple)m bet weeﬂ ;
Et OAc an ate ol uti.on Teorganic extract is washe
with saturat e(?’Ra“eymé‘J gfl;%:@"éfﬂf“ﬁf‘?‘ﬁécgol utions, dried (MySderr]),
filtered, and ConCﬁ{‘Sth{nem tibeenzylesteroftheéminwldl@r&ha@m ogr aphed
(sili legg 50% hexanes/ 50% Et OA\CR 529 of

hyI e

1, 1-di tSetyemeslI i formed from Benzy @%ﬁ@%@ﬁ% qf[a(dzhydratmg(agent,
phenyl et hyl) su 40RViel Bfkiip0, BB st ¥R 1ty batér 18tk Bydrolyléd withan acid.

phenyl et hyl )am no] but yl | am no] -4- oxo- pent anoate as” a foany |ight yellow

solid. The sucsinigpaced benzyl ester is then coupled togn gppropriate amine under

3- (2- et hyl - 34 Tl

5-1(2- phenyl - e?ﬁaneg%onymﬁ%gggidgﬁhﬁ%%- pen'ltﬂg%%l%g@ag?n thebenz};lt but yl
ester sﬂ@ngleawds@ hymgengmmﬂescqbedsuéph@)e T tefford theuor oacet i ¢

acid ( 1 ur o f ior yg,Qﬁéﬂa aﬂg'i is sub?éc{ Woﬂf»ﬂ%tﬂ@%ﬂoﬁcﬁ\&rﬁ%m room

t enper a
-37- (Soenfenndrﬂae multmg alcohsil istherootidized to theyaldebydressqntigbythe i s added

and the oil r nper at ur e
overni ght, fi Ip{er e %J'dcyy%ess mﬁ‘mﬁ'?r% hé}éét”% 19,93 328 %&fﬂ dried to
‘give 0.28 g (&g @rerﬂ. (983;4814156—4858 The final product is obtained upon hydrolysis

B e PR PR IARR  0ro & (2 phenyl Se oo
100% . 20 As shown in Scheme IV, the succinic acxd of Scheme II (product 3) is
| coupled to the amino ester of Step 1 under peptide conditions similar to those
described above in Scheme I The ester is hydrolyied with base, such as, for
example, lithium hydroxide, and the resulting acid is converted to the
bromomethyl ketone as described above in 'S'che.me 1L .The bromidé is displaced
25 with the potassium salt of an appropriate nucleophile and th§ t-butyl ester is
hydrolyzed with acid to produce the desired product.
As shown in Scheme VI, the benzyloxycarbonyl (Cbz) protecting group
of the diethyl acetal of Cbz-Asp(OtBu)-H is removed by hydrogenolysis using
20% Pd/C as a catalyst. This amine is coupled to the mono-protected succinic
30 acid of Schemé II (product 3) under standard peptide conditions such as, for
example, HOBT and EDCI in the presence of a base such as

4-methylmo1pholine. Removal of the t-butyl groups may be achieved with, for



Anal ysis Calcd for CJerr] H33N307S (531. 633): C, 58.74; H
6.26; N, 7.90. Found: C, 58.38; H 6.23; N, 7.71. 10

EXAMPLE 2 PCT/US99/09463
3-(2-Car bannyﬂvog%’%ﬂfs 3- et hyl - butyryl amno) - 5- (7, 7- di net hyl - 2- oxo- -
bi cydo[ 2. 2. 1] hept - 1- yl et hanesul f onyl am ng:? 4- oxo0- pent anoi ¢ acid

[err] Step A 15 “ution

of (45)-(-)-4-is Imaumbwuﬁ@aﬁh(oi&n&m,mﬁr&mwbychbn . 400
mL of THF at -78 under N2 |s treated dropwise with n-butyl |ithium
(64.5 nL, 0.161 y pupling of yis acid Hades staadard peptideicaupling conditions; nat i on

f I h
?reat ed wit hsgrgg\?\?{s&g%&o&xfw&m@& %’hf(%n ‘ﬂl So- vﬂr%%@gt gsm_'f o

0.169 nol). The reaclumnaméthatbmpnﬁndmccﬁﬁxmngthemclm&tmcnmmterrperature
slowy overnight. The _ sanple is concentrated and then partitioned
bet ween Et OAc and satjf ated KH2PO4 sol ution. The organi c extract

is washed with bri dried (MgS™), and the resultant yellowoil is

chr omat ogr&iphed ( LCo sManccmstngqquilibﬁhlﬁtmmerophemimﬁ))mto give 29.8 ¢

(91% of 4-1i sopropyl.- 3- (3-net hyl - butyryl ) -oxazol i di n-2-one as
a light yell ow oif.
- 38- Step sOR A sol ution of
(S)-4-isopropyl - 3-(3- hyl - but yryl ) - oxazol i di n- 2- one (20.8 g,
97.5 mol, Exanple 2, #Htep A in 500 nL of THF at -78[err]C under N2 is
COH
—<— . Both the cyclic and open chain forms are intended to be part
O
of the present invention.

As shown in Scheme VII, acid hydrolysis of the cyclic O-ethylacetal of
Scheme V (proddct 4) for example, in dilute hydrochloric acid in acetonitrile
10 affords the aldehyde acid.
' The disclosures in this application of all articles and references, including
patents, are incorporated herein by reference.
The starting materials and various intermediates may be obtained from
commercial sources, prepared from commercially available organic compounds,
15 or prepared using well-known synthetic methods.
The examples presented below are intended to illustrate particular
embodiments of the invention and are not intended to limit the scope of the

specification, including the claims, in any manner.



treated dropw se with sodi um bis(trinethylsilyl)amde (107 nL, 107 mmol,
1.OM 5 solution in THF). The solution is stirred at -78[err]C for
30 m nutes, vwiesmsersseat ed dropwi se with a sol uti opcHisskesdss but yl
bronpacetate (18.0 M., 121.9 nmol) in - 100 nL of THF. The sanple
is stirred at -78[err]C for 1 hour, thergsuenched by dr opw se
addition of saturated KH2PO4 sol ut| on ( 125 m.). The mxture is

war med to room tenperature, concentrEKémItE)lreane nost of the THF), then -

Noroos and |- SHEBth s BRI R Rl f e SRR o7

cryst al I [ zed fFM@!!Henﬂammo)-PentanolcpwroI eumether to give 21.1 g (66% of -
[(S- (R, R*)]-3-(4-isopropyl -2-oxo-
oxazol i di ne- 3- car ponyl ) -4-net hyl -pentanoic acid tert-butyl ester as a white

sol i d. Iysis Cal ggl foregl7H err] err] (327.424 5

C, 62.36; H, 8. 4.28. Foupd: 62.430; H 9.0 4. 09.
Step C Re Loxa2Ql i gdag J achi eved
using lithium hydr ng the p,tSQ Evans D. A

et al. (Tet. Lett 20 98728: 6144- 614
Oferr]C of [(S-R*, R*)]-3-(4-isopropyl-
2- 0x0- oxazol i di ne- 3- car bonyl ) - 4- net hyl - pent andi (ZI%\Ci d tert-butyl ester

(9.05 g, 27.64 mol, Exanple 2, Step B) in 250 nL of THF is added
dr opwi se Shydr o§gp A peroxide (14.1 nL, 138 mml, 30 wt % solution in

water) followed by 1.0 M . . i th hydr oxi de sol ution (55.3 nL, 55.3
mml ). The reacti or# F@“’i’;ﬂ“l ‘lfmﬁf’nf“tf“&‘s"‘le%g}oo\&aﬁﬁ F’&‘@Wﬁﬂ‘@#ﬂ&’ﬁ%‘m e slowy
over ni ght . The(srgsag:umma) ﬁaqfoo&illéﬁc%nﬁﬂelssmredatméﬁm tun@dy the THF,
and then the basic sol |on| washed with CH2O 2 2 x 100 niL).

The aqueous phltegendor mpgtyre fs0l lmerHIS);lgmﬂcgmaied(ﬂ;pp@amuoned
solution to a mme'amenﬂaﬂdmmwﬁ.e ﬁnﬂ:@ﬁ&.sme@ s

Lg act
washed vvlth brine solution, dried g’ﬁﬁ co?icentrated to
“give 5.68 g (9@% Qp: Qogyengated, and the residue cry hzedﬁ‘omdnethyletherto give

ot wnioh is SRLRUEPBlordARRBNRS Ao i R sl Bid ! O °°
mp 133-140°C.
MS (APCI) m/z 234.2 (M+1, 67.4%) and 216.2 (M-17, 100%).
Analysis Calcd for C13H] 5sNO3 (233.269):
15 C, 66.94; H, 6.48; N, 6.00.
Found: C, 66.74; H, 6.56; N, 6.00.

To a gflgring solution at

Step B _
A solution of 2-(phenethylcarbamoyl-methyl)-acrylic acid (2.76 g,

11.8 mmol, Example 1, Step A) in 100 mL of THF is treated with 5% Pd/C (0.2 g)
20 and hydrogenated at room temperature and 52 psig of hydrogen for 2.5 hours. The

mixture is filtered and concentrated to give 2.39 g (86%) of

2-(phenethylcarbamoyl-methyl)-propionic acid as an off-white solid.

MS (APCT) m/z 236.0 (M+1, 100%).

Analysis Calcd for C13H;7NO3 (235.285):
25 C, 66.36; H, 7.28; N, 5.95.

Found: C, 65.31; H, 7.05; N, 5.80.



Step D A mxture of (S)-2-isopropyl succinic acid
4-tert-butyl ester (10.77 g, 5. 49.80 mmol, Exanple 2, Step O,
(S)-2-am no-succinic _acid 1-allyl ester 4- benzyl eSHEFUs99/09463
hydr ochl ori deWO2*88% g, 49.81 mml), HOBT-H20 (8.4 g, 54.8 mmwl), -
EDCl-HO (10.5 g, 54.8 mmol) and 4-net hyl morpholine (8.2 ni, 74.6 mol) in
250 nmL of CH2A 2 is stirred at roomtenperature for 12 hours. The m xture
i's congﬁgtrat ed, then partitioned betvveen Et OAC and sat ur at ed
NaHCO3 sol uti on. The Et QAc exi ract ‘\gg xged Wi { ur ated KH2PO4
and brine sol utions, Aymbxpre of 2-(phenethy 4 Pﬁﬂ’m tq3a§’ed and

igrgg&t O?EZ%]edfétbghﬁomﬂa &gskepé)OﬁAsp(omu)-OMgH@msmg,hasmﬁsn to give
0, 0 -
but oxygar bony| nepufghas glﬁm 9%@@@%@,1&6%@2%%@1@&%% ester

4- benzyl ester hawy N 1 _ A
solution of [S( agé%?ﬁzoygg %[ert u%l)o%%tgr!blg% tﬁﬁi}f‘“‘m mtpﬁl)

but yryl ani no) - Sue&wmhﬁuwhydr&mhhammmmus Z.\Ghnﬁﬁél énd( 9. 3 g, 23.0 mol,
Exanple 2, Step D) and trjf]|uoroacetic acid in 35 nL of CH2A 2 is

stirred at room f-aethyimerpheling (B> mip f66r'm2°1h81ﬂ(°9 mﬁrﬁgdlﬁlé! e is

concent rat ed, Zosnmdafx%@hﬁﬁﬂbéﬁﬂréf&Q4%§rﬂ1kgu{:ﬁfeﬁlcoﬁc9ﬁ&t£d ghed with
EDCI-HO (8.8 g, 46.0 mwol ), 0 (6 46.0 mol ), and

O benzy! hydr oxyl mmeﬁymemb‘@wd saturated NaH@Qs solguom@'heompprtrw

4- Met hyl hol 1 dded .d d th
reacti gn %%Xlto u?eJ R’g ab%“ﬁ%t ?@H&%i?’ﬁﬁﬂ% ro%ﬂf"gﬁ\dgs%eﬁgﬂ'ﬁ%?g i s ©
diluted with CHgY d 25
NaHCGB sol ut i ons of‘“*?ﬁr@@‘%x*"%f@ﬁ&‘ (iied gt 2% ey i ated to
gf I or dl 10. 25] g (assm(S’M) qﬂ?d2mftwl(behmmyk4yzbambﬂm9mmmt b)-succ:m V\Ey |t

utyryl am no] - su Eg; ester as a white
sol iydyvvhi ch Ec% q—t%n%ﬁiﬁm e Jnyhyle&keﬁ;ue ‘%{nget)go\?\lnht hout further
purification. MS (APCI) m/z 420.9 (M, 100%).

15 Analysis Calcd for CooH35N20 (420.510):

C, 62.84; H, 7.67; N, 6.66.
Found: C, 62.68; H, 7.69; N, 6.54.

Step D
A solution of 2-(2-methyl-3 -phenethylcarbamoyl—propionylamino)—

20 succinic acid, 4-tert-butyl ester 1-methyl ester (2.11 g, 5.01 mmol, Example 1,
Step C) and 0.1N sodium hydroxide solution (60.1 mL, 6.01 mmof) in 60 mL of
ethanol is stirred at room temperature for 12 hours. The solution is concentrated,
acidified with saturated KHyPO4 solution to a pH ~5, and extracted with

chloroform (2 x 100 mL). The combined chloroform extract is dried (MgSOy),

25 filtered, and concentrated to give 2.23 g (~100%) of 2-(2-methyl-3-
phenethylcarbamoyl-propionylamino)-succinic acid, 4-tert-butyl ester as a
colorless oil, which is used without further purification.

A solution of 2-(2-methyl-3-phenethylcarbamoyl-propionylamino)-
succinic acid, 4-tert-butyl ester (2.23 g, 5.49 mmol) and 4-methylmorpholine

30 (0.61 mL, 5.73 mmol) in 50 mL of THF in a Clear-Seal joint 250 mL round-
bottom flask is cooled to ca. -45°C (Dry Ice-acetonitrile slurry) and treated with



- 40- Step F The allyl ester is cleaved enpl oy| ng

the procedure of Dessolin M et al (Tet. Lett. 1995;

36: 5741- 57440 99pe7®! Ution at OC under N2 of 2-[2- PCT/US99/09463
(benzyl oxycar banmoyl - met hyl ) - 3- et hyl - but yryl ami no] - succinic acid 1-aklyl
ester 5 4-tert-butyl ester (10.p 9, 19.7 mol, Exarrple 2, Step E)
and tetraki s(tri phenyl phosphi ne) pal | adi um (0) (0.462 g, 0.40
mol) in CH2 dx@brixtyl chloroformate (0.75wht %58 thmobaSelid ivimedigtely forinsiahdithe (4. 26 g,
39.4 mmol ). T room

t enperature over a perlo Oﬁxyﬂnﬁ(eﬁh eé“tne‘lwa aaddﬂj&ﬁﬂsL'meogx{&mgsaturat ed

KH2PO4 sol ut i umethéﬂselutmrg@ﬁlmL,l?d;ﬁenmolsgmerateﬂ:ﬁmﬂDuzald and FredtlipOH. The 10

D261 29201 G, 1 Ao e SRR T Wt b o1, "
concent rét ed ttanplfd’meﬁ:r@.mug, cooled to 0°C, anﬂ?r&%d%pﬁi’semh%bl\x?uieﬂ S:JC;H nic f
0, a solution o

aci d 4-benzyl ester as f.oa sol |
t he above a?:ll °d‘y6m r°“§‘2"gyﬂ\ﬁ(n)‘7‘§' %dnmo)m 10 mL of acefie peid. Fhesplorleste (1.3 g,
12.8 mol ) i nsa_liﬁor(@%ﬁéd)at?&oml@aﬁeﬂaﬁxr@ﬁggdnﬁiﬁxtes theh?ﬂ‘ﬁﬂ&ﬂ@db@&k@ﬁ of ormat e

(1.8 g, 12.8 nmml) dropwise. After stirring 30 mnu

reaction m xt @FW%WC("?QP@L%FQH’) a‘heefsaalicmwmhedwﬂuwe%w et her
(~0.5 M saturated 331005 aﬁibrme%ﬁxh&\s{ff (i\fg%ﬁ,;)(fﬂtelﬂd?[(iddr teated  red for
2 hours at room tenperature hen cool ed err]C. A soI ution of

48% HBr 16 20 kg gmﬂu%-@ﬁﬁs%mSPHrox)lo-iZS(Zaﬂdbﬂé-phenethylcarbdﬁd}{W\n se, and the
ti IS st { t.,Q i luted 20
W th i ot hyl - BRORSERRo) PP Hea Reif.dre bl k¥ BT yeflon 3988cn s wt i on

(2x). The organic layer is dried (Na2SO4) and concentrated. The residue is
di ssolved in % 2 and the product is precipitated with hexanes. The
solid is coI | ected by filtration, washed well w th hexanes, and
dried to afford 1. Asglu(tdﬁéﬁl I-dnmethylethyl[(z-phenylethyl)sulfonyl]carbamate

R e
To g solSlj'E)l[ (2)n g@it@dﬁgﬁﬂpdtmlmte?ﬁdmdﬂpl(pr% Y(S:Gahrr;rml)h%e ébmple;s stnrredoat82“ ol ) '
in fegleratgyiof S coclet i 3% bRl AL AR de (0 002 o,
0.82 mml ). %henethylcax%hﬁoil&ﬁ@ﬁlb@l’aﬂuﬁo)%-bfdhﬁﬁ%ﬂfiﬁ&tﬂmw dcidy@Rbudglnospher e

for 1 hour Is solution is Eher} added dropw se to a sol ution of
ep D

3-[ 2- (benzyl oweraméaﬁnw atohyfixpmple 1, S The sample is allowed to warm to

room temperature overnight. The sample is partitioned between EtOAc and
20 saturated NaHCO3 solution. The organic extract is washed with saturated

KHyPOy and brine solutions, dried (MgSOy), filtered, and concentrated. The
residue is chromatbgraphed (silica gel, 50% hexanes/50% EtOAc) to give 043 g
(52%) of 1,1-dimethylethy] 5-{[(1,1-dimethylethoxy)carbony!][(2-
phenylethyl)sulfonyljamino}-3-{[2-methyl-1,4-dioxo-4-[(2-

25 phenylethyl)aminoJbutyl]Jamino}-4-oxo-pentanoate as a foamy light yellow Solid.

StepF
A solution of 3-(2-methyl-3-phenethylcarbamoyl-propionylamino)-4-oxo-
5-[(2-phenyl-ethanesulfonyl)-N-Boc-amino]-pentanoic acid, 5-tert-butyl ester
(0.40 g, 0.58 mmol, Example 1, Step E) and trifluoroacetic acid (10 mL) in 20 mL
30 of dichloromethane is stirred at room temperature for 2 hours. The solution is



-41- met hyl - but yryl am no] - 5- br onp- 4- oxo- pent anoi ¢ aci d benzyl

ester (0.400 g, 0.75 mmol, Exanple 2, Step F) in anhydrous DVF (3
m.), and the ;s'h.;ggl is stirred overni ght The sanpper/uspomvdssit ed
wi th Et.OAc and washed with brine (2x). - The Et OAc- | ayer is drired
(Na2S0O4) and concentrated. The residue iSaq 5 chr omat ogr aphed (silica
gel, 40% Et OAc/ 60% hexanes) to afford O. Zﬂ g of

phenyl net hyl - 5- [dofidentrited teyelipivadtih Diethyl athiso(yPD mIf)[i§ #dded dadbeloil] - 2-
oxobicyclo[2.2. ... .. _ .

1] hept - 1- y1 ) et H9HGIEER TR gAURIR s SETres 3t PO (SmReEy X piph, Aiterpd, washed

di oxo4- [ ( pheny| nEgithest ethet, and Laduyin]dsizd nogive 028 (8ol B (2emethyl3-whi t e f oany

solid. 10 The s le is treated w 50%trifluoroacetic acid
in CH2d 2 (6 rrL)PhF'b‘?thyl"”bamyﬁ opicyfamin e°’%°é%‘@’ﬁ“ ﬁf‘?’ﬁf‘ﬂﬁ"ﬁfa{“w a2

and washedsw t h Wiahadaﬁ\hmsond, solution. The organic |layer is
dried (Na2SO4) and congentrat e?héo iye 0.237 g of a white solid
which is carri edM3fAPGL Mz S3%) Pelg)% t hout further purification.

Step H 15 AnalysisCuld BPCYLIIOING,S (B81.68)ve compound (0.237 g, Exanpl e
2, Step Q in Y 75 L g@'ﬁ)’w i's (gddg?)m% Pd/C (0.50 g), and the
m xture i s hydrogenat®;d834; H, 6.26; N, 7990 psi H2, roomtenperature for 3

hours. The reactjon, g eyl A ed, and Raney N ckel (0.10
g) is added. Th @8$g’§§§8§kf-ﬁ%:§’%§lagai n hydrogenated at 50 psi
for 15 hours. The sanple is filtered, and the filtrate is concentrated. The

20 residue is partitioned between Et OAc and saturated NaHCO3 sol ution.
The 10 aqueous | ayer is separat ik fied with HO, and extracted
with Et OAc. The organic layer 1s dried (Na2SO4) and concentrated

to afford 0.065 ¥(2o€Cachagmwylmethyl-3-methyl-butyrylamino)-5-(7,7-dimethyl-2-oxo-

b cycl of 2. . 11 nPPIEE R e aRGlarn tmi) CRoBenamele o, |

(Conpound 2) as a pinkish § d Anal ysis Cal cd for
C22H err]N3g err] S x 0.2 H :

H 7.13; N, 8.00. :

The foll owi ng conmpounds pPR_acgir dan
procedure of ExanplH,H"

Step A
15 A solution of (4S)-(-)-4-isopropyl-2-oxazolidinone (19.85 g, 0.154 mol) in
400 mL of THF at -78°C under N3, is treated dropwise with n-butyl lithium
(64.5 mL, 0.161 mol, 2.5 M solution in hexanes) resulting in the formation of
solid. The mixture is stirred at -78°C for 30 minutes, then treated with dropwise
addition of iso-valeryl chloride.(20.6 mL, 0.169 mol). The reaction is allowed to
20 warm to room temperature slowly overnight. The sample is concentrated and then
partitioned between EtOAc and saturated KH>PO, solution. The organic extract

is washed with brine, dried (MgSO4), and the resultant yellow oil is

chromatographed (MPLC, silica gel, 10% EtOAc in hexanes) to give 29.8 g (91%)
of (S)-4-isopropyl-3-(3-methyl-butyryl)-oxazolidin-2-one as a light yellow oil.



-42- EXAMPLE 3
5-(7,7-Di et hyl - 2- oxo- bi cycl o[ 2. 2. 1] hept - 1- yl met hanesul f onyl am no) - 3- [ 3-
met hyl - 2- ( paneisgygscar banoyl - net hyl ) - but yryl am no] - 4- oxo- petnassnsscaci d

[err]- 5 A tan foany solid. ‘M5 (APCI) mz 606.4 (M1, 25-69,
346.3 (100% . Anal ysis Cal cd for3§30H err]N30[err]S x 0.50 H20
(614.764): C, 58.61; H 7.21; N, 6.84. Found: C,

58.62; H, 7.18temB 5 41. 10 EXAVMPLE 4

3-( 2- Car banoyl et h i ATk A1 B {2 pRery] -
et I(‘lanesL| 1? glr)\);il Enaatm' ﬁ)j;ﬁgigﬁ?gtr?gﬁ%a%f%} lg%m&hﬁwﬁ(’%‘mﬁ%ﬂfﬁxpﬂ ) mz
456.3 (M1, 74248, 903mnpl, Example 2, S&p A) in Apthiini.aif THE! €78°C ander Ny is

C20H err]Nerr]0/7$S x 0,13 ,CF3 H.(470.357) . . C 51.74; H,
6. 24? N, | 8.[ 93 .“1‘“‘3 d'°PW|‘-58d‘ﬂgi"g%\:-ﬂff((_mﬂhxlﬂé'.l)smzdem,lom,ll.w mmol, 1.0 M
5 solution in THF). The solution is stirred at -78°C for 30 minutes, then treated

dropwise with a solution of zerz-butyl bromoacetate (18.0 mL, 121.9 mmol) in
100 mL of THF. The sample is stirred at -78°C for 1 hour, then quenched by
dropwise addition of saturated KHyPOy4 solution (~125 mL). The mixture is

warmed to room temperature, concentrated (to remove most of the THF), then
10 extracted with ether. The organic extract is washed with saturated NaHCO3 and

brine solutions, dried (MgSOy4), concentrated, and crystallized from ether-
petroleum ether to give 21.1 g (66%) of [(S-(R* ,R*)]-3-(4-isopropy}-2-oxo-
oxazolidine-3-carbonyl)-4-methyl-pentanoic acid tert-butyl ester as a white solid.
Analysis Calcd for C17H29NO5 (327.424):

15 C, 62.36; H, 8.93; N_, 4.28.
Found: C, 62.30, H, 9.07; N, 4.09.

StepC
The hydrolysis of the N-acyloxazolidone is achieved using lithium

hydroperoxide following the procedure of Evans D.A. et al. (7et. Leit.

20 1987,28:6141-6144). To a stitring solution at 0°C of [(S-(R* R*)]-3-(4-isopropyl-
2-oxo-oxazolidine-3-carbonyl)-4-methyl-pentanoic acid tert-butyl ester (9.05 g,
27.64 mmol, Example 2, Step B) in 250 mL of THF is added dropwise hydrogen
peroxide (14.1 mL, 138 mmol, 30 wi% solution in water) followed by 1.0 M
lithium hydroxide solution (553mL, 5 5 .3 mmo}). The reaction is allowed to

25 warm to room temperature slowly overnight. Thé reaction is concentrated to
remove most of the THF, and then the basic solution is washed with CH2Clp

(2 x 100 mL). The aqueous phase is cooled, acidified with saturated KH,PO4

solution to a pH ~5, and extracted into EtOAc. The organic extract is washed with
brine solution, dried (MgS0y4), and concentrated to give 5.66 g (95%) of (S)-2-



43- EXAMPLE 5

3-[ 3- Met hyl - 2- ( phenet hyl car banoyl - net hyl ) - but yryl am no] - 4- oxo- 5- ( 2-

phenyl - et hanesul f onyl am no) - pent anoi ¢ aci d rrusooobfE’] 5
A white sol i dWOS6TS \5 (APCI) miz 560.4 (Mrl, 50.7%, 346. 3 (100%). —
Anal ysis Calcd for CJerr] H37N30[err] S x 0.27 H20 (564.551):

C, 59.57; H 6.70; N, 7.44,. Found:=3%, 59.56: H 6.52; N, 7.41. 10
EXAMPLE 6 isopropyl succinic acid 4-tert-butyl ester as a colorless oil, which is used without i
5-(7,7-D met hyl -bicyCl 9] 2. 2. 1] hept - 1-yl net hanesul f onyl am no) - 3- [ 3- net hyl -

2- (phenet hyl car Lfafesy PuRialon.) - but yryl ami no] - 4- oxo- pent anoi ¢ aci d

[err] An off-white solid. 15 Anal ysis Cal cd for C30H err] N307S
(591.773): C, 60.89; H7.66; N, 7.10. Found: C
60.61; H, 7.65 $epP o3, The starting N-Boc sul fonani de was

prepared by a Wl ff- I mbi@e of (S)-2-isoprépi Ghdciric acid 4-tert-butyl ester (10.77 g,
of (1S)-(+)-10-canphor sul f onan de folps,o&d by acylation w ij’h 20
di - (t - but yF) - di A289nmels ¢ di 1P £ (Phe-apyngruigeipic agid =allyl gster obengylo, g

ester hydrochloride (14.93 g, 49.81 mmol), HOBT-H,0 (8.4 g, 54.8 mmol),
EDCI-HCI (10.5 g, 54.8 mmol) and 4-methylmorpholine (8.2 mL, 74.6 mmol) in
250 mL of CH,Cl; is stirred at room temperature for 12 hours. The mixture is
concentrated, then partitioned between EtOAc and saturated NaHCO3 solution.

10 The EtOAc extract is washed with saturated KHoPO4 and brine solutions, dried
(MgSOy), filtered, concentrated, and chromatographed (MPLC, silica gel, 20%
EtOAc in hexanes) to give 19.21 g (84%) of [S-(R* ,R*)}-2-(2-tert-
butoxycarbonylmethyl-3-methyl-butyrylamino)-succinic acid i-allyl ester
4-benzyl ester as light yellow oil.

15 Step E
A solution of [S-(R* R*)]-2-(2-tert-butoxycarbonylmethyl-3-methyl-
butyrylamino)-succinic acid 1-allyl ester 4-benzyl ester (9.3 g, 23.0 mmol,
Example 2, Step D) and trifluoroacetic acid (35 mL) in 35 mL of CH,Cl, is
stitred at room temperature under N2 for 2 hours. The sample is concentrated,
20 redissolved into CH;Cly, then treated with EDCI'HCI (8.8 g, 46.0 mmol),
HOBT-H0 (6.2 g, 46.0 mmol), and O-benzylhydroxylamine hydrochloride
(7.3 g, 46.0 mmol). 4-Methyl-morpholine (11.6 g, 115 mmol) is added dropwise,

and the reaction mixture is stirred at room temperature overnight. The sample is
diluted with CH>Cl and washed successively with 5% HCI and saturated

25 NaHCO3 solutions. The organic extract is dried (Na3SOy) and concentrated to
afford 10.25 g (88%) of the 2-[2-(benzyloxycarbamoyl-methyl)-3-methyl-
butyrylamino]-succinic acid 1-allyl ester 4-tert-butyl ester as a white solid which
is carried on to the next step without further purification,



Neustadt R (Tet. Lett. 1994; 35; 379-380) .

- 44- EXAMPLE 7

(S, S) - 3-{ 3- Neé baserés- [ ( 3- phenyl - propyl carbanvyl)rret hyl ] - butvwhwom& 4-
oxo-butyric acid [err] 5 -Step A m Xt wr-e
of (S) - 2- |sopropyl succinic acid 4-tert-RQytyl ester (14. 5 g, 67.0

nmmol, Exanple 2, Step C, EDCIHO (15.4 g, 80.3 nmol), benzyl al cohol
(8.7 m., 84.1 $%epF) and 4-dinet hyl aninopyridine (1.5 g, 12.3 mml) in 500

h
21a_1rrpl eis 18f Cl_l2dc%lﬁgg ltsetrﬂ g fs%ﬂ:a@(%] qggréqettm§ %édj%%?ég?ﬁ&ét%&%r"gnd-r °

sat ur at ed NaHUJ8r £er.U99%36:5741-5744), As'maonam?ﬁdemiam.[z-s washed with :
saturated KH2PO4 and brine solutions, dried (MyS™), filtered, and
concentrat ed. (PerzyioxEcIrhemeyl-methyDrd-methykbntyrrlamine]-succinitianid 1-allyl ester ( MPLC,
silica gl 10RAchlyalil elter (16388CF.7 il Hthpik g:egsf) of (S)-2-

i sopropyl -succinic acid 1-benZyl ester ester as a colorless

oil. 15 mwermpbosm}mem(lmm (@)z(oz'é?1 A Q&mﬂ:;()m 5‘&120?13139% and
251.1 (M55, The tert-but ester is
hydr ol §/zed Wi t%‘?@%?l%ﬂ?%ﬁf"’&eéﬁr?ﬁgl ion mixture it oom

tenperature tChllQWE&tdvﬁ)m&oW eﬁ?ﬁaﬂﬁb‘ﬁ%'ﬂ'pg%&géﬁ lﬂeupmasﬁéf@ﬁh as a |ight
yelTow oil. 20 g'e orgamcljéyensextractedwthOSNNaOH F'i'ht;z

10 basic aqueous phase.is acidified with concentrated HCI and extracted with EtOAc.
The organic extract is dried (Na3S0y), ﬁltere:_l, and concentrated to afford 6.2 g
(72%) of the substituted succinic acid 4-benzyl ester as foamy white solid.

To a solution of the above acid (6.0 g, 12.8 mmol) and

4-methylmorpholine (1.3 g, 12.8 mmol) in THF (50 mL) at -42°C is added

15 isobutyl chloroformate (1.8 g, 12.8 mmol) dropwise. After stn'nng 30 minutes, the -
reaction mixture is added to a solution of diazomethane in diethyl ether (~0.5 M,
200 mL) at 0°C. The reaction mixture is stirred for 2 hours at room temperature
then cooled to 0°C. A solution of 48% HBr (20 mL) and HOAc (20 mL ) is added
dropwise, and the reaction is stirred for 30 minutes at 0°C. The sample is diluted

20 with diethyl ether and washed with water (2x) and saturated NaHCO5 solution

(2x). The organic layer is dried (Na2S04) and concentrated. The residue is

dissolved in CHCly, and the product is precipitated with hexanes. The solid is

collected by filtration, washed well with hexanes, and dried to afford 1.5 g (15%)

of 3-[2-(benzyloxycarbamoyl-methyl)-3-methyl-butyrylamino]-5-bromo-4-oxo-
25 pentanoic acid benzyl ester as a white solid.

Step G
To a solution of (S)-1,1-dimethylethyl[[(7,7-dimethy]-2-
oxobicyclo[2.2.1]hept-1-yl)methyl]sulfonyl]carbamate (0.273 g, 0.82 mmol) in
anhydrous DMF (3 mL) is added potassium tert-butoxide (0.092 g, 0.82 mmol).
30 The reaction is stirred under a nitrogen atmosphere for 1 hour. This solution is
then added dropwise to a solution of 3-[2-(benzyloxycarbamoyl-methyl)-3-



A mxture of (S)-2-isopropyl-succinic acid 1-benzyl ester (3.45 g,
13.78 mmol, Exanple 3, Step A), 3-phenyl-1-propylamne (2.15 nm,

15.12 nmol ), %’14 gD (2. 32g, 15.15 nmol ), EDCIHO (2.91 g, pkynis8oosasd ) 25
and 4-met hyl norpholine 2.3 nL (20.65 mml) in 100 nL of GH2A 2 is stirred
at - 45-

roomtenperature for 12 hours. The sanplé %s concentrated and then
partitioned methyl-bilgtylantino 5 -brdmoas-dxs-pentamicatid\beigesen (0400 . The

or gani c extract and .bane )
solgut i ons, dried @m&hﬁ"a“m‘?%@&lﬂﬁ 'Bﬁﬂﬁydsm“sLBﬁ%%gH'ﬁg&??? & %i ve 5.0 g
(98% of (S)-2- (M\@ﬁﬁ' lﬁﬂ‘lﬂ%ﬂﬂ)ﬂﬂé@lﬂi&d%@ﬂ(ﬁ&candwasﬂ”&iMbﬂﬁé’ k{/l+aC| d

benzyl ester as yel | ow ol VS (APCI) rﬂz 369.

100%), 368.2 (Nﬁfi}eEsig ens dned(Na2804) and cowavﬁg% eplugfis
(S)-2-(phepprop ci d. benzyl
ester vm'th§120% ﬁi‘f’@*‘? éﬂt?"g’e}#‘?@%&% etoeg'?rdé)zﬂ 8}

(phenyl propyl capheényiy imetildidxy)dasbiongl]-i(7,d-didethylcn| or | ess oil. 10
M5 (APCI) mz 279. 1 Mt and M 17,

10 0(()/() ) oxoh&yé%@ lﬁmept-{()yl) l]sxﬂébgymgl % {%.r(l-methﬁetgylil (
(S)-2-(phenyl - prdﬁmshtc Hed bulylfdhiio}-4okopehanoate as a white¥oatly (2. 04
g, 7.34 mol, gl e 3 Step B), S%m %g@ﬂ hydro?g/ butyric acid ?ngy
tert-butyl est esol nohydr ochl ori de (1.71 g, 8.08 mmol ), HOBT H20 (1.24 g,

8.10 mmol j¢ EDC [ er r i laniple i8 trefted &ith 3099 Willhoroasttic 4cid m?m}:] @hat)see in S0
(0]

mL of CH2Cl 2 is stirred at roomtenperature for urs The
sanpl e i s concenthoat. &He sample is dnlutedwdtmmﬁjmgandwashedsdthbemmmmm@ and
sat urated NaHCO3 soql ution. The org xtract is washed with

sat ur at ed KH2pPO#olatien. Fhe atzanislayer Gtﬂ‘S’ed N32504) Rmmwd to give 0128280, and

trated. Th h t hed (MP 25%
T e

phenyl - propyl car banoyl ) - met hyl ] - but yryl am no} - 4- hydroxy-butyric acid tert-

butyl ester as $&tépHny white solid. M5 (APCI) mz 436.3 (M2,
10099 and 435.3 (M1, 83.1%. 25 ~ Step D
_ 15 To a solution of the above compound (0.237 g, Example 2, Step G) in

75 mL of THF is added 10% Pd/C (0.50 g), and the mixture is hydrogenated at

50 psi Hp, room temperature for 3 hours. The reaction mixture is filtered, and

Raney Nickel (0.10 g) is added. The reaction mixture is again hydrogenated at

50 psi for 15 hours. The sample is filtered, and the filtrate is concentrated. The
20 residue is partitioned between EtOAc and saturated NaHCO3 solution. The

aqueous layer is separated, acidified with HC, and extracted with EtOAc. The
organic layer is dried (Na2804) and concentrated to afford 0.065 g of 3-(2-
carbamoylmethyl-3-methyl-butyrylamino)-5-(7,7-dimethyl-2-oxo-
bicyclo[2.2.1]hept-1-ylmethanesulfonylamino)-4-oxo-pentanoic acid
25 (Compound 2) as a pinkish solid.
Analysis Calcd for CooH35N30gS x 0.27 C4HgO, (525.392):
C, 52.76; H, 7.13; N, 8.00.
Found: C, 52.36; H, 7.06; N, 7.65.
The following compounds can be prepared in accordance with the
30 procedure of Example 2.



A solution of (S,S)-3-{3-nethyl-2-[(3-phenyl-propyl carbanoyl)-nmnethyl]-
but yryl am no} - 4- hydroxy-butyric acid tert-butyl ester (1.54 g, 3.54 mol,

Exanpl e 3, ,5&;]55 and Dess-Martin reagent (2.26 g, 5.33 pewlussguospar ed
foll.owi ng the procedure of RE Irel and and L. Liu (J ©g. Chem 199S;

58: 2899) - 46-

in 100 nL of CH2A 2 is stirred at roomte erature for 2 hours. The sanple
is reductively worked-up Mngé procedure of D.B. Dess and ’

J.C.Mrtin (%-(gqgimel{nﬂ-ﬁ-oxf-lrx%? 22 RSt Gndhnghylh Ridh) $3- 16 9

(770% of (S, S)

phenyl - pr opyl mthﬂ%(ﬂh)mﬂbylhwb}miout-lp:gliyafbum}ylmmnbﬂm-penwnmm'.idt ert-butyl-

5 ester as a waxy vvhltei_f) ) M5 (APCI) mz 434.3 (M2,

83. 1% and 433_2Z(\+1, 100% SIS Cal cd for C24H36N2d err] x

0.50 H20 (441.} , Hy8.45; N 6.34,cH,

Found: C, 65. 3% . L35 E A

solution of (S, S~ 3-{3-netNyl -

but yryl am no}-4-oxo-butyri© acid terd - but .

Exanpl e 3, Step D) and 5.0 nlL oft 2’Z_Proace(s C idin 20 nL of

CHz2dl 2 is stirred at room tenperatur«€ for 1 hour. The solution is

concentr a%‘daa hen rt|t| oned between 15 Et OAc and saturated KH2PO4
The

sol uti on f‘ract is washed with saturated KH2PO4 and
brine sol uti onMs (AIP(I: v 6653MI+1, R5)0V6)) 3348,3 @00Pe).oncent r at ed to

[ 0. 83 869 h I - I b I
O o) ol SRR ) RS b S b o2 o
(Conpound 7). 20 ﬁ\é@éﬁ}ﬁ.]ql) Blné§4 377.2 (M1, 1009 . Anal ysi s

Cal cd for C20H err 'H20 (1380.960): C,
63.06; H, 7.5%oufd: C{58%2;H,7.18;N,64Found: C, 63.08; H, 7.25; N, 6.98.
The foll owi ng compound can be prepared according to the procedure 25

described in Example 7.
10 EXAMPLE 4

3-(2-Carbamoylmethyl-3-methyl-butyrylamino)-4-0x0-5-(2-phenyl-

ethanesulfonyl-amino)-pentanoic acid

H, H, |
0 (9]
H H
N N ~ s
HZN 72K\
0 0 O |
0,H

MS (APCI) m/z 456.3 (M+1, 74.7%), 242.2 (100%).
15 Analysis Calcd for CooH9N307S x 0.13 CF3CO2H (470.357):
C,51.74; H, 6.24; N, 8.93.
Found: C, 51.70; H, 5.97; N, 8.61.



-47- EXAMPLE 8
3-{3-Met hyl - 2-[ ( 3- phenoxy- et hyl car banoyl ) - net hyl ] - but yryl am no} - 4- oxo-

butyric acid [err] 5 A foany white solid. soiRads Nl z
379.1 (M1, 1W¥O9Y5676S Anal ysis Cal cd. for  err] H26N206 )}:684%50 H203?———
(387.437): C, 58.90; H, 7.02; N, 7.23. Found: C,
58.91; H, 6.78; N, 7.02. 10 -43- EXAMPLE 9
5-.(7, 7- Di met hyl - 2- oxo- bi cydo[ 2. 2. 1] hept,. k- t hanesul f onyl am no) - 3- { 3-

met hyl - 2-[ ( 2- phenoxy- et hyl car banoyl ) - ut yryl am no} - 4- oxo- )
pentanoi ¢ acid 3-[&Methyliza(plienatiylcarbaﬁi@nm%th l)-butyrylammol-a-mw-e of
(S)-2-(3- phenoxy et hyl car bapoy| hy 3 met byl butyric acid (3.51
g, 12.56 mmol, phenykethangsuiia ylﬂﬁ?fbtﬂﬁ‘ ri bed in Exanple 3,

Steps A and B) I—I—Asp(OcBu)OrreHad;-ICI (3 ﬁjs g, 13 82 mml) HOBT x H20

ﬁb

CO,H
5 A white solid.
MS (APCI) m/z 560.4 (M+1, 50.7%), 346.3 (100%).
Analysis Calcd for C2gH37N3078 x 0.27 H20 (564.551):

C, 59.57;H, 6.70; N, 7.44.
Found: C, 59.56; H, 6.52; N, 7.41.

10 EXAMPLE 6
' 5-(7,7-Dimethyl-bicyclo[2.2.1]hept-1-ylmethanesulfonylamino)-3-[3-methyl-
2-(phenethylcarbamoyl-methyl)-butyrylamino}-4-oxo-pentanoic acid

e R s

CO,H

An off-white solid.
15 Analysis Calcd for C3pH45N307S (591.773):
C, 60.89; H, 7.66; N, 7.10.
Found: C, 60.61; H, 7.65; N, 7.03.
The starting N-Boc sulfonamide was prepared by a Wolff-Kishner
reduction of (1S)-(+)-10-camphorsulfonamide followed by acylation with
20 di-(t-butyl)-dicarbonate according to the procedure of Example 2, Step B.
Neustadt R. (Ter. Lett. 1994;35;379-380).



(2.12 g, 13.82 mol ), EDCI HA (12.65 g, 13.82 mmol), and

4- met hyl nor phol i ne 20 (2.9 m., 26.38 mmol) in 100 nL of CH2A 2 is
stirred at ﬁ 8Q0xdePer ature for 12 hours. The sanpteus®/09463
concentrated and then partitioned between Et QAc and - -

- 48- saturated NaHCO3 sol utig The organic extract is washed

W th saturated KH2PO4 and bri ne solutions, dried (MSH),
filtered, and concentrated. The EXAMPLE Z2anpl e i s chromat ographed (MPLC,®

silica gel, 2 %

of (S, S)-2-{3- ié?ﬂg{@ yﬂ"ﬁ'ﬁg h’c@ﬁ&%é“\éﬁ% ﬂ%‘?ﬂ“‘%{ﬁ ‘i’?"g'“é"

but yryl am no} oxm-bmymiccacﬂcl d 4-tert-butyl ester l-nethyl ester as a white

solid. M5 (APCI) m z 465.2 ( 1000 Anal ysi s Cal cd

for C24H36N207 (464.564): 05; H 7.81; N, 6.03.

Found: C, 62.07; H, 7.85; N, 5.97. 1(D Step B To a

stirring solution at roomterrperature ) - 2- 8- rretgélmz [ (2-

phenoxy- ethylcarbanny 1Ay i C 4-tert-butyl
ExX

ester 1- met 3 4. 186§ 9. 00 , le 4, Step A) in 100
m. of THF is d dropwise 0.2 M1it 'umh drOX|de solution (47.3
m., 9.46 nmol). The . sanple is stirred for ZL)('? acidified

wi th saturated KH2PO4 sol uti on, concent rat ed (Ek? renove nost

ofthe THF) and extracted with Et OAc. The organic extract is
washed wgth bigegeasol ution, dried (MgSH), filtered, and concentrated to

a light yellow oil. The sa Ie Is crystallized from CH2C 2- hexanes to give
1.96 g Amisture9f (S)s2-isgpropy %succxmc acid 4-tert-butyl ester (14.5 g,

3- et hyl - 2- [(%mhﬂﬂa,xuxﬂﬂwi %éﬁ)@)@ﬂdmmmd Lr,-so%Onunol), benzyl alcohol

butyryl am no}-succinic acid 4-tert-butyl ester white solid.

MB(APCI) m z 481mi, §Mm@bm4-dlmethylamm°%ém9£1 %&dﬁ %amm!)rmmper r] N2O7

giS(z) 953L) - 71fCH2ClE? is stirred atroofh'tethperatiire for $2 houtk. The S£mple is Found: C,
10 concentrated, then partitioned between EtOAc and saturated NaHCO3 solution.

The organic extract is washed with saturated KHpPO4 and brine solutions, dried
(MgSO4),'ﬁltered, and concentrated. The resultant yellow oil is chromatogl'aphed
(MPLC, silica gel, 10% EtOAc in hexanes) yielding 15.6 g (76%) of (S)-2-
isopropyl-succinic acid 1-benzyl ester 4-tert-butyl ester as a colorless oil.

15 MS (APCI) m/z 307.2 (M+1, 92.2%), 252.2 (M-54, 90.9%) and 251.1 (M-55,
100%).

The tert-butyl ester is hydrolyzed with 20% trifluoroacetic acid in CHCly
at room temperature to give (S)-2-isopropyl-succinic acid 1-benzyl ester as a light
yellow oil. '

20 MS (APCI) m/z 251.1 (M+1, 100%).

Step B
A mixture of (S)-2-isopropyl-succinic acid 1-benzyl ester (3.45 g,
13.78 mmol, Example 3, Step A), 3-phenyl-1-propylamine (2.15 mL,
15.12 mmot), HOBT-H,0 (2.32 g, 15.15 mmol), EDCIHCI (2.91 g, 15.18 mmol)
25 and 4-methylmorpholine 2.3 mL (20.65 mmol) in 100 mL of CHyCl is stirred at



25 Step C Usi ng the procedure described in Exanple 1,

Step D, (S, S)-2-{3-nethyl -

[ (2- phenoxy- %g;‘;’gﬁ%fsbamyl) met hyl ] - butyryl am no} - succi ni ¢ ®crais99/09463

4-tert-butyl ester (2.92 g, 6.47 mmol ) is converted to 3.25 g~

(95. 2°/c) of (S, S)-5-brono-3-{3-

met hyl - 2- [ (2- phenoxy- et hyl car banoyl ) - net hy'rT] but yryl am no} - 4- oxo- pent anoi ¢
aci d, taom teopemtureford@ haurssFhesampletis mcmsram and then partitioned

14'g-a stirring 53&%} | o%tﬂgﬁngégn%%p%é?éwu?%%oc canpho rsul‘¥ onam' gteep °

(1.04 g, 3.14 MpihsaifREKEIPGOL 818 brind)solutidns] Bricio LSO Wifepsiamadle ol | owi ng
the 5 acyl ation procedure of Step B. Neustadt R, Tel. Letf. 1994;

35:379-380) in %&eﬂtatedtogweSOg(QWf(S) &dpmdpmpylmbaqmd-unaﬂuyl)sbt assi um
tert-butox] de (0. 5 mol,)... The .. .sanple is stirred at room
terrperaturgb for ’% ‘583{??301{@”71{9‘" lﬁen treated I n one

portion with (SMS mm%ﬂﬁﬂm& HpoYe3,- 3[682{M160%4%}3t hyl car barmoyl ) -

nmet hyl ] - but yryl am no 0XO0-, aci d, t te 50 g, 2.84
o Lo Y Hydrogembent B bepimicabemoy oty I 3 TEBRSRe oo

temperature sl ogkidb 1estermmw/mwmmEToHasambﬁpreiswagavet(spmed bet ween
Et OAc and sat ur at ed 2PO4 utla The organic extract is washed

with brine sol utPhsaylpenapylsarbamoy -meth “ty’i“l"ﬂ“g?’eﬂngéﬁﬁ% trated and

chr omat 09ig phec‘Mé’E’AlQ: 2 2R e\ﬂ#z s@Q%) 2781 Ot sh¥pNaR AP BI-PAC) to give
1.43 g (64% of 1, dlrrethyleth (11,

di met hyl et hoxy) dQ?%bnyl 10[(7,7-di rret hyI 2 OXObI cycl o[ 2. 2. 1] hept - 1-
yl')met hyl ] sul fonyl ] am no] -3-[[2-(1-nethyl ethyl)-1, 4-di oxo-4-[(2-

phenoxyet hyl ) am no] but yl ] am no] - 4- oxopent anoate as a foany white solid.

MS (APCl) mz 7'58%(:( M+1, 1009 . Step E 20 A sol ution

of 1, 1-dinethylet hyA:ﬁerééf s}-zctpﬂaiyh iamsxaa R&RY)-B-nbdthylbulyric

di met hyl - 2- oxobi cycl o% . ept rre fonx am no] 3-[[2-(1- :
met hyl et hyl )-1, 410'&(%9 SA'ZH %‘GPBM Y pent anoat

e 15 (1. 3%%\1:}} %«Za mmbhydﬁaeﬁm?ids (f171 Sles R}no NdoBY: |

oftrlfluoroacetlc acid ni L of CHZCI IS sti reda room
tenmperature for s:l;dmmal), EIDEI HG! utSSOg) 8108 mmol), and 4-methylmorpholine in 50 mL of

CH;Clj is stirred at room temperature for 12 hours. The sample is concentrated

and then partitioned between EtOAc and saturated NaHCO3 solution. The organic
extract is washed with saturated KH7PO4 and brine solutions, dried (MgSOy),

20 filtered, and concentrated. The sample is chromatographed (MPLC, silica gel,
25% hexanes/75% EtOAc) to give 1.64 g (52%) of (S,S)-3-{3-methyl-2-[(3-
phenyl-propylcatbamoyl)-methyl}-butyrylamino}-4-hydroxy-butyric acid tert-
butyl ester as a foamy white solid.

MS (APCI) m/z 436.3 (M2, 100%) and 435.3 (M+1, 83.1%).

25 Step D

A solution of (S, S)-3-{3-methyl-2-[(3-phenyl-propylcarbamoyl)-methyl]-
butyrylamino}-4-hydroxy-butyric acid tert-butyl ester (1.54 g, 3.54 mmol,
Example 3, Step C) and Dess-Martin reagent (2.26 g, 5.33 mmol, prepared
following the procedure of R.E. Ireland and L. Liu (/. Org. Chem. 1993;58:2899)



25 concentrated to a foany solid. The solid is dissolved into 0.1 M
sodi um hydr oxi de sol ution and washed with Et QAc (25 nl). The basic
aqueous phasyp ¢useres10- 11) is acidified with sat urpdeosssbiue)
solutiFon to a pH ~5.0 and extracted w th Et OAc- The organi e--
extract is washed with brine solution, ggied (MSH), filtered,
and concentrated to _give 0.57 (5299 of 5-(7,7-dinethyl-2-oxo- 30

bi cycl of 2. 2. 1] PP mL ¢fi GHaGla UF#MP’&W@{@ZMMQSWEMMW-

2 Toany whi t e TSHCVER Ry wiEE R heedtie 0r 8 DAl had L BRI g 5,501 ° °°
(M1, 40.3% afhnB@983L48:415694158) to give 1.16 gs(vawafes,sps-wnfemyl-z- (G- ~

o 76, "' N Sheisopdatalogl e buylaging) - go-butsic e ikl 7o

foI I ovm NG conpétendsa waky whitdyoli@ar ed according to the procedure of

Ex | 9. MPLE 10 10

3. [ 30 Nbt hyl - 2(MSEABCRYIZ 4343 (A2 S3cA%, 304 4333 MHL O - 4- ox0- 5- ( 3-

h | |

Ryt e eopy AP CcHRPCIINNTS GOS0 HI0 MALSTY 0 16 pnalysie )
Cal cd for Clerr] H a@,ob28H8.49; N, 6336. 701) : ' C, 66.13; H,

7.27; N, 5. 32'Found: c, 65.3€?ﬁ,n£i3;%, 6?1 : 99; H 7.24; N, 5.20.

10 StepE
A solution of (8, S)-3-{3-methyl-2-[(3-phenyl-propylcarbamoyl)-methyl}-
butyrylamino}-4-oxo-butyric acid tert-butyl ester (1.10 g, 2.54 mmol, Example 3,
Step D) and 5.0 mL of trifluoroacetic acid in 20 mL of CHyCl, is stirred at room
temperature for 1 hour. The solution is concentrated and then partitioned between
15 EtOAc and saturated KHPOy4 solution. The organic extract is washed with
saturated KHoPO4 and brine solutions, dried (MgS0y), filtered, and concentrated
to give 0.83 g (86%) of (S,S)-3-{3-methyl-2-[(3-phenyl-propylcarbamoyl)- '
methyl]-butyrylamino}-4-oxo-butyric acid as an off-white foamy solid
(Compound 7).
20 MS (APCI) m/z 377.2 (M+1, 100%).
Analysis Caled for CogHpgN205 x 0.25 HyO (380.960):
C, 63.06; H, 7.54; N, 7.35.
Found: C, 63.08; H, 7.25; N, 6.98.
The following compound can be prepared according to the procedure
25 described in Example 7.



-51- EXAMPLE 11
5-(7,7-Di et hyl - 2- oxo- bi cycl o[ 2. 2. 1] hept - 1- yl met hanesul f onyl am no) - 3- { 3-
met hyl - 2- [ (et h¥l henet hyI car banoyl ) - net hyl | - but yryl ami no}l,é-r S95/09463

oxopent anoi ¢ ey [err] An of f-white foamy soli --- VB
(APCI) miz 620.2 (M1, 40.3%, 360.2 (100%. Anal ysi s Cal cd
Clerr]Herr]N3O err]S x 0.70 H20 (632. 39#Y~ C, 58.88; H, 7.40;
N. 6.64. 10 Found: C, 58.89; H, 7.BSAMBLER 39.

EXAMPLE 12

5- (7, 7- Di et hy| 3-f3-Meghyhi2ci-phenoxy-ethyicasbamoy))-methplbutyrylaminodrd-oxgy - 3- { 3-
met hyl - 2- ( 3- phelmﬁ,npgaayl car banoyl ) - net hyl ] - but yryl am no} 4- oxo-

pent anoi ¢ acid [err] 15 Afoany vvhlte solid. M5 (APCI)
mz 620.2 (M1, 37.7%, 360.2 (100% . for
CerrJHerr]N3Jerr]S x 0.50 H20 (628. 79

COZH
5 A foamy white solid.
MS (APCI) m/z 379.1 (M+1, 100%).
Analysis Calcd for C1gHygN20g x 0.50 HyO (387.437):

C, 58.90; H, 7.02; N, 7.23.
Found: C, 58.91; H, 6.78; N, 7.02.

10 EXAMPLE 9
5-(7,7-Dimethyl—2-oxo-bicydo [2.2.1]Ilept-l-yl_methanesulfonylamino)-3-{3-
methyl-2-[(2-phenoxy-ethylcarbamoyl)-methyl]-butyrylamino}-4-oxo-

pentanoic acid

CH,
H
N,

283
0” "o
co,H O

15 Step A
A mixture of (S)-2-(3-phenoxy-ethylcarbamoyl-methyl)-3-methylbutyric
acid (3.51 g, 12.56 mmol, prepared using methodology described in Example 3,
Steps A and B), H-Asp(OtBu)Ome x HCI (3.31 g, 13.82 mmol), HOBT x HyO
(2.12 g, 13.82 mmol), EDCI'HCI (12.65 g, 13.82 mmol), and 4-methylmorpholine
20 (2.9 mL, 26.38 mmol) in 100 mL of CH,Cl; is stirred at room temperature for

12 hours. The sample is concentrated and then partitioned between EtOAc and



C, 59.22; H 7.37; N 6.68. 20 Found: C, 59.22; H 7.37, N, 6.50.

-52- EXAMPLE 13

3- {3-.Met hy| +wo bd/st7ggheny! - pr opyl car banoyl ) - met hyl | - but yl am pepusboRyees 5-

(2- oxe- 2H- chr onen- 6- yl oxy) - pent anoi ¢ aci d [err] -5 A tan selid.
M5 (APCI) m z 551. 2 (NH, 62. 3%, 345.2.43100%) . Anal ysis Calcd for
Cerr] H34N20[ err] 50 H20 (559.622): C, 64.39; H, 6.30; N,
5. 01. ateé aHEO3golufion. The prganic extrany is washel with saturated

EXAMPLE 14

5-[3-(1H1m daquPQf1 ap‘} brﬁ'gpsﬁ “ﬁ'gf'se Hngl Wﬁﬁgﬂ)&@w{@ MWFenfafe@Sn}?nenyl
e PAnes g im0 s LSBT o
CF3CORHxH20 (74308 %A) of (S,S 2-{3-methyl-2-[(2-phenoxy-ethylcarbamoyl)—methyl]-
5 butyrylamino}-succinic acid 4-tert-butyl ester 1-methyl ester as a white solid.
MS (APCI) m/z 465.2 (M+1, 100%).
Analysis Calcd for CoqH3gN20O7 (464.564):

C, 62.05; H, 7.81; N, 6.03.
Found: C, 62.07; H, 7.85; N, 5.97.

10 Step B
To a stirring solution at room temperature of (S,S)-2-{3-methyl-2-[(2-
phenoxy-ethylcarbamoyl)-methyl]-butyrylamino}-succinic acid 4-tert-butyl ester
1-methy] ester (4.18 g, 9.00 mmol, Example 4, Step A) in 100 mL of THF is
added dropwise 0.2 M lithium hydroxide solution (47.3 mL, 9.46 mmol). The
15 sample is stirred for 30 minutes, aéidiﬁed with saturated KHoPOy4 solution,

concentrated (to remove most of the THF) and extracted with EtOAc. The organic
extract is washed with brine solution, dried (MgSO4), filtered, and concentrated to

a light yellow oil. The sample is crystallized from CHpCly-hexanes to give 1.96 g
(48%) of (8, S)-2-{3-methyl-2-[(2-phenoxy-ethylcarbamoyl)-methyl]-
20 butyrylamino}-succinic acid 4-tert-butyl ester as a white solid.
MS(APCI) m/z 451.2 (M+1, 100%).
Analysis Calcd for Co3H34N207 (450.537):
© C,6132H,7.61;N, 622,
Found: C, 61.29; H, 7.71; N, 6.08.

25 Step C )
Using the procedure described in Example 1, Step D, (8,S)-2-{3-methyl-2-
[(24phenoxy-ethy]carbamoyl)-methyl]-but_yrylamino}-succi_nic acid 4-tert-butyl
ester (2.92 g, 6.47 mmol) is converted t03.25 g(95.2%) of (S,S)?S-bromo-3-{3-
methyl-2-[(2-phenoxy-ethylcarbamoyl)-methyl}-butyrylamino }~4-oxo-pentanoic
30 acid, tert-butyl ester as an off-white solid.



C, 59.17; H 5.66; N, 7.67. Found: C, 58.84; H, 5.61; N, 7..68.
- 53- EXAMPLE 15

5- (7, 7- Di met hylyogm@y- bi cydo[ 2. 2. 1] hept - 1-yl met hanesul f onyl FOTIEEP/Th46X2 -
hydr oxy.car banoyl net hyl - 3- et hyl - but yryl am no) - 4- oxo- pent anoi ¢ aci d -

[err] 5 Step A Usjglg the procedure described in
Exanple 2, Step F, [S- (R, R*)]-2-(2-

tert - but oxycar bMS/(AthyJZQSMZ’Ml WL, IPYO8FVa)0) - succinic acid 1-allyl |
est er 4-benzyl ester (10.68 g, 23.52 nmmol, Exanple 2, Step D) is

converted to 7.70 (78% of
[S- (R, R)]-2- (8t t - but oxycar bonyl net hyl - 3- net hyl - but yryl am no) - 10

succinic acid 4- benzﬂ5 %ﬁ%ﬁgsaﬁn&%&ﬁéﬁ}le}ﬂureof -Boccaéﬁoléﬁf&'aﬁmdyz 422.3

(M1, 12.19% and 366 1009 Anal ysi s
C[ er r] H er r ] NO7 (1.4, 3465nmol, prepared from (15)-(+)-10-cagphergulfonamidesfollowing the3 2.

the procedur e 2giicheotodlip fsp B Nebipdt R, f8L Tl Ago435 379580} jn 5.0 i 5! 19

t ert - but oxycar bofipMFeis hgded3a mﬂsq;tlexbpnt;ssynmfbm}omosﬁ igc3.43 inuinol). ez y |
st et (Sl o TR hper AR 50 i Rofe b S YR 10 462

of

[S- ( R, R*)]-5- bﬁ@mp%rﬁo?rvhaf@s L8-Brexio3- wﬂt&mnimp&nm&u&lc&uw@j ani nO) 4
0X0- pent anoi ¢ aci d _benzyl ester as a white

( APCI ) mz 498, Methy-butyrylamino}ed-axorpentanoic agidy test-bityl M(ﬁ@%@ 84 mmol,
10 Example 4, Step C). The sample is allowed to warm to room temperature slowly

overnight. The sample is partitioned between EtOAc and saturated

KHPO4 solution. The organic extract is washed with brine solution, dried
(MgS0y), filtered, concentrated and chromatographed (MPLC, silica gel, 50%
hexanes/50% EtOAc) to give 1.43 g (64%) of 1,1-dimethylethyl 5-[[(1,1-

15 dimethylethoxy)carbonyl][{(7,7-dimethyl-2-oxobicyclo[2.2.1hept-1-
yl)methyi]sulfonyllamino]-3-[[2-(1-methylethyl)-1,4-dioxo-4-[(2-
phenoxyethyl)amino]butyl]amino]-4-oxopentanoate as a foamy white solid.
MS (APCI) m/z 778.3 (M+1, 100%).

StepE

20 A solution of 1,1-dimethylethyl 5-[[(1,1-dimethylethoxy)carbonyi]-[[(7,7-
dimethyl-2-oxobicyclo[2.2.1]hept-1-yl)methyl]sulfonylJamino}-3-[[2-(1-
methylethyl)-1,4-dioxo-4-[(2-phenoxyethyl)amino]butyl]amino]-4-oxopentanoate
(1.38 g, 1.77 mmo}, Example 4, Step D) and 10 mL of trifluoroacetic acid in
20 mL of CHCl;, is stirred at room temperature for 1 hour. The solution is

25 concentrated to a foamy solid. The solid is dissolved into 0.1 M sodium hydroxide
solution and washed with EtOAc (25 mL). The basic aqueous phase (pH ~10-11)
is acidified with saturated KH7PO4 solution to a pH ~5.0 and extracted with
EtOAc. The organic extract is washed with brine solution, dried (MgSOj),
filtered, and concentrated to give 0.57 g (52%) of 5-(7,7-dimethyl-2-oxo-

30 bicyclo[2.2.1]hept-1-ylmethanesulfonylamino)-3-{3-methyl-2-[(2-phenoxy-



100/ 97. 1% . Anal ysis Cal cd for C23H32Br NO6 (498. 424):

C, 55.43; H 6.47; N, 2.81. 25 Found: C, 55.28; H, 6.33; N, 2.77.

- 54- - woossknp C To a solution Of(S)Pcir/Us99/o9453
1-dinmethyl ethyl [[ (7, 7-di met hyl - - -

oxobi cycl o[ 2. 2. 1] hept - 1-yl ) met hyl]sulfogw.l]carbarrate (0 862 g, 2.60 rrrml)

in anhydrous DVMF (4 nl) is added potassiumtert-butoxide (0.307

g, 2.74 mol ) ethytparbamoybmathyll-butyrylaminodt4-pxcepentandisracid asiatfongewhite mosphere -
for 30 mnute on is then added dropwi se to a solution
of [S (R, R*)jcs"h&rgc”i'r?g” Ay ﬁ tert-

but oxycar bonyl%(%ﬂhﬁ%b@%@ﬁ%)mﬂﬁ@lm%o pent anoi ¢ aci d benzyl

ester %aﬂadfgr Eﬁ@ﬁ? 5, Step B) in anhydrous DVF (4
m.) and the react(?%%ﬂgg3 re 5€Q/er night. The sanple is diluted
wth Et ¢ and \Nasmem,u,tms;L@Nsmrl ne (2x). The EtOAc layer is dried
(Na2SO™4) and concenfr, té&} The residue is .chromat ogr aphed (silica
gel , 20% Et OA Wﬂeﬂiﬁﬁ 115 %% 68%d 0.850 g of

phenyl net hyl - 5- [ [ ( Thd follo bt a6 frepurdd /f&g%%?f&c@&&eaf

oxobi cycl o[ 2. 2, 1] hept-1-yl) et hyl]sul fonyl ] am

1- di met hyl et h&Xgmple

(1-nethylethyl)-1, 4- d| oxobutyl ] am no] 4- oxopent anoate as a white foany
solid. 15 Step D

Phenyl met hyl - 5-[[ (1, 1- di met hyl et hoXEPFAMBEEA 1-[[ (7, 7- di net hyl - 2-
oxoblcy o[2

1] hept - yI ) nérlﬁWf@ﬂH‘Wf‘éﬁl%{hﬂn@ﬂ-mﬂ(w-hmm!whﬂ-émmw 2-

(1- nmet hyl et hyll,],u(i? Iy pkavdhoieacid- Oxopent anoate (0.850 g, 1.15 nmol,
Exanmple 5, Step C) is treated with trifluoroacetic acid/CH2A 2 (1:1, 15 m_)
for 20 1 hour. The sanple is concentrated to give an oily residue

which is carried on to
The residue is dis d into
" EDCI HO (0.441 g,
- O benzyl hydroxyl a e

4- Met hyl nor phol i ne (0. 506 g,

t step without further purification.

CH2d 2 and eated with
3 mol ) and
. . ¥ Q|

i s [added dropvvl se “and the reaction

. 25 mxture is stirred at roomter@erat e overnight. The sanple is
diluted with Et OAc and washed succe€@pHel y with 5% HO and
- saturated NaHCO3 sol uti ons.
A white solid.

MS (APCI) m/z 527.2 (M+1, 100%).
15 Analysis Calcd for CogH3gN»2O5S (526.701):
C, 66.13; H, 7.27; N, 5.32.
Found: C, 65.99; H, 7.24; N, 5.20,



The organic extract is dried (Na2SO4) and concentrated. The residue is
chromat ographed (silica gel, 10% Et OAc i n hexanes) to afford 0.400 g of

3-[ 2- PCT/US99/09463
(benzy| oxycar B ¢het hyI) 3- net hyl - but yryl ani no] - 5- ( 7, Z- di net hyl - 2- exo-
30 " "bicyclo[2.2. ]hept-1-ylnethanesul ngyI am no) - 4- oxo- pent anoi ¢ aci d
benzyl ester as a white solid. ™%

- 55- Step E TonMmiwn of

3-[2- (benzyl oxycar barrpyl net hy

but yr yl ani no] - 5-5€@#D Pxoz m«Brkﬁemrlzﬂzlet&m'p}fwlammo)&{&

yl met hanesul f onyhafiin ng-pa I meai AN but§ Pyl Shino§-42 g, Exanple
5 5 Step D)m' ]7( of TH is adlggyd)ilo% d/ CQ(O 50 0), and t he

m xture is OXOPW%M!’@E%& ed at 50 psi hydrogen, roomtenperature for 5
hours. The reaction m xture is filtered and concentrated. The

and 0. 5NNaCOH sol ution. The

aqueous |ayer is 22 xtragt ed with Et OAc. The
organi ¢ extract g:ent atedg and the 10. residue
is triturated in : LS | 1 t\ed 'Itrati&fn and
dried to girve N 3

5-(7, 7-di net hyl - 2- oxo- bi cycl o 2. 2. 1] heyt - 1- I net halﬁbsuIG - 3-

(2- hydr oxycar banmoyl et hyl - 3- hyl - but yryl am 6_8 oxoepen [ cid
(Conpound §5). MS(APCl ) m z518.1 (M+1, % . 15 Anal ysi s Cal cd

for Jerr]JHerr] th Foamylsofig. AH err] 02 x 0.59 H20 (567.880):
C, 50.34; HT. bﬁf’@‘%@ﬁ )Pso Found: C, 50.34; H, 6.80; N, 7.40.

The fol | ow ng cdﬁﬁd&ﬂ@@!@’aﬁz%éwﬂ'&p@r@@) 3603(H0%9). t 0 t he procedure
described in Ex EXAMPLE 16
5-(7,7-D net hyI s’s ch I%f"fNéoffhep OIZ-LIZ (63%%194R1esul f onyl am no) - 3- ( 2-
{[2-(1H i ndol - 3- yI ) - Qg Igglggqlbﬁwﬁ k¢aet hyl } - 3- net hyl - but yryl am no) - 4- oxo-
pent anoi ¢ aci d _

1 Found: C, 58.89; H, 7.48; N, 6.39.

EXAMPLE 12
§-(7,7-Dimethyl-2-0x0-bicyclo[2.2.1]hept-1-ylmethanesulfonylamino)-3-§{3-
methyl-2-[(3-phenyl-propylcarbamoyl)-methyl]-butyrylamino}-4-oxo-

pentanoic acid
H,C
o’ > o
N N
©/\/\N | Pl CH,
H 0 7’ N 0
° 0 CHj
CO.
15 H
A foamy white solid.

MS (APCI) m/z 620.2 (M+1, 37.7%), 360.2 (100%).
Calcd for C31H45N303S x 0.50 HoO (628.791):

C, 59.22; H, 7.37, N, 6.68.
20 Found: C, 59.22; H, 7.37; N, 6.50.



[err] 25 A white foany SO|Id M5 (APCI) mlz 645.3 (M1, 79.2%
and 285.1 (100% . - 56-

Anal ysi s Calwolodgsties C32HAANA err] S x 0.85 H err] O (660. 10 B¢Tus99/09463

C, 58-23; H 6.98; N, 8.49. Found: C, 58.23; H 6.74; N, 8.26:~
EXAMPLE 17 5 _52-

5-(7,7-Di et hyl - 2- oxo- bi cycl o[ 2. 2. 1] hept - 1- yl met hanesul f onyl ami no) - 3- { 3-
met hyl - 2-[ [ 3- (4- hydr oxyphenyl ) - propM?l ] - met hyl ] - but yryl am no} - 4-

0X0- pent anoi c X . M5 (APCI
Mz 636. 2 (Nmiq%gdef%l g ﬁ""i’g%]"f"("f&f%’mﬂi‘hﬂyﬂ '?g’i'%‘“ﬁé{i‘g'd"f"osr' (APQ1)
g:[igrkH[grghm@w%;wm:nééﬂp?»qmmwg) C, 57.91; H, .
oun ;
process anal ogous to Exanple 2 usi
t he correspondi ng conpounds (Exa@pl e
EXAMPLE 18

46; N, 6.14. In a
opriate starting materials, 15
o AD) can be prepared.

Sasashancel

5 A tan solid.
MS (APCI) m/z 551.2 (Mi+1, 62.3%), 345.2 (100%).
Analysis Calcd for C30H34N20g x 0.50 H20 (559.622):
C,64.39;H,630;N, 5.01.
Found: C, 64.39; H, 6.18; N, 5.00,

10 EXAMPLE 14
5-[3-(1H-Imidazol-2-yl)-naphthalen-2-yloxy}-3- {3-methyl-2-[(3-phenyl-
propylcarbamoyl)-methyl]-butyrylaminq}-&oxo-pentanoic acid

EI? N/\=\NH
©/\/\E ! t{

MS (APCI) m/z 599 (M+1, 13%).

15 Analysis Caled for C34H38N40¢ x CF3COoHXH0 (730.745):
C, 59.17; H, 5.66; N, 7.67.
Found: C, 58.84; H, 5.61; N, 7.68.



5-(7,7-b et hyl - 2- oxo- bi cycl o[ 2. 2. 1] hept - 1- yl et hanesul f onyl am no) -
3-{3-nethyl-2-[(2- napht hal en- 2-yl - et hyl car banoyl ) - net hyl ] - but yryl am no} -
4- 0X0- pent angg o) [err] WO 99156765 pcTnS99/09463
57- . WEABGS MG (APCI) mz 656.2 (ML, 31.299, 247 1
(1009 . Anal ysis Calcd for C34H ergg NJerr]S x 0.90 H20 (672.031):
C, 60.77; H 7.02; N, 6.25. 5 Found: C, 60.80; H, 6.95; N, 5.93.
EXAMPLE 19 EXAMPLE 15

5 EZ, ety -2 {FST P Rp it SR e oGRS AT DR

but yryl am no) 4 hym-oﬁmi-bsmoylmﬂlyﬂ-&methyl-bﬂyrjlammoH—oxo—peAtanoidacﬁbI i d.

H;
(0]
5 Step A

Using the procedure described in Example 2, Step F, [S-(R* R*)}-2-(2-
tert-butoxycarbonylmethyl-3-methyl-butyrylamino)-succinic acid 1-allyl ester
4-benzy] ester (10.68 g, 23.52 mmol, Example 2, Step D) is converted to 7.70 g
(78%) of [S-(R* R*)}-2-(2-tert-butoxycarbonylmethyl-3-methyl-butyrylamino)-

10 succinic acid 4-benzyl ester as a white solid.

MS (APCI) m/z 422.3 (M+1, 12.1%) and 366.2 (M-55, 100%).
Analysis Calcd for CooH3 1NO7 (421.495):

C, 62.69; H, 741; N, 3.32,
Found: C, 62.42; H, 7.33; N, 3.17.

zm

N/
w
4
(o]

15 StepB
Using the procedure described in Example 1, Step D, [S-(R* R*)]}-2-(2-
tert-butoxycarbonylmethyl-3-methyl-butyrylamino)-succinic acid 4-benzyl ester
(6.08'g, 14.43 mmol, Example 4, Step A) is converted to 4.62 g (64%) of
[S-(R*,R*)]-5-bromo-3-(2-tert-butoxycarbonylmethyl-3-methyl-butyrylamino)-4-
20 oxo-pentanoic acid benzyl ester as a white solid.
MS (APCI) m/z 498.2/500.2 (M+1, 76.5/74.7%) and 442.2/444.2 (M-55,
100/97.1%).
Analysis Calcd for Co3H32BrNOg (498.424):

C,655.43;H,6.47; N, 2.81.
25 Found: C, 55.28; H, 6.33; N, 2.77.



M5 (APCI) mz 659.3 (Mt1l, 31.2%, 399.2 (100% . Anal ysis Cal cd for

C33H err]Ndd err]S x 0.20 H20 (662. 424): C, 59.84; H, 7.06:;
N, 8.46. 15w099/£ﬂ§§nd' C, 59.98;, H 7.35, N, 8.08. PCT/US99/09463
EXAMPLE 20 —

5-(7,7-D nmet hyl - 2- oxo-bi cycl o[ 2. 2. | ] hepgal yl met hanesul fonyl am no) -
3-(2-{[2-(6-fluoro-1Hindol -3-yl)-ethyl carbam)yl] nmet hyl } - 3- net hyl -
but yryl am no) -Sfep£o- pent anoi ¢ aci d

-58- M5 (APCl) nf
663. 3 (M1, 151655] Togpslution ﬁ@qa‘”x'm%‘e‘@'n&?i%%ﬂ%d for (APGL) iz
C32H err] FN40[mbmldza,n&mzamﬂ@llwmyl]w&mate(0 862 g, £.60 nfmdljlin H 6. 65; N, .

8. 25. /.86 . | n,a process
anal ogous to I%%Hﬂ% oy %é")é%ﬁirdgpg stmé' &eg?uy%ergggg‘{ pf Y mmol). = o
corr espofdi ng Henpationis s(:E@mﬂeesnﬂég&mntﬁB&phmtfodm MinGRAIFHS solution

EXAMPLE 21 10

3-[3- Met hyl - lf?‘ﬁgf'mﬁd df‘?“f'T tR & spltion of [SHBOIRY-3bsomorI@4ettz ar banoy | } -

met hyl ) - but yr )Huamyml;mﬁ}methylbuhythylebmﬁyﬁmtno)-4-oxo-pentan01c acid benzyl ester
(1.18 g, 2.37 mmol, Example 5, Step B) in anhydrous DMF (4 mL) and the
reaction is stirred overnight. The sample is diluted with EtOAc and washed with
10 brine (2x). The EtOAc layer is dried (Na3SO4) and concentrated. The residue is

chromatographed (silica gel, 20% EtOAc in hexanes) to afford 0.850 g of
phenylmethyl-5-[[(1, 1-dimethylethoxy)carbonyl]-[[(?,?—diirlethy!-z-
oxobicyclo[2.2. 1]hept-1-yl)methyl]sulfonyljamino]-3-[[4-(1,1-dimethylethoxy)-2-
(1-methylethyl)-1,4-dioxobutylJamino]-4-oxopentanoate as a white foamy solid.

15 Step D . . .

Phenylmethyl-5-[[(1,1-dimethylethoxy)carbonyl]-[[(7,7-dimethyl-2-
oxobicyclo[2.2.1]hept-l-yl)methyl]sulfonyl]amirio]-3-[[4—(l,1-dimethylethoxy)-2- '
(l-méthylethyl)-l,4-dioxobutyl]amino]-4—oxopentanoate (0.850 g, 1.15 mmol,
Example 5, Step C) is treated with trifluoroacetic acid/CHyCly (1:1, 15 mL) for

20 1 hour. The sample is concentrated to give an oily residue which is carried on to
the next step without further purification. The residue is dissolved into 20 mL of
CH7Cly and treated with EDCI-HCI (0.441 g, 2.3 mmol), HOBT-H70 (0311 g,
2.3 mmol) and O-benzylhydroxylamine hydrochloride (0.276 g, 1.73 mmol).
4-Methylmorpholine (0.506 g, 5.0 mmol) is added dropwise, and the reaction

25 mixture is stirred at room temperature overnight. The sample is diluted with
EtOAc and washed successively with 5% HCI and saturated NaHCOj3 solutions.

The organic extract is dried (NapSO4) and concentrated. The residue is

chromatographed (silica gel, 10% EtOAc in hexanes) to afford 0.400 g of 3-[2-

(benzyloxycarbamoyl-methyl)-3-methyl-butyrylamino}-5-(7,7-dimethyl-2-oxo-
30 bicyclo[2.2.1]hept-1-ylmethanesulfonylamino)-4-oxo-pentanoic acid benzyl ester

as a white solid.



[err] A foany off-white solid. M5 (APCI) mz 428.3 (M1,
100% . 15 Anal ysis Calcd for C23H err] N30[err] x 0.35 CF3CO2H (469. 429):

C_ 60.64; H, 8. 95. Found: G, 60.46; H, 6.93; minnfbosithuss
Chgo Wo botse7bd Un: o 99

3-(3-Met hyl -2-{[ met hyl - (2- phenoxy- et hyl ) - g_,;\r banoyl ] - net hyI}-
butyryl am no) - 4- oxo-butyric acid err] 5 A foany white solid.
Ms (APCl) mlz 3®le?E(Mrl, 100% . Anal ysis Calcd for C20H err] N2G6 X

0.85 H20 (407.769): 58.91 Found:
C 58.87: H 7.02: N Igasglution of3- [ beRsyIokybarbmdyiethy)-3 Syt EXAMPLE 23

3-(2-{[2-(5, 6- Dwmﬁmhmbpsqm,mudanﬁu-axofbﬂuymmm 1beppdroy| | - met hyI }-
3-met hy | - DUty Y B o s 4L - paanic i besidl 9553355 ¢ Blatnple s,
5 Step D) in 75 mL of THF is added 10% Pd/C (0.50 g), and the mixture is
hydrogenated at 50 psi hydrogen, room temperature for 5 hours. The reaction
mixture is filtered and concentrated. The residue is partitioned between EtOAc
and 0.5N NaOH solution. The aqueous layer is acidified with HCI and extracted
with EtOAc. The organic extract is dried (NaSO4) and concentrated, and the

10 residue is triturated in ether/hexanes. The solid is collected by filtration and dried
to give 5-(7,7-dimethyl-2-oxo-bicyclo[2.2.1]hept-1-ylmethanesulfonylamino)-3-
(2-hydroxycarbamoyimethyl-3-methyl-butyrylamino)-4-oxo-pentanoic acid
(Compound 15).

MS (APCI) m/z 518.1 (M+1, 100%).
15 Analysis Calcd for CooH35N309S x 0.45 C4HgO2 x 0.59 HyO (567.880):

C, 50.34; H, 7.06; N, 7.40.
Found: C, 50.34; H, 6.80; N, 7.40.

The following compounds can be prepared according to the procedure
described in Example 15.

20 EXAMPLE 16
5-(7,7-Dimethyl-2-oxo-bicyclo[2.2.1]hept-1-ylmethanesulfonylamino)-3-(2-
{[2-(1H-indo}-3-yl)-ethylcarbamoyl]-methyl}-3-methyl-butyrylamino)-4-oxo-

pentanoic acid
25 A white foamy solid.

MS (APCI) m/z 645.3 (M+1, 79.2%) and 285.1 (100%).



[err] CO2H A
white solid. 15 MS (APCl) mlz 431.1 (M+l, 35.7%, 190.2 (1009% .

Anal ysis Calcd for C22H30N4Q[err] x 1.30 CF3CORH (578. 7RHIUSHNNMES C,
51.06; H, WOXER o 63 Found: C, 51.03; H, 5:50; N, 9.38.

In-a process anal ogous to Exanple 9 using appropriate starting material s,
20 t he correspondi ng conpounds (Eb&nples 24 to 25) can be prepared

5 (7 7-Di et AP %?}cqfof 93?11%0&5 3 0%p #@W&ﬁf onyI ani no) - { 3- net hyl -

2-[ (3-phenyl - proqyl_:,@%bg’r@yg)lqrgmghyl] but yryl am no} - 4- oxo- pent anoi ¢ aci d
[err] 5 A of f-white solid M5 (APCI) mz 606.1 (M+l), 360.1

(100%) . Foundy (58,23 B, €240 %2% err] H err] N307S x 0. 25 CF3CO2H
(634. 306) : C, 59.65; H, 7.51; N, 6.62.

EXAMPLE 17
5 5-(7,7-Dimethyl-2-oxo0-bicyclo[2.2.1}hept-1-ylmethanesulfonylamino)-3-{3-
methyl-Z-[[3-(4-hydroxyphenyl)—propylcarbamoyl]-methyl]-butyrylamino}-4-
oxo-pentanoic acid

An off-white solid.
10 MS (APCD) m/z 636.2 (M+1, 36.1%) and 376.1 (100%).
Analysis Calcd for C31H45N300S x 0.40 HyO (642.989):
C,5791H,7.18;N, 6.54.
Found: C, 58.10; H, 7.46; N, 6.14.

In a process analogous to Example 2 using appropriate starting materials,
15 the corresponding compounds (Examples 18 to 20) can be prepared.

EXAMPLE 18
5-(7,7-Dimethyl-2-ox0-bicyclo[2.2.1}hept-1-yimethanesulfonylamino)- .
- 3—{3-meihyl—z-[(z-naphthalen-z-yl-ethylcarbamoyl)_-methyl]—butyrylamino}-

4-oxo-pentanoic acid

20



Found: C, 59.73; H 7.67, N, 6.27. 10
EXAMPLE 25

5-(7,7-Dimeth I - b| g& do[ 2. 2. 1] hept - 1- yI met hanesul f onyl am no) P&-r/uggg{,dg%ll—l-
b

I ndol - 3-y

1) -

am)yl ] nmet hyl } - 3- met hyl - but yryl am no) - 4- oxo-

pent anoi ¢ aci d Atan sol i [err]

MS (APCI) miz 645.2 (|v|+1), 399.1 (1009 . "

Anal ysis Cal cd for

C33H err] NAO7S A wWhitdkoiE3CO2H (683. 605) : C 59.18; H,

N, 8. 20.

d
process anal ogoWF&i’%@(ﬂ%ﬁsg%fgﬂ s;hﬁ%éég?dgw%)e st art| ng materi al sI
t he correspondi Mamﬁﬁ-dﬁmgnb%g xaﬁg(jgzﬁﬁ-;mq -be prepared.

-61-

MPLE 26

5-(7,7-Di net hyI 2- 0XQ; 60. T} &, 3j02; |}, 6.2%1ept - 1- y| net hanesul f onyl am no) -

3-{3-net hy

4- 0X0- pent

0

10

15

e C%gg%&l 96?0%—],%' p&og)&car bamoyl ) - et hyl ] - but yryI am no} -

EXAMPLE 19
5-(7,7-Dimethyl-2-oxo-bicyclo[2.2.1]hept-1-ylmethanesulfonylamino)-
3-(3-methyl-2-{[2-(7-methyl-1H-indo}-3-yl)-ethylcarbamoyl}-methyl}-
butyrylamino)-4-oxo-pentanoic acid

H Me
~.
4 M
% e
co,H O

A pink solid.

MS (APCI) m/z 659.3 (M1, 31.2%), 399.2 (100%).

Analysis Calcd for C33H46N403S x 0.20 HyO (662.424):
C, 59.84; H, 7.06; N, 8.46.

Found: C, 59.98; H, 7.35; N, 8.08.

EXAMPLE 20
5-(7,7-Dimethyl-2-o0x0-bicyclo[2.2.1]hept-1-ylmethanesulfonylamino)-
3-(2-{[2-(6-fluoro-1H-indo}-3-yl)-ethylcarbamoyi]-methyl}-3-methyl-
butyrylamino)-4-oxo-pentanoic acid

7.13;
na



5 [err] An
of f-white solid. M5 (APCI) mz 621.1 (M1, 5.1%, 261.1 (1009%.
Anal ysi s  Cakgglodisgfes Cl err] H44N4AO[ err] S x 1. 26 CF3CO2H ( 764. pt4A)s99/09463

C, 51-10; H, 5.97; N, 7.33. 10 Found: C, 51.06; H 6.06; N, 7.08-~
EXAMPLE 27 _58.

5-(7,7-D et hyl - 2- oxo- bi cycl o[ 2. 2. 1] hept-1-yl et hanesul f onyl am no) -
3-{3-nmet hyl - 2-[ (3- gi nol i n- 2-yl - propyl car banoy! ) - net hyl | - but yryl am no} -
4- oxo0- pent anoi ¢ aci @ An of f-white solid.

[err] \YS; ) mz 671.3 (M1, 70.5%, 158.1 (1009%.

Anal ysis Cal cd for err] N4q1@5r] » 0. 95 H20 (687.946):

C, 59.36; H7.02;N : ; ;
- 62- HN
5-(7,7-D met hyl -
3-{ 3- net hyl - 2- [(3 napht haI enHl yI
. 4-o0xo-pentanoic acid [err]

APY

m no) -
“bulMe yl ami no} -

A foamy off-white solid.
MS (APCI) m/z 663.3 (M+1, 14.1%), 403.2 (100%).
Analysis Calcd for C32H43FN40gS x 0.90 Ho0 (678.998):
5 C, 56.61; H, 6.65; N, 8.25.
| Found: C, 56.92; H, 6.78; N, 7.86.

In a process analogous to Example 7 using appropriate starting materials,
the cqrresponding compounds (Examples 21 to 23) can be prepared.

EXAMPLE 21
10 3—[3-Methyl-2-({methyl-[Z-(l-methyl-lH_-indol-3-yl)-ethyl]-carbamoyl}-
methyl)-butyrylamine}-4-oxo-butyric acid

0Me Me
Me—N _ ﬁ CHO
L'/Ie (0 \(
COZH.
A foamy off-white solid.
MS (APCI) m/z 428.3 (M-1, 100%).
15 Analysis Calcd for Co3H31N305 x 0.35 CF3CO5H (469.429):
C, 60.64; H, 6.73; N, 8.95.

Found: C, 60.46; H, 6.93; N, 8.78.



An off-white solid. M5 (APCI) mz 670.3 (M1, 79.2%, 410.2

(100% . Anal ysis Calcd for CJerr] H47TN3( err] S x 0. 90 Et QAc
(749. 141): 99567 C, 61.89; H 7.29; N, 5.61. 10 pcrhszedehssiC,
61.90; H 7. 2%9%% 57. . EXAMPLE 29

5-(7, 7- Di met hyl - 2- oxo- bi cycl o[ 2. 2. 1] hept }9)" met hanesul f onyl am no) -
3-{3-nmethyl - 2-[(3-pyridin-3- yI pr opyl carbam)yl) nmet hyl ] - butyrl am no} -

4-.0x0- pent anoi ¢ aci d EXAMPLE 22

[err] PCI 621.1 (M1, 6.5%,
261.1 (100% . wﬁ“&kﬁ!@?‘b&r@&%ﬂ"‘&?@éﬁ%{% medylr s x 1,20
CF3C2H (757. 60Q)utyrylammo)-4—oxo—bmgne(icuﬁl 37; H, N, 7.34. 20

Found: C, 51.37; H, "6.01; N, Me

- 63- AVPLE 30

3-{2-[(2- Ben20| m dazol - 1-yl - thylg- 3- net hyl -

but yryl am no}-5- (7, 7-di ne ~ v : (o

yl met hanesul f onyl am no) - 4

5 A foamy white solid.
MS (APCI) m/z 393.2 (M+1, 100%).
Analysis Caled for CogHogN»Og x 0.85 HpO (407.769):
C,58.91;H, 7.34; N, 6.87.
Found: C, 58.87; H, 7.02; N, 6.59.

10 EXAMPLE 23
3-(2-{[2-(5,6-Dimethyl-benzoimidazol-1-yl)-ethylcarbamoyl]-methyl}-
3-methyl-butyrylamino)-4-oxo-butyric acid, trifluoroacetate salt

C02H
A white solid.
15 MS (APCI) m/z 431.1 (M+1, 35.7%), 190.2 (100%).
Analysis Caled for CooH3zoN4O05 x 1.30 CF3CO4H (578.740):

C, 51.06; H, 5.45; N, 9.68.
Found: C, 51.03; H, 5.50; N, 9.38.

In a process analogous to Example 9 using appropriate starting materials,
20 the corresponding compounds (Examples 24 to 25) can be prepared.



[err] A foany white solid. M5 (APCI) mz 646.2

(m+1l, 10.4%, 286.1 (100% . Anal ysis Cal cd for
Cerr]Herr]Wpaesdeferr] S x 1.46 CF3CO2H (812. 256) : PCT/US99/09463 G
50. 16> H, 5.52: N, 8.62. 10 Found: C, 50.18; H5.73; N, 8.46-

EXAMPLE 31 -60-
5-(7,7-Di met hyl - 2- oxo- bi cycl o[ 2. 2. 1] hept - 1- yl net hanesul f onyl am no) -
3-(3-net hyl -2-{[ 2- (1- et hyl - 1H i ndol EXAMPLER24y| car banoyl ] - net hyl } -

but | am no) - Fortd ' )
oY Lan 80 s@r m’?ﬂ‘?’i\%@ he 'l'yggg‘ﬁﬁ“%ww'ﬂ'“egﬁ%%“?j‘ ( 100%
Anal ysi s Cal cd 2?[@-Pmpm}mw}ﬂﬂhyn° hutyryER4ing)doad-pernpic acid -
C, 59.05; H 6.86: N, 8.26: Mg ~Found: C, 59.07; H 6.95; N, 7.98.
- 64- 0 "%

5-(7, 7- Di met hyl -
3-{3- net hyl - 2- [(

5 A off-white solid.
MS (APCI) m/z 606.1 (M+1), 360.1 (100%).
Analysis Calcd for C31Hz7N307S x 0.25 CF3CO,H (634.306); .
C, 59.65;H, 7.51; N, 6.62.
Found: C, 59.73; H, 7.67; N, 6.27.

10 . - EXAMPLE 25
5-(7,7-Dimethyl-bicyclo[2.2.1]hept-1-ylmethanesulfonylamine)-3-(2-{[2-(1H-
indol-3-yl)-ethylcarbamoyl}-methyl}-3-methyl-butyrylamino)-4-oxo-

pentanoic acid - .
' Me. e
Me— H H
N N N e
P\
H y o’ Yo Me
| CO,H
15 A tan solid.

MS (APCI) m/z 645.2 (M:+1), 399.1 (100%).
Analysis Calcd for C33H4gN407S x 0.34 CF3CO5H (683.605):

C, 59.18; H, 7.13; N, 8.20.
Found: C, 59.34; H, 7.13; N, 7.81.

20 In a process analogous to Example 15 using #ppmpﬁate starting materials,
the corresponding compounds (Examples 26 to 34) can be prepared.



4- oxo- pentanoic acid [err] A white solid. M5 (APCI)

mz 608.2 (M2, 64.9%, 607.2 (Mrl, 54.5%, 347.2 (100%. Anal ysi s
Cal cd for C[egb]gﬁgéggw[err] S x 1.66 CF3CO2H (796.024): PCT/US99/09463
48.77; H, 04. 10 Found: C, 49.12; H, 5.43; N, 6.60. ——

EXAVPLE 33
3-(2-{[2-(5-Acetyl -1Hindol - 3-yl ) - et hyl cal%am)yl] nmet hyl } - 3- net hyl -

but yryl am no) - 5- (7, 7- di net hyl - 2- oxo- bE’DgAMBLEZGZ 1] hept - 1-
yl met hanesul f on

Loty oas oM et o Bty A0 L pRSpirmethpnesifonyianin®y 15 7009
3; (7)0 32 %00% 3-{&maﬁ?ﬁbé[ﬁ-ﬁyxﬁih%lil%pmﬂ%Wﬂm&n}@mqum.émc s 51
|('|, 6. 88; )N 7.6 ﬂ'oxo-l)elltanom acid H N, 8.00. oun

C02H
An off-white solid.
MS (APCI) m/z 621.1 (M+1, 5.1%), 261.1 (100%).
Analysis Calcd for C3gH44N40gS x 1.26 CF3CO5H (764.442):

C,51.10; H, 5.97; N, 7.33.
10 Found: C, 51.06; H, 6.06; N, 7.08.

EXAMPLE 27
5-(7,7-Dimethyl-2-0x0-bicyclo[2.2.1]hept-1-ylmethanesulfonylamino)-
3-{3-methyl-2- (3-qmno|m-2-yl—propylcarbamoyl)-methyl]-bntyrylammo}-

4-oxo-pentanoic acid

St e e

s CO,H
An off-white solid.
MS (APCI) m/z 671.3 (M+1, 70.5%), 158.1 (100%).
Analysis Calcd for C34H46N408S x 0.95 H,0 (687.946):
C, 59.36;H, 7.02; N, 8.14.
20 Found: C, 59.60; H, 6.71; N, 7.75.



- 65- EXAMPLE 34
5-(7,7- D et hyl - 2- oxo- bi cycl o[ 2. 2. 1] hept - 1- yl net hanesul f onyl am no) -
3- (3- net hyl o ddssb7és1H-t et razol - 5-yl ) - et hyl car banoyl ] - net hyi&-r,bgy‘gmgm am no) -

4- oxo-pent anoi ¢ aci d [err] - A gray solid. - M5 (APER iz
596.3 (M1, 24.7%, 113.2 (100%. sAnal ysis Calcd for
Jerr]Herr]N/Jerr]S x CF3CO2H x 0. 27 I:5t20(731 733): C,
46.09; H, 5.88; N, 13.40. 10 FoRAMBLE28. 08; H, 5.78; N, 13.37.
EXAMPLE 35 R 9. 1

N4- (2- Benzm m da(l‘;,nglmetﬂyl 2 oﬁo.bfcyﬁf'grzr'f]hf Et ély h’%&“;‘%‘%’!&"&'ﬂ‘é’?‘r’a}ﬁydr o-furan-3-y
- gmsl;ylzsm%oamml-yl-propylca-pmn?l)-hﬁthyll-bﬂymmm 3 :

A sol ution of onyl - 3-am no- 4- oxo-butanoic acid [err]-tert-
butyl ester di et&g&?%tgé '8?&?24. 1 g, 63.2 mol, prepared from

Cbz- Asp(OQ Bu) - OH foll owi ng tiMegpr
&Mvedi ci nal Chem stry

was treated wt .
roomtenperatu
filtered and cag
3-am no- 4- oxo- but™an
yel | ow | isqui d.

An off-white solid.

MS (APCI) m/z 670.3 (M+1, 79.2%), 410.2 (100%).

Analysis Caled for C35H47N308S x 0.90 EtOAc (749.141):

| C,61.8%9, H, 7.29; N, 5.61.
10 Found: C, 61.90; H, 7.28; N, 5.57.

ure of Chapman K. T. (Bioorganic
Ln 150 nmL of et hanol

EXAMPLE 29
5-(7,7-Dimethy}-2-oxo-bicyclo[2.2.1]hept-1-ylmethanesulfonylamino)- -
3-{3-methyl-2-[(3-pyridin-3-yl-propylcarbamoyl)-methyl]-butyrylamine}-
4-oxo-pentanoic acid

M e
o H | M
(-
Z N Nog
| H ¥ O/, \\o Me
co,H 07

15
An off-white solid.

MS (APCI) m/z 621.1 (M1, 6.5%), 261.1 (100%).
Analysis Calcd for C30H44N40gS x 1.20 CF3CO5H (757.600):
C, 51.37;H, 6.23; N, 7.34.
20 Found: C, 51.37; H, 6.01; N, 7.40.



- 66- M5 (APCl) miz 248.1 (M+l, 100%. Step B

A m xture of 3-am no-4-oxo-butanoic acid [err]-tert-butyl ester diethyl
acet al 2.8 g, 63.9 nmol, Exanple 35, Step A),

(S) - 2-isopropyP? é’ﬁ?? nic acid 4-tert- 5 butyl ester (15P %899’%96‘633-—-
mol , Exanple 2, Step C, EDCl x HO (13.5 70.4 mmol ), HOBT x
H20(1089 70.5 mol) and4rrethy|rmrph‘(§ﬁrne(88rrL 80.0
mml ) in 250 nL of CH2A 2 was stirred@gtavpppspenperature for 12 hours.

The solution was concentrated, then partitioned between Et OAc and saturated

NaHCO3 sol ut i on. 3-thH2Henzeimidazel-1-yi-ethylcgrigmoylimethyl-3methyls DPO4 and bri ne
10 sol ution ) [ Jfat ed. The resultant
dark brown oil Sbutgfy‘lfﬂinﬁ%g-%% (Pg‘fr% O%d;:ﬁ-m%&?;&/%ﬁgﬁﬁ?ﬁ ica gel, 100% CH2C 2
to 2% MeOH in ylmethaneml@ulaynnq)-@omepqua@iga@d9% of
3-(2-tert-butoxycarbonyl nmet hyl - 3- et hyl -

but yryl am no) 4- oxo-bgtanpic acid [err]-tert-butyl ester diethyl acetal as a
| i ght yel | O 1) mz 224.1 (1009 .

Step C

3-(2-tert-but oxycambon bgtyr ani ﬁo)

4- oxo- but anoi c aci d Pe 18.6
mol , Exanpl e 35, St& B) of CHIAX with 20
m. of 20 trifluoroacetic acid. TheOsoI on vas sg at room
terrperaturg for 2 hours, concent r at ed CQzkkn partitioned between
Et CAc and saturated KH2PO4 sol uti on. The organi c extract was
washed with bri n& feashyuwhitasolidr i ed (MgSM), filtered, and

concentrated to GicV 0 f ° o

N- (2- et hoxy- 5- ox t(ifg Q %@H- ?463?2861(100@ 2-1 sopropyl -succi nam ¢
acid as a yel | onamdlysis Qzﬁcd for Oy ARDS 1 46 TIGCO,HNB12.236)0%) .

Step D A m xture of

N- ( 2- et hoxy- 5- oxo- tet@aﬁ@;ﬁﬁdﬂdéﬁdﬁ&ﬁzﬂ) 2-i sopropyl - succi nami ¢

acid (3.8 44, 13. ep C) 1-(2-
am noet hyl ben2|ﬂn? azo’l ; ﬁgk%%?@ prepared from ben2| m dazol e
usi ng _

EXAMPLE 31
§-(7,7-Dimethyl-2-0x0-bicyclo[2.2.1]hept-1-ylmethanesulfonylamino)-
3-(3-methyl-2-{[2-(1-methyl-1H-indol-3-yl)-ethylcarbamoyl]-methyl}-
butyrylamino)-4-oxo-pentanoic acid

A white solid.
MS (APCI) m/z 659.2 (Mi+1, 41.6%), 399.1 (100%).
Analysis Calcd for C33H46N408S x 0.17 CF3CO2H (678.205):
C, 59.05; H, 6.86; N, 8.26:
20 Found: C, 59.07; H, 6.95; N, 7.98.

15



WD 99/ 56765 -67-

the procedure of Cuadro AM et al., Synthetic Comrunications, 1991; 21: 535-
544), HOBT xwdldseted- 4 g9, 15.8 mmol ), EDCl x HCl (3.0 g, 15p@rniswhgssiind

N- et Ryl nor pholine (2.2 m., 20.0 nmol) -in 100 nL of CH2Ol 2 was stirred at
roomtenperature for 12 hours. The sol utdon was concentrated, then
partitioned 5 bet ween Et OAc and sat. NaHCO3 sol ution. The organic
extract was washed with - sHXAMPELE 32H2PO4 and brine sol utions,

dried SH) , cfgh bt ¥ Th Ittt"lh
s{): ied \(NaNg chz osn'é?’lgg]? g’%ﬁ%%{%L%} sﬁ?gyﬁge' “Yimethapespifony aminc- " CHg?:I (Z)I) d
to give 2.8 g 8489ethyhU[Q2-pytidivcéyhettizicatbainoyl)-méthyl]-butyrylathiss}hoxy - .

5- oxo-tetrahydgo- -3-ylJd- 2- i sopropyl - succi nam de as a white foany
solid. 10 ﬁl\/%‘{’&&’@%'&ﬁﬂzﬂ432. 2 (M2, 1009 . Anal ysi's Calcd for
C22H err]Ndd err Me o C, 61.38; H 7.02; N, 13.01.

Found: C, 61.18; In a progcess anal ogous

to Exanple 35 usiR E ri aﬁs\,
correspondi ng conpolnds 05 car be, starting
2-aryl -ethyl am nes that were not co rcially avadl a re prepared
fol |l ow ng t he procedure of Cuadro o8 alo thetic
Conmuni cat i ons 1991; 21: 535- 544. 2
EXAMPLE 36 : :
A . :
N[ err]-(2- Et hoxy B89 ot v ahydr o- f ur an- 3-yl ) - Na-[ 2- (1Hi ndol - 3-y1 ) - et hyl | -
20 2- i soOMSAAPChone 6082 (M1, 64.9%), 607.2 (M+1, 54.5%), 347.2 (100%). ‘
Me Le7 ] Analysis Calod for CogH4aN40S x 1.66 CF3CO5H (796.024):
C,48.77; H, 5.53; N, 7.04.

10 Found: C, 49.12; H, 5.43; N, 6.60.

EXAMPLE 33
3-(2-{[2-(5-Acetyl-1H-indol-3-yI)-ethylcarbamoyl]-methyl}-3-methyl-
butyrylamino)-5-(7,7-dimethyl-2-oxo-bicyclo[2.2.1]hept-1-
ylmethanesulfonylamino)-4-oxo-pentanoic acid

H Me
N\s
N\
0( A\ o Me
(o)
Co,H

15
A white solid.

MS (APCI) m/z 687.3 (M+1, 18.7%), 327.2 (100%).
Analysis Calcd for C34H46N409S x 0.75 HyO (700.343):
C,58.31; H, 6.84; N, 8.00.
20 Found: C, 58.51; H, 6.88; N, 7.61.



- 68-

EXAMPIE 37 5

N[ err]-(2- Et N§RP?898%0- ¢ et
i ndol -

soI i d.

53. 5%, 299. 2 (100%) .

C 64.99; H 7.50;

10

3-yl)-ethyl]-

Anal ysis Calcd for C23H err] N3 err] x 0.25 H20 (434.024):
C, 63.65; H 7.32; N, 9.68.

Found: C, 63.68; H 7.34; N, 9.36.

PCT/US99/09463
rahydro-furan-3-yl)-2-isopropyl-N4-[ 2- (1- met+hyl -
succi nam de . An off-white
ferr] VST APCI) iz 444.3 (M1,
Anal ysi SEXAMPLE 34 C24H33N30[err] (443.548):

EXAMPLE 38
N4-[ 2- (5, 6- Di

5-(5}',7-81methyl-2—oxo-b|cycloi’i&.l]hebt-quIml?ﬁanesnl?onyzammo)- - 40.

chl 30mmgm{m-amﬁkmioy&}mtﬁw&bMhojljlnﬁmww@rﬁmmo;.%

t et r ahydr o- f ur an-

) - 2-i sopropyl -

succl nam de

M M

[err]

4'°‘°'P°“‘““°P9Wt e solid.

MS (APCl) mz 354.1 (100%.

N/}‘I‘NH

N o

Me. Me

H H Me

10

15

20

Me

%

0
CO,H

A gray solid.
MS (APCI) m/z 596.3 (M-1, 24.7%), 113.2 (100%).
Analysis Caled for Co5H39N70gS x CF3C02H x 0.27 Etz0 (731.733):

C, 46.09; H, 5.88; N, 13.40.
Found: C, 46.08; H, 5.78; N, 13.37.

EXAMPLE 35
N4-(2-Benzo|midazol-l-yl-ethyl)-Nl-(z-ethoxy-S-oxo-tetrahydro—furan-3-yl)-

2-isopropyl-succinamide

Me e
N H OEt
\-N N
\/\IN-I O
o)
_ (8]
Step A

A solution of N-benzyloxycarbonyl-3-amino-4-oxo-butanoic acid p-tert-
butyl ester diethyl acetal (24.1 g, 63.2 mmol, prepared from Cbz-Asp(OtBu)-OH
following the procedure of Chapman K.T. (Bioorganic & Medicinal Chemistry
Letters 1992; 2:613-618) in 150 mL of ethanol was treated with 1.0 g of 20%
Pd/C. The sample was hydrogenated at room temperature and 51 psig Hp for
3.5 bours. The sample was filtered and concentrated to give 15.8 g (~100%) of
3-amino-4-oxo-butanoic acid B-tert-butyl ester diethyl acetal as a yellow liquid.



- 69- Anal ysis Calcd for C22H err] C 2N4O[ err] (499. 398):

C, 52.91; , 5.65; N, 11.22. Found: C, 52.91; H5.70; N, 11.07.
EXAMPLE 39 why 99/56765 PCT/US99/09463

N[ err]-(2-Ethoxy-5-oxo-tetrahydro-furan-3-yl)-2-isopropyl M- (2-phenoxy-

et hyl ) - succi nam de [err] Agsbi te solid. Ms (APCl) mz
407.2 (Mtl, 66.2%, 262. gloO% Anal ysis Cal cd for C21H err] N20C6
(406. 483) : MS (APCI) m/z248 3 M4, 1Qq%)7 44; N, 6.89. Found: C, 62.29; °
H7.49; N, 6.74. EXAMPLE 40

N err]-(2-Et ho§?/f-3¥oxo t et rahydro-furan- 3- yI) 2- |sopropyl N4-T 2- (6- net hoxy-
15 1H i ndol - )-ethyl]-succi nam de [err] .

A mixture of 3-amino-4-oxo-butanoic acid B-tert-.-butyl ester diethyl acetal
(15.8 g, 63.9 mmol, Example 35, Step A), (S)-2-isopropyl-succinic acid 4-tert-
5 butyl ester (15.2 g, 70.3 mmol, Example 2, Step C), EDCI x HCI (13.5 g,
70.4 mmol), HOBT x HyO (10.8 g, 70.5 mmol) and 4-methylmorpholine (8.8 mL,
80.0 mmol) in 250 mL of CHyCly was stirred at room temperature for 12 hours,
The solution was concentrated, then partitioned between EtOAc and saturated
NaHCOj3 solution. The organic extract was washed with sat. KHpPO4 and brine
10 solutions, dried (MgSO0y), filtered, and concentrated. The resultant dark brown oil
was chromatographed (MPLC, silica gel, 100% CHyCly to 2% MeOH in
CH,Cly) to give 13.9 g (49%) of 3-(2-tert'-butoxycarbonylmefhyl-3-methyl-
butyrylamino)-4-oxo-butanoic acid p-tert-butyl ester diethyl acetal as a light

yellow oil.
15 MS (APCI) m/z 224.1 (100%).

Step C
A solution of 3-(2-tert-butoxycarbonylmethyl-3-methyl-butyrylamino)-

4-oxo-butanoic acid p-tert-butyl ester diethyl acetal (8.3 g, 18.6 mmol,
Example 35, Step B) in 100 mL of CH>Clg was treated with 20 mL of

20 trifluoroacetic acid. The solution was stirred at room temperature for 2 hours,
concentrated, then partitioned between EtOAc and saturated KHyPO4 solution.
The organic extract was washed with brine solution, dried (MgSOy), fltered, and
concentrated to give 3.8 g (71%) of N-(2-ethoxy-5-oxo-tetrahyrdo-furan-3-yl)-
2-isopropyl-succinamic acid as a yellow oil.

25 MS (APCI) m/z 288.1 (M+1, 100%).

Step D .

A mixture of N-(2-ethoxy-5-oxo-tetrahyrdo-furan-3-yl)-2-isopropyl-
succinamic acid (3.8 g, 13.1 mmol, Example 35, Step C), 1-(2-
aminoethyl)benzimidazole (3.2 g, 19.8 mmol, prepared from benzimidazole using



An off-white solid. M5 (APCI) mz 460.1 (M1, 1009% .
- 70- Anal ysis Cal cd for C24H33N306 (459.547): C, 62.73;

H 7.24, N, 9 _14. Found: C, 63.11; H 7.02;N, 9.11. PCTIUS99IO9463

N4- ( 2- ‘Benzotri azol - 1-yl-ethyl)-Nerr]- (2 %hoxy 50xotetrahydrofuran 3y|
) 2-1sopropyl -succi nam de I{err] A yel |l ow solid.
MS (APCl) ni 2432 .the firbtebinreldfadrolOM. et ) Synthétie mmzmns 1991 ;21:535-

H N 43 96 77; N,
%erzg] Lerr] [e[ﬁ]dq}é r'll5§ )l,§§ mxnol)lEP@thCl (3 Og, 158mmo ‘and’
EXAMPLE 42

N err]-(2-Et hOX);N X e&ylmg:g*xolm&ﬁi ran’“‘é‘°9 I"} lq\%"{'f fCH&g%}vaslsurﬁedgE hyl ) -

room temperature for 12 hours. The solution was concentrated, then partitioned
5 between EtOAc and sat. NaHCO3 solution. The organic extract was washed with

saturated KHyPO4 and brine solutions, dried (MgS0y), filtered, and concentrated.
The resultant tan oily solid was chromatographed (MPLC, silica gel, 5% MeOH in
CH,Cly) to give 2.8 g (49%) of N4-(2-benzoimidazol-1-yl-ethyl)-N1-(2-ethoxy-
5-oxo-tetrahydro-furan-3-yl)-2-isopropyl-succinamide as a white foamy solid.

10 MS (APCI) m/z 432.2 (M+2, 100%).
Analysis Calcd for C2oH30N405 (430.508):

C, 61.38; H, 7.02; N, 13.01.
Found: C, 61.18; H, 6.95; N, 13.05.

In a process analogous to Example 35 using appropriate starting materials,

15 the corresponding compounds (Examples 36 to 52) can be prepared. The starting
2-aryl-ethylamines that were not commercially available were prepared following

the procedure of Cuadro A M. et al., Synthetic Communications 1991;21:535-544.

EXAMPLE 36

N1.(2-Ethoxy-5-oxo-tetrahydro-furan-3-yl)-N4-[2-(1H-indol-3-yl)-ethyl]-

20 2-isopropyl-succinamide |
Me e
OEt
HN_ "
* H 0
0]
o
An off-white solid.

MS (APCI) m/z 430.3 (M+1, 100%).



15 2-1 sopropyl - succi nam de [err] A yel |l ow solid. VS
(APCI) nmz 431.2 (M+1, 100% .

-71- woaseséss Cal cd for C22H30NAQ err] (430.508): pcrusogmssss C,
61.38> H, 7.02; N, 13.01. Found: C, 60.91; H 7.16; N, 12.81. -
EXAMPLE 43 5

N err]-(2-Et hoxy-5-o0xo-tetrahydro-furan- %8yl) 2-isopropyl-Nerr]-(2- phenyla
m no- etAnplyyis Sated for:Cri38i3 1N305 x 0.25 HpO (434.024):

Me [err] An off-white solid. I\/S(APCI) m z 4061(M+1
100% . 10 Anal yspss%ﬁ%%ﬂf:’a'r NA@6¥r1Herr]N3q err] x 0.15 H20 (408.201):
C, 61.79; H 7. %3undNC, 89689, 7.34;: N, 95und: C, 61.77; H. 7.56; N, 10.20.

| EXAMPLE 37
5 Nl-(Z-Ethoxy-S-oxo-tetrallyd ro-furan-3-yl)-2-isopropyl-N4- [2-(1-methyl-1H-
indol-3-yl)-ethyl]-succinamide
Me e
a OEt
Me—N_ 113
H o]
0
o
An off-white solid.
MS (APCI) m/z 444.3 (M+1, 53.5%), 299.2 (100%).
10 Analysis Calcd for Co4H33N305 (443.548):
C 64.99; H, 7.50; N, 9.47. |
Found: C, 65.16; H, 7.47; N, 9.40.
EXAMPLE 38
N“-[2-(5,6-Dichloro-benzoimidazol-l-yl)-ethyl]-.Nl-(z-ethoxy-s-oxo-
15 tetrahydro-furan-3-yl)-2-isopropyl-succinamide
Ci a
0Me Me
NN P
! 0
o
o

A white solid.
MS (APCI) m/z 354.1 (100%).



EXAMPLE 44
Nl - ( 2- Et hoxy-5- oxo-tetrahydro-furan-3-yl)-Nerr]-[2-(6-fluoro-1H i ndol -3yl)

- 15 et hyl e od/sg9g3r Opy! - succi nami de [err] POTHIRbR4S0! 1 d.
MS (APCH) mlz 446.1 (M1, 100%. _ .
-72- Anal ysis Cal cd for C23HSOFN3 r] (447.511): C
61.73; H 6.76; N, 9.39. Found: C, .22; H, 6.59; N, 10.45.

EXAMPLE 45 5 Analysis Calcd for C22H23012N405 (499.393):
N err]-(2-Et hoxy-5- oxo tetrahydro-furan-3-yl)-Nerr]-[2(7-nmethyl-1Hindol -3

-yl - et hyl | - 2Ci 3Pk Bbyi65sNcH-Fani de [err] A white
soli d. Found. C, 52.91; H, 5.70; N, 11.07. ' '
EXAMPLE 39
5 Nl-(2-Ethoxy-5-oxo-tetrahydro-furan-3-yl)-2-isopropyl—N4-(2-phenoxy-
ethyl)-succinamide

Me e
Et
o
(o)
A white solid.

MS (APCI) m/z 407.2 (M+1, 66.2%), 262.1 (100%).
10 Analysis Calcd for C21H3gN2Og (406.483):
C, 62.05; H, 7.44; N, 6.89.
Found: C, 62.29; H, 7.49; N, 6.74.

EXAMPLE 40
Nl-(Z-Ethoxy-S—oxo-tetrahydro-furan-S-yl)—Z-isopropyl—N4-[2-(6-methoxy-
15 1H-indol-3-yl)-ethyl}-succinamide
MeO

An off-white solid.
MS (APCI) m/z 460.1 (M+1, 100%).



M5 (APCl) mz 442.1 (M1, 100%. 10 Anal ysis Cal cd for C24H33N305

(443. 548) : C, 64.99; H7.50; N, 9.47. Found: C, 65.28; H
7.65; N, 9. 460 9956765 EXAMPLE 46 pCTnS99/09463

N err]-(2-et hoxy-5-oxotetrahydro-furan-3-yl)-2-isopropyt-N-[2-(2-nethyl -
15 benzoi m dazol - 1-yl ) - et hyI ] - succi ngyg_de [err] A foany
off-white solid. Ms (APCl) mz 4462(|\/Hr2 55.9%, 445.2 (M1,
51.5%, 300.1 @I'eberalcdforCuHsst@sM

-73- Anal ysjxs faQr 2NA err] x 0.50 H20 (453.543):
o001 b oas R AN e O O e N A5, os,

EXANPLE 47  5Found: C, 63.11;H, 7.02; N, 9.11.

N err]-(2-Et hoxy-5-o0xo-tetrahydro-furan-3-yl)-2-isopropyl-N4- [ 3-(3,4,5-

tri met hoxy- phenyl)-propyl]-succi nam de
. EXAMPLE 41

5 N4-(2-Benzotriazol-1-yl-ethyl)-N1-(2-ethoxy-5-oxo-tetrahydro-furan-3-yl)-

2-isopropyl-succinamide

Q Me
OEt
N\\N‘/N\/\Mﬁ
H 0
o
0
A yellow solid.

MS (APCI) m/z 432.1 (M+1, 100%).
10 Analysis Calcd for C31HogN505 (431.496):

C,58.46,H, 6.77; N, 16.23.
Found: C, 56.96; H, 6.45; N, 15.64,

EXAMPLE 42
N1.(2-Ethoxy-5-oxo-tetrahydro-furan-3-yl)-N4-(2-indazol-1-yl-ethyl)-
15 2-isopropyl-succinamide

Me e
Et
N\ N H
N/ \/\
H 0
(o)
o
A yellow solid.

MS (APCI) m/z 431.2 (M+1, 100%).



A white solid. [err] M5 (APCI) mz 495.1 (M1,

100% . 10 Anal ysis Cal cd for C25H38N2( err] (494.590):

C, 60.71; H, vseNis D- 66. Found: C, 60.47; H, 7.85;

B AL L wd Gors6 Pc%sﬁmzks_“
N - (2- Et hoxy- 50xo0-tetrahydro-furan-3-yl)- 271| sopr opyl - N4- [2 (phenyl)- 15
et hy] - succi nam de Me Me [err]
A white solid. Analysis Calsd foklﬂ@ngothémesos)w 1, 1009 . Anal ysi s
Cal cd for C21H30N2( er ré 6"&’390 484 C, 64.60; H 7.74; N, -
7.17. Found: Ho7.0%4 ,71396 N, 6.83.

- 74- Found: C, 60.91; H, 7.16; N, 12.81. _EXAWPLE 49

N err]-(2- Ethoxy 5- 0XO0- tetrahydro Turan-3-yl)2-i sopropyl - Nd-[ 4- (phenyl ) -
butyl ] -succi nam de

EXAMPLE 43
5 Nl-(z-Ethoxy-S-oxo-tetrahydro-furan-3-y|)-2-isopropyl-N‘-(Z-phenylamino-
ethyl)-succinamide
Me Me
H OFt

_ Z
1'1:.‘2s
o
2z
o

o
An off-white solid.
MS (APCI) m/z 406.1 (M+1, 100%).
10 Analysis Calcd for C21H31N305 x 0.15 HyO (408.201):
C, 61.79; H, 7.73; N, 10.29.
Found: C, 61.77; H, 7.56; N, 10.20.
EXAMPLE 44
Nl-(Z-Ethoxy-S-oxo-tetrahydro-furan-3-yl)-N4-[2-(6-ﬂuoro-1H-indol-3-yl)-
15 ethyl]-2-isopropyl-succinamide
OEt
o]
o

' A white solid.
MS (APCI) m/z 446.1 (M-1, 100%).



S A fluffy white solid. [err] M5 (APCl) mz

419.1 (M1, 100%. Anal'ysis Cal cd for C23H34N205 (418.538):
C, 66.01; Hwiodes6768, 6. 69. Found: C, 65.91; H, 8. 22cT0$99/09460. 10
EXAMPLE 50 : - -
N[ err]-(2-Ethoxy-5-o0oxo-tetrahydro-furanzg:.yl)-N4-(2-indol-1-yl-ethyl)-
2-1sopropyl - succi nan_de Me Me
[err] Avgysis Caledifas CoaHaeN3 Q5 (443.511): VB (APCI) miz 430.1 (M1,
1009 . Anal ysi y Herr]N3g err] (429.521):
C, 64.32;, H 7.28, ,681978?/%‘709'7&’%’ “Found: C, 64.68; H, 7.02; N, 10.07.
- 75- Found: C, 62.22; H, 6.59; N, 10.45. EXAMPLE 51
EXAMPLE 45
5 Nl-(_z-Ethoxy-s-o_xo-tetra_hydro-furan-3-y1)-N4-[2-(7-methy1-1n-indol-3-y|)-

ethyl]-2-isopropyl-succinamide

OEt
O
0
A white solid. -
- MS (APCI) m/z 442.1 (M-1, 100%).
10 Analysis Calcd for Co4H33N305 (443.548):
C,64.99; H, 7.50; N, 9.47.
Found: C, 65.28; H, 7.65; N, 9.46.
_ EXAMPLE 46
Nl-(z-ethoxy-s-oxotetrahydro-fnran-3-yl)-2-isopropyl-N‘-[z-(z-methyl-
15 benzoimidazol-1-yl)-ethyl]-succinamide
- Me e
NN N o
Me o
o

A foamy off-white solid.
MS (APCI) m/z 446.2 (M+2, 55.9%), 445.2 (M+1, 51.5%), 300.1 (100%).



N err]-(2-Ethoxy-5-o0xo-tetrahydro-furan-3-yl)-2-isopropyl-Nerr]-[4-henyl)-

propyl ] -succi nam de 5 A tan solid.
[err] SQE%I ) rﬂ z 405.1 (M1, 1009%. Anal ygrrusonbsaés f or
C22H32N2( er rY i 11 .C, 65.32; H7.97% N, 6.93. ---

Found: C, 66.27, H, 8. 07 N, 7.21. 10

EXAMPLE 52 -73-
;\l[ err]-(2-Et P(ﬁxlquy 1SWJIB€¢XM4§%§% %,gﬂ%b (%3 g{%ﬁ 5] fl uor o 1Hi nd(I\)/:S 3-vyl
et hy r
APCl) niz 446. -1 I Cal cd f C23H30FN3
E447 )51 1)Z ¢ %99%%7331N7§23ﬁna6y$|68 N, EC) 390r Fouqngrr]c

61.35; H, 6.78; Riund . (360.94; H, 7.04; N, 12.05.

EXAMPLE 47

5 N1.(2-Ethoxy-5-oxo-tetrahydro-furan-3-yl)-2-isopropyl-N4-[3-(3,4,5-
trimethoxy-phenyl)-propyl]-succinamide

MeO

MeO

OMe

A white solid. -
MS (APCI) m/z 495.1 (M+1, 100%).
10 Analysis Calcd for CosH3gN2Og (494.590):

C, 60.71; H, 7.74; N, 5.66.
Found: C, 60.47; H, 7.85; N, 5.77.

EXAMPLE 48
N1.(2-Ethoxy-5-oxo-tetrahydro-furan-3-yl)-2-isopropyl-N4-[2-(phenyl)-
15 ethyl]-succinamide

oMe Me
Q/\N H Et
N
H 0
0
0
A white solid.

MS (APCI) m/z 389.1 (M-1, 100%).

Analysis Calcd for Co1H3gN205 (390.484):
20 C,6460;H,7.74; N, 7.17.

Found: C, 64.50; H, 7.90; N, 6.83.



- 76- EXAMPLE 53

3-{2-[(2-Benzoi m dazol - 1-yl - et hyl car banoyl ) - net hyl ] - 3- net hyl -

but yryl am noyo dosssre3- but yric acid 5 PA/6SbMégepN Of

N4- (2-benzoi m dazol -1-yl -ethyl )-Nerr]-(2-ethoxy-5-o0xo-- —

t etrahydro-furan-3-yl)-2-isopropyl -succijgam de (1.25 g, 2.54 mmol, Exanple
35, Step D) in 25 nL of acetonitrile was treated with 25 nL of 5%
HO solution. The sanpl e WEXAMPLE4? for 1 hour, then concentrated-

to an of f-whit |l The. s €, s wash ith acetone,
filtered, and @é‘i‘%uﬂ r%ﬂ(gryi'%gmf%i%‘ihw,\mf"Iﬂ!ﬁ'y&%gf'[’?l’ﬁ&f’%?@mmﬂ?‘
benzoi m dazol - butyl]-saté¢iyamidebanoyl ) - met hyl | - 3- net hyl - but yryl am no} - 4- oxo-

butyric acid, hydrochloride as a white soljd, 134-141[err] C, dec.
MS (APCI) miz 403.3 (M % Calcd for

Cerr]H26NdAg err] x HA Et C, 52.20; H,
6.43; N, 12.18. 15 A l\§ 11. 52.
In a process anal ogous t o~ Exanpl e ria arting materials,

t he correspondi ng conpounds (Exanpl es &
EXAMPLE 54

3-3-Met hyl -2-{[ 2-(1-net hyl - 1Hi ndol - 3-yl ) - et hyl car banoyiy - net hyl }- 20
but yryl am no) 4- oxo-butyric acid :

-77- 5 A fluffy white solid.

MS (APCI) m/z 419.1 (M+1, 100%).
Analysis Caled for Co3H34N205 (418.538):
C, 66.01;H, 8.19; N, 6.69.

Found: C, 65.91; H, 8.21; N, 6.50.

an he epar ed.

10 EXAMPLE 50
N1.(2-Ethoxy-5-oxo-tétrahydro-furan-3-yl)-N4-(2-indol-1-yl-ethyl)-

2-isopropyl-succinamide

| Me Me
OEt
H 0
o
0

A dark red-brown solid.
15 MS (APCI) m/z 430.1 (M+1, 100%).
Analysis Calcd for Co3H31N305 (429.521):

C, 64.32; H, 7.28; N, 9.78.
Found: C, 64.68; H, 7.02; N, 10.07.



[err] The reaction m xture was basified, extracted, then

chr omat ogr aphed (MPLC, silica gel, 1% CF3CO2H 20% acetone in CH2d 2)
to give the t‘gbl §/67 conpound as a gray solid. 5 MpdrARodN946d Z
416.2 (M1, ¥O39K630958 1 (M 17, 10009 . . Analysis Calcd for -
C22H err]N3g err] x 0.05 CF3CRH ( 421. 19% C, 63.02; H,
6.95; N, 9.98. Found: C, 63.16; H 84; N, 9.62.

EXAMPLE 55 10 EXAMPLESI
3-(2-{[2-(5-Fluoro-1-nethyl-1Hi ndol - 3-yl) - et hyl carbarmx L mathﬁl}

3-net hyl - but yr y|u’fr(hsymwxo;oﬂmryhydro{urajl-3-yl)-2-Iseplropyl-N -[4-(pheny!

CO2H mp;l’ﬁlgu%h gn mxture was basified, extracted, then

chr omat ogr aphed P , silica gel, 1% HCOZH— 20% acet one in CH2CQ 2)
to give the title 15 conpound as a whiMi MS (APCI) iz
434.2 (M1, 100% . Anal ysis Cal cd err]H[errbﬁBOS x 0.96 HCO2H

(477.669): C 57.73; H 6.3 .8 Found: C
57.73; H6.39; N 8.65.
o

5 A tan solid.
MS (APCI) m/z 405.1 (M+1, 100%).
Analysis Calcd for CooH32N205 (404.511):
C, 65.32,H, 7.97; N, 6.93.
Found: C, 66.27; H, 8.07; N, 7.21.

10 EXAMPLE 52
Nl-(Z-Ethoxy-S-oxo-tetrahydro-furan-3—yl)-N4-[2-(5-ﬂuoro-l._H-indol-3-yl)'-

ethyl]-2-isopropyl-succinamide

Me Me :
0
m *lr
== N
' H \Qo
0
0

An off-white solid.
15 MS (APCI) m/z 446.1 (M-1, 100%).
Analysis Calcd for Co3H30FN305 (447.511):

C, 61.73; H, 6.76; N, 9.39.
Found: C, 61.35; H, 6.78; N, 9.36.



-78-

EXAMPLE 56

3-(2-{[2-(5, 6-Di chl oro-benzoi m dazol - 1-yl ) - et hyl car banoyl ] - net hyl } -

3- met hyl - butyy 9é)sg98% NO) - 4- oxo-butyric acid

A white solid.

100/ 48. 6/ 14. 3% .

H20 (516. 813):

M5 (APClI) miz 354.1/356.1/358. 1-( M1,

C, 46.48; H, 5.07; N, 10.84.

C, 46.56; H 5.31; N, 10.17. 10 EXAMPLE 53

57

A bei ge solid.

Calcd for Cl1Herr]Nd( err

10

15

20

Butyxylamino}-d-axoehpityric acid

PCTIUBD9/49463 5

————

Anal ysis Cal cd fsor C20H24C12NAJ err] x HA x 0.50

Found:
EXAMPLE

3- (2- {[ ( 2- BenzSiil@Beneoipidazol i yl-ethylcarbamoyl)- methvll S methyb v 1 1 - 3- et hy! -

but yryl am no) -

[err]-

15 MS (APCI) miz 417.2 (M1, 1009 . Anal ysi s

CO,H

A solution of N4-(2-benzoimidazol-1-yl-ethyl)-N1-(2-ethoxy-5-oxo-
tetrahydro-furan-3-yl)-2-isopropyl-succinamide (1.25 g, 2.54 mmol, Example 35,
Step D) in 25 mL of acetonitrile was treated with 25 mL of 5% HCI solution. The
sample was stirred for 1 hour, then concentrated to an off-white solid. The sample
was washed with acetone, filtered, and vacuum dried to give 1.10 g of 3-{2-[(2-

- benzoimidazol-1-yl-ethylcarbamoyl)-methyl]-3-methyl-butyrylamino } -4-oxo-

butyric acid, hydrochloride as a white solid, mp 134-141°C, dec.

MS (APCI) m/z 403.3 (M+1, 100%).

Analysis Calcd for CooHagN405 x HCI x 1.18 HpO (460.173):
C, 52.20; H, 6.43; N, 12.18.

Found: C, 52.21; H, 6.70; N, 11.52.

In a process analogous to Example 53 using appropriate starting materials,
the corresponding compounds (Examples 54 to 62) can be prepared.

EXAMPLE 54
3-(3-Methyl-2-{[2-(1-methyl-1H-indol-3-yl)-ethylcarbamoyl}-methyl}-
butyrylamino)-4-oxo-butyric acid : '

X ®.57 HO (510. 186) : C, 49.44;

H 6.04; N, 10.98. @ Me



Found: C, 49.46; H, 6.41; N, 10.63.

-79- : EXAMPLE 58 :

3-{2-[(2- Benz\gbrg'blgglgg -1-yl - et hyl car banoyl ) - met hyl ] - 3- net hy| -gainysoybsea no} -
4- oxo- hutyri c aci [err] 5 An of f-white soli-d. M5 tAPCI)
mz 404.0 (M1, 1009% . Anal ysi s Calgﬁ_for Cerr]JHerr]Nerr]derr] x
1.54 HO x 0.59 H20 (470.221): C, 48.53; H 5.94; N, 14.89.
Fund: C, 48.54; H 5.94; N, 14 10 EXAMPLE
59 _

3-{2-[(2-1ndazol -1-yl - et hyl car )-meth M?thyl - butyryl am no} -

4- oxo-butyric acid Me— H Ve Me [err]
Ai off-white solid. 15 MeEh AR, 1, 8100950

Co,H

The reaction mixture was basified, extracted, then chromatographed
(MPLC, silica gel, 1% CF3CO,H-20% acetone in CH)Cl») to give the title
compound as a gray solid.

5 MS (APCI) m/z 416.2 (Mi+1, 32.5%), 398.1 (M-17, 100%).

Analysis Calcd for CooHy9N305 x 0.05 CF3COH ( 421.195):

C, 63.02;H, 6.95; N, 9.98,
Found: C, 63.16; H, 6.84; N, 9.62.

EXAMPLE 55
10 3-(2-{|2-(5-Fluoro-1-methyl-1H-indol-3-yl)-ethylcarbamoyl]-methyl}-
3-methyl-butyrylamino)-4-oxo-butyric acid
F
Me Me
0
Me— H
. = N CHO

H
I T
CO,H

The reaction mixture was basified, extracted, then chromatographed
(MPLC, silica gel, 1% HCO2H-20% acetone in CH»Cl») to give the title
15 compound as a white solid.
MS (APCI) m/z 434.2 (M+1, 100%).
Analysis Caled for CooHygFN305 x 0.96 HCO,H ( 477.669):
C, 57.73; H, 6.31; N, 8.80.
Found: C, 57.73; H, 6.39; N, 8.65.



Anal ysis Calcd for Clerr]Herr]NAQerr] x 1.34 HC x 1.22 H20 (473.290):

C, 50.76; H, 6.34; N, 11.84. Found: C, 50.75;H, 6.34;N, 11.71.

- 80- WO 99/56765 . EXAMPLE 60 PCT/US99/09463
3-[2-¢{[2-(5, 6-Di net hyl - benzoi m dazol - 1-yl ) - et hyl ] - met hyl car banoyl } —---

met hyl ) - 3- met hyl - but yr yl am no] 4- oxo- but y#4 ¢ aci d [err] 5 A
white solid. M5 (APCI) mz 443.1 (M1, 1009%. Anal ysi s

Cal cd for C23H32N405 x 2.0 HCl x 0. JEXAMPLESS. 763) : C

E)2<A K/IA;L EHESIGI 68;3-(5"{[21--E§,iﬁichloro-benzoi_Jl'_nﬂﬂx%il:—1-S:l).-czgl?y'lt:7a§-iuu'n_lbyl)eiin8 .yl N 10.39. 10

3-[ 2- ({[ 2- ( 2- M3tmethybbutynilaming)-dtoxa-bplyricstcid/| | - net hyl car banoyl } - met hyl ) -
3-net hyl - butyryl am no] 4- oxgqbutyric acid

cl

Me\  Me
N, , H
\\/N\/\Nj\_l”/N CHO
| N I

- CO,H
5 A white solid.
MS (APCI) m/z 354.1/356.1/358.1 (M+1, 100/48.6/14.3%).
Analysis Calcd for CooHp4Cl;N405 x HCI x 0.50 :HZO (516.813):
C, 46.48; H, 5.07; N, 10.84.
Found: C, 46.56; H, 5.31; N, 10.17.

10 EXAMPLE 57
3-(2-{[(2-Benzoimidazol-1-yl-ethyl)-methyl-carbamoyl]-methyl}-3-methyl-
butyrylamino)-4-oxo-butyric acid

Me

A beige solid.
15 MS (APCI) m/z 417.2 (M+1, 100%). _
Analysis Calcd for Co1HpgN405 x 2.57 HCI (510.186):
C,49.44; H, 6.04; N, 10.98.
Found: C, 49.46; H, 6.41; N, 10.63.



[err] An off-white solid. 15 M5 (APCI) mz 415.1 (M1, 1 00%.
Anal ysis Cal cd for C[err]H[err]N4CIerr] x 1.1 HO (456.588):

C, 55.24; H6.42; 12. 27. Found05514H66C.l%

81 W SssTes EXAVPLE 62 “retibsodeded -
3-(3-nethyl-{[3-(3,4, 5-trimethoxy-pheny) - propyl car banoyl ] - met hyl } -

but yryl am no) - 4- oxo- butyr| c acid

Me Me [err] A white soll(hxmmsgNB(APCI) m z 4671(I\/Hr1
100%) . AnaI%/S| s Calcd for C23H34N2 err] X 70 H20 (479. 147
C, 57.66; H, 7.4%f -|l(2- otriazol-1-yl-ethylgpxbamoyl )met!!xlj-?‘rmethykbnwhml 10

EXAVPLE 63 gﬁ.ﬁt&ﬂ 2- [(2

phenoxy- et hyl car bam)y met hyl ] - but yryl am no} 4- oxo- butyric acid

et hyl ester
/N\/\Nii;/ \(
5 An off-white solid.

H
MS (APCI) m/z 404.0 (M+1, 100%).
Analysis Calcd for C1gH25NsOs x 1.54 HCI x 0.59 HoO (470.221):
C, 48.53; H, 5.94; N, 14.89.
Found: C, 48.54; H, 5.94; N, 14.51.

CO,H

10 ' EXAMPLE 59
3-{2-[(2-Indazol-1-yl-ethylcarbamoyl)-methyl]-3-methyl-butyrylamino}-
4-oxo0-butyric acid

Me
N’N\/\N/“\l[( CHO
C02H
An off-white solid.

15 MS (APCI) m/z 403.1 (M+1, 100%).
Analysis Calcd for C2gHagN405 x 1.34 HCl x 1.22 Hy0 (473.290):
C, 50.76: H, 6.34; N, 11.84. |
Found: C, 50.75; H, 6.34; N, 11.71.



[err] Step A 15 A mxture of (S)-2-isopropyl-succinic acid
1- benzyl ester (10.1 40.2 mmol, Exanple 3, Step A,

2- phenoxy- 1vypb baydegdi ne (6.1 g, 44.2 mol ), HOBT X HOrnisoofosgs 50. 2
mml ); EDCI x HO (9.6 g, 50.2 mmol) and N- et hyl nor phol i ne—{6. 6
m., 60.0 mmol) in 100 nL of CH2C 2 was §§Od'_rred at _ roomtenperature
for 12 hours. The sanple was concentrated, then partitioned 20 bet ween
Et OAc and saturated NaHCO3 sol uti on. EXAMPREg®ni c extract was washed

with saturated (o] sol utions, .drie 4), filtered, and
concent r at ed. ?@%ﬁgﬁﬁ%ﬂﬁeiwp' g’ﬁwof'f'@ﬂf@'slv‘ﬂg "&‘Wﬂﬂ&%ﬂg@?'&ﬁﬂ'@éﬂ}( MPLC, silica
gel , methyl)-3-methyl-butyrylamino]4-oxo-butyric acid - - 82-
80% hexanes-20% Et CAc to ig% hexanes-50% Et OAc) to give 12.3 g (83% of
(S)-2-[(2-phenoxy-et hyl carpg -nmet hyl ] -3-nmethyl -butyric acid benzyl
ester as a light yg Fi quid. Ms (APCI) nmz 370.0 (M1, 1009 .
Hydr ogenation of (S)-2-[( \oxy- et hyl car banoyl ) -nmet hyl]-3-nethyl- 5

butyric acid benzyl ester 2 g, 33. MeyxolMewith 20% Pd/C in 100 mL of

et hanol at bal |l ggn Pressure (~100% )

of (S)-2-[(2-phenoxy-et hyfFgar kanoyl) - thybh—o3- met hyl -butyric acid
as a light yellowoil. M AC?I\)/S‘NS 1009 .

Step B 10 A mixture o

of (S)-2-[(2-phenoxy- et hyl car banoyl )Mﬁst hyl ] - ® net p butyric acid
(4.8 g, 17.2 mmol, Exanple 63, Step A), 3-amnino-4- peﬁpéﬁoi c acid

et hyl ester hyg‘rv%@%de (3.8 g, 21.2 mmol, prepared using the procedure
of Hatser CEoM et al., J. Og. Chem 1987;52:5041-5044), HOBT X
H20 (3.3 g,  MS (APCI) iz 483.in(f-), 1068B%.] x HCl (4.1 g, 21.5 nmol) and

N- et hyl nor phol,i ne .(4..7 42,7 ). .in 150 mL of CH2C 2 was
stirred at rooﬁf"fqgsfﬁoé?lﬁﬂ {% 52%321‘14?%’63103?&[;‘ 8-35 H20 (523:%3%anpl e was
concentrated, then ial 170 en Et OAc and saturated NaHCC3 .
solution. The or gan@?ﬁggﬁti}agﬁﬂ\}ggb@‘shed with sat. KH2PO4 and bri ne

sol utions, driEemdNGS@45; Hf 6.B8:d¥,d@,39and concentrated. The resultant yellow-
oily-

10 EXAMPLE 61
3-[2-({[2-(2-Methyl-benzoimidazoel-1-yl)-ethyl]-methylcarbamoyl}-methyl)-
3-methyl-butyrylamino]4-oxo-butyric acid

_ Me e
0
N
>\/N\/\N N.__-CHO
Me - H \E
CO,H
An off-white solid.

15 MS (APCI) m/z 415.1 (M-1, 100%).
Analysis Calcd for Co1HpgN4O5 x 1.1 HCI (456.588):

C,55.24,H,6.42; N, 12.27.
Found: C, 55.14; H, 6.64; N, 11.01.



solid was chromat ographed (MPLC, silica gel, 25% hexanes- 75% Et OAc) to give

20 4.2 g (60% of 3-{3-nethyl-2-[(2-phenoxy-ethyl carbanoyl)-nethyl]-
but yryl am.no}v-vé-g&?&enoi c acid ethyl ester as a waxy |ight yelrhgyeoaeés d.
NS (APCI) m 2V 488> ( M1, 100% . . Step C ; Qzene

gas was bubbl ed through a solution at -78[.err]C of 3-{3-nethyl-2- 25
[ (2- phenoxy- et hyl car banmoyl ) - met hyl ] - but yr'yl am no} - 4- pent enoi ¢ aci d et hyl
ester (4.2 g, 10.3 mmol, ExBXAMPMEGEStep B) in 100 niL of i
CH2C [err] until bl ue ¢ . forned. The reactjon s quenched
at -78[err]C by 3&?‘6%]"37?‘ﬁg‘g{”ﬁﬁsé'ﬁ"'b‘?'h?ﬁyﬁ%‘fwnﬁpm"yﬂ”ba“‘%y&"ﬁ“m&ﬁ( 2.3 i,
31.3 mol ). The pagiHami Mﬁeaﬁed, then partitioned bet ween
Et OAc and sat ur at ed NaHﬂC?C;)‘? solution. The or i C tract was washed 30
wi th saturated KH2PO4 and brine sol utions, SH), filtered,
concentrat ed : - 83-
and chr omat ogr aphed ( Nfgk E‘JOE@HO) to give
3-{3-net hyl - 2-[ (2- phenoxy- € py | )N net Myl ] -Mput yiyl am no} 4- oxo-

[ PCl) nmlz 407.1

butyric acid ethyl ester as . M5 (
(Mrl, 1 00%. 5 AaebySi C21H err] oo x CO,H20 (409. 546) :
C, 61.59; H 7.47; N, 6.84 Found: C, 61.57; H, 7.46; N, 6.69
EXAMPLE 64 MeO
3- Cyano- 3-4 3- et h%ﬂi{t@s‘oiiﬁz' phenoxy- et hyl car banoyl ) - met hyl | - but yryl am no}- 10
propi onic acid eAf yl ‘ester

MS (APCI) m/z 467.1 (M+1, 100%).

Analysis Calcd for Co3H34N20g x 0.70 HyO (479.147):
C, 57.66; H, 7.45; N, 5.85.
Found: C, 57.44; H, 7.13; N, 5.72.

10 ' EXAMPLE 63
3-{3-Methyl-2-[(2-phenoxy-ethylcarbamoyl)-methyl]-butyrylamino}-4-oxo-
butyric acid ethyl ester

Me. Me o
| o Lln/ﬁ CHO
H _
y I T
CO,Et
Step A
15 " A mixture of (S)-2-isopropyl-succinic acid 1-benzyl ester (10.1 g,

40.2 mmol, Example 3, Step A), 2-phenoxy-1-ethylamine (6.1 g, 44.2 mmol),
HOBT x H70 (7.7 g, 50.2 mmol), EDCI x HCI (9.6 g, 50.2 mmol) and '
N-methylmorpholine (6.6 mL, 60.0 mmol) in 100 mL of CH,Cl, was stirred at

room temperature for 12 hours. The sample was concentrated, then partitioned
20 between EtOAc and saturated NaHCO3 solution. The organic extract was washed

with saturated KHyPO4 and brine solutions, dried (MgSOy), filtered, and
concentrated. The resultant brown liquid was chromatographed (MPLC, silica gel,



[err] Step A A sol ution of

4- am no- 3-[ (benzyl oxycar bonyl ) - am no] - 4- oxo-but anoi c acid (8.9 g,
33.6 nmmol ) QJRrbekbreslr ops of concentrated sulfuric acid in 2g@ushoeissls

et hanol was ref9I uxed for 12 hours. The- solution was cool ed, concentrtated,

t hen partitioned between Et OAc ggd saturated NaHCO3 sol ution. The
organi ¢ extract was washed wi th saturated KH2ZPO4 and bri ne

sol utions, dri 8eshiip8ex430% EiQAetosi®¥ hexanes-50% BtQAQ) tngiee12.3g€83%)pofgi ve_ 4.7 ¢

48% of 4-ani - ) | %- am - . ..4-0x0-but anoi c

gci of) et hyl est @3%@%%??%*‘%@%“%*“%@“%@6%af“’z‘&%”@ ?tﬁﬁlif 160%.
Anal ysi s Cal cda fight yellowfiguid.]M8 GSPCD 94z 3701O{M+1, 100%). - C, 57.14; H -
6.16; N, 9.52. X 28 H6..11: N 9.45.

Hydr ogenati on of 4%%‘3?@?‘?‘(05&?2% E@?@S‘%ﬁxﬁmﬁquqg]%]&k@m}bi c 25
gc:? et hyl est mutyrficacid genzyl.esten(1Qi3)g, 38.2 mm6lywith 208 Pd/Q B0100ImI0 6f @hdtabol  at

al | oon

pressure gave 1‘."2“50"(1’51%‘6%%9-%8&t‘&méﬂi°ﬁ@ﬁ-%%-abﬂ'e¥&ﬁ'&v'eaf9w%£ ﬁsl ester

as a methy 3l hehylbutyticaidiad a light yellow oil. MS (ARED nvz286.0 P11 (M1,
10099 . oot Ep B 5 A m xture of
(S)-2-[(2- phenbgg/'-’)et hyl car banoyl ) - net hyl.] - 3- net hyl - butyric acid

(2.5 g, 9.0 mmol, Exanple 63, Step A), 3,4-diam no-4-o0xo-butanoic

acid ethyl estgm@l-2 9, 7.4 mmol, Exanple 64, Step A), HOBT x H20 (1.4 g,
9.3 rrrr:gl)]) EDA % HO (3.6 g, 18.6 mml) and N-nethyl morpholine (2.1 ni,
19. 1 0 in 100 rA mixtueif ($)2-[{@phenaxyrethylcarbamophnmethyile-methyk for 12

h . 10 ; : b L ' Et OA
hnd <at ur at eq IEaRRY € L3Sl LIRS Sregl AE3 afiho- b peiBitf 54 1OMY B ON
sat ur at ed KH2P@lylzster hydrochloride (.3 g.62 1skinmol, prepared msingithelpn@@dyre of i | t er ed, and
trated. Jh | t gnt, Qf f - yWhi t.@cn cn. L LYaaSPl |
chr omat ogr aphcHRRH I eL iy G Choh 1887:52:s0 5044 HOREHsH0 B3 . to
ive 0.35 1 gl)'l‘ﬁi: - = -n{mlg banoyl)- 15
?r{e}/hyl ] -llgutgyﬁy%l}ém no ). It 0XO- J%/’P%:Eggf%%fﬂ{?l(ﬁest mﬁﬁgﬁ%‘#'?e ol i )d/ ) .

42.7 mmot) in 150 mL of CH3Cly was stirred at room temperature for 12 hours.

The sample was concentrated, then partitiohéd Between EtOAc and saturated
NaHCO3 solution. The organic extract was washed with sat. KHoPO4 and brine

solutions, dried (MgSOy4), filtered, and concentrated. The resultant yellow oily-

solid was chromatographed (MPLC, silica gel, 25% hexanes-75% EtOAc) to give
20 4.2 g (60%) of 3-{3-methyl-2-[(2-phenoxy-ethylcarbamoyl)-methyl]-

butyrylamino}-4-pentenoic acid ethyl ester as a waxy light yellow solid.

MS (APCI) m/z 405.1 (M+1, 100%).

Step C -

Ozone gas was bubbled through a solution at -78°C of 3-{3-methyl-2-

25 [(2-phenoxy-ethylcarbamoyl)-methyl]}-butyrylamino}-4-pentenoic acid ethyl ester
(4.2 g, 10.3 mmol, Example 63, Step B) in 100 mL of CH7Cl» until a blue color
formed. The reaction was quenched at -78°C by dropwise addition of dimethyl
sulfide (2.3 mL, 31.3 mmol). The sample was concentrated, then partitioned
between EtOAc and saturated NaHCO3 solution. The organic extract was washed

30 with saturated KH,PO4 and brine solutions, dried (MgSOy), filtered, concentrated



M5 (APCI) mz 420.1 (M1, 30.9%, 374.1 (100% . Anal ysis Cal cd for

C21H31N[err] G6 (421 .498): C, 59.84; H7.41; N, 9.97.

Found: C, 60.23: .38; N,- 9.90 20 Step C - PCT/US99/0D9632

stirring so unaer o -am no- 3-{ 3- net - 2- - -
irring |J§$8’A§5€5 0C under N2 of 4-anino-3-{3-nethyl-2-[(2

phenoxy- et hyl car banoyl ) - met hyl ] - but yryl angsr]o}-4- oxo0-butyric acid ethyl
ester (0.35 g, 0.83 mml, Exanpl€ 64, Step B) and triethyl ami ne
(0.29 nL, 2.08 aftddhromatographed (MPLE silita gel, Z5PAhenanessRi¢eBtGA) py\give

trifluoroacetic_anhydride (0,14 ml 5 0.99 mmol ). .The, sanpl e was
st: rrgd at OCI f3’?{3Ixﬂbh%,'[é'ﬁQ?P%&'&ﬂ'é‘f‘?é@aﬁ‘f’y%‘ﬁ‘w?]‘bm?amm‘gF‘b‘fsiwms)e add?t i on

of saturated NablipRc s6d eihyloster asldwhid solidhe sanpl e was
concentrated, then extracted with Rt OAc. The organic extract was washed

Wit h sMUAR@mEPBAM 19%e sol utions, dried (MySO4),

filtered, and caREERt balod%r CoyHygN,O x @ SRy (MPLC, silica gel, 25%
hexanes-755§>o Eto%(i}?ﬁaffordeg%lszQZOGX P50 BY:

2%85- o3 (Gﬁ%lj (21I61.59;II,7.47;N,6.8?1. | car banoy! ) oyl

-cyano- 3- { 3- met_hyl - 2- - naxy.- et hyl car banoyl ) - met hyl ] -

but yryl ami no}-p B‘H}déﬁiél(-gziiqge’étsh bg'é%ter as a white solid. VS
(APCI) mz 404.1 (M1, 1009%. Anal ysis Calcd for C1H err] N3O err]
x 0.35 H20 (409.788): 5 E (')34 H 7.30; N, 10.25.

Found: C, 61.73; H 7.23; N, 9.87.

EXAMLE 65 3-Cyano-3-{3-methyl-2-[(2-phenoxy-ethylcarbamoyl)-methyl]-butyrylamino}-

3- Cyano- 31- 3-net hyl, - 2- L&%e%?ne&éy et hyl car banoyl ) - net hyl ] - but yryl am no} -

propi oni c*aci d Propiomc Me Me
Me e
(@)
0 N.__CN
0]
| | O,Et
Step A '

10 [err]
A solution of 4-amino-3-[(benzyloxycarbonyl)-amino]- 4-oxo-butanoic
acid (8.9 g, 33.6 mmol) and 10 drops of concentrated sulfuric acid in 250 mL of
15 ethanol was refluxed for 12 hours. The solution was cooled, concentrated, then
partitioned between EtOAc and saturated NaHCO3 solution. The organic extract

was washed with saturated KHyPOy4 and brine solutions, dried (MgSOy), filtered,
and concentrated to give 4.7 g (48%) of 4-amino -3-[(benzyloxycarbonyl)-amino]-
4-oxo-butanoic acid ethyl ester as a white solid.
20 MS (APCI) m/z 295.0 (M+1, 100%).
Analysis Calcd for C14H)gN»O5 (294.310):
C, 57.14;H, 6.16; N, 9.52.
Found: C, 57.28; H, 6.11; N, 9.45.

Hydrogenation of 4-amino-3-[(benzyloxycarbonyl)-amino]-4-oxo-butanoic
25 acid ethyl ester (2.1 g, 7.4 mmol) with 20% Pd/C in 100 mL of ethanol at balloon



Step A A m xture of

(S)-2-[(2-phenoxy- et hyl car banoyl ) - net hyl ] - 3- net hyl - butyric acid
(1.67 g, 5.S%%0o09Rshes Exanpl e 63, Step A), H Asp(OQ Bu)- Ore Hedr/usoomosss (1. 58
g, 6:59 mmvol), HOBT-H20 (1.00 g, 6.53 nmol ), EDCl[err]Hd (1.26 g, -15

6.57 mmol) and N-nethyl norpholine (1.50_ g4, 13.64 nmmol) in 50 nL of

CH2C 2 was stirred at roomtenperature for 12 hours. The sanpl e was
concentr at ed, PfPéW’WFiltziﬁﬁTé&)%Mﬁ/@eﬁdwEﬂmﬁ-oammcaMhm&semhm| on. The -
organic extrac%gﬂgs y;gf b with saturated KH2PO4 and brine sol utions, “dried
(MS™), filtere and concentrated. The resultant yel l ow oi | was 20

chr omat ogr aphe S (4RCE) m&;i161.d AMyd| 1009806 hexanes/ 75% Et OAc) to give 1.69 g
(61% of 2-{3-nethyl-2-[(2-phenoxy-ethyl carbanoyl)-nethyl)-butyrylam no}-
succinic acid g eét butyl ester 1-nethyl ester as a waxy white solid.

VS (APCI) mz 2B (M1 1009 .

- 86- St e pAhixture of (S)-2-[(2-phenoxy“etm¢w6 I)Ciﬁethyl]-3-methyl-

ﬁutir;t;?ny'no} b R L .3 0l b o5 S AL 2 bemipo-torebumoing g, 3. 65
nmol , ammmwrg@w%&%nﬁlmﬂﬁms A I-jlfog—j-x}?@’r‘(lt@gperature was

treated wth 5 I|th|umhydrOX|de sol'ution ( nm.,y 4. 40 mml)
The cl oudy sanpBaenmel) EDCIxHCl(3 64,1 18r6afimal) aﬂd)NImétﬁyTﬁegrhbkﬂee(zleﬁLl hour,

acidified with turat.e P ution concentrated
(to renpve rmslléi)1 Eipéfﬁ-&@z@ammm%mmfw - The

Lo%gi ve 56" q PEABpIERRTSmnitol el et e%%“@r%ef? Crethyt ]

10 but yr y| NeHEO} selutieri. dihe organid extract was yashed with sstorated KHBO4 andsol i d.
MS (APCl) mz 451.2 (M1, .76 179.1 (1009 . Anal ysis Cal cd for
C23H34N207 x QVBR$ %{%5&%@%@0@ fliered, aad concentrated Thegesultant off-whites4: N,
6.17. oif;gwfiq wagchr%%aﬁérapmd &Jﬁ%, smca gel? ?% me%l?anol in cﬁtord%onn)
~ to give 0_.35 8 (11%) of 4-amino-3-{3-methyl-2-[(2-phenoxy-ethylcarbamoyl)-
15 methyl}-butyrylamino }-4-oxo-butyric acid ethyl ester as a white solid.

MS (APCI) m/z 420.1 (M-1, 30.9%), 374.1 (100%).

Analysis Caled for Co1H31N30¢ (421.498):
C,59.84; H, 7.41; N, 9.97.

Found: C, 60.23; H, 7.38; N, 9.90

20 Step C N
To a stirring solution at 0°C under N of 4-amino-3-{3-methy}-2-[(2-
phenoxy-ethylcarbamoyl)-methyl}-butyrylamino}-4-oxo-butyric acid ethyl ester
(0.35 g, 0.83 mmol, Example 64, Step B) and triethylamine (0.29 mL, 2.08 mmol)
in 50 mL of THF was added dropwise trifluoroacetic anhydride (0.14 mL,

25 0.99 mmol). The sample was stirred at 0°C for 1 hour, then quenched at 0°C by
dropWise addition of saturated NaHCO3 solution (~10 mL). The sample was
concentrated, then extracted with EtOAc. The organic extract was washed with
saturated KH,PO4 and brine solutions, dried (1\ng04), filtered, and concentrated.

Chromatography (MPLC, silica gel, 25% hexanes-75% EtOAc) afforded 0.21 g



A stirring solution of 2-{3-nethyl-2-[(2-phenoxy-ethyl carbanoyl) -
nmet hyl ] - but yryl am no}-succinic acid 4-tert-butyl ester (1.00 g, 2.23 nmol,
Exanpl e 65, Sg‘,@}g 768&Nd N-met hyl norpholine (0.31 ni, 2.82 mmedpyusoweddss ni of

CH2Cd 2 .at ca. - err]C (Dry Ice-CH3CN slurry) was treated dropw se wrth
i so-butyl 20 chloroformate (0.32 nlgs_2.47 mol ). The sanple was
stirred for 15 mnutes, then quenched by dropw se addition of

cancent r at ed anm@3¥e)of Jrgyimo:3- {emethiyki2{@rphenoxy-ethylcartnmayj)-mathelsanpl e was

allowed to warm X hen extracted
with Et OAc. The %x?g&l%?\éﬂoéﬁ:%é@&%gu&ggﬁgeg%é%ﬁ%ﬁlﬁé sol.ution, dr;(ed
(MgS™), and fi IMS{ABCYan/gadel MI2, W0%%)100% of 4-am no-3-{3-nethyl- 25

2-[ (2- phenoxy- et hyl car | }-net hyl]1-b l-am -4- 0xo- but anoi ¢ acid
tert- %}xsme@?&%a?ziﬁzﬁ%is §§1t3$3¥2(%b€2 t) mz 448.1 (M1,
92.6%, 374.0 (100% . . . The above primary am de was

dehydr at edgusi ng the %grlr'gsb%nzi??’il%r%g'zg's descri bed in Exanpl e 64,
Step C, then chr¥owmd:dGredpB3cH, TRRIN;9.8%1ica gel, 25% hexanes/ 75%
Et OAc) to give 0.64 g (62% of 3-cyano-3-{3-nethyl-2-[(2- 30

phenoxy- et hyl car banoyl ) - net hyl ] - but yryl am ng}i-6pr opionic acid tert-butyl
ester as a white solid. ]

:0\82 ;)I ution of %ﬁﬁ@‘%{?jéﬁe rrngfi %ﬂ‘%&?’bﬁgﬂ&?’l gt“‘?%%?gg#gﬁ?’?“‘i“"}'

met hyl ] - but yryl apsoptoniqacithi oni c acid tert-butyl ester (0.64 g, 1.48 mol,

5 Exanpl e 65, Step € and 5.0 nL of Meiflwf%oacetic acid in 25 nL of
CH2Cl 2 was stirred at room tenpgrat or 1 hour. The solution
was concentrated, then partitiongfd bef weeg Et OAc and sat urat ed
KH2PO4 sol ution. The organjesext®ac with brine

solution, dried (MgSO4), ef ed, and a | i ght
yellow oil. Diethyl ether m.) was ‘added andgthe Qil slowly solidified.
10 The sanple was filt®red and vacuumdried to gi SH28 g (49% of

3- cyano- 3-103- -
nmet hyl - 2-[ (2- phenoxy- et hyl car banoyl ) - net hyl ] - but yryl am no} - propi onic acid
as a vvh's{eﬁﬁol.i d. M5 (APCI) mz 377.0 (M+2, 100%.
Anal ysis Calcd for Cerr]H errgl\B err] x 1.20 H20 {397. 047) :
A mixture of (S)-2-[(2-phenoxy-ethylcarbamoyl)-methyl]-3-methyl-
butyric acid (1.67 g, 5.99 mmol, Example 63, Step A), H-Asp(OtBu)-Ome-HCl
(1.58 g, 6.59 mmol), HOBT-H,0 (1.00 g, 6.53 mmol), EDCI-HCI (1.26 g,
15 6.57 mmol) and N-methylmorpholine (1.50 mL, 13.64 mmol) in 50 mL of

CH,Cly was stirred at room temperature for 12 hours. The sample was
concentrated, then partitioned between EtOAc and sat. NaHCO4 solution. The
organic extract was washed with saturated KH;PO4 and brine solutions, dried
- (MgSO0y), filtered, and concentrated. The resultant yellow oil was

20 chromatographed (MPi.C, silica gel, 25% hexanes/75% EtdAc) to give 1.69 g
(61%) of 2-{3-methyl-2-[(2-phenoxy-ethylcarbamoyl)-methyl]}-butyrylamino}-
succinic acid 4-tert-butyl ester 1-methyl ester as a waxy white solid.
MS (APCI) m/z 465.2 (M+1, 100%).



15 C, 57.48; H, 6.96; N, 10.58. Found: C, 57.53; H,

6.68; N, 10.28. Bl OLOG CAL ASSAYS

| NHI Bl TI ON $/d89vs6155 Conmpounds of Fornul a | morrausesvbesbs t or s of
| CE as denonstrated by 20 ' measurenent of Ki ([err{M and I erri
([err]M wusing the protocol described hggein. Serial dilutions of

each conpound of the invention are prepared using an initial
8-fold dilutiofiteeB a DVMSO stock into HGE (100 mM HEPES, 20% gl ycerol v/v,

0.5 nmM EDTA), foll O)Q@Quiidn@f%l ?l_ﬁk 2p11§ 5‘? ﬂé)#%qag{g?h @t&lifGE + 12. 5%

DMSO. Ten mcroliters of dilu eds S or 5% DVBO)
are 25 phutyeylamine }rsucsinic agid 4-teritbutyh ey lnmpthylester (169 83.65/mel, Enzyne

IAE -(il—;ll‘ ui/gfl I ntﬁxﬁﬁﬁé‘ﬁs Sw&%)lnzo?‘mmk{%mﬁer@% COI’ICEI’#I’&L@/: on,

pre-warndd to BQ[I\éllﬂ?lm) hydrendde solutiondd.dmle 4. %mmulbél'heﬁmxdywdnplmwas t he
plate at 90 [ egfdy/aioh templistufetbe Hx&r&wﬁm}?sa%%&ﬁfﬂoz% goy seconds

at 30[err]C - 88-

usi ng 385 and esammmw%raﬂsbeqmsasme {tRénextrh@SPRfth BYGAY
Triplicate curves are avera ed, and opes are eval uated by

linear regr ess RPN exitart s waghed with Tbririe 501““01" drigd GvgSQ4), sk faltered
hi bi t 9 te it b

B bl ki e
t he congdétiti obutrgiatino}isacdidic acifl jtédibeatyt ¢steras 2 white solid. I g
Colorimetric r D| ute
i nhi bitor st o%e(éﬁgﬁpﬂﬂéag}éb%g {%ﬁfﬁflggw’% dilution froma

Analysis Caled for Co3H34N207 x 0.20 HyO (454.140):

C, 60.83; H, 7.64; N, 6.17. .
Found: C, 60.84; H, 7.63; N, 5.98.

15 Step C

' - A stirring solution of 2-{3-methyl-2-[(2-phenoxy-ethylcarbamoyl)—
methyl]-butyrylamino}-succinic acid 4-tert-butyl ester (1.00 g, 2.23 mmol,
Example 65, Step B) and N-methylmorpholine (0.31 mL, 2.82 mmol) in 25 mL of
CHClj at ca. -45°C (Dry Ice-CH3CN slurry) was treated dropwise with iso-butyl -

20 chloroformate (0.32 mL, 2.47 mmol). The sample was stirred for 15 minutes, then
quenched by dropwise addition of concentrated ammonium hydroxide solution
(5 mL). The sample was allowed to warm to room temperature, concentrated, then
extracted with EtOAc. The organic extract was washed with brine solution, dried
(MgSOQy), and filtered to give 1.12 g (>100%) of 4-amino-3-{3-methyl-

25 2-[(2-phenoxy-ethylcarbamoyl)-methyl]-butyrylamino }-4-oxo-butanoic acid tert-
butyl ester as a white solid. MS (APCI) m/z 448.1 (M-1, 92.6%), 374.0 (100%).

The above primary amide was dehydrated using the same conditions as

described in Example 64, Step C, then chrbmatographed (MPLC, silica gel, 25%
hexanes/75% EtOAc) to give 0.64 g (62%) of 3-cyano-3-{3-methyl-2-[(2-

30 phenoxy-ethylcarbamoyl)-methyl]-butyrylamino }-propionic acid tert-butyl ester
as a white solid.



primary stock whose concentration is selected (based on screening results

or on 10 prior attenpts at ICerr] evaluation) to achieve

approxi mat el y. g’ﬁ‘%a*’?p' bition in the nost. concent r at geryEbho4ss

Al'i quots of eX I'Tution are transferred to a mcrotitre pl ate in
triplicate. | CE enzynme is djluted to approximately 24 nMin
HGE buffer (100 nmM Hepes pH 7.5, 075 mVvEDTA, 20% gl ycerol, 0.1%
Bavi ne Serum Al szi(gpﬁ)m/zmsJQM), and activated by adding dithiothreitol
(DTT) to a final concentration of 5 MM The activated enzyne is
then aliquoted into wells containing inhibitor or vehicle, and the

plate is preincuStpdd for 60 minutes at ambient tenperature.

Substrate (Ac-Tyr-Val A&W&;ﬁ o.b§{3§ﬂ&ﬁ§iﬁ-§g§§8§bﬁﬂgﬁa&aﬂm}bﬁaI

concentration of 50 [err and "plates are mcrotrtre
pl at e-reader 20 methy)j+betynylaminop@ropiondGicid teftchutydesten(®i o, 3.48immeles af t er

addi tion of5 subsﬂﬁp@? ?{ﬁ’ts?%;@g#g% 0 % (?fg‘;ﬂ‘ﬁ?%m‘* ﬁfzs‘ﬁﬁ[ Lﬁ(}fgﬁ%ﬂ‘(}@st ored

for 1 hour,” and ac y T ula e mean change
i n absorbance dugirRd at Riof teMpétataré for 1 hour. The sohitiMiwds@bhdehitited)sBany - | Cerr]

Det erm nati ons . Furt her evjdence that conpounds of Formul a
| are i nhi bit or spastitigned betwesmEtOAc mdﬁmtwleﬁﬂal}% glption, The pxganic gxtrach; pj ¢

(PEVEe) 8 Gescr Prbebed ui ARe RARA, 85K QS fiereg, md colBARAGWGE" €11 S
- 89- ' he ™ 51 [phs L} waedd ' ; hi on,
t hen washed thr eg§‘¥t:yrgrlggﬁgﬂ}m@lﬁ%|1 %rgﬁ%gphatdg?ﬁﬁﬂgé gg%ﬁﬁgdml%m are

suspended 0n a nBhe ssmplowesdilteredpnd vacuum driedrygive 28 g(40%) gf 3rcpanorie{3-

penicillin, stre ki3, ﬁéqup‘_"( %ﬁ"@ﬁ T . d at
106 cells per V\EM?%QEQR}\E f %Ptn ott %%ﬁ?gytypgmo}af’{é&?hﬂcﬁﬁ

stinmul ated over naghitesilidh 10 ng/ nL of |ipopol ysaccharide (LPS, E coli
strain =V i eMnoiy1 t he presence or absence of a
conpound of For ngfi(wm%'a(%?d%%s harvested, and the |evel of

mat ure | L-1[ err] AnalgsisiCaled forrC3dHy§N§Qs &1.20 HyO (397.08Z):SA kit from R&D
Systens. Cells were cultured for an additional 4 hours in the
presence of5 3- (4, 5- di G748 Hhp Q60N 10.58 ) - 2, 5- di phenyl t et razol i um broni de 10
(MIT) to determ fg,n4l é,béiéat,!ﬁ, 6.68: N 1028 ! Cch-2 Colorinetric Dose-Response

(I1Cferr]) Assay I'nhibition of Ich-2 enzynme is assayed as
descri bed above for |CE, except that enzynme is used at 64 nM and
60 [err]M of the Ich-2-specific substrate Ac-Leu- G u- Val - Asp- pNA

is used instead of the |ICE substraBIOROGICAL\VASSAYS- Asp- pNA. 15
The results of these tests are shown below in Table 2.

INHIBITION STUDIES
Compounds of Formula I are inhibitors of ICE as demonstrated by
20 measurement of K; (M) and IC50 (uM) using the protocol described herein.

Serial dilutions of each compound of the invention are prepared using an initial
8-fold dilution of a DMSO Stock into HGE (100 mM HEPES, 20% glycerol v/v,
0.5 mM EDTA), followed by seven serial 2-fold dilutions into HGE + 12.5%
DMSO. Ten microliters of diluted stocks or of vehicle (HGE + 12.5% DMSO) are
25 placed in triplicate onto a 96-well microtiter plate. Enzyme is diluted into assay
buffer (HGE, 5 mM DTT, 15 uM Ac-Tyr-Val-Ala-Asp-AMC; 0.5 nM final
enzyme concentration, pre-warmed to 30°C), and this reaction mixture is added to
the plate at 90 ulL/well. Substrate hydrolysis is monitored for 300 seconds af 30°C



- 90- TABLE 2 Exanpl e No. | CE Klerr] | CE
IC[err] PBMC I(Jerr] ICH2 I(Jerr] ([err]M ([err]M
([err]M  (Wosnanes 4) 1 1. 60 14.50  pcryussibedsd
88.96- = 2 0. 106 0. 790 6. 25 3.31 3--
0. 045 0. 40 3.00 4.65 g¢ 4 2 18 16. 80
65. 00 9.72 5 0. 336 3.55 35.00 9. 02
6 0. 142.1s1ng 385 and1460@M excitationFnd Emission ﬂlt&s,'&@spectwely? Tnphcate 0.115
0. 444 3.75
) 9 QIQJSS 65 gve?&ez 211:18 slé)gssBare evaluateél birgmear regres&m?zTo evazlLtBite K;,
0.539 e 73‘)7&5 of fercentZﬂlnﬁiﬁox(l) vsb lfhﬁﬁoi éoncentrltéon are fit by n&x ﬁ)nrbgr 10-7‘1140
5.50 :
13 0. O@ggression to greyersible, compet@ve@odel o. 25 14 0.1066
0. 0087 19. 00 -- 15 0. 441 2. 050 17.50
13. 08 16 0. 0025 0. 0051 100 3] 1. 47 17
0.0329 5 0.0790 2. 25  %Inhibitién 58~ $ 0. 0236 0. 0894
2. 05 3.01 19 0. 0009 +&. Qé@ﬂl 0. 40 2. 38
20 0. 0015 0. 0110 2. 4@ 21 0. 0280
0. 130 7.50 209. 07 22 ' ~0.1330 1.6700 19. 00
- 23 0. 0029 0. 0145 3.60 . 4. 43 24
0. 0207 0. 3&dere the competitian factor is (B+E8)/Kyp 22. 0. 0058 0. 0483
1.10 3.54 26 0. 0266 0. 1360 2. 00 9.91
27 0. 0175 0. 1470 1.00 9.93 28 0. 0061
0. 2540 0.55 5.58 29 0. 0245 0. 1130 1.90
4.79 30 ICE Coldtifiét#it Dose-Rés 2(1 41 3.14 31
0. 0004 0. 0059 0.24 wie Eo)Assg% 0. 0260 0. 4580
3.30 14.12  Dil@ed inhibitor stocks @ﬁﬂﬂ'epared by .t@a-%6ld serial diliticndrom a 3.09
34 0. 8&% stock %h%geS&noenﬂ'aﬁonzi's ggected (based (111'1 %c(:)reening results or on
10 prior attempts at IC5( evaluation) to achieve approximately 95% inhibition in the -
most concentrated well. Aliquots of each dilution are transferred to a microtitre
plate in triplicate.
ICE enzyme is diluted to approximately 24 nM in HGE buffer (100 mM
Hepes pH 7.5, 0.5 mM EDTA, 20% glycerol, 0.1% Bovine Serum Albumin
15 (BSA), and activated by adding dithiothreitol (DTT) to a final concentration of
5 mM. The activated enzyme is then aliquoted into wells containing inhibitor or
vehicle, and the plate is preincubated for 60 minutes at ambient temperature.
Substrate (Ac-Tyr-Val-Ala-Asp-pNA) is added to each well to a final
concentration of 50 uM, and plates are placed in the microtitre plate-reader
20 thermostated to 25°C. Beginning 5 minutes after addition of substrate, absorbance
(405 nm) of wells is monitored for 1 hour, and actmty is calculated as the mean
rate of change in absorbance during this mterval
PBMC Cellular Assay - ICsg Determinations
' Further evidence that compounds of Formula I are inhibitors of ICE is
25 provided by their ability to inhibit IL-1p production in human peripheral blood

mononuclear cells (PBMCs) as described herein, PBMCs are isolated from



-91- Exanpl e No. | CE Klerr] ICEICerr] PBMC I(err] 1CH2 I(err]

([err]M

1. 0600

101. 17 _

0. 0164
5.00
0..4090
7.50
0. 0475
2.60
47

59. 9000

0. 259
0.75
0. 0040
5. 30
57

0. 3360
10. 40
0. 0047
23. 00

([err]M (pM (Caspase 4) 35 0. 0511

.- 36 0. 6300 0. 599@cT/US99/09465. 30
37 wassiSeres 0.0297 0.5810 . 2.00 127. 60 38 -

0.3770 3. 40 18. 73 0. 4465 13. 2000
- 40 0. 0354 1. §%00 2.90 -- 41

13. 00Gfeparinized blobdd 59 centnfugatxon ovefZ ficoll cushion, tenlWished threeltime300 _
% 981 2. 2800 . 7.5 : 44
1 22(¥ith phosphatg-lg@fered saline. PBMCs pre suspended in aﬂmévm containiig; 50

173. 83 RpMI*f640 with mtamﬂxeoﬁéi’cxm stid Ein, and 2% hEmBPAB serugf6. 57
1.9300° 1120400 00 ptbiiyéin, 48 . 0060

13hénplated at 105 celis pem,eu in 96-well flat Hoftoth platé2 PBMCx0are -
S oo stimolated overmight With 10 dg/mL of lipgPolySaccharide ELRS, & ool straip g c -

- (131:B4; Calbiocheth)Gn €He presend?. d? éBsénce of a compoutd of Formag 151 54
0. 0370 2.85 11..1 55 Q. 0079 0. 0370
11. 48 Mediugm is harvested, ang tha)leyel o% matyre,Hs 1B was detemgnegglsmg an 4 o |

0. OQQ%SA kit iﬁm?m Systems Celfswere wlmr&?’fo@%n addxt'iﬁmal 4 hours in 0.0318

3.75
60 the prese@cmf@z@ S-dm@ﬂws@zold-yl)-z55d19h;nyltetraqugmr hromzdes 1

19002 - 62 0.274 2. 560
@mt%dgé‘“g‘% V’?L@l)tyoo 14.50 64 5100

>100 107. 00 -- >100
Ich-2 Colorlmetnc Dose-Response (ICsq) Assay

Inhibition of Ich-2 enzyme is assayed as described above for ICE, except
that enzyme is used at 64 nM, and 60 pM of the Ich-2-specific substrate Ac-Leu-
Glu-Val-Asp-pNA is used instead of the ICE substrate Ac-Tyr-Val-Ala-Asp-pNA.

15 The results of these tests are shown below in Table 2.



-92- : The foll ow ng abbreviations are used throughout this

pat ent application: HEPES 4- (2- hydroxynet hyl ) - 1- pi per azi ne
et hane sul f G o/sddsd DTT Di t hi ot hreitol pcrusesneseEDIA
Et hyl ene diamne tetra acetic acid 5 Ac - Acet yl - Qu
G utam c acid LEU Leugggne Tyr Tyrosi ne
Val Val i ne 10 Al a Al ani ne Asp
Aspartic Acid ~ AMC N 7TABLER 4- met hyl counarin _ pNA -
Para nitroaniline . n 5 C
Et hyl acetate E’!mmpll\t/.‘lSNo' IR Mas sldgggg?r glr)nnmmm56 I‘I(':II--llF2 1es6™
Tet r ahydr of uran t-Bu M) ¢ er (M yl (™) Easpase 4) Met hyl .
20 DIVF Di met hyl f or mam de . MPLC (uM)di um pressure
| i qui d chr omat ograpny %0 14.50 P OUTTUS gg&GSTUaTgg ggeh (gauge)
HOBt . 1- Hydroxy;tzenzotrl @;ﬁlﬁe 079 EDCI
N- et hyl - N' - di met hyl am*“hopr opyl odi i m Bd90 6.25 331
-93- 3 0048 Vs 040  What 3i00 cl ai n#dsSi s:
4 2.18 16.80 65.00 9.72
5 0.336 3.55 35.00 9.02
6 0.142 1.060 3.25 9.59
7 0.115 0.444 6.00 20.72
8 0.0150 0.54 3.75 -
9 0.0234 0.053 2.10 422
10 0.539 3.270 21.50 25.74
11 0.058 0.440 5.50 15.69
12 0.0128 0061 120 171
13 0.0067 0.052 - 235 0.25
14 0.1066 0.0087 19.00 -
15 0.441 2.050 17.50 13.08
16 0.0025 0.0051 0.35 147
17 00329 | 0.0790 : 225 4.68
18 © 00236 -~ 0.08% 2.05 3.01
19 : 0.0009 - 0.0085 0.40 238
20 0.0015 0.0110 245 61.97
21 0.0280 0.130 7.50 209.07
0.1330 1.6700 19.00 -
23 0.0029 0.0145  3.60 4.43
0.0207 0.3600 1.60 8.66
25 0.0058 0.0483 1.10 3.54
26 0.0266 0.1360 2.00 9.91
27 0.0175 0.1470 1.00 9.93
28 0.0061 0.2540 0.55 5.58
29 0.0245 0.1130 1.90 4.79
30 0.0011 0.0052 0.41 3.14
31 0.0004 0.0059 . 0.24 1.24
32 0.0260 0.4580 3.30 14.12
33 0.0065 0.0230 1.60 3.09

34 0.0166 0.1150 2.60 1.10



1. A conpound ofthe Formul a | [err] 5 wherein [err]

. : 6
or err each R -is independently hydrogen or C[err]
al kyl ; [10 ! wo9s676s Rl err] . and R2 are independently hydr oggpyyGlifoles- CO
al kyl . OH, -(CH2)n aryl, - (CH2) n-subst i tuted
aryl, -(CH2)[err]-OCaryl, 91

-(CH -Osubstituted aryl . 15
-ECH%:”H%Z:H-S- aBmpleNo.  ICEK; - ( QGE)ICs5- SPBMG 105, AGHDICsg

-(CH err])n-S-heteroaryl, (M) (uM) (M) (Caspase 4)
- (uM)
35 0.0511 1.0600 5.50 -
36 0.6300 0.5990 1.30 101.17
37 0.0297 0.5810 2.00 127.60
38 0.0164 0.3770 3.40 18.73
39 0.4465 13.2000 5.00 -
40 0.0354 1.1500 2.90 -
41 0.4090  13.0000 17.50 -
42 0.1910 1.7300 7.50 -
43 0.0981 2.2800 7.50 -
44 0.0475 1.2200 2.50 -
4s 0.0370 0.7500 2.60 173.83
46 0.0284 0.4380 6.50 366.57
47 1.9300  112.0000 11.00 -
48 1.0060 59.9000 13.50 -
49 21500  123.0000 - -
50 0.0538 0.9240 2.00 -
51 0.259 15.00 - 16.25 -
52 0.0185 0.4855 0.75 -
53 0.0200 0.0737 8.30 32.51
54 0.0040  0.0370 2.85 11.13
55 0.0079 0.0370 5.30 11.48
56 0.0044 0.0286 3.25 4.02
57 0.0229 0.2270 3.75 38.03
58 0.0318 0.3360 7.75 10.63
59 0.0332 0.0566 3.75 10.40
60 0.0092 0.4680 5.00 12.71
61 0.0047 0.0233 2.90 -
62 0.274 2.560 23.00
63 6.92 197.00 14.50
64 >100 - >100 -

65 107.00 - >100 -




-94-

-(CH2) n-NR -aryl,

- (CH2) n- NR' -Wwoles@ey vl .

het er earyl , -(CH err])n-heteroaryl,-or -
-(CH2)[err]-substituted heteroaryl; _9- each n is independently O
to 6; R3 is hydrogen or CJerr]-C6 al kyl; 10 R4 is
Jerr]-0C6 al kyl or Hheifoligwing ahbrdviations are used throughoutshik patemtapplication: lerr]-
WO 99/ 56765 ~ HEPES 4-(2-hydroxymethyl)—l-piperaiige5 ethane sulfonic acid
DTIT Dithiothreitol
EDTA Ethylene diamine tetra acetic acid
5 Ac Acetyl
Glu Glutamic acid -
LEU Leucine
Tyr Tyrosine
Val Valine
10 Ala Alanine
Asp Aspartic Acid
AMC 7-amino-4-methyl coumarin
pPNA Para nitroaniline
_ mp Melting point
15 EtOAc Ethyl acetate
MS Mass Spectrum
THF . Tetrahydrofuran
t-Bu tert-Butyl
Me Methyl
20 DMF Dimethylformamide
MPLC Medium pressure liquid chromatography
psig Pounds per square inch (gauge)
HOBt 1-Hydroxybenzotriazole
EDCI

-(CH2) n- S-substituted heteroaryl,
-(CH2)[err]-NR -substituted aryl,

S - (CH2) n- NR' - sUp&i/ubdshossts

N-ethyl-N’-dimethylaminopropylcarbodiimide



[err] -(CH2)n-S-(CH2) n-aryl,

-(CH2) n-S- (CH2) n-substituted aryl, [err] and the
phar maceut i caly,y ofés&Pt abl e salts thereof 2. A co |
accordance wi tvk (?%I?m 1 wherein R is hydrogen or %@ﬁ@%’dﬁkﬁo
3. A conpound in accordance with ClaimJl wherein each R is
hydr ogen. 4. A conpound in accdrdance with Claiml wherein
R3-is hydrogen, and CLAIMS
What is claimed is:
1. A compound of the Formula I
P
1
R
. N. I
2 YHr >y
R3 O
5 wherein
f
C—X
Yis _<— .
COR
0
o)
, Of
0C;-Cg alkyl
C=N
CO,R

' each R’ is independently hydrogen or C1-Cg alkyl;

10 * Rl and R2 are independently hydrogen, C;-Cg alkyl,
-OH, -(CHp)p aryl, |
-(CHp)p-substituted aryl,
~(CH2)-O-aryl,
~(CHgp)y,-O-substituted aryl,

15 -(CH2)y-S-aryl,
-(CHp)y-S-substituted aryl,
-(CHp2)p,-S-heteroaryl,

AR



R4 is methyl, ethyl, or isopropyl.

- 96- 5. A conpound in accordance wwth Caim1 wherein

Rlerr] is hyeoaagssor nethyl; and R2 is -(CH2)pchtsidass
hydregen, 5 -(CHerr])[err]-0O phenyl, - —H,

- (CH2) n- benzi m dazoyl , 4CHerr])[err]-indolyl, or

- (CH2) n- phenol . 10 6. A conmpound i n accordance wwth Caim1 wherein
[err] 7. A conff3inga-S-sebstituted tietepoarylyi t h Cl ai m 1 wherein lerr]-

X is hydrogen, ~(CH)"NR’-aryl,

-(CH2),"NR'-substituted aryl,
-(CH2)"NR -heteroaryl,
5 ~-(CH2)p-NR'-substituted heteroaryl,

-(CHy)p-heteroaryl, or - '
-(CHp)p-substituted heteroaryl;

each n is independently 0 to 6;

R3 is hydrogen or C;-Cg alkyl;

10 R4 is C1-Cg alkyl or hydrogen; and
X is hydrogen,
o)

: -(CHp)y-N-S-(CHp)y-aryl,
15 - N |
R'O
0

|
~(CHp);"N-S-(CHp)-substituted aryl,

20 | |
RO

W

R o0 CH;
— iy N—i—ca), |

Fg s
— (CHy),—N—§—(CHy), ’

o

-

A



[err]

20 -97- [err]

WO 99/56765 E PCT/US99/09463

—_——

=05
CH;

- —(CHZ)n—IlT—IﬁI—(CHZ)n

o)

Hy
R'
R
—(CHY),—N—§—(CHLy),
(8]

(CH ) S{(CH)yraryl,
—(CHZ)n-S-(CHZ)n‘SUbStimed aryl,

X
—(CH)z 0 ,or
(8] o)

F\ N__R'

N

—(CH);—0 O ;
Q@

and the pharmaceutically acceptable salts thereof.

2. A compound in accordance with Claim 1 wherein

R’ is hydrogen or methyl.

10 3. A compound in accordance with Claim 1 wherein

each R’ is hydrogen.

4 A compound in accordance with Claim 1 wherein
R3 is hydrogen, and
R4 is methyl, ethyl, or isopropy!.

AR



A conpound of the Formula I: [err] wherein [err]
- 98- [err] each R is independently hydrogen or nethyl;

each n is ingepesdEent!y 1, 2 to 3; 5 Rl err] angctidsesfossss
I ndependent |y hydrogen, - -

-96-
5. A compound in accordance with Claim 1 wherein
R! is hydrogen or methyl; and
R2is -(CH2)p-phenyl),
hydrogen,
5 -(CHp)p,-O-phenyl,

-OH,
-(CH3),-benzimidazoyl,

-(CH3)p-indolyl, or -
-(CH2)p-phenol.

10 6. A compound in accordance with Claim 1 wherein

f

C—X

Yis _<_ i
CO.R'

7. A compound in accordance with Claim 1 wherein

f

C—X
Yis _<— R
COpR’

X is hydrogen,
15 0]

-CH,-NH-S-CH7CHj-phenyl,
|

CH,
20 o

e

A O



-(CH2)[err]-phenyl,
-99- [err]

WO 99/56765

- (CH2) n- 0- phenyl ,

3
ﬂ CH,
—-CH2-NH-ﬁ—CH2 ,
0

-CH3-S-CH,CH, CHy-phenyl,

wherein

* [ L M 1 *

[err]

PCT/US99/09463

-97-
s
ﬁ oﬁi“‘a
—CH,-NH-$-CH; ’ |
g



10 Rlerr], Rerr], and R err] are independently hal ogen,

-OC[err]-C6 al kyl or hydrogen;

is methyl, efbwbssed | sopropyl; and
-100-- - [err]

eachR'is inde;iendenﬂy hydrogen or methyl;

-08-

0C,-Cyg alkyl

each n is independently 1, 2 to 3;

5 Rl and R2 are independently hydrogen,

10

-(CH3),-phenyl,
~(CHp)p-O-pheny],

-OH,

_(cnz)n—@:: ,

RC
10
ml' ?

—(CHy),

ey O,

e

R3 is hydrogen; R4
X is hydrogefacesnosss

-—

AT



and the pharnmaceutically acceptable salts thereof 9. A conpound
I n accordance wwth Caim1 wherein Rl err] is hydrogen and

-101- woosserss 2 1S -(CHerr])[err]-indolyl, PCT/US99/09463

-99.

—-(CHZ)xT—@ ’
—'(CH7)n ,
e

. N\N //N s

“+
-

—(CHZ),,—Q—OH ;

10 R2 Rb, and RC are independently halogen, -OC}-Cg alkyl or hydrogen;
R3 is hydrogen; ' |

R4 is methyl, ethyl, or isopropyl; and
Xis Bydrogen,

(I Illjl L



rr])[err]-NH phenyl, -(CH2)[err]-O phenyl,
[err]-substituted indolyl, 5

e

)

)L err] -welbs@es vl - (CH2) [ er  beplaSstibass

)-[err]-substituted phenyl, - —
)[err]-substituted benzi m dazol yl, -100-

)[err]-benztriazolyl, 10 -(CH err])[err]-indazolyl,
err])[err]-benzi nm dazol yl ,O L

ylerr]-pyridyl, l "~ -(CHerr])[err]-naphthyl, or
Ylerr]-quinolinyl. . NH-S-C - conpound:

3-(2- Met hyl - 3- phenet hyl cacr}g)éarmﬂ- gtr}ggzoﬁr?;ﬁ%lh‘i no) - 4- oxo- 5- ( 2-

932333382

-
- (
-
-
-
- (
-
-
- (

phenyl - et?anesul f onyl am no) - pert anoi ¢ aci d;

3- (2- Car banoyl net hyl - 3- net hyl - but yryl am no) - 5- (7, 7- di net hyl - 2-
0x0- bi cycl o[ 2. 2. 1] hept - 1-yl net hanesul f oy
5-(7,7-D net hyl - 2-oxo-bi cycl o[ 2. 2. 1] hept
yl met hanesul f onyl am no) - 3- [ 3- neighyl - 2-
but yryl am no] - 4- oxo- pent anoi ¢ adgj d;
3- (2- Car banmoyl et hyl - 3- met- K, NS 0) - 4- ox0- 5- ( 2-

phenyl - et hanesul f onyl - am no) - pe acid; 25

3-[ 3- Met hyl - 2- (phenet hyl car baro§ - @€t hyl ) - but yr yl ami no] - 4- oxo-

5- (2- phenyl - et hanesul f onyl anm no) - pent anoi ¢c_aci d;

5-(7,7-Dimet hyl -bicyclo[2.2. 1] hept- 1 -yl hanesul f onyl am no) - 3-

[ 3- net hyl - 2- ( phenet hyl car banoyl - net rB/I )-b réﬁam' noj - 4- oxo- pent anoi ¢
aci d; 3 -102-

(S, S)-3-{3-Met hyl - 2-[ (3- p__hE%:_%ﬁ_ _&%c
|

13am’ no) - 4- oxo- pent anoi ¢ aci d; 20

By | car banoyl - net hyl -

nmoyl ) -sret hyl | -
but yryl am no} 4- oxo-butyric

l
0

-CH3-S-CHyCH»CHy-phenyl,

- = 0L
, Or
10 (8] (o)

and the pharmaceutically acceptable salts thereof.

9. A compound in accordance with Claim 1 wherein

Rl is hydrogen and

AN



3-{ 3-Methyl-2-[(3-phenoxy-ethyl carbanmoyl ) -net hyl ] -
but yryl am no} - 4oxo- butyric acid; 5
5-(7,7-

, 7- Di et h%h % %0- bi cycl o[ 2. 2. 1] hept - 1- PCT/US99/09463
yl met hanesul f no) 3-{3-net hyl -2-[ (2- phenoxy- et hyl car banmoyl ) - e

met hyl ] - but yryl am no} - 4- oxo- pent anoi c ac%
3- Met hyl - 2- (phenet hyl car banoyl - met hyl }- E)utyryl am no] - 4- oxo-
3-

t
3-[
5-.(3- phenyl - propyl suk$ ny& gk ic acid; 10
5-(7,7-D nmet hyl - 2- 0>L<ji(§ gslcé?%? gm hept - 1-
yl met hanesul f onyl am no) - 3{¢H)yeNHpheryl[ (et hyl - phenet hyl - car banoyl )
nmet hyl ] - but yryl am no} - 4- oxopent anoi ¢ aci d;

5-(7, 7- Di met hyl - 2- oxo- bi cﬁ@HmInio-Z'hef!N],hept 1-

yl met hanesul f onyl am no) - 3- | - 3- phenyl - propyl car banmoyl ) 15
met hyl | - but yryl ani no} - 4- oﬂéﬁ %Bﬁ“&d&@ P

3-{3-Methy{ - 2-[ ( 3- phenyl yl)- rrethyl]

but yryl am'gno}-4- 0X0- 5- ( 2 Wyﬁgn 6- yl oxy) - pent anoi ¢ aci d;
5-[3-(1H I m dazol - 2-yl) - Spiefyl2- yI oxy] - 3- {3 met hyl - 2- [ ( 3-

phenyl - propyl car banmoyl ) - met hyl'| - but yr yl am no} - 4- oxo- pent anoi ¢ aci d; 20
5- (7, 7- Di met hyl - 2- oxo- bi cﬁenginzsuzsumqehemn

yl met hanesul f onyl am no) - 2- hyd oxycar bapoyl net hyl - 3- net hyl -

but yryl ani no) - 4- oxo- pent a'rﬁ t“tegi’e“z‘m‘dazq’?

5- (7, 7-Di net hyl - 2- oxo- bi c cY %Wﬁt 1-
yl met hanesul f onyl am no) - 3- ? tol - 3-yl ) -et hyl carbanoyl ]- 25

met hyl } - 3jgret hyl - but yryl agge H%lﬂd pent anoi ¢ aci d or
5-(7,7-Di rret hyl - 2- oxo- bi cycl © ’hept - 1-

yl met hanesul f onyl ani no) - 3{(CBz)petenyimi@azply8- ( 4- hydr oxyphenyl ) -
pr opyl car banoyl ] - net hyl | - bturyI am no} 4- 0x0- pent anoi ¢ aci d. 11.

The conpound: 30 2n-pynidyl, 5. (7,7-Di nmet hyI 2- oxo- bi cycl o[ 2. 2.

1] hept - 1- fony! 2.
[]2-(egH-indoI-3-yI) et hyl c‘é%‘gﬁ\sﬁ%ﬁﬁ‘% onylam no)-3- (2

met hyl } - 3- met hyl - but yryl %GHQ&} xﬂmﬂi’ﬁ t.pent anoi ¢ aci d;
-103- ? met hyl - 2- oxo- bi cycl o[ 2. 2. 1] hept - 1-
yl net hanesul f onyl am no) - 3- (2-{ [2 (1H—i ndol - 3-yl ) - et hyl car banoyl | -

met hyl } -3 t hylipbut %, % - 0X0- pent anoi ¢ aci d;
5-(7,7-D }rgahyl 13 0XO0- %l%@(ﬂo 2.2. 1] hept-1-yl net hanesul f onyl am

' no) - 3- ( 3- net hyl - 2- {[ 2- ( 1- 3s2-Methyl-Brpheskshyl ubanjoyb-propianyiaima)yd-¢xo-5- (2-
phenyl-ethanesulfonylamino)-pentanoic acid;
3-(2-Carbamoylmethyl-3-methyl-butyrylamino)-5-(7,7-dimethyl-2-
oxo-bicyclo[2.2.1]hept-1-ylmethanesulfonylamino)-4-oxo-pentanoic acid;
20  5-(7,7-Dimethyl-2-oxo-bicyclo[2.2.1]hept-1- |
. ylmethanesulfonylamino)-3-[3-methyl-2-(phenethylcarbamoyl-methyl)-
butyrylamino]-4-oxo-pentanoic acid;
3-(2-Carbamoylmethyl-3-methyl-butyrylamino)-4-oxo-5-(2-
phenyl-ethanesutfonyl-amino)-pentanoic acid;
25 3-[3-Methyl-2-(phenethylcarbamoyl-methyl)-butyrylamino]-4-oxo-
5-(2-phenyl-ethanesulfonylamino)-pentanoic acid;
5~(7,7-Dimethyl-bicyclo[2.2.1]hept-1-ylmethanesulfonylamino)-3-
[3-methyl-2-(phenethylcarbamoyl-methyl)-butyrylamino}-4-oxo-pentanoic
acid;

* [ L M S *



met hyl } - but yryl am no) 4- oxo- pent anoi ¢ aci d;

5-(7,7-D net hyl - 2-oxo-bi cycl o[ 2. 2. 1] hept - 1-

yl met hanesul w@sykegs no) - 3- (3-met hyl - 2-{[2-(7-net hyl - 1H-i ndp{i.s,asﬁ}@;“
et hyl car banoyl ] - met hyl } - but yryl am no) 4- oxo- pent anoi ¢ acid;

5-(7,7-D met hyl - 2- oxo- bi cyclo[2 2. 1] heppy 1-

yl met hanesul f onyl am no) (g § éﬁy [ 2-(6-fluoro-1Hindol -3-yl)-

et hyl car banoyl | - net hyl } Mewul-@-f@mmyopg’lmmmmmp aci d;

5-(7,7-D net hyl - 2- qu‘e i
yl met hanesul f onyl am n’osa@‘ﬁﬁgqﬁé’f‘ﬁg - %E et hyl -[ 2- (1- et hyl - 1H-i ndol - 15

g- %”2) [ ((atzh)él ] -car bgm)yl }WWLM(MMhmy:-?hﬂleﬁmlz?l)gﬁah{ﬂ : c acid;
enzoi m a'é@m, me -3-ne -
but yryl am no}-5-(7, ﬁmﬁ&%g&ﬁgﬂg ﬁ(l o[ 2. 2. y1] hept - 1-y
gl En;t ganDiésult Lolnylzam no) _54(7debnmmllz)d-amo€bx?mllo@22 1]hept-1-
-(7,7-Di ne - 2- 0x%0-hi cycl.o[ 2. 2. - 1-
y| net hanesul fgnyl arﬁi%%?‘“?%‘?‘b’%f‘mﬂﬂzE?F‘Z“‘(&%f‘{gmmwﬂylmamyl)-
gt ?37/I gabb?rerr%;} rzregt%thjl;l?-bnwmlw}%)m-gmﬁmt &Rt anoi ¢ aci d;
yl met hanesul f onyl ani no) 321%3‘!{?[@ %@h '}%’JEY?QMW]JPSWD@&MWWHWXO-
met hyl ] - butyryl am rm&&plﬁﬂ}lép% y@suﬂﬁﬁﬁ)-p&)&noxcamd -

5-(7, 7- t hyl - 2- bi_c
yl ﬁret ha gﬁlf)c/)nyl a(r)nX(r)IO) I53()9C‘721’ @J&%%tbllﬁyploﬁwmaml-s yl) -

t hyl car banoy! tyNnbtharesit

(5wt nyl 2 { (o <1ﬁa’ft hy‘?"*“i’h*".“%"%?%“é""ﬁﬁ“?‘ﬂﬁﬂ*ﬁ’é")?%"@%ﬁ“bmw
net hyl } - butyryl ani rfegt Inine J-4-oxenegtangig acid;

3-[ 3- Met hyl - 2- ({ et hyl - 82(7(71131%H}Yho&l§“bgd§tyt%%u¥@t ety

car banoyl } - met hyl') - but yr yl am no] -'4- oxo-

3-{2-[ (2- Benzoi ni d&}mast lfomylamined3@mmsthyl-2+E3phéryl-Brapylcarphmoyl)-
Doy Y a8t no)-4- OX%M}‘ﬁdtﬁyﬁmn?o}-#oﬁ H%n[two?cafl dx0- bi cycl o[ 2. 2. 1] hept - 1-

-104-
y| net hanesul f onyl ani no) 3Q3Mgh¥1fEE(§¢hh»ﬂ-pmpylcgdbmqﬁ)-mﬂgﬂyl car banoyl ] -

gEE gy|7} D|3 n‘en?'wlyl 2b§§w+1@%?9)053-259%%x8?ﬁ @9—8}“&5 -%rioxy)-pentanoxc acid;
yl met hanesul f onyl ani no) 56‘3-{(Hidatdawl—%lj-@Wenm-yleﬁyM—{3-methyl-2-[(3-
SE %l ;?Bb ﬁen?ﬁlyl) - r2re Hé(xly%) ngg?éﬁ%grﬂ@l? %gg)%%?gﬁ%ﬁl% -|4(-:ox%(-:penfan01c acid;
yl met ha@sul f onyl ani no) S@{#ﬂ?mnth&ﬂ-oﬂe—bﬁyclapmnw 2-yl -
ethyl car bamoyl ) - ”esrnﬁtllangéﬁtl%n%ammo?-@(z %yﬁ) ggn%y mefl'ly(il -methyl-
butyrylamino)-4-oxo-pentanoic acid; :
5-(7,7-Dimethyl-2-oxo-bicyclo[2;2.l]hept-l- :
. ylmethanesulfonylamino)-3-(2-{[2-(1H-indol-3-yl)-ethylcarbamoyl]-
25 methyl}-3-methyl-butyrylamino)-4-oxo-pentanoic acid; or
5-(7,7-Dimethyl-2-oxo-bicyclo[2.2.1]hept-1-
ylmethanesulfonylamino)-3-{3-methyl-2-[{3-(4-hydroxyphenyl)-
propylcarbamoyl]-methyl}-butyrylamino}-4-oxo-pentanoic acid.

11.  The compound:
30 5-(7, 7-D1methyl-2-oxo-b1cyclo[2 2. 1]hept-l-
ylmethanesulfonylammo)-3-(2-{[2-(lH-mdol-3-yl)—ethylcarbamoyl]-
methyl}-3-methyl-butyryl amino)-4-oxo-pentanoic acid;

/

A



10 5-(7,7-D met hyl - 2- oxo-bi cycl o[ 2. 2. 1] hept-1-

yl met hanesul f onyl am no) - 3- { 3- met hyl - 2- [ (3- pyri di n-4:yl -

pr opyl car banp F)gﬂ)g% gyl ] - butyryl am no} - 4- oxo- pent anoi ¢ aci d; perys9oneass
5(77D|rreth§’- SEE1- bi cycl o 2. 2. 1] hept - 1- -
yl met hanesul f onyl am no) - 3- { 3- et hyl - 2-[ (3- qui nol i n- 2-yI - 15

propyl car banoyl ) - net hyl | - but yryl am no} 4- 6% pent anoi ¢ aci d;

5|—.( 7, E Di me]t Pyl - i2 oxo0- bi cyqy, o{mnﬁmlymmwmcyclo[zz l]hept-lz- I

yl met hanesul f onyl am n - t -

propyl car banoyl ) - net Hi}){‘ﬂ‘h@gwge lﬁ‘ﬁi“ﬁi}" éﬂig‘?ﬁ'gH{&Hlﬁglyg e&l{y,qu,rbagfoyl]-

5- (7, 7-Di met hyl - 2- oX greftyt) Sty @u?ﬂlhﬁﬁb -0 entanoncacnd

yl met hanesul f onyl am no) - 3 3-nmeth ﬁ - -[( pyri

propyl car bamoyl ) - et hyl | - Bétyiimethyh2-oxa- &Y@DMQMEY@H@“"S“HMYIW 12.

I]hﬁeg ?mi?usld no)-3-(3-methyl-2-{[2-(1-Riethyl- THhdBRBL))-etky1earBakbyi).C! Of 2. 2.
1met hanesul f onyl am n@)eﬂyl}{-@twhwm)ﬂ-pwpmmmen 2-yl- 25
t hyl b | t hyl b d;
e (7 70 ety - 2 oxo bi 3 I Rl 2 et A
| met hanesul f onyl ani nyim@hgngs l E(Z-!(lﬁthylﬂ-ﬁﬂ(?mhﬂdli—méoly}yl)-

t hyl b I th

S (7, 701 et byl - 2- ox&: .Cyc?ﬁ"%"ﬁ?ﬂ@ﬁ g AgREE B0 Enlihc i,

1met hanesa0f onyl ani no) - 3- §47,7{Dimethyl-2oaodicyclo[221d]heft-1¢ ) - _
et hyl carbamoyl | - met hy ) o et R Ry 3V AP (e hilord X R RaBE2h! © acl &

-105-
3-[ 3- Met hyl - 2- ({ met hythylcirbaiogiMniestyl JL+methiburylhmine)-Hidxh-pentanoic acid;

U3 Net 1 2 (Lt i (SSEnaetaA e el et 1

but yryl am no) - 4- oxo- l?“ﬂéﬂ‘mﬁmﬂfohﬁamﬂlo)s-[3—methyl-z-?{methyl-[2-(1-methyl-IH-mdol-

3-(2-{[2 56D|rrethl-ben2|mda et h Qarbarml]

met hyl } - 3S§et hyl - but yF )gmi f 'm{ﬁ'?’f%me’&ﬂﬁlde salt;
5-(7,7-Di met hyl - bi cycl 0[232{2- @d-ha%nﬁﬂxidlratym}@ tamioyl)-a1EtRA)-3-methyl-
3-{3-nmethyl -2-[(3- phen I-prop | car bano I net hyl ] - buqai/ryl anino) -

4- 0x0- pent anoi ¢ aci d;butygylamino}-5-(7,7-dim ‘2‘°x°'!§1°€ glo thy| - bi cycl of 2. 2.

1] hept - 1-yl et da”esmyirﬁéiﬁixﬁmlﬂﬁ lammo)-4-oxo-pentanmc acnd
3-(2-{[2-(1Hindol - 3-yl)- eth’\élcar andyl | - et hyl -

but yryI ani no) - 4- oxo- pent afd¥ %eﬂtyl—Z—oxo-blcyclo 2; 1Jhept-1-
5- (7, 7- D ggt hyl - 2- ox uhihitfebiifonylaminb) BB methyl-2-{ [2-(1H-tetrazol-5-yI)-
ethylcarbamoyl]}-methyl }-butyrylamino)-4-oxo-pentanoic acid;
5-(7,7-Dimethyl-2-oxo-bicyclo[2.2.1]hept-1-
yimethanesulfonylamino)-4-oxo-3-{2-[(3-phenyl-propylcarbamoyl)-
_ methyl]-butyrylamino }-pentanoic acid; '

25 N 5-(7,7-Dimethyl-2-oxo-bicyclo{2.2.1]hept-1-
ylmethanesulfonylamino)-3-(2-{[2-(1-methyl-1H-indol-3-yl)-
ethylcarbamoyl]}-methyl }-butyrylamino)-4-oxo-pentanoic acid;

3-(3-Methyl-2-{[2-(1-methyl-1H-indo}-3-y])-ethylcarbamoyl]}-
methyl}-butyrylamino)-4-oxo-butyric acid;

30 3-[3-Methyl-2-({ methyl-[2-(1-methyl-1H-indol-3-yl)-ethyl]-
carbamoyl }-methyl)-butyrylamino}-4-oxo-butyric acid;

3-{2-[(2-Benzoimidazol-1-yl-ethylcarbamoyl)-methyl]-3-methy1-
butyrylamino }-4-oxo-butyric acid;

RO N



1met hanesul f onyl am no) - 3-{3-net hyl - 2-[ (3-pyridin-4-yl- 15
propyl car banmoyl ) - net hyl | - but yryl am no} - 4- oxo- pent anoi ¢ aci d;

5-(7,7-Di ma{,‘?y ;%PXO bi cycl o[ 2. 2. 1] hept - 1- PCT/US99/09463
yl met hanesul fonyl ani no) - 3- { 3- net hyl - 2- [ ( 3- qui nol i n- 2-yl- -

propyl car banmoyl ) - met hyl ] - but yryl am no}-s-gxo pent anoi ¢ aci d;
5-(7,7-D net hyl - 2- oxo- bi cycl of 2. 2. 1]he? 1- 20
yl met hanesul f onyl am no)- 53(7{BDnmtm42-<ﬁeoEt(@ch@zmﬂ]imbelv 1-yl -

| b | t.h b t
D CE 7 B et hyl 2" o spacERnR 4 15 Y SRS BBl f-ippfcarbamoyt
yl met IhaneEuI folngll arTxﬁthlyl]}a-ﬁ\ahﬂmHMh&doo&w:pedtaMBaMﬂ- » -
ropyl car bamo e 0} - anpi ¢ acid; or
g {gy[(z Benzgl i dazoly eqéﬁﬁg‘g’r%%’ ﬁ%rgﬁﬂ\ﬂ’ PB met hyl -
bff%[ Kl’iﬁemsﬂﬂ oﬁyl(;n?nﬂha?sglidny j;fsé aci [2{@%&1 %1& The
zzlonpound etpﬁg‘“ amoyD- ‘gﬁﬂgfg g8 M%W%?‘\‘,‘iicl o[ 2. 2.

1} heﬂ] 1- 3|0f I 5- 77-D1mettlh l-iz-oxo-blg'clo:{Zz I:tlhh I.l-lH- dol -3-y1)

yl met hanesu onyamn et hy met hy i ndol - 3-yl) -

et hyI car banoy! | - met e ?)t?)'{ m&ﬂ’&‘%’&%’&ﬁ@h@% iVl

-10 ethy lcarbam gl)- W nthioio/deid 2. 2. 1] hept - 1-
yl rret hanesul f onyl am no) met h¥ 2 (2 Fi d| n4-yl -

et hyl car¥anoy! ) - et hyl ] Mtkpw@m %Mbﬁplo -c aci d; |

3-(2-{[2-(5 Acetyl y t3h 240 yi-
R e PARBIIL

577D|rrethI20xob|
yl gret hanesul fgnyl am no) - 3 net 21#3-%?@ g"PH? 1lehte?tazol 5-yl)-
et hyl car banoyl ] - netﬁmbi}xaﬂmﬂfuwlma)dr{%mthgk@{a(ﬁ%qmmhnde;m d; 10

M- (2- Begeof 1 02201l s bl S GNG %4 4B O

furan- 3 )-2- |sopro succ
N err]- (2 Et hoxy- 5- oxo- t5e7y7aRimbtigl-2enxarbicyclo[2.2.1hept2l-( 1H- i ndol - 3-yl ) -

] B RoenY RS Siamine) - sty 210 e
propylcarbamoyl)-methyl]-butyrylammo}-4-oxo-pentan01c acid; or
5-(7,7-Dimethyl-2-oxo-bicycio[2.2.1]hept-1-
20 ylmethanesulfonylamino)-3-{3-methyl-2-[(3-pyridin-3-yl-
propylcarbamoyl)-methyl]-butyrylamino }-4-oxo-pentanoic acid.

12. The compound
5-(7, 7-D1methyl-2-oxo-bxcyclo[2 2. l]hept-l-
Imethanesulfonylamino)-3-{3-methyl-2-[(2-naphthalen-2-yl-
25 ethylcarbamoyl)-methyl]-butyrylamino}-4-oxo-pentanoic acid;
5-(7,7-Dimethyl-2-oxo-bicyclo[2.2.1}hept-1-
Imethanesulfonylamino)-3-(3-methyl-2-{{2-(7-methyl- 1H-indol-3-yI)-
ethylcarbamoyl]}-methyl}-butyrylamino)-4-oxo-pentanoic acid,
" 5-(7,7-Dimethyl-2-oxo-bicyclo[2.2.1Jhept-1-
30 Imethanesulfonylamino)-3-(2-{[2-(6-fluoro-1H-indol-3-yl)- .
ethylcarbamoy!}-methy1}-3-methyl-butyrylamino)-4-oxo-pentanoic acid;

-
\\!\\\\3\\\\\3\\\1\\\\\!\\\!\\



15 N4-[ 2-(1-net hyl -1H i ndol - 3-yl ) -et hyl ] -succi nam de;

N4-[ 2- (5, 6-Di chl or o- benzoi m dazol -1-yl)-ethyl]-Nerr]-(2-ethoxy-

5- oxo- tetrahya,roggl% an-3-yl)-2-isopropyl - succi nam de; PCT/US99/09463
N[ err]-(2-EthoXy-5-'0xo-tetrahydro- furan 3 yl)-2-isopropyl-- -
N4- ( 2- phenoxy- et hyl ) - succi nam de; or i

N err]-(2-Et hoxy-5-o0xo0-tetrahydro- furan SVF) 2-1sopropyl -

N4- [ 2- (6- met hoxy- 1H- i ndol 333 Methyti2a(f methyl+{25(Inmethgle1H-indol-3-yl)-ethyl]-4. The
-conmpound: . .

N4- ( 2- Benzot ri azol - 1.5gbempy metighspytyyiaminglptsoxe-butmic agds; ohydr o-
furan-3-yl)-2-i SOpr opyl - sar(simns}me{[meaﬁl-(2-phenoxy-ethyl)-carbamoyl].methyl}-
Nerr]-(2-Ethoxy-5 oxo trah ura.n 3- yI ) - Nd- (2-i ndazol - 1-yl -

et hyl ) - 2-i sopropyl - E/F!ﬁ '°" utyncacx

N err]-(2-Ethoxy-5- oxo t eI (m.bimanyn%askaxmzdazalopymmyi&&aﬁaylp
phenyl am no- et hyl ) - SUCCI nam

N[ err]-(2- Et hoxy- 5- oxeeth am}bflrbnwlamms)-ﬁwmmmﬂe'd wiflyproacetste salty
'_28(7)'_ 3-yl) - et hyl ] - 2- i sopsqpylpitétiyl BRFLIER. 2. 1]hept-1-yimethanesulfonylamino)-
N[ err] - (2- Et hoxy- 5- oﬁo&-@pﬂ:&hwmmmmmﬂWbamqal)fmetbyﬂ-hww}qmmﬂ-

i ndol -3-yl)-ethyl]- ci nam de;
N[ err]-(2-ethoxy-5- ox é et'é aEyé’r oH?Ur an-3-yl)-2-isopropyl - Nd-[ 2- ( 2-
met hyl - be@oi mi dazol - 1- yl $-(@i7HDinjethyl-bisyclal®. 2| élhept- Eylmethanesulfonylamino)-

oL (2 oy oot DY Bl e Pk
N[ err]-(2-Ethoxy-5- o>bntymamaioyd¥ome#psmam13agad) 2-i sopropyl - Nd-[ 2-
5-(7,7-Dimethyl-2-oxo-bicyclo[2.2.1]hept-1-
Imethanesulfonylamino)-3-{3-methyl-2-[(3-pyridin-4-yl-
15 propylcarbamoyl)-methyl]-butyrylamino }-4-oxo-pentanoic acid,
5-(7,7-Dimethyl-2-oxo-bicyclof2.2.1]hept-1-
ylmethanesulfonylamino)-3-{3-methyl-2-[(3-quinolin-2-yl-
propylcarbamoyl)-methyl]-butyrylamino}-4-oxo-pentanoic acid;
5-(7,7-Dimethyl-2-o0xo-bicyclo[2.2.1]hept-1-
20 ylinethanesulfonylamino)-3-{3-methyl-2-[(3-naphthalen-1-yl-
propylcarbamoyl)—methyl]-butyrylamino}-4-oxo-pentanoic acid;
5-(7,7-Dimethyl-2-oxo-bicyclo[2.2.1]hept-1-
ylmethanesulfonylamino)-3-{3-methyl-2-[(3-pyridin-3-yl-
~ propylcarbamoyl)-methyl]-butyrylamino}-4-oxo-pentanoic acid; or
25 3-{2-[(2-Benzoimidazol-1-yl-ethylcarbamoyl)-methyl]-3-methyl-
butyrylamino}-5-(7,7-dimethyl-2-oxo-bicyclo[2.2.1]hept-1-

ylmethanesulfonylamino)-4-oxo-pentanoic acid.

13.  The compound:
5-(7,7-Dimethyl-2-oxo-bicyclo[2.2.1]hept-1-
30 ylmethanesulfonylamino)-3-(3-methyl-2-{[2-(1-methyl-1H-indol-3-yl)-
ethylcarbamoyli]-methyl }-butyrylamino)-4-oxo-pentanoic acid;

R



(phenyl)-ethyl]-succi nam de;
N err]-(2-Et hoxy-5-o0xo-tetrahydro-furan-3-yl)-2-isopropyl-N-[4- 10

(phenyl) - buipd dorsgrés ci nami de; or WCT/US99/09463
[err]=(2-Ethoxy-5-0x0-tetrahydro-furan-3-yl)-N4-(2-inddol-1-yl- -
et hyl ) -2-i sopropyl - succi nam de. -106- 19 The conpound:

N[ err]-(2-Ethoxy-5-oxo-tetrahydro-fur an-%- -2-1sopropyl -N4- 15

| )
[ 4- (phenyl ) - pr opyl ] - sucdr{aPimethyl-2-oxo-bicyclo[2.2.1]hept-1-

N - (2- Et hoxy- 5- . _ NA-[2. (5 | - 1H
e 5 o iy S L el | 1

-1'sopro succin

3-{2-[(2- Benzoi mi daﬁm;lcaﬂ?am%tmgtﬁﬂﬁmmiyomuwmam@l -

but yr yl ani no} - 4- oxo- but i i d: . |

B Xethyl 2 ([ 22 ( 1 meC AP AP 1B indol 33 rcthleariamay L methy)-

r3reE gyl{ % -2 lﬁ(JtS ylr: IyI am rﬂ&he&?lﬁmryrlflmjnc':j)eﬁ-é?g’l—(ilmethy:-ﬁ-olxo-bicgclo[2.:|Z.]I]hept-l-
-(2- - (5- Fl uor o- }- 2 i ndql - 3- - ethyl.gar banoyl ] -

met hyl } - 3- met hyl - bLPEJ‘9’?@‘?‘5%“?&%!“6%‘?}{%8%‘?‘8“8%932 Y

3- g ﬁ i{ % 25( 5, ?},D: CBI or o- ltse(n_z;bbmﬂmamb-t?mmm]mbamyl ]- 25

me -3-me -butyryl am no) - 4-0xQ- Qut yri c aci d:

3-( 2¥{ [(2- Bonzoi ni dag‘ 2 :"'f)P"-“&{’ﬂW‘;S%ﬁéf‘H Y‘z?ﬁf@a(ﬂﬁgﬁﬁ“—zﬂh?ﬂ% }-

3-met hyl - but yryl am elglcafbaiio@t]aniétiyl}-Gusieylatnino)-4-oxo-pentanoic acid;

3-{2-[(2-Benzotriazol -1 -ﬂyl - et hyl c.arbarmkll ) - met_hyl ] - 3- et hyl -

but yryl &l no} - 4- oxo- but W4-@-Benzoimideol-1-yl-ethyl)-N1-(2-éthoxy-5-oxo-tetrahydro-

3-{2-[(2-Ind | -1-y] - - |']-3-nethyl -

bu%yrgll( am 20?-22- Oxoﬁétaaf%{l}%ﬁgd'&p%?ﬂw&mgﬁfd@ ! e

-108- _ _ N1-(2-EtBoky25-0ko-tetrahydro-furan-3-y1)-N4-[2-(1H-indo}-3-y1)-
[ 2- (5, 6-D nmet hyl - benzqj m dazol - 1-yl)-ethyl]-
met hyl car banoyl } - metthill-3-isopropyispecipamide:y i ani no] 4- oxo-butyri ¢ aci d;

3-[ 2- 2-(2-Methyl -b W2y z ] - - .

o hyl( L bgrmyl L et byl Ié,@ﬁ%‘?é’&{‘?’éﬁ‘%ﬁe}?ﬁ%@'ﬁuﬁ'ﬁ?’g%ﬁ??ﬂ% acid; 5
- (3- metfy| -2 ([ 3 (¥.4a. G- L6 BypKealy P etk DDy | | - )
nmet hyl } - but yryl am no) - 4- oxo- butyri ¢ aci d; '

3-{3-Methyl -2-[(2- phenoM—Mﬁ-ﬁhhbmymhyl-}'L)-ethyl]-Nl-(2-ethoxy-

butyryl am no} 4- 0x0- Dt Y el nydfd- Rurt AYh)- 25882 pyl-succinamide;
N1-(2-}3thoxy-5-oxo-tet:ahydroeﬁ1ran—3 -yl)-2-isopropyl-
N4-(2-phen§xy-ethyl)-succinanﬁde; or
20 N1-(2-Ethoxy-5-oxo-tetrahydro-furan-3-yl)-2-isopropyl-
N4-[2-(6-methoxy-1H-indol-3-yl)-ethyl)-succinamide.

14. . The compound:
N4-(2-Benzotriazol-1-yl-ethy!)-N1-(2-ethoxy-5-oxo-tetrahydro-
furan-3-yl)-2-isopropyl-succinamide;
25 N1-(2-Ethoxy-5-oxo-tetrahydro-furan-3-y1)-N4-(2-indazol-1-y1-
ethyl)-2-isopropyl-succinamide;
N1-(2-Ethoxy-5-oxo-tetrahydro-furan-3-yl)-2-isopropyl-N4-(2-
phenylamino-ethyl)-succinamide; | .
N1.(2-Ethoxy-5-oxo-tetrahydro-furan-3-y1)-N-[2-(6-flucro-1H-
30 indol-3-yl)-ethy]]-2—isopropyl—succinamidé;
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3- Cyano- 3-{ 3-met hyl - 2-[ ( 2- phenoXy et hyl car banoyl ) -net hyl ] - 10
but yryl am no}-propionic acid ethyl ester; or
3- Cyano- 3-{ 3-net h)% 2-[ (2- phenoxy- et hyl car bam)yl) rret hyl ] - petrus99/09463

but yryl am no}= ?5?9 ni c acid. 16. A pharnaceutical conpostt-i on
that conprises a conpound of Caim1l. 17. A pharnmaceuti cal
conposition that conprises a conpound of &fal m 8. 15 18. A nethod of
treating or preventing strgk@.g _5[3;‘&1% ﬁﬂgff&rﬁhﬂ 1)-N4-[2-(7-methyl-1H- i
adm nistration to a patient %éwn havi ng or glt)rls[-(of hgw ng a
stroke :ndd-%ﬁkp@pléaﬂsmpyys@qwriw amount of a conpound of
Caim1l

met hod éonpri si ng L %ﬂn&'eﬂ? % ?@Yiﬁ"ﬁﬁ“&ﬁgggﬁfﬁfkﬁ%sagt e

havi ng had, or. at ri s,ketﬁﬁ.ﬂ%,ﬁmagolsltﬁmyggummm,de a t her apeut ically
effective amount of a conmpound of ClaimS8 . n§t hod of
treating i 6fl anmatory di séﬂs@sEthDXESm-muhmmﬁm&Bﬂg)-Z-lsopmle-N -[3-

adm nistering to a p | eéq{""twgd"g%“%w é}{ohamtc&a%lﬂl sease a therapeutically

ef fective anmount of a“tdnpoun

A net hod of

treating inflammatory di sqah@ssthbgesmékaﬁhy&mﬁﬂaﬁistm-ﬂo ropyl-N4-[2-
adm nistering to a patient having an inflammatory disease a therapeut ically

ef fective anmount of a(PBWf)cﬂﬁhiﬁ]'%’lmEﬂmdm WO 99356765

i s rheurznifoi olThe T2y SR &n?‘ﬁg?"\f‘w‘}g{’ Sh? Infla{?ﬁg‘\%l

-109-
di sease

di sease.

di sease

di sease.

10

2@henyD)TbutylRicbinsmide; & ai m 21 wherein the inflammtory

i s rheumat oi d arthritis or inflammtory bowel

15

20

25

30

N1-(2-Ethoxy-5-oxo-tetrahydro-furan-3-yl)-N4-(2-indo}-1-yl-

ethyl)-2-isopropyl-succinamide.

15.  The compound:
N1-(2-Ethoxy-5-oxo-tetrahydro-furan-3-y1)-2-isopropyl-N4-
[4-(pheny!)-propyl}-succinamide;
N1-(2-Ethoxy-5-oxo-tetrahydro-furan-3-yl)-N4-[2-(5-fluoro-1H-
indol-3-yl)-ethyl}-2-isopropyl-succinamide;
3-{2-[(2-Benzoimidazol-1-yl-ethylcarbamoyl)-methyl]-3-methyl-
butyrylamino }-4-oxo-butyric acid;
3-(3-Methyl-2-{[2-(1-methyl-1H-indol-3-yl)-ethylcarbamoyl]-
methyl }-butyrylamino)-4-oxo-butyric acid;
3-(2-{[2-(5-Fluoro-1-methyl-1H-indo}-3-yl)-ethylcarbamoyl]-
methyl }-3-methyl-butyrylamino)-4-oxo-butyric acid;
3-(2-{[2-(5,6-Dichloro-benzoimidazol-1-yl)-ethylcarbamoyi]-
methyl}-3-methyl-butyrylamino)-4-oxo-butyric acid;
3-(2-{{(2-Benzoimidazol-1-yl-ethyl)-methyl-carbamoyl]-methyl} -
3-methyl-butyrylamino)-4-oxo-butyric acid;
3-{2-[(2-Benzotriazol-1 -y]-ethylcarbamoyl)-methyl]—3-méthyl-
butyrylamino }-4-oxo-butyric acid;
3-{2-[(2-Indazol-1-yl-ethylcarbamoyl)-methyl]-3-methyl-
butyrylamino }-4-oxo-butyric acid;
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5 24. A method of treating septic shock, the nmethod conpri sing
adm nistering to a patient having septic shock a

t her apeuti CW(ld%gF‘k%eCt i ve amount of a CoNedyisbosboséd ai m 1.

25. . . A netho reati ng septic shock, the method compri sing -
adm nistering to a patig% havi ng septic shock a

t herapeutically effective anount of a 10 conpound of C aim 8.
26. A nmethod of treati n3+[2-€(i2(3,6-Dimethylhenzoimidazel-Tpl)etgilconpri sing
admni stering to a patient having reperfusion injury a therapeutically

ef fective amount of B‘Sﬁ‘gﬁﬁé’ﬁﬂﬂ&ll}ngt@?’gf'm#?yi'gmwﬂmnX]4‘°2‘?.H’“'YZ£ﬁE‘f’hod of
t(rjeati ng reperfusion inj M%{[I@Meﬂiyhbd}zﬁmﬁoﬁil%é@l]- .

adm nistering to a patigen aving r rfusion injury. a therapeutically
effective amount of ﬁ‘ﬁ%@ﬁ%&@ﬁﬂaﬂg@@?ﬁ?ﬂ yk’g“ty’y? “X]“‘%Tq’“ty“ﬁ\aﬁ'ﬂi hod of
~treating s\l zhei ner' s di spgmethyhe {[BREMSItERERGiySHafy)-propylcarbamoyl}-

adm nistering to a patient having Al zhei mer's, di sease a therapeutically
ef fective amount of methybrmRigmiso)-draorhutyric acidy) - 29. A met hod of

treating Al zheiner's di Sf-@@mﬁm-[Eaﬁmaxﬁeﬂﬁpmmgyn-memgu- _
adm ni stering to a Eat i ent havi'ng Al zhei ner'sS. di sease a therapeutically
ef fective ampunt of butyeyiamisaindrosd-butyre agidethyl ester; 30. A nethod

of treating shigellosis, ar[Be:?--.’S)- BTt R bR Shill ' L
pati ent having shigell os:f-g?a t Erglgie}ﬁ??(!gzle?y gﬂ?%‘c’f‘ﬁ‘e’ﬁ# u_n%tﬁ%l;rl a 25
conpound1®f O ai m 1butyrylamino}-propionic acid ethyl ester; or

C(l)rlrgrl sing adm nl?,it eri ﬁgﬂtﬁg%b@s-?i.n{e&&f‘-&l[@p mgﬁ%{k‘ ?%F“ﬁ%ﬁ'ﬁ%ﬁ@ﬂ?gm |l osis a

t her apeutical |y ef f butyiylaminojepnopionic agid. conpound of C aim 8.
16. A pharmaceutical composition that comprises a compound of Claim 1.
17. A pharmaceutical composition that comprises a compound of Claim 8. -

15 18. A method of ﬁeaﬁng or preventing stroke, the method comprising
administration to a patient having, having had, or at risk of having a stroke
a therapeutically effective amount of a compound of Claim 1.

19. A method of treating or preventing stroke, the method comprising
administration to a patient having, having had, or at risk of having a stroke

20 a therapeutically effective amount of a compound of Claim 8.

20. A method of treating inflammatory diseases, the method comprising
administering to a patient having an inflammatory disease a therapeutically

effective amount of a compound of Claim 1.

21. A method of treating inflammatory diseases, the method comprising
25 administering to a patient having an inflammatory disease a therapeutically

effective amount of a compound of Claim 8.
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32. A nethod of treating nultiple sclerosis, the nethod conprising 5
admnistering to a patient having nmultiple sclerosis a therapeutically

ef fective anpy tg /?%,6? conmpound of O aim 1. : 33, P10 ackss
of treat.i ng muPi 5 sclerosis, the nmethod conpri sing - -

adm nistering to a patient having nultipl 610§C| erosis a therapeutically

ef fective amount of a conpound of Caim 87 10 34. A net hod of

i nhi bi ting interkguki Thé method o£ORiHE 20 Whereftithy iflaninfatorirdiseae is rheumatoid
conprising adm ni steri nlgilo a patient in nqeed of interleukin-1[err]
converting - arthiritis or inflammatory bowehditgase, ¢ her apeutical Iy effective
anount of a conpound of . Claiml. 35. A net hod

b oy, o ne o RS RPRAY S ) B B s
converting arthritis oe irflammatari) bowel diseage. t her apeutical |y effective
amount of a conpound of _ Cl aim 8.

5 24, A method of treating septic shock, the method comprising administering to
a patient having septic shock a therapeutically effective amount of a
compound of Claim 1.

25. A method of treating septic shock, the method comprising administering to
a patient having septic shock a therapeutically effective amount of a
10 compound of Claim 8.

26. A method of treating reperfusion injury, the method comprising
administering to a patient having reperfusion injury a therapeutically
effective amount of a compound of Claim 1.

27. A method of treating reperfusion injury, the method comprising
15 administering to a patient having reperfusion injury a therapeutically
effective amount of a compound of Claim 8.

28. A method of treating Alzheimer’s disease, the method comprising
administering to a patient having Alzheimer’s disease a therapeutically

effective amount of a compound of Claim 1.

20 29. A method of treating Alzheimer’s disease, the method comprising
administering to a patient having Alzheimer’s disease a therapeutically

effective amount of a compound of Ciaim 8.
30. A method of treating shigellosis, the method comprising administering to a

patient having shigellosis a therapeutically effective amount of a
25 compound of Claim 1.
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31. A method of treating shigellosis, the method comprising administering to a
patient having shigellosis a therapeutically effective amount of a
compound of Claim 8.

32. A method of treating multiple sclerosis, the method comprising
administering to a patient having multiple sclerosis a therapeutically
effective amount of a compound of Claim 1.

33. A method of treating multiple sclerosis, the method comprising
administering to a patient having multiple sclerosis a therapeutically
effective amount of a compound of Claim 8.

34. A method of inhibiting interleukin-1f8 converting enzyme, the method
comprising administering to a patient in need of interleukin-1p converting
enzyme inhibition a therapeutically effective amount of a compound of
Claim 1.

35.  Amethod of inhibiting interleukin-1§ converting enzyme, the method
comprising administering to a patient in need of interleukin-Ip converting
enzyme inhibition a therapeutically effective amount of a compound of
Claim 8. ' '
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