; €3eqq\ n6TI WO 99/ 56765 SUCCINAML17E 1NHI Bl TORS OF INTERLEUKIN-1 p

CONVERTI NG ENZYME FI ELD OF THE | NVENTI ON Thi s i nventj to a meﬁ]

of succi nam de conpounds that inhibit 5 10 the int ei”l@@lmﬂm M@ﬁnvert Q) 02

enzynme. This invention also relates to pharmaceutic |l e

conpositions that contain a conpound that is an inhibit &°elf

interleukin-lei converting enzyne and a nethod of using the conpositions

for the treatnment of stroke, i nfl anmatory di seases, septic shock,

~reperfusion injury, Al zheinmer's disease, and shi geI | osi s. BACKGROUND COF THE
TNVENTI ONYPA?& f%euki n | p- prot ease (al so known as i nt er PEGKFHO43 converting

. enzyme, 15 20 ICE or Caspase 1) acts on pro-interleukin-1 ~i (pro-l1L-1 ~3)

to produce interleukinl(i (IL-1~), which is an inflanmatory cytokine

(Kostura MJ. et akycCRNAMIDBAONHIBICORSSH INIEREEONRP7- 5231 and Bl ack R A
et al., FEBSLet. 1989;247:386391). Several diseases are associated with

interleukin-i activity. ExafSNBERFINGENGEME i n which interleukj
i nvol ved include inflammatory di seases such as rheumatoid art hm\\\\i\t\ \\MWM\““\\“
i nfl ammat ory bowel disease, and neur oi nfl ammat ory di sorders su S

mul tiple sclerosis, and AI ﬁ@ﬂf%ﬁ?ﬁ narello C. A, Eur. Ki ne
Netw., 1994;5:517). O her |seases I'ncl ude soé\}p:))tl ¢ shock, reperfu3| on
injury, and shigellosis. Agents that nodulate IL-1~3 activity have been
shown to have begef&iidh refites 18 2 Y9 oSt G de E&ﬁpo%ﬁ@?%t‘?mfuﬁpnpounds t hat
are interleukin-1 receptor antagonists have been shown to inhibit ischaemc
and eXci t othpinterletdimalfeconyerting enpyreg. Adis (nvegtion alireloes K. et al ., Brain

Research B 1.0, .29 | pnhj bitors were shown
to reduce &ﬁ%ﬁé&ﬁ%ﬁ%ﬁ“ﬁ%&ﬁé @x?go?ﬁgga% thiEl E ¢ X’P ?iﬁrﬁ%}%t 1@[ .) British
Jour nal of uiﬁhmonofamﬂmk'yl n&%ydniﬂ@nﬁmeﬁﬂﬁgmetm{uﬂthI U899109463 170
C T 2002 n~~~~~x~ th tét CtsztO(?(Z m) 99It567 5 PCT/ L] S99/09463 -2

| nhi bi torsc?ﬁ‘pqsé@“%%?ﬁ ST BT P RO A RS s PBHSEYs in the I CE

fam |y. Reesaiflsyon ihjney, Abueinel atisease, afid $higeHesid. CE fami | y cyst ei ne prot eases
(al so known as Caspases with | CE bei ng known as Caspase-1) has been further
defined. The foll ow ng proteases are representative nenbers of this class

of enzymes S using the nonencl ature described in Alnenri et al., Cell 1996;
87: 110: Caspase-2 (al soBRESWRUNDY OF THE INVENEKIN 3 (al so known as CPP32,
Yarma) and apopain); Caspase-4 (also known as TX, Ich-2, and ICE rel-11);

Caspase-5 (al SO k 0 rel al so known as Mh2
CasBase 7 Eal sol® m ggp%%(als%g@ﬁésaéuger e&ﬁ‘é‘(ﬁk‘%ﬁi" ECTEYPBE and M):hS)
Caspase-9 ﬁ@spcigawmms&qu& SelerlefiR- 1808t NENB) {0 froGiRESRerkAkinal SO known as

Mch4). It is recognized that nmenbers of this enzyne famly play key

bi ol ogi cal lwﬂeb@)ﬂﬁm%ﬁﬁnlnﬁﬁmaﬁw&tqwrﬁrﬁﬁomdﬂéﬁtgl (3Podlehmmed cel | deat h)
(Thor nber ty, Ry A¢; @dsodk-sor POFs3RAEHIUER A B: X HBRPISCPYRIMaRgResi gn 1994

2: 389- 399) “In ealdggftlon to??l'vts e #aects otn ,-?L |W 2guctlg)gn | CE has been
showhs t o pﬁ%b Seral diedagesiare %Welavdmemtfﬁrémkmﬂ achimity. rﬁtham%ry medi at or

i nt erferon 1 ' | CE processes
the. i nact i SR Rrorar i oy e eIl AECas RRRARARY Bk b il

I nterl euki mheb@Rptoidnrtiotis and inf@nmatery hewtldisase vl nuemrdutﬂemrrptooxiucti on of
interfer Ond}éo}& sIu&ealslsﬁo@nlqulH@teg‘%lal sng'aul %zh&%eh?dnsgﬂgﬁxfn%ﬁ) -Y has been
inplicated In the pat hogehesi di'eéases Such as i n ory

di sorders &, Seplyokishiek., |THeT.&F)r@therldiEaseniniclude sapsic wimekd be expect ed to
have,benef i di sease states by effects on interferon-y.
The I’T’(g.j ori té;}J ﬁdfls@inﬁf)c%‘#%‘fﬁ%g?%ors described in the art are peptide-based
(e.g., Dolle R Agtntsaﬂhat,maﬂulafdiﬂ lﬂ'aemltylﬁ%béﬂﬁs}&ﬁ&tofﬂ@mﬁﬁcxilhe use of
pyrldone or, rim dope bas tidom netic i itors has recently been
reported (L%PX %CtSQ éf‘a“éqec"?%”@ Difease inieglgus géyqegtope et al., J. Med

Chem 1996,a3@g&ﬂ§§hav@8@n$ﬁdﬁﬂ4@1r@1b1ﬁ§ch§émlc aﬁd &&Etgtoxi‘dﬁﬁmaga"hﬂffm Lett. 1997
7:1337). X;ray crystallo nol ecul ar eli n?ghave shown t hat

raph
pyri done b&&ae ( Fﬁhﬁﬁllt‘i“drlg eé?l %é‘UF reBpEh ﬁéﬁ?’é’c’@ﬁ%ﬂ?@‘* #9)P2- P3 found in
pept bsle baseritionktydidOmAiL(GFMRE showRlo rBluce iddaR@a8lon and pyrexia in

rats (Elford P.R. et al,, British Journal of Pharmacology 1995;115:601-606).



Med Chem Lett. 1997;7:2181-2186). 30 WD 9526958 di scl oses the use of

pyri m done based inhibitors of ICE. As well as possessing sone acti\ﬁiﬁt mi@
in vitro nodels, the conpounds taught in WD 95269S8 are reported to '‘Have {12
in vivo ICSO range of fromO0.1 to 10 Vim 170CT 2002 WO 99/6765 -3
PCT/ US99/ 09463 refl ecting the percent inhibition of release of IL-1j3.

~Yhi |l e these values reflect sone activity, the search for better |ICE :
inhibitors for the treatnment of such diseases as inflanmation, Al zheinmer's
di sease, stroke, and septic shock is desired. SUN~sARY NVENTI ON 5
The, presewpgglﬁvgsntion provi des conpounds of the Fornul apgl%n'égﬁﬁkﬁm .ON I
~Y RR3 Owherein 011 &GXYis~, C02R OO0 or OC1-C6 allyl C-N 10 ;
CO2R each R is independently hydro@ye'n or C1-C6 alkyl; RL and R2 are

i ndependent | y hyIhhidgen of IUE &n akbKnHibit ether cy§tEini protease¥limthe (CB2) n- substi t ut ed

aryl, 15 - n-0-aryl, 17 U-~_T 20 .991 5765 PCT 9/ 09463
2By moo- S S Receaty sigomendlesizs af theFellR Smily ey BORRBE (Aout od ot J1
- (CH2) n- S- hehewoay Gdspasss wiliIER)being-kauta ki Caspedd- 1 @hebe@aRther ddigkR) n' ~~-ar 3' 1~
-(CHZ) n-NR - ugét i {uted ag/l : -éﬁ%—@n- I ~I(f‘gﬁ_ hﬁt er aryé,
- (CH2) n- NR -Ti‘a lopingiperieaiest 3 EsRSHINtatiy p memesis PhINSAIASH BhgFymesy
h (342)51-Sub$1g'&11§ %QGTF}@!@&@%S%Beccl:ﬁﬁﬂ%ﬂGheﬁxlrikéIlai.,@k@lﬁl@ﬁ&@ﬁ:ﬁﬂ‘. @asg&ig; R3 is

rogen or - a ; |1 S - a ar rogen;,; ang ~ 1S
my/drogen, o(a-lfcdmyvaﬁ#léﬁws-ﬁ}af@hwﬁzéwl a@agirémyww S (CH2) n
subst i t ut ed cakpabe-4 &BoRno@n 438x GER2 Rind ICE GH)NCNpadels GESEARAO 1 7 (~ C;

?002 1Y0 99156765 -5
ICE rel-III); Caspase-6 (also known as Mch2); Caspase-7 (also known as Mch3);

Caspase-8 (also known as FLICE and Mch5); Caspase-9 (also known as
10 ICE-LAP6 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-1f production, ICE has been shown to play
15 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
20 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, Dolle R. et al., J. Med Chem. 1994;37:563. However, the use of pyridone or
pyrimidone based peptidomimetic inhibitors has recently been reported (Dolle R.
25 etal., 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 pyridone based inhibitors are suitable
replacements for Po-P3 found in peptide based inhibitors (Golec 1. et al., Bioorg.
Med. Chem. Lett. 1997,7:2181-2186).
30 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 ICsq range of from 0.1 to 10 pm,



CH3 i , 00 CH3 --(CH2)n NS-..(CH2)n OCH3 0 CH3 -(CH2)ri N-S-(CH2)n , O

H3 O H3C -(CH2)n N-S-(CH2)n 0 0 -(CH2)n-S-(CH2) n-aryl, 70079
-(CH2)n-S-(CH2) n-substituted aryl) / \ -(CHRr-0\ ~~, or 0O 0O N IlI-Fg 1002
-(CH2)n 0 and the pharmaceutically acceptable salts thereof. In a preferred
enbodi nent of the conpounds of Fornmula I, 10 R is hydrogen or nethyl. In

anot her preferred enbodi nent, PCT/US99I1 09463 each R is hydrogen. 17 OCT
Z002 WD 99/56765 -6 I n another preferred enbodi nent, R3 is hydrogen, and R4

is nethyl,, S’Jj?,%’éﬁ or isopropyl. In another preferred e gy 5 RL s
hydr ogen %? R ; and R2 is -(CH2)n-phenyl, hydrogen, CH2) n--0- phenyl
-OH, 10 -(CH2)n-benzi m dazoyl, -(CI—|2)3n i ndol yl, or (CHZ)n phenol . O I
C- X In another preferred enbodinent,”Y is ~. CO2R 1In still another

preferred erdaedingeindp erdhRIEbitloRof relbasColILES. ¥Whife these vAI0&Refloft | S hydrogen, O

- CH2- NH- S- CH2CH2- phenyl, 20 O PCf/ US99/,09463 1 7 OC1 ZO&x WO 99156765 CH3
some activity, the search for better ICE inhibitors for the treatment of such

diseases as inflammation, Alzheimer’s disease, stroke, and septic shock is desired.

SUMMARY OF THE INVENTION

5 The present invention provides compounds of the Formula I

wherein

, or

0C-Cg alkyl

C=N
10

CO,R!
each R’ is independently hydrogen or C1-Cg alkyl,
Rl and R2 are independently hydrogen, C1-Cg alkyl
-OH, -(CHp) aryl,
-(CHp)p-substituted aryl,
15 -(CHp)q-O-aryl,



-CH2-1~"Hv OH3 0 CH3 -CH2-NH1 i-CHZ 0 H3 CH3 - CH2-NH-S-CH2 O

- CH2- S- CHZCHzZCH2- phenyl, -(C~rO~ ~\~, or 0O ON-N-.R, -(CH2)ri O 170CT 200
PCTNS99/ 09463 In a nore preferred enbodi nent, the present invention '
provi des conpounds of the Fornula I 17 0CT 2002 WO 99156765
PCT/US99/09463 g RA R R .ONI 2~ RR3 0 wherein 01! CGXYis ~,

CO-R CaN O CO-R 0 O5 ; OC-C6 alkyl each R is independently hydrogen
or nethyl; each n is independently 2 to 3; Rl and R2 are independently

hydr ogen, n phenyl O -(CH2)n O phenyl, - Cg;}zr ,
-(CHZ) n R‘Boé%“’ 7 OCT 2002 WD 99156765 -9 \ N~ N - )&99"’9“3
4.

-(CH3)p-O-substituted aryl,
-(CHp)S-aryl,
-(CHp)p-S-substituted aryl,
-(CHy)p-S-heteroaryl,

5 -(CHjy)p-S-substituted heteroaryl,
-(CHp)yNR -aryl,
-(CHp)p-NR'-substituted aryl,
-(CHp)p-NR'-heteroaryl,
-(CHp)-NR'-substituted heteroaryl,

10 -(CHp)p-heteroaryl, or
-(CHp)p-substituted heteroaryl,
each n is independently 0 to 6;
R3 is hydrogen or C1-Cg alkyl,
R4 is C1-Cg alkyl or hydrogen; and

15 X is hydrogen,

0
|

~(CHp)"N-S~(CHp)p-aryl,
|1

20 R'O

o)

-(CHp)-N-S-(CHy)p-substituted aryl,
|

25 R'O
CH,
Rl

I CH;
—(CH,),—N—

n—0Q

O=



CH2CH2 -N H CH2CH2-0 ~ ~ , -(CH}n i , / \ 5 (C)n ~ N - (CH)~ -(CH2) n- ~-

N-(CH2)n NI \ N/ " .. N-(CH)ri NI \ ~CNR 10 (CH2~-N ~ \ \ 47'0877002
PCT/ US99109463 1 7 ACT ?00?. WD 99156765 -10 ~CH2)n ~ ~\ Ra or R - '
(CH2)n ~ ~ OH ; PCT/US99109463 Ra) Rb) and R~ are independently hal ogen,

-OC1-C6 al kyl or hydrogen; R3 is hydrogen; R4 is nethyl, ethyl, or

i sopropyl; and X is hydrogen, 0 a -CH2-~' H 5- CH2CH~- phenyl, 10 0 O H3 CHI
-CH2?~,"~H1 I CH 0 OH3 0 CH3 -CHI-NH-S-CH2 OH3 CH -CH-NH ~ CHzZ 0 15

- CH2- S- CH2CH2CH2- phenyl 1 7 OCT z002 WO 99! S6765 - Id-1®i36lodisor \ O O N~~
- CH20 ana’qgﬁfé”ﬁ’nar maceutical ly acceptable salts thereof. In a preferred
enbodi ment of Formula I, 5 Rl is hydgogen and

CH,
"‘(CHQ_)n—N_ﬁ“‘(CHQ)n ,
CH,
-—(CHz)n——N—-ﬁ-—-(CHz)n ’
o)
Hj
R' O
o G
——(CHz)n——I\—-ﬁ—-(CHz)n
0

-(CHp)p-S-(CHp)p-aryl,
5 -(CHp);-S-(CHy)p-substituted aryl,

~
—(CHp)=0 , or
0”0

=\

N~ N—R'

— (o ! ;

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

each R’ is hydrogen.



R2 is -(CH2)n-indolyl, -(CH2)n-substituted indolyl, -(CH2)n-~-Phenyl,
-(CH2) n- 0- phenyl, 10 -(CH2)n tetrazolyl, -(CH2)n-phenyl, 17 0CT 200
-(CH2) n-substituted phenyl, -(CH2)n-substituted benzim dazolyl,
-(CH2) n- benztriazolyl, 15 -(CH2)n-indazolyl, -(CH2)n-benzim dazolyl,

-(CH2) n-pyridyl, -(CH2)n-naphthyl, or -(CH2)n-quinolinyl. PCT/US99i 09a63 20
In a nost preferred enbodi nent, the present invention provides the
conmpounds:

3- (2- Met hyl - 3- phenet hyl car banoyl - propi onyl am ri 0) - 4- 00 Hzdorspfrenyl et hanesu -
| f onyl arﬁ/%& ‘%nt anoic acid; 17 0 CT 2002 WO 99;¥§8§%J§'%%>‘8{‘Em599| 09463
-12 3-(2- Carbannyl nmet hyl - 3- net hyl - but yryl am no) - 5- (7, 7- di net hyl - 2- oxo

bi cycl o[ 2. 2. 1] hept - 1- yl met hanesul f onyl am no) - 4- oxo- pent anoi ¢ aci d;

5- (7, 7- Di net hyl m2meserfaefeed ehtdbddnent,hept - 1- yl met hanesul f onyl ami no) - 3
(3- net hyl - 2- (phenethylcarbannyl met hyl ) - but yryl am no] - 4- oxo- pent anoi ¢ aci d;
5 R3is hydrogen, and

3- (2- Car bagmy! ne ut yryl am no) - 4- oxo- 5- ( 2- phenyl et hanesul f onyl
-anino)-pe éﬁ@F%ﬁ Fﬁ orwoﬁ%pd)

3-[ 3- Met hyl - 2- (pheagidpyifeasdamadimagt hyl ) - but yryl am no] - 4- oxo- 5- (2

phenyl - et hanesul f onyl am no) - pent anoi ¢ aci d;

5-(7,%- D| n@éhylhydmgé@'@ﬂmftmlﬁr@] kept - 1- yI met hanesul f onyl anmi no)-3-[3 10

nmet hyl - aw@?ﬁ?? rb?nnyl met hyl ) - but yryl am no] - 4- oxo- pent anoi ¢ aci d;

(S'9S)-3- {3 phenyl - propyl car banmoyl ) - net hyl ]
butyrylanlno} &% putyrlc aci d;

3-{3-Diethyl - és phenoxy- et h5~ IcarbanDyI) met hyl ] - butyryl am no}-4
oxo- butyric aC|ﬂ Hz)5-O-phenyl

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-net h
- 2-[ (2- phenoxy=et hyl car banoyl ) - met hyl ] - but yryl am no} - 4- oxo pent anoi c
aci djo 3- [ 3- Met hyCHZy, {bphamitabyil,car banoyl - net hyl ) - but yryl am no] - 4- oxo- 5- (3
phenyl propylsulfanyl) pent anoi ¢ acid; 20
5- (7, 7- Di met hy| <6Boxdodsidyesl o 2. 2. 1] kept - 1- yI met hanesul f onyl ani no) - 3
{3-net hyl - 2- [( %ﬁ% -Rhenethyl car banoyl ) - net hyl ] - but yryl am no}-4
oxopent anoi ¢ aci n°P
5-(7,7-D met hyl - 2- oxo- bi cycl o[ 2. 2. 1] kept - 1- y nmet hanesul f onyl am no) - 3
{3-net hyl - 2-((3- phenyl-propylcarbannyl)-nethlI%-butyrylanino}-4-oxo 25
pent anoi ¢ aC|d ferred '_
3-{3- Met hyl - 2- [ P2 YRS R TR Bh ol | M] but yryl ani no} - 4
0X0- 5- ( 2- oxo- 2H—chronen 6- yl oxy) - pent anoi c ®[3-( 1HIm
dazol - 2-yl)-nap hthal en-2-yloxy]-3-{3-nethyl-2- fiS phenyl
propyl car bamylmsmsme}pw&rﬁ/mme&m@h %bham pentanoi ¢ aci d; 30
5-(7,7-D met hyl - 2- oxo-blcyclo[2 2. 1] kept - ylnethanesulfonylanlno) 3( 2- hydr
oxycarbannylnethyh 3- et hyl - but yryl am no) - 4- oxo- pent anoi ¢ aci d; 17 OCT
Q02 1V0 99i 56765 / US99/ 09463 - 13
15 Y is

3

CO,R

X is hydrogen,

o)

II
-CH;-NH-S-CH,CHjy-phenyl,

20 i

o)



5-(7,7-D met hyl - 2- oxo- bi cycl o[ 2. 2. 1] hept - 1- yl net hanesul f onyl am no) - 3( 2- {[ 2-
(1I—|—indoI-3-y1)-ethy|carbam)yl]-methyl}-3-methy|-butyrylarrino)-4-oxo170[3”0Uz
pent anoi ¢ acid; 5-(7,7-Di nethyl-2-o0xo-bicyclo[2.2.1
] hept - I -yl met hanesul f onyl am no) - 3{ 3- met hyl - 2-[ [ 3- (4- hydr oxyphenyl ) - propyl ca
rbanoyl ] - nmet hyl ] - but yryl am no}-4 oxo-pentanoi ¢ aci d;
5-(7,7-D net hyl - 2- oxo- bi cycl of 2. 2. 1] hept - 1- yl net hanesul f onyl am no) -3 (2-{
[ 2- (1Hi ndol - 3-yl) - et hyl car banoyl ] - net hyl } - 3- et hyl - but yryl am no) - 4- oxopent
“anoic acid, 10 PCT/US99/09463
5- (7, 7- Di WBOR$76%2- oxo- bi cycl of 2. 2. 1] hept - 1- yI net hanesul FOMAY A o) - 3
_ (3-hethy|-2-{[2-(1:nethyl-1kkindoI-3-¥I)-ethylcarbannyl]-nethyl}

but yryl am no) - 4- oxo- pentanoi ¢ acid; 7
5-(7,7-D met hyl - 2- oxo- bi cycl o[ 2. 2.
(3-methyl-2-{[2-(7-met hyl - 1Hi ndo
but yryl am no) - 4- oxo- pent gnoi ¢ agci
5-{7,7-Di wethyI-Z-oxo-biagclo[
(2-{[2-(6-fl uor o-HEHANHHS-8
no) - 4- oxo- pent anoi ¢ aci d;|]
S- (7, 7- Di net hyl - 2- oxo- bi &ycl®[ 2. 2. 1] kept - 1 -yl net hanesul f onyl ami no) - 320
[ 3-met hyl -2- ({nmethyl -[2-(I-nmethyl -1Hindol -3-yl)-ethyl]-carbanoyl } - met hyl)
but yryl am no] - 4- oxo- pent anoi ¢ aci d;
3-{2-[(2-Benzoi m dazol - 1-yl - et hyl €at;banoyl ) - met hyl | - 3- net hyl
but yryl am no}-5-(7, 7-di net hyl - 2- oxo-'bi cycl o[ 2. 2. 1) hept - 1yl net hanesul f onyl am
i no) - 4- oxo- pent anoi ¢ aci 43 “Ghlyret hyl - 2- oxo- bi cycl o[ 2. 2.1
] hept - 1- yI net hanesul f onyl|ani no
(3- et hyl - 2- {[ 2- (+H¢HeNHeZ6H;5 ﬁ - et hyl carbanoyl ] - met hyl } - but yryl ami no) - 4
0X0- pent anoi ¢ aci d; I
5-(7,7-Di nethyl-2-oxo-bié§clo[2.2.1]hept-1-y|nethanesulfonylanino)-4
ox0- 3-{2-[ (3- phenyl - propyl car banmoyl ) - et hyl ] - but yr yl am no} - pent anoi ¢ aci d;

kept - 1- yl met hanesul f onyl am no) - 3
(2 yl)-ethyl carbamoyl | -net hyl } 15
CH

i]heﬁ%-l-ylnethanesulfonylanino)-s
hyl car banoyl ] - net hyl } - 3- met hyl but yc~yl am

5- (7, 7- Di met hyl - 2- oxo- bi cycl o[ 2. 2GHshept - | - yl net hanesul f onyl ani no) - 3( 2- {[ 2-
(1-net hyl -1H i ndol - 3-yl ) - et hyl car ba ] - met hyl } - but yryl am no) - ~I - oxopent an
oi ¢ aci d; 1 7 OC 2002 99 65 NS99109463 -14 3-(3-Methyl-2-{ (2-(
o
I

1-nethy|-1H—indoL;%5 H%ﬁ"ﬁﬁg noyl | met hyl } but yryl am no) - 4- oxo- butyric
acid; 3-[3-Methyl - -ﬁg

_(,
1- net hyl - 1Hi ndol - 3-yl ) - 4 hyl ] - car banoy!l }
met hyl ) - but yryl am no] - 4- oxo- butyric acid;
3-{2-[(2-Benzoi m dazot - 1-yl - et hyl car banoyl ) - met hyl ] - 3- met hyl

but yryl am no} - 4- g%8-_ButryId dﬁ%?y 1
5-(7,7-Di met hyl -2-0 og%¥%§§lo .féﬂ]kept-l-ylnethanesulfonylanino)-s (2-4
[ 3- (4- hydr oxy- phenyl ) - propyl car banoyl ] - met hyl } - 3- net hyl - but yryl am no) 4- oxo-

pent anoi ¢ acid; 10
S-(7,7-D met hyl - 2- oxo-bi ¢ 2.2 1] hept - 1- yl met hanesul f onyl am no) - 3{ 3-net h
yI-2-[(2-pyridiﬁTﬁCVhFE@ngiEE1;§1%$)TnethyI]-butyrylanino}-4-oxo pent anoi c
acid; 5-(7,7-Dinethyl-2-o0x0<bi &cldp2.2. 1] hept - 1- yl net hanesul f onyl ani no) - 3
{3-met hyl - 2-[ (2- napht hal en- 2-yl - et hyl car banoyl ) - net hyl ] - but yryl am no} - 4- oxo
15 pentanoic acid; 5-(7,7-D nethyl-2-o0xo0-bicyclo[2
2.1]hept-1-y|nethanesulfony”aﬂ\no)-S{S-nethyl-2-[(3-pyridin-4-y|-propy|carb
annyl)-nethyl]-butyrylaninq%-4%®*ﬂpentanoic aci d;

5-(7,7-D met hyl - 2- oxo- bi cycl o2 2. 1] hept - 1- yl et hanesul f onyl am no) - 320
{3-nmet hyl - 2-[ (3-qui nolin-2-yl {propyl car banoyl ) - net hyl ] - but yryl am no} - 4- oxop
ent anoi ¢ aci d;

5-(7, 7- Di met hyl - 2{6¥uBr Ry el
{3-met hyl - 2- ((3- napht hal en-
0X0- pent anoi ¢ acid; 25
5-(7,7-D met hyl - 2- oxo- bi cycl of

In a more preferred embodiment, the present invention provides

2. 1] hept - 1- yl met hanesul f onyl am no) - 3
pr opyl car banoyl ) - met hyl | - but yryl am no} ~

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

compounds of the Formula I



{3-met hyl - 2-[ (3- pyTi di n- 3-yl - propyl car banoyl ) - net hyl ] - but yryl am no} - 4- oxope

nt anoi ¢ aci d; 0

5-(7,7-Di nethyl-2-oxo-bicyclo[2.2.1]kept-1-ylnethanesulfonylanino)3-1§-ﬁéng

-2-[ (2- napht hal en- 2-yl - et hyl car banoyl ) - mret hyl ] - but yryl am no} 30

4- oxo- pentanoi c acid; 5-(7,7-D nethyl-2-o0xo0-bicyclo[2

2. 1] kept - 1- yl net hanesul f onyl am no) 3- (3- net hyl - 2-{[ 2- (7- net hyl - 1H i ndol - 3-yl

) - et hyl car banoyl ] - et hyl } but yryl am no) - 4- oxo- pent anoi ¢ aci d; 1700 ~

202 WO Q@é@ﬁ;@é PCTN599109463 - 15 PCT/US99/09463

5- (.7, 7- D net 2- oxo- bi cycl o[ 2. 2. 1] kept - 1- yl met hanesul f onyl am re) 3-(2-{

[ 2- (6-fl uoro- 1FL|ndoI 3-yl)-ethyl carbanoyl | - met hyl

}- 3- net hyl but yryl am no) - 4- oxo- pentanol ¢ acid; 3-[3-Methyl-2-({ nethyl-[2-(

1- net hyl - 1Hi ndol - 3- yI) et hyl ] - car banoy#} g .

met hyl ) - but yryl am no] - 4- oxo- bufyrl acld;

3-(3-Met hyl - 2-{[ met hyl - (2 ph h - ¢CH(banoyl ] - net hyl } 1

butyrylanlno) 4- oxo-butyric a s§¥ 3-12-{]([ 2- (%5, 6- Di et hyl - benzoi mid

azol -1-yl) - et hyl car banmoyl | - néﬁhyl 3me®hyl - but yryl am no) - 4- oxo- butyric

acid, trifluoroacetate salt; 10

5-(7,7-D nehﬂm%mbicyclo[2.2.1]kept-1-y|nethanesulfonylanino)3-{3-nethy|-2-[

(3- phenyl - propyl car banoyl ) - net hyl ] - but yryl am no} - 4- oxo pentanoi ¢ aci d;

S-(7,7-Di nethyl-bicyﬁlo[2.2.1]kept-1-ylnethanesulfonylanino)3-(2-{ [ 2-(

1Hi ndol - 3-yl) - ethylgagpannyl]-nethyl }-3-nethyl -butyryl am no) 15

4- 0X0- pent alydgCc aci

5 (7,7-Dinethyl-2-0 0- bic cIo[2 2. 1] kept - 1- yl met hanesul f onyl am no) 3-{3-neth
-2-[(3-pyridin-4-yl= pp Bl car banoy! ) - met hyl ] - but yr yl ami no} - 4- oxopent anoi ¢

aC|d 5-(?,7-D met hyl - 2- oxo- bi cycl o[ 2. 2. 1] kept - 1- yInethanesulfonylanlno)zo

3-{3-nmethyl-2-((3-¢q Cﬁﬁﬂln 2-yl - propyl car banoyl ) - net hyl ] - but yryl am no}-4

opent anoi ¢ aci d; ——_§o~b

5-(7,7-Di nethyl- gVo[2.2.1]kept-1-yInethanesulfonylanino)

3-{3-net hyl - 2- [ ( 3- napht halen- 1- yl - pr opyl car banoyl ) - met hyl ] - but yryl am no} 4-o

X0-pentanoic acid; , 25 &-(7,7-D nethyl -2-oxo0-bicyclo[2.2.1

] hept - 1- yl net hanesul fo am no) 3-{3-net hyl - 2-[ (3- pyTi di n- 3-yl - propyl car bano

yl)-nmet hyl]-butyryl am -4- 0x0o pentanoi c acid;

3-{2-[(2-Benzoi m yl - et hyl car banmoyl ) - nethyl] 3- et hyl

but yryl am no} - 5- (7, 7- diyfiret hyl - 2= oxo- bi cycl o[ Z. 2. 1] kept - 130

yl met hanesul f onyl am no)|- 4- oxo- pent anoi ¢ aci d;

5-(7,7-Di nethyl-2-0xo-quw©¢ﬂkﬁ.2.1]kept-1-y|netttanesulfonylanino}3-(3-net

hyl -2-{(2- (1- et hyl - 1Hi ndol - 3-yl ) - et hyl car banmoyl ] - met hyl } but yryl am no) - 4- o

X0- pent anoi gaca®’ ¢ mdepé-ndznt@ }@d}l'o 2002mENE 991 56765 PCT/ US99109463 - 16

5-(7,7-Di nethx - 2-0X0-b %f 2. 1] hept - 1- yl net hanesul f onyl ami no)

3- (3- et hy| ¢3! PG?mBVWP@WHyai% et hyl car banoyl ) - net hyl ] - but yr yl ami no} - 4- oxo

pent anoi ¢ agi

[ 2- (5- Acet yI - % g%f&gpawemépﬁyrgafbannyl]-nethyl}-3-nethy|

but yryl am no) - 5- (Gﬂihdmnwﬂhyl 2- oxo0-bicyclo[2.2. 1] kept-1

ylnetg§nesulfonyl m no o pent anoi ¢ aci d;

5-(7, Exnethyl piQiFn P 0(2 2. 1] hept - 1- ylnethanesulfonylanlno)

3-(3-net hyl - 2-{ kﬁ{( 1Htetrazol -5-yl)-ethyl carbanoyl ] - net hyl

}-butyryl am no) 4- 6Xo- pent anoi ¢ acid; 10 N4-(2-H enzoi midazol-1-yl-ethyl)-N

1- (2- et hoxy- 5- oxo-t etrahyders: facan 3-yl)-2-i sopropyl - succi nam de;

N1- (2- Et hoXy- 5- oxe{TE})[ 3 a}n- 3-yl)-N4-[2-(1Hindol -3-yl)-ethyl]
Ra
R®

RC




2-1 sopropyl -succi nam de;

Nl - ( 2- Et hoxy- 5- oxo-tetrahydro-furan-3-yl)-2-isopropyl-N4-[2-(1- nethyﬂ7é§12mz
1Hi ndol - 3-yl) - ethyl] succi nam de; N4-[2-(5, 6-Di chl oro-b en zo

azol -1-yl)-ethyl]-N 1-(2-ethoxy-5-0x0
tetrahydro-furan-3-yl)-2-isopropyl -succi nam de;

N1- ( 2- Et hoxy- 5- oxo-t et rahydro-furan-3-yl)-2-isopropyl - Nd-(2- phenoxy

et hyl ) -succi nam de; 20

N1- ( 2- Et hoxy-5- oxo-tetrahydro-furan-3-yl)-2-isopropyl
N4- [ 2- (G‘Nﬁg Y- 1H i ndol - 3-yl ) - et hyl ] - succi nam de; .
N~-(2-Benzotriazol -1-yi-ethyl)-N 1- (2 ethoxy 5- oxo-t et rahydro- furan
3-yl)-2-isopropyl -succi nani de;

N1- ( 2- Et hoxy-5-oxo-tetr dro-furan-3-yl)-N4-(2-indazol -1-yl-ethyl) 25
2-i sopropyl - succi ngm )

N1- ( 2- Et hoxy- 5- oxoNt et ro-furan-3-yl)-2-isopropyl

N4- ( 2- phenyf am no- et Nyl ) “'succi nam de;

N1- ( 2- Et hoxy- ~- oxo0- tétrahydro furan-3-yl)-N4-[2-(6-fluoro-1Hindot
3-yl)-ethyl]-2-i sopl&Bph- succi nani de; 30 N

1- ( 2- Et hoxy- 5- oxo-tetrahydro-furan-3-yl)-Ir' " 1-[2-(7-nmethyl-1H i ndol

3-yl)-ethyl]-2- |sopr%£¥l succi ngm dg; 1 7 OCT zZ002 CVO 99156765
PCTI US99/ 09463 - gxot et r ahy

PCT/US99/09463

dro-furan-3-y|) 2- |sopropyl - [Z=F2- et hyl

benzoi m dazol -1-yl) - ethyl] succi-.-'de;

N1- ( 2- Et hoxy- 5- 0x0- t ydr 3-yl)-2-isopropyl-N4-[3-(3,4,5
tri met hoxy- phenyl)-) q S cc de;

N1- ( 2- Et hoxy- 5- oxo- tetrahydro furamn-3-yl)-2-isopropyl - N4-[ 2- (phenyl)

‘et hyl ] - SUCC|nan1de

N1- ( 2- Et hoxy- 5- oxo{&®B1) ro-Yjuran- 3-yl)-2-isopropyl - N4-[ 4- (phenyl)
but yl ] - succi nam de; PN

N1- ( 2- Et hoxy-5- oxo-tetrahydr®-furan-3-yl)-N4-(2-indol-1-yl-ethyl) 10

2-1sopropyl - succi nam de;

N1- ( 2- Et hoxy- 5- oxo- é tra an- 3-yl)-2-isopropyl - Nd-[ 4- (phenyl)
propyl § - succi nam d& )

N1- ( 2- Et hoxy- 5- oxo- tetrahy ran- 3- yI) N4-[ 2- (5-fl uoro-1Hi ndol

3-yl)-ethyl]-2- |sopropyl SUCC|nan1de

3-{2-[(2-Benzoi m dazol - arbanDyI) met hyl ] - 3- et hyl
butyryl zm no} - 4- G*G{BHE a-
3-(3-Methyl-2-{(2-(1- ne dol - 3- yl) - et hyl car banoyl ] - nethyl}

but yryl am no) - 4- oxo- butyrlc acid; 3- (2 { [2-(5-Fluoro-1-nethyl -
H i ndol - 3-yl ) - et hyl ano 1% nethyl 20
3- et hyl - butyrylan#ﬁ% n4- Exo utyrlc aC|d



3-(2-{[2-(5, 6-D chl oro-benzoi m dazol -1-yl ) - et hyl car banoyl | - net hyl }
3-net hyl - but yryl am no) - 4- oxo-butyric acid; T 7
3-(2-{((2-Benzoi m dazol -1-yl - et hyl ) - net hyl - car banoyl ] - net hyl } 17 0CT 7002
3- et hyl - but yryl am no) - 4- oxo- butyric acid; 25
3-{2-[(2-Benzotriazol - 1-yl - et hyl car banoyl ) - net hyl ] - 3- net hyl
but yryl am no} - 4- oxo- butyri c aci d;
3-{2-[(2-1ndazol -1-yl - et hyl car banoyl ) - net hyl ] - 3- et hyl - but yryl am no}
4- 0X0- b~i {y¥lobgsraCi d; PCT/US99/09463
3-[-2- ({[ 2- (5, 6-Di net hyl - benzoi m dazol - 1-yl ) -et hyl ] - met hyl car banoyi } 30
met hyl ) - 3- met hyl - but yryl am no] 4- oxo- bt yri c aci d;
3-[2-({[2-(2- Met hyl - benzoi mi dazol - 1-yl ) -et hyl ] - net hyl car banoyl }
net hyl ) - 3- met hyl - bue yylaninol 4 a.oégutyric aci d; i 70 CT 2002 yVO

6 | -2-{

99156765 PCTNS99109a6 '-‘1 :
[ 3-(3, 4, 5-trinet hoxy- pheny)ynpt 0p¥T car banoyl | - met hyl }

but yryl am no) - 4- oxo- butyri c |aci d,
3-{3- Met hyl - 2-[ (2- phenoxy- eRhyl car banoyl ) - met hyl ] - but yryl am no}
4- oxo-butyric acid ethyl ester;
3- Cyano- 3-{ 3- net hyl - 2-[ (2/ph&poxy- et hyl car banoyl } - net hyl ]
@ Wil ester; and

but yryl am no} - pr opi(6Hp %
3- Cyano- 3-{ 3- net hyl - 2-[ ( 2-pPEnoxy- et hyl car banoyl ) - net hyl ]

but yryl am nq},- pr.opi.qni c ,aci d. Al s rovided, i har maceuti cal conposition
t hat conpri g%asﬂfé at?%ﬁ*gﬁﬁria e’fﬁ“‘l?f‘tlﬁg"’rl%if" 'Ofd'.lg:ﬁl 5@8’%&8@%@ is a method of
treating orIﬁnggqﬁgkng'stroke, t he nethod conprising adm nister ing to a
pati ent havind® "Ha% g had, or at risk of having a stroke a therapeutically
effectsve anBuihme0f1 &nhGOBPHGhy@fankormula 1. Also provided is a nethod of
treating inflamatory diseases,” the method 15 conprising admnistering to a
pati ent havi*i§ ha¢roge | ammat ory di sease a therapeutically effective anount

of a conpound of Formulg |. In a preferred enbodinent of the method of
treating inflamuatory diseases, the inflamuatory disease is rheunmatoid

arthritis or infk%@nﬁﬁg | .disease. 20 Also proded is a nethod of
treatipng septic s ot ) %%gggﬁﬂggh

'g conprising adm nistering to a patient
having septic shock a t

erapeutically effective anount of a conpound of

Formula 1. Also providéa is a method of treating reperfusion injury) the
nmet hod conpri sing adm ni stering fg.a patient having reperfusion injury a
t herapeutically 25 effective ano nt of a conmpound of Forrmula I. Al so

provided is a method of greating /A2 mer's di sease, the nethod conprising
ﬂ Al zhei ner's di sease a therapeutically

admi ni stering to a patidnt ha"
f Formula I. Also provided is a nethod of

ef fective amount -oflCHNEISGDHL
treating shigellosis, tH hed conprising 30 adm nistering to a patient
havi ng shigellosis a thé& ageutically effective amount of a conpound of

Formula I.

Hs
O O CH3
—CHZ-NH-!-CHZ ’
(I)I
Hy
?| CH3
—CH,NHSCH, ’
g

15 -CH,-S-CHyCH,CHj-phenyl,



17 0 C~ 2002 BYO 99/56765 PCT/ US99/ 09463 -19 Al so provided is a nethod of
treating nmultiple sclerosis, the nethod conprising admnistering to % T
patient having multiple sclerosis a therapeutically effective amount! 0§C72002
conpound of Forrmula I. Also provided is a nmethod of inhibiting
i nterl eukin-1~ converting enryne, 5 the nethod conprising admnistering to
a patient in need of i,nterleukin-1~3 converting enryne inhibition a
t herapeutically effective amount of a conmpound of Forrnula |I. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON The term "al kyl" neans a sk g} Q%Ggr br anched
chai n hydV8é¥fB®n. 10 Representative exanpl es of al kyl é& 3%% $e nethyl,
et hyl) propyl, isopropyl, isobutyl, butyl, tert-butyl, sec-butyl, pentyl,
" and hexyl. Preferred all~yls are Cl-d&-alltyl. The term "al kaxy" neans an
all "yl group attached to ap.oxygen atom Representative exanples of al koxy
groups include netHdkp < j, Tert-putoxy, 15 propoxy, and isobutoxy. The
term "hal ogen"” includes cH e | lori ne, brom ne, and iodine. The term
"al kenyl " neans a branched or é?raj%ht chai n hydrocarbon having one or nore
car bon-carbon doubl e bond. The term"allynyl"” nmeans a branched or straight
chai n hydrocarbon 20 havi fig ®pe or nore carbon-carbon triple bond. The term
"aryl" means an aronatic Mygtotarbon. Representative exanples of aryl
groups include phenyl and npaphthyl. The term "heteroaton includes oxygen,
ni trogen, and sulfg{ The =y m "heteroaryl™ neans an aryl group wherein one
[

or nore carbon 25 : ﬁ&ﬂ(ﬁ aromati'c hydrocarbon has been replaced with a
het eroat om Exanpl es of he saryl radicals include, but are not limted
to, pyridyl, imdazolyl, py vyl ) benzi m dazolyl, tetrazolyl,
benzottiazol yl, indazolyl, enyl, furyl) pyranyl) pyrimdinyl,
pyridazinyl, indolyl, quinolyl, naphthyridinyl, and isoxazolyl. The term
"cycl oal kyl "angrthapharmacaptitally absediable azlibaheredixanpl es of 30 cycloal ) "yl groups

i ncl ude cycl opro t tyl) and cycl ohexyl. 170CT
?2Q0? ~~' 0O 99I567@%1@%ﬁ%ﬁ%é@%ﬁé&%%gg%%$2§95ynbol "=' means a bond. The term
"patiept” n&dnghﬁﬁépa@mnals i ncl udi ng humans. Exanpl es of patients include
humans) cows, dogs, cats) goats, sheep, and pigs. The term "substituted"
means that tRfds H&Ble)eindelpi c radi cal has one or nore 5 substituents. For
exanpl e, substitu cycl ohexyl ans a cycl ohexyl radical that has one or
nor e substituent'?ﬁgﬁﬁ§¥ﬁﬁﬂé%¥@°gﬁclude, but are not linited to, hal ogen, O
0 -CF3, Cl-Cg al&th 2§th§§§1 -N02, -COCl-C6 al kyl, -NHCOCL-C6 al kyl, 10 O
n CCL-C6 al) yl, -N%%f -éip enyl, -NHC1-Cg al kyl, -N(Cl=Cg al kyl)2, -SCi-C6
all~yl, -0OCl-Cg alCHg),-Oaphenyd,OH. Particularly preferred substituents
include, but are not Iimted to 15 Otert-butyl, nmethyl, -OH -NH2) -SCH3)
-CN, 1bcH3, - cociC8e)mieksac)yho 20 - N HCOCI - C6 al kyl, bromine, fluorine, and
chl orine. The te[&%fﬁ%quqlkenyl" means a cycl oal kyl group having at | east
one car bon- car bon-ddub? & hond. Exanpl es of cycl oal kenyl groups include

cycl opent ene, cquggﬁ;gmgku@@gmﬁyplohexene. The term "heterocycl e" or

"het erocycl oal kyl™ eans a cycl oal kyl group 25 wherein one or nore carbon
atom i s repl aced-@Hh,-subktetted bazomtazelyanpl es of het erocycl es include, but
zre not limted to, pyrrolidinyl, piperidinyl, and piperazinyl. The
conpounds of Forﬁﬁ%ﬁxfb%%ﬁmﬁﬁﬂadninistered to a patient either alone or as
part gk a pharnac zfﬁh&¥gﬁcceptable conposition. The conpositions can be
30 admni stered t & nt's 'such as humans and aninals either orally,

rectal l'y, parent ecalh ybdiziigaygnousl y, intranuscularly, or subcutaneously),
intracisternally, intravaginally, intraperitoneally, intravesically,

| ocal |y (powder s (Chiond-pwidys, or drops)) or as a buccal or nasal spray.

-(CHa)p-naphthyl,

N

or -(CHp)p-quinolinyl.
20 In a most preferred embodiment, the present invention provides the
compounds:
3-(2-Methyl-3-phenethylcarbamoyl-propionylamino)-4-oxo-5-(2-pheny!-

ethanesulfonylamino)-pentanoic acid;



1 7 OCT Z002 CVO 9916765 PCTNS99/ 09463 -21 Conpositions suitable for
parenteral injection may conprise physiologically acceptable steri

aqueous or nonaqueous sol utions, dispersions, suspensions or enulsigﬂépﬂhaﬂz
sterile powders for reconstitution into sterile injectable solutions or

di spersions. Exanpl es of suitabl e agueous and nonaqueous 5 carriers)

di luents, solvents, or vehicles include water) ethanol, polyols

(propyl enegl ycol , pol yet hyl enegl ycol, glycerol, and the like)) suitable

m xt ur eswlhgkees . vegetable oils (such as olive oil), ramseamsest abl e
organi c esters such as ethyl oleate. Proper fluidity can be maintai ned, for
exanple, by the use of a coating sucgh.as |ecithin, by the maintenance of
the required particle size in the 10 case of dispersions and by the use of

surfactants. ThadCetwpeimettohd-masylhrywlasma- hdmeteht-oxsuch as
DI €SET Vi NG iAot N RISl AAL0rIR ) SREDSLAGAOEAL S Prevention of the
action of mcro by v

rgani snms can be ensured rious antibacterial and
anti fungal agenfd7,7{imedxairpkebicydelaBdirept-thilnstiepesufomsiiamipt)enol , sorbic

acid, and t?gnseltﬂ Kg;(pﬂeégggg%g%ﬁﬁ,g?%t 'bgﬁ?j‘}lé'ﬁﬁhﬁ't"?O-b%?%ﬁ%%dsOtO”i c agents,

for exanpl ugar s, é ) i ke. onged absorption of
the ifj ect abl e pHaCatemaylimstiy!-Barathyb-avtyyenirgdagtro-atlephenyy t he use of

agents del ayj ] ol MRo) anpl e, al um num nonostearate and gel atin
Sol i d dosage)éﬂag%}lrr?f@@?(%@ng?g?m%g%aﬁl?aét ration include capsules, tablets,
pills) 20 powdeBd3-Matiy!-gr(ampedglcarbameplrotethybitiutyrylamgp4os052- t he active
conpound i ggm ! I .4.nert customary excipient (or
carrier) sﬁ)g égeﬁg%é%%?léﬁ?dgsgﬁ%}&%i&gaI ci um phosphate or, (a) fillers or
extenders, as f 6#(7,@Rimpthgl-bistcin{2 Rd Hepthylmsthenessifianybsd)o)ghideose, mannit ol ,

and silicic hd; ] I I r box t hytcel | ul ose,
ali g?\gt es, I%eg@zlitg' |(ﬂgéf)to%%’?%\@%ﬁﬁ?%ﬁb&maggﬁgggp grgﬁng) Ica%gigi a?/ (¢)
hunmect ants, as {8)-BxaMethyl-2d(yprengtpropytrrbdinsylptrethydt i ng agents, as for

exanpl e, agar.- rov.gal Ci .car.bonate, potato or tapioca starch, alginic
aci d, certg)?h@%grr'ﬂ?}eg%élgib%@éa and sodi um 30 carbonate; (e) solution
retarders, as fo{3evahpi2e(parabty-ethylcfrbimayhsoatipt]-onymedddedat ors, as for
exanpl e, quat%{]tnarx .g\mmni um conpounds; 1 7 OCT ?00Z WD 99/56765

PCTI US99109463"79% C(lg) wetting agents, as for exanple, cetyl alcohol, and

gl ycés ol nonost é47,ailemethinl)2-axtsbicynteit 8,1]tast- I-pimeehaassplfenyldodnd)i3n and

bentonite; ,and i ricant f Qf_ examp talc) ,cal cium stearate,
magnesi um s{? 'engerﬂglvtl)ezf[us! e‘ln%xyﬁeotﬁ%}cea?%ﬂoéheﬁﬁqywoﬁgyla?bn&?} UntA%aur yl sulfate, or
m xt ur es t Ipentemfic acidy the 5 case of capsules, tablets, and pills, the dosage

forms may al so S uf fering. agents lid.co iti of a simlar
type may al so bggg% ”33%39%%” e% IIC%Barngoylﬁl#etshgﬁ?w%marﬂ@?ﬁgﬁ“f'?g% gel atin
capsul es usheyl-suphisefanyPipemtwiemid;act ose or m |k sugar as wel | as high
rol oyl 7 el 0" OLYeL I 2eab sl A DR St RuSalg g oo o
W th coati r(ganamzqheéthﬁ;phsmmil-aapm)da)lﬂmghyjpaitmgmimm-ot hers wel | known in
the art. Theg%egf\a)é?.con&al n opaci fying agents, and can al so be of such

conpositi on” ‘ﬁé? rel ease the active conpound or conpounds in a certain
part of the intégl7AdmethyaZbxs-bicecle[@ld e - rpinreetanesiaypdndso)ed- enbeddi ng

conpositions 1 [ can be used are pal ri ¢, substances and waxes. The
active co gu%‘ggy\?%é[ﬁﬁﬁrlw%l'%gpx ?‘?%fﬁm(?l) §-"%ME'§H@?@H‘° BFHC i f appropri ate,
wi t h26ne orpemarac adid;t he above- menti oned exci pi ents Liquid dosage forns for
oral adm nistrati i pclu har maceutj cal |y accept abl e,enul si ons,

sol uti on, suspe é{ig%gt?ﬁgyﬂg'ﬁg?“y[iﬂrﬂpgFﬁr%”iogb"?%hyih@'lwgﬁ“’i%ﬁ'he 20 active

conpounds, dxbfs-%iﬁgh@{-@j@@,ﬁg@s-@@g%emw@@m;ai n inert diluents commonly used
in the art, such as _water or o r solvents, solubilizing agents and

€ t he
emul sifiers, as oK ENmitaral-2-dyraphthaleedrdaxyl-s 4 R-[82REr . et hyl
carbonat e, Rf¥darRe8} IR Rthyl)-butyrylamino}-4-oxo-pentanoic acid;
30 5-(7,7-Dimethyl-2-0x0-bicyclo[2.2.1]hept-1-yImethanesulfonylamino)-3-

(2-hydroxycarbamoylmethy!-3-methyl-butyrylamino)-4-oxo-pentanoic acid;



benzyl al cohol, benzyl benzoate, propyl eneglycol) 1, 3-butyl eneglycol,
dimethyl formam de, oils, in particular, cottonseed oil) groundnut oi170%??®2
germ25 oil, olive oil, castor oil, and sesane oil, glycerol,

t et rahydrof ur Furyl al cohol, polyethyl eneglycols, and fatty acid esters of
sorbitan or m xtures of these substances, and the |ike. Besides such inert
di luents) the conposition can also include adjuvants) such as wetting
agents, emulsifying and suspending agents, sweetening, flavoring, 30 and
perfum ng agents, Suspensions, in addition to the active conmpounds, may
contai n SU@PW SNy agents, as for exanple, ethoxyl ated PFIFSPEAIYI al cohol s,
pol'yoxyet hyl ene sorbit ol 1 7 OCT 2002 1VO0 99156765 PCT/ EJS99/ 09463 -23
and sorbitan esters, nicrocrystalIlné3cellulose al um num net ahydr oxi de,
bentonite, agar - 2 X{ tances, and
the |ike. Cbnp05|Eﬁ%nﬁﬁggﬁzﬁggﬁgﬂ%k gyzlﬁkgﬁgﬂ%P@gl %Pﬁﬂ--

supposi t ori &sf \Zk(lﬁhndoaﬁryb@t}p'ﬁcepbamdl]@yetml)eBmg:ﬁyhéumyqﬂqmum)d%omd— t he pr esent

i nvention mntQ SUIt%b|e non-irritating excipients or carriers such as cocoa
butter) poI?%}%&Féﬁeglycol or a suppository wax) which are solid at

ordi nary tenper ai- U?r’b@xrﬂmnltyl-qumbmbyaho[bbdkeptehﬁem&hnﬁselfmymmmdja-ef ore, nelt

Form or t SUTERY ! Baares P Bt R SR s PR CFon 10°1 ndl ude

oi ntnents, powplekmpicagdays, and i nhal ants. The active corrponent is adm xed

under sterile co hy s i.cally . .accepnta Ie rrier and any
preservatives, g”@fr%e hymﬂrz b@ﬁ%@h@iﬁg%t'laﬁgﬂyg’én?g ) aé’H“O 5ht hal mi ¢
formul at i ong- {[%(H—I@mdat Br@l)teshquamadmeyls ~mealnydl}-3-edetiiyl -butgryddrina)-$oxssont enpl at ed
as being within the scope of this invention. 15 The conpounds of the
present i nvBHYSIS %8%8n be administered to a patient at dosage levels in the

rangelof about 05-(7,7-Dinadoigl2-cko G chufp. me]heptalyylrrﬁmanaumfylm{md)mn adul t

havi ng a bo ange of about 0.01 to
about 100 w&%&?‘é@%h&gﬁ ’Qﬁg]ygﬁﬁ %qijg&éietg a’B?t}ngﬁThe speci fic dosage
used, howeveityryaiinoyaryko-gemansdx eyl e, the dosage can depend on a nunbers of
20 factors inclu gui r ement th ent e severity of the
condi ti on bei ng gr(gglﬁéﬂethg °¥%@°¥fﬂ‘%{?ﬁdg’2ﬂpb 14 ?t a&&i"i’ﬁ?f‘ﬂ@’“@f’ >$he compound
bei ng used. (Thetgepg[av{matth@nDindoPs-yNuthyttasagesl]-hethyg-parti cul ar patient

i's we{ knowny{g thosg skilled. in, the art. The terns pharmaceutically
acceptabl e LHPFEAMBLEPL-PEIANGIESF!dand prodrugs 25 as used herein refers to

those carboxyl ats(%HBDInsethydTidve-bagtd[ 2@ djhtptanyls@lhhSesulsiyRinGno)3ri des, and

D o TR o e PR R LBl e, v i e

ti ssues of myqiy&n{iﬁo)wi-dﬁaq;dhtanmduﬁedtOX| city) irritation) allergic response,

and the like, able benefit]ri cratio, and
effective for H{Wwﬁ a}ﬁ’g'@ ’%5@?26‘%2 heRir Y yl%r?‘?ﬁeé“]f%y %P‘Sc}m c forns,
wher e2(ossi fd- meth@ltz ( hetrgpmaguﬁd&qufﬂ trldel-3-pytyl)Qarbahbfl ) inpdtigy-sal t s™ r efers
to the rel a%| ve toxic, | norcg%nl c and organic acid addition salts of
conpounds of "W se‘ﬁ“to REAGRME F These salts can be prepared in situ
during the final 3t E(’za er@smamolpum éthﬂ@érbé?ﬁby%f-m&th ]son@unds or by 17
OCT 2002 1vQ 99l 5676 PCTI US9910 -24 separately reacting the purified
conpound in upEYlpnipal 544 dI”B‘f”PH’\ET?“’r? bieystal?: %M@P"olr gani ¢ or inorganic acid

and isol ati rygmstlaalemfohymrhmg) b okemehtafRepAcasent ative salts include the
hydrog om de, hydrochl oride, sujfate, bisulfate, nitrat e) acetate, oxal ate,

val erate, ol eate, MTW‘F‘&V@'%Q Bisyclela.2 1lhapk-Avbmethaseationylgmiigyat e, | act at e,
5_phosphat e)(atsasial el (ai Laiss IRLEAL S IBRALA) HSURTIHALRS tartrat e)

napht hyl ate nmesyl’ate, gl ucoheptonate, |actobionatée, and |auryl sul phonate
salts and t HEOrHeR@NOITHEL o may i nclude cations based on the al kali and

al kaline earth ngt al7§3 SHCID, 8- A 4 hci um

magnesi um) and th ( Im 9 ?lg)%slé{non %E%Pg%amlﬁ%g%%ﬁ]éh%l%ingrnary anmoni um
and ani ne ceﬁhp@n@ ﬁ(%emquﬂlrmgpqumamat) rhdtinil}-eyry irtiao Jepentandia agid;

t et r aggt hyf anmoni t | gm’ ne)

tri rre?%yl am ne S%met%ﬁ#{hxp%ggé& EWPE%AE%EAQXJP%@}%?%QM@E& for exanpl e,
Berge S. M ef2-{@}-(1-methiarHrindeld-yQathyRBattamoyl]-dnetiBhabutyryBoiine) #9akp: 66: 1- 19,
which is mc&ra%ggggl herein by reference.) Exanples of pharmaceutically
acceptabl e, ‘nontoxic 'esters of the 15 conpounds of this invention include
Cl-C6 al kyl esters wherein the alkyl group is a straight or branched chain,
Accept abl e esters also include CS-C7 cycloal kyl esters as well as aryl al kyI
esters such as, but not limted to, benzyl. Cl1-C4 al kyl esters ar a
preferred. Esters of the conpounds of the present invention nay be



prepared according to conventional nethods. 20 Exanpl es of pharnmaceutically
accept abl e, nontoxic am des of the conpounds of this invention include
am des derived from anmonia, prinmary Cl-C6 al kyl am nes, and seconda‘H/Ul:I 2007
Cl-C6 diallyl am nes wherein the al kyl groups are straight or branched
chain. In the case of secondary am nes, the amine may also be in the form
of a 5- or 6-nenbered heterocycle containing one 25 nitrogen atom Am des
derived from anmonia, ClL-C3 alkyl primary am nes and d -C2 di al kyl
secondary am nes) are preferred. Am des of the conpoun i nvention
may be pr\é’Qa?P/éﬁ52accor ding to conventional nethods. Theq’h&%@p}%@édj ug"
refers to conpounds that are rapidly transforned i~r vivo to yield the
parent conpound of the above formul aé% for exanple, by 30 hydrolysis in
bl 00d, A t hor ough.§ingGhe 3L G8-(1-nely RV SRE13 91 higUG Rlamby ARGy L el 1 8 V.,
"Pro-drugs as Nove(_l Delll&?vegy(.Sys_tgrrs, " Vol 9%4 of tﬁg J"&]C %'§Symosi um
Seri es) and BupTBrBIneE0EPBRBTICAtErers in Dnrg Design, ed. Edward B. 1 7
OOT t00? 1VO 991 538782tREE. A hoRd- 0% Ity -2H-iRREAS)- & armaceut i cal
Associ ation and Pgr gam)}g.l:EPdr{ess,9 %8(87 byoth of wﬁ}?)cﬁﬂg;e ?ﬁ%ogppor ated herein
by ref er encemeth)-biiylaminp)-4¢re-omsdtidds of the present invention can exi st
in unsol vated as 3v@ll2 B sRhiNALE tLyl-f T8 Winld)r RhAkyTRSSldly¢al |y acceptabl e
sol venjt)s such as xgt%r) 5 etlh_ano.l,y an):jr&trhe Pi)ke. )FI; genéral, the solvated
forms are contirdemiad}-dcpxpbaneisecido the unsol vated forns for the purposes of
the present inventdh g, -5Qp8inds28f1ithe ' @k can exist in
B(b,@rbxmﬂhgl SQIp &9 ?{r.t 1] eg§1-[9{]nge?i%ﬂ£suﬁf8?c{>gﬂ{3p®”3

different stereoisoneric forns by’v presen asymetric
centers in t@d[TErpdirripherylepropreschimasimetiytli-methybbutynkamiteave eit her the
Ror S co~gu4_@)g<§_&gta figaéi& is contenplated that all stereoisoneric fornms of

t he conpounds as Well - as 'mi xtures ther eof, including racemc m xtures, form
part & this invet7-BimetTHe-owrpauiets?. thettHeylpetbereatlfanplamino)-8n ar e

admi ni st er eg, _pabi |n§ﬁﬁl L.GE 10181, tJ o eral, patients
in need of I%:Eglthgh?.mztp?ggmg{r]g { Hose aB‘é’ 'é‘{ﬁ?‘ghﬁmé‘wgmé{mgf‘g"g‘gse or condition
i n whi ch | CBepraigsicid; r ol e. Exanpl es of such 15 di seases include, but are
not limted to, &pfd. [N |18 [ hritis and

i nfl anmat ory boméemijlﬁsmg%&)g,z %’%u@%?%ﬁ%@g%r@ﬁgl&g%ﬁg@%@ygﬁ?@ gs stroke, and
septi ¢ shock3-n@thye?-[@irepltbden-L1ye bthylearbapehimshdRbitygylamijo }Al-@fvei ner ' s

di seage, angaﬁ%iog%-ldosi s. A "therapeutically effective anount™ is an anount

of a conpou ““Formul a | that when adnministered to a patient having a

di sease that cans-Bk7-Direaihde-mictticyalofhilbeptd -yoietEaresulfomyleminopB or at es a
t om of ' Al Lcal ' t_of d of
Formuta 1 ok st PR T tac PO AR R R L AR ] B, 0o ©

admi ni st eri peptaosanidound of Fornmula | to a patient and observing the

results. 25 An il lus: L.an, of £ i Qqf the present

nvent ton- s, gi vERT B ekhaRs Sl iR e £PREEH P Re G SORRIURIRA S,

PCT/ UBBOI 09453et@52-83 rinolin-26y 1 @ropylcRbeme2)-metByl]- otyBddrBno-oxo-0 . ---t R . H

CO2H _ CH2 e&%@%&& Couple with R 3 ~ ~CO2Me CO2H H. Asp(OQt _gupirie "H
e

hydr ochl or i 2t-Bu 4. h'aOH hydrolysis of the nmethyl ester
5-(7,7-Dimethyl-2-oxo0-bicyclo[2.2.1]hept-1-yImethanesulfonylamino)-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-ylmethanesulfonylamino)-3-
{3-methyl-2-[(3-pyridin-3-yl-propylcarbamoyl)-methyl]-butyrylamino}-4-oxo-
pentanoic acid;

5-(7,7-Dimethyl-2-oxo-bicyclo{2.2.1}hept-1-yimethanesulfonylamino)-
3-{3-methyl-2-[(2-naphthalen-2-yl-ethylcarbamoyl)-methyl]-butyrylamino}-

30 4-oxo0-pentanoic acid;

5-(7,7-Dimethyl-2-oxo-bicyclo{2 2.1}hept-1-ylmethanesulfonylamino)-
3-(3-methyl-2-{[2-(7-methyl-1H-indol-3-y])-ethylcarbamoyl}-methyl}-

butyrylamino)-4-oxo-pentanoic acid;



S. Fornation of the brononethyl ketone O CH3 H O R-N~~N~Br H v ~O ' COZt - Bu
6. Displacenent with the potassiumsalt of h'-Boc sul fonam de O CH3 57(8"5'2002
R NN-7 CF3C0O2ZH H ~~S\~ OO O C02H 1 7 OCT 2002 WD 99156765 -27 i~
n-BuLi O~ H3 ii. Me2CHCH2COCL O CH3 H3C ~3 Schene TI 0 O~ 1 H3 CH3 2 i.
NaN(SIfe3)2 ii. BrCH2C02t-Bu 0 ~C02t Bu CH 4. Cou le with O~ CH3 3 H202,
LiOH H3IC3 PN HO THF ~ Bu02C~- H~P(OBn)-0AIlyl o CH 2 CO2H

hydrochl oride 3 H3 CH3 H3C CH3 O 5. CF3CO02H t-Bu02C N ~ 0 ~CH- 6~ Coupl e
with RR~IH- 7. Pd renoval of allyl ester O 8 Formation_of %"é ~CQZCH2Ph

br ononet WP 9%&T&6ne HO3 CH3 O R N N~Br H O ~C02CH2Ph PC’#Ug 533@463 9.

Di spl acement with the potassium salt of N-Boc sul f onani de 10. Renove N Boc
with CF3C02H | 1 20% PdIC, H and/orl*RalrTi H CH3 OHOHH3 RN NN S ~

17 he Ve . Forriamedph-bekobidols QR fin b IR0 + Buozc. 5

Coupl e wi t h3-R\H2-(6-Irpve- mndyz}wlzrethséénm@oyﬂbmzwl}ésmetrhyw th HZ, H O 20% Pd/ C
5. Coupl e i BithnoiaNzo GeheariditadcidBu
3-[3-Methyl-2-({methyl-[2-(1-methyl-1H-indol-3-yl)-ethyl]-carbamoyl}-
5 methyl)-butyrylamino]-4-oxo-butyric acid;
3-(3-Methyl-2-{[methyl-(2-phenoxy-ethyl)-carbamoyl}-methyl }-
butyrylamino)-4-oxo-butyric acid;
3-(2-{[2~(5,6-Dimethyl-benzoimidazol-1-yl)-ethylcarbamoyl]}-methyl}-
3-methyl-butyrylamino)-4-oxo-butyric acid, trifluoroacetate salt;

10 5-(7,7-Dimethyl-bicyclo[2.2.1]hept-1-ylmethanesulfonylamino)-
3-{3-methyl-2-[(3-phenyl-propylcarbamoyl)-methyl]-butyrylamino}-4-oxo-~
pentanoic acid; '

5-(7,7-Dimethyl-bicyclo[2.2.1]hept-1-yImethanesulfonylamino)-
3-(2-{[2-(1H-indol-3-yl)-ethylcarbamoyl]-methyl }-3-methyl-butyrylamino)-

15 4-oxo-pentanoic acid;

5-(7,7-Dimethy!-2-ox0-bicyclo[2.2.1]hept-1-ylmethanesulfonylamino)-
3-{3-methyl-2-[(3-pyridin-4-yl-propylcarbamoyl)-methyl]-butyrylamino }-4-oxo-
pentanoic acid,

5-(7,7-Dimethyl-2-ox0-bicyclo[2.2.1]hept-1-yimethanesulfonylamino)-

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

5-(7,7-Dimethyl-2-ox0-bicyclo[2.2.1)hept-1-ylmethanesulfonylamino)-
3-{3-methyl-2-[(3-naphthalen-1-yl-propylcarbamoyl)-methy!]-butyrylamino}-
4-ox0-pentanoic acid; .

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

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

30 ylmethanesulfonylamino)-4-oxo-pentanoic acid;

5-(7,7-Dimethyl-2-oxo-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;



M M O HRAN N~\OH HO "CO2t-Bu 6. O-cidize (Dess-lviartin Reag 7. CF~CO2H
hic M R~ CI)ZH Scheme |V Me I~ie 0 RyT NYCHO H 0 ~ CO2H Couple wth g
H2N~CO2Nf e "~ C02t-Bu 2. Li OH hydrolysis of the nethyl ester 3. Formati r-pCJf?ﬂﬂZ
t he brononet hyl ketone Me M O N ~ CO2Me H O " C02t-Bu Me |va 0 H O RAN N~Br
HO ~C02t-Bu 4. Displacenent with the potassiumsalt of the nucl eophile 5.
CF3 CO2H Me Me 0 O RAN N Nuc HO Co2H 1 7 OCT 2002 CVO 99156765
PCT/ US99/ 09463 _29_ Schenme V Me hie t-Bu02C N ~CO2AI Iyl 1. Pd renoval of
allyl ester 2 Formation of the brononethyl ketone O acerrent W th
t he pot a“¥§ ?ﬁ%‘l €o2Bn sal t of N- Boccanphor sul f onam de Me %§®SQ0%R£D_~ 2 4.
CF3Q02H t-Bu02C N N ~ ~ Me 5. Coupl? with RNH2 Me 6. 20% Pd/ C, H2 OOOZBn Q
Me hie 00 RWNNI~ie Me 0 CO2H 0'¢
5-(7,7-Dimethyl-2-oxo-bicyclo[2.2.1]hept-1-yImethanesulfonylamino)-

3-{3-methyl-2-[(2-pyridin-4-yl-ethylcarbamoyl)-methyl]-butyrylamino}-4-oxo-
pentanoic acid; '
3-(2-{[2-(5-Acetyl-1H-indol-3-yl)-ethylcarbamoyl]-methyl }-3-methyl-
5 butyrylamino)-5-(7,7-dimethyl-2-oxo0-bicyclo[2.2.1]hept-1-
ylmethanesulfonylamino)-4-oxo-pentanoic acid,
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-ox0-pentanoic acid,
10 N4-(2-Benzoimidazol-1-yl-ethyl)-N1-(2-ethoxy-5-oxo-tetrahydro-furan-
3-yl)-2-isopropyl-succinamide;
N1.(2-Ethoxy-5-oxo-tetrahydro-furan-3-yI)-N4-[2-(1H-indol-3-yl)-ethyl]-
2-isopropyl-succinamide;
N1.(2-Ethoxy-5-oxo-tetrahydro-furan-3-yl)-2-isopropyl-N4-[2-(1-methyl-
15 1H-indol-3-yl)-ethyl]-succinamide;
N4.[2-(5,6-Dichloro-benzoimidazol-1-y)-ethyl}-N1-(2-ethoxy-5-o0xo-
tetrahydro-furan-3-yl)-2-isopropyl-succinamide;
N1.(2-Ethoxy-5-oxo-tetrahydro-furan-3-yl)-2-isopropyl-N4-(2-phenoxy-
ethyl)-succinamide;
20 N1.(2-Ethoxy-5-oxo-tetrahydro-furan-3-yl)-2-isopropyl-
N4-[2-(6-methoxy-1H-indol-3-yl)-ethyl]-succinamide;
NA.(2-Benzotriazol-1-yi-ethyl)-N1-(2-ethoxy-5-oxo-tetrahydro-furan-
3-yl)-2-isopropyl-succinamide;
N1.(2-Ethoxy-5-oxo-tetrahydro-furan-3 -y1)-N4-(2-indazol-1-yl-ethyl)-
25 2-isopropyl-succinamide;
Nl~(2-Ethoxy-5-oxo-tetrahydro-furan-3 -yl)-2-isopropyl-
N4-(2-phenylamino-ethyl)-succinamide;
N]-(2-Ethoxy-5-oxo-tetrahydro-ﬁlran-S-yl)-N4-[2-(6-ﬂuoro-IH-indol-
3-yD-ethyl]-2-isopropyl-succinamide;
30 N1-(2-Ethoxy-5-0xo-tetrahydro-ﬁ1ran-3 -yl)-N4—[2-(\7-methyl—1H-indol-
3-yl)-ethyl}-2-isopropyl-succinamide;



1 7 OCl ?00? WD 99156765 CEt CbzNH ~OEt COZtBu -3 0 PCT/ US99/ 09463 Schene
VI Me Me Et tBu02C H2) 20% Pd/ C H2ZN OEt CO2H Et OH EDClI x HCI, (€02t B(u5 7®T@|
H20 Me hie CEt tBu02C N ~CEt 0 CO02tBu RIRZh~i EDCI x HCl, HOBT x H2 Al
OEt CF3CO02H HO2C ----- ~\ CH2C12 O0 OM M O Et R1I~I\( N~-ORO0 20 1
7 OCT 2002 ~t~'"O 99156765 -31 10 15 M M OCEt HR~- ~-N N O R O 2 O Schene
VI1 5% HCI, CH3CN) rt PCTIUS99/09463 Me a O RR\N N CHO R O CO2H Those
having skill in the art will recognize that the starting naterials may be
vari ed and additional steps enployed to produce corrpoungs en o4n50assed by

t he pres&mo95a6enti on, as denonstrated by the foll ow nB E}J%ﬁlﬁ? &5.. As shoum
in Schene |, acylation of an appropriate amne with itaconic anhydride
affords the desired acrylic acid, whi’eh in turn is hydrogenated to yield

the respective propionic _acid. .The acid is, then c I to an appropriate
anm no aci d unde lég-aﬁaﬁr%r %%‘mhaéf%‘ﬁtf-a%rﬂg'zaﬁﬁmwﬁgﬁéﬁ%ﬁwy-s) for

exanpl e, HEBdzoaidaBPC)iethylchiasigace of a base such as

4- et hyl nor phol i ne, to produce the desired succinic ester. The nethyl ester
i s then hydr ol yXed2+Ekiony-§-axaderabydm-fargn-3-yl)-2-isopropyl-N4-[3-(3,4,5- :

trimethoxy-phenyl)-propyl]-succinamide;
5 N1.(2-Ethoxy-5-oxo-tetrahydro-furan-3-yl)-2-isopropyl-N#-[2-(phenyl)-
ethyl]-succinamide;
Nl-(2-Ethoxy-5-oxo-tetrahydro-ﬁxran-3-yl)-2-isopropyl-N4-[4-(pheny1)-
butyl]-succinamide;
N1.(2-Ethoxy-5-oxo-tetrahydro-furan-3-yl)-N4-(2-indol-1-yl-ethyl)-
10 2-isopropyl-succinamide;
N1.(2-Ethoxy-5-oxo-tetrahydro-furan-3-yl)-2-isopropyl-N4-[4-(phenyl)-
propyl]-succinamide;
N1-(2-Ethoxy-5-oxo-tetrahydro-furan-3-y1)-N4-[2-(5-fluoro-1H-indol-
3-yl)-ethyl]-2-isopropyl-succinamide;
15 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-indol-3-yl)-ethylcarbamoyl]-methyl}-
20 3-methyl-butyrylamino)-4-oxo-butyric acid;
3-(2-{[2-(5,6-Dichloro-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-methyl-
butyrylamino}-4-oxo-butyric acid;
3-{2-[(2-Indazo!-1-yl-ethylcarbamoyl)-methyl]-3-methyl-butyrylamino}-
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-benzoimida.zol-l-yl)-ethyl]-meihylcarbamoyl}-
methyl)-3-methyl-butyrylamino]4-oxo-butyric acid,



sodi um hydroxi de. The resulting t-butyl ester acid is subsequently
transforned to the brononet hyl ketone by, for exanple, formng the 12@%”002
anhydride fromthe acid, treating the m xed anhydride with diazometh ,

and then bromnating with HBr in acetic acid. The displacenent of the

brom de with the potassiumsalt of |~'"-Boc sulfonamde results in the
desired sul fonyl conpound. The t-butyl ester is then hydrolyzed to the acid -
in the presence of an acid, such as, for exanple, trifluoroacetic acid. As
shown in_Schene 11, (4S)-(-)-4-isopropyl-2-oxazolidin [ | ated 20 2~
W th an WOPHEH oride in the presence of base to for mggﬁ/é)b%gglg{ed

oxazol i di none, which is subsequent I}{ al kyl ated in the presence of base with
t-butyl bronpacetate. The resulting g -acyl oxazol i dinone is then

hydrol yzed to thes-metgl-DiC-@e dritnethdkyphe$)-propeaeinidydthethyd)- t he procedure
described in Ti"’té"i'" ljett. 1987, 2,%; 6141-6144. The acid is then coupled to
(S) - 2- ami S TR RO IFICAy| ester 4-benzyl ester under standard
peptide coupli nﬂ{m&;ﬁh ﬁﬁo%@tﬂgﬂ‘@%aﬁ@?l\}%eitﬂyl]ﬁﬁ: mlno}-The t-butyl  ~ ~
0 Cc ~ zooz WO 99156765 P 99/ 09463 -3 t ester of this product is then

cl eaved and-PRPUEEF &l ethylsslsbed with 0- benryl hydr oxyl ani ne under sinilar
peptigle coupli nﬂ-c‘?ﬁmm-‘{3-Q{aﬁayt-@-[(afpfhé}{od-fr-kmglcﬁlr%ﬁmﬁﬁ}im'@ﬁ%-y | oxy carbamoyl. The

allyl ester is then cl eaved essentia y the procedure described in Tet.

i I
Lett. 1995Db3gmtamineisprapionisagd ethgl er“'ééi&l“i/i ng acid is 5 transformed to the
br ononet hyl ket p@@am-({iﬁwfhkfﬁqzaplaa«b&yjemyﬁgﬂge,ﬂeylj-meﬂ;m. bronmi de is displaced
with the potassiuymsalt, of N-Boc sul fonam de, the Boc group is cleaved with
aci d, and PHWE%/}I‘P@B‘PEF“‘?‘% hydr ogenated over, for exanple, Pd/C or Raney
ni ckel, to yiel fishBRvARsisaahaPRRiBAICEmASsitthn thad cSRHAERa bdrhpoubdre benzyl
ester of the succinic acid (product 3) 1n 10 Schene Il is fornmed from
benzy? al cohBermuR It he presence of a dehydrating agent) such as, for
exanpl e, EDC, ARd ptdifiel isRUhdthodttt@itink Sr bRAGLRY drsleyiaehetbg h an acid. The
succinic acid benryl ester is then coupled to an apEro riate am ne under
standard pEPTPERNEEnpITieCOABRtEPIHYINgshaiag &R, 96 a tisk o5eaén®e |, and t he
benzyl = est gfolleS thdMRubdaBAYEL VY AndMISRASRRbLRANL RS HESEr | bed in Scheme Il to
afford the 15 butyric acid. The acid is subsequently coupled to the am no
al cohol shown i flsSpeqyidsd isgrgethateof reztine inflgreates Hiskases thetieathadi di zed to the
al dehyde e%@rﬁﬁﬁ&i@adﬁ%i&%g%ngcQH{}%vﬂE%EfdﬂQﬁ%a% Bgsse and Martin in J. Og.
Chem 1993; 582899 and inJ. . Cheer. 1983;4S. 4156-4158. The fi nal
product i s tsEpapticelly effFeHvannepunt §igicampqund eEFemplaly| ester Ivith an acid. 20
As shown in SCheng,livred bR Ea! Mtk AGhSH GtreatlbGABarhhatbfr 0duct 3) i's
coupled to the amno ester of Step 1 under peptide conditions simlar to
t hose descdjspuses, Hisovitammatay jspse is rhepmatoidsardyitis gr URORYPHEPWA t h base) such
as, for exanplse, lithiumhydroxide) and the resulting acid is converted to
t he brononethyl ketone as described above in Scheme Il. The bromde is
di spPlced 25 wi BhoPridsdisasgsted o aletingfsenils shenbr Bp FricHICd compisetgphi | e and t he
t-butyl estehidSeiy Y Ob¥zahaths RepACLiflck QpiREREHER R cfiRSIMdRR: Product. As
shown in Scher?e \r/lg tﬁﬁé lbenf%%xﬁcarkggnyf (%bz? p>Ir ot gcti ng group of the
di et hyl acefakomfoughefFspel@dBu)-H i s renmoved by hydrogenol ysis using 20 %
Pd/ C as a cat al .S :am ' I - ected succinie 30
aci d of Schem.ﬁgfbo}?égést ﬁ%dn ér(réas éﬁ%&%goi)g&ﬁg&g%gl tions such as,
for exanpl epmpiOBE @miniEDEIS thn petirat pvegaersdusén @juons thezaperically

4- mephyl morphgl.i Y, ~butyl groups nmay be achieved with, for
17 OCT 20&2 V\gegg\?ggggg %ﬁ&g@%@@%gg -33 exanmple) trifluoroacetic acid
i n di chl or onmet hése pravidsd dvd wethodef tegirlgi Alzi@ireertnydistesst e metodpl i ng of this
aci d under i | i ng: condi ti ons,: st ated above, for
exanpl e) wictghg\r;gr %ﬁﬁ%ﬁx%&g%&?\%@%@ ‘Agglsefr?eerg dicl)sreo §ct. It is noted that
conpounds camgpmitmahy effdvaveyoduncofsatdompdbundesf ormula 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 1.



OO0 can exist in equilibriumwth the open chain formbR OI1 | COH '~ .
Both the cyclic and open chain forns are intended to be part CH I | f%é@rﬂhz
the present invention. As shown in Schene VIT, acid hydrolysis of the
cyclic O-ethylacetal of Scheme V (product 4) for exanple, in dilute
hydrochloric acid in acetonitrile affords the aldehyde acid The di scl osures
inthis application of all articles and references, including patents, are
i ncorporated herein by reference. The starting materials and vari ous
internedhg@gﬁﬁﬂgy be obtained from 15 conmerci al sourcestuphees ed from
commerci alTy avail abl e organi ¢ conpounds, or prepared using wel b--known
synthetic nmethods. The exanples presggted bel ow are intended to illustrate
particul ar enbodi ments of the invention and are not intended to limt the
scope of the spedispipeyidedis 2 mpbpdief tregtingauleiplgispigrosis,iheamsthedanner. 1 7 0 C
T 2002 WO 9 ; A ‘ . :
3-(2-ZIethyﬁbggﬁﬁgﬁgﬁﬁg%tar g%éﬁﬁ?ﬂgﬁﬁﬁonypg%Fﬂﬁf?Z?333?%¥?¥9bheny|

et hanesul fow@‘mmnmurﬁemmwnéef&@um ONN-Nv /sv HOOOQNR2H S Step

A A solution of i | ' : 6 n henet hyl am ne
(5.95 g, 49.1 mr%f?%?ﬂ*“‘%sg"%%g“‘%?g%é@%@ﬁ%ﬁtﬁff’ég‘“?éﬁg?‘.wfft@éga%m?oom

t enper &t ur e thind@Kodootnpeigiegy adminis®2ing owe gatiedthie needxf intele@idpiipd forns) is
concentrated) then arti.ti.ﬁ.ned q]etv,'ee 5%0%0 and 1N HCl. The_organic
extract is WASHERSGIPIHeIPRIpEOn af °éad’e‘itffa€¥ GOFATOBLHESATPHESS and t he
resi due cryshahliized fromdiethyl ether to give S 24 g (50% of

2- (phenet hyl car barnoyl -net hyl )-acrylic acid as a white solid: np 133-140C.
MS (APCI) mz 234.2 (M+l, 67.49% and 216.2 (M 17, 100% . Analysis Calcd for
C13H15N03 (233.269): 15 C,_ 66.94; H_ 6.48: N, 6.00. Found' C, 66.74; H,
6.56; N, 6.00. Step BPETABERPBHCRIPTION HeHEE RyVERT KR oyl - met hyl ) -acrylic
acid (2.76 g, | 1.8 mol, Exanple I) Step A in 100 nL of THF is treated

with 5% Pd/C (0.2 g) 20.and hydrogenated at room {enperature and 52 psig of
hydrogen for 2. ST%%‘F%.“ eMRTRA RS ‘sorgfainf’é‘rdéga”é o ﬁﬁ’@&n_trat ed to give
2. 39 g0 ( 86%RepleschtaiPhenaiplty lof ARPPIEUS 2ERE ML) et QRIpINiGpRYId as an

G 3 7N0S ( 5a- sy Beeyigist 4670 el b e Hlge Coos, 31, H
7.0S; N, S'QQyL 17 0CT 2002 CVO 99/56765 -35 PCT/US99/09. 163
The term “alkoxy” means an alky! group attached to an oxygen atom.
Representative examples of alkoxy groups include methoxy, ethoxy, tert-butoxy,
15 propoxy, and isobutoxy.
The term “halogen” includes chlorine, fluorine, bromine, and iodine.
The term “alkenyl” means a branched 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 aryl groups include phenyl and naphthyl.
The term “heteroatom” includes oxygen, nitrogen, and sulfur,
The term “heteroaryl” 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, quinoly!, naphthyridinyl, and isoxazolyl.
The term “cycloalkyl” means a cyclic hydrocarbon. Examples of

30 cycloalkyl groups include cyclopropyl, cyclobutyl, cyclopentyl, and cyclohexyl,



Step C A mxture of Z-(phenethyl carbanoyl -nmet hyl )-propionic acid (1.63 g,
6.93 mmol, Exanple 1, Step B), H Asp(QBu)-Ove~HCI (1.83 g) 7.64 m*m#

pur chased from Bachem Bi osci ence Inc.), 1-hydroxybenzotriazole hydra Z%I 2007
(HOBTH20) 1.17 g, 7.64 mml), N-ethyl-N -(3-dinmethyl am nopropyl)

carbodii m de hydrochl oride (EDChHCI, 1.46 g, 7.62 mml) and

4- met hyl norpholine (0.95 nL, 8.64 mol) in 100 nL of dichloronethane is
stirred at roomtenperature for 24 hours. The mi xture is concentrated, then
partitioned between Et OAc and saturated NaHCO3 sol uti OlQ]T RgoQkgani c
extract MPP¥dshed with saturated KH2P04 and brine sol'uttons, _dried
(MygSO4), filtered, concentrated and chronmat ographed (silica gel, 25%
hexanes/ 75% Et OAc) to give 2.54 g {&P%) of

2- (2- et hyl - 3- phepel o eanRamoonBr opi onyl ami no) - succi ni ¢ aci d,
4-tert-butyl ester 1-nethyl ester as a waxy white solid. M5 (APCl)y niz
420.9 (M 100% .Theterm\patipay’ sneans alpnfropls @QE%B&NMS{WP!%@? C) 62.84; H,
7.67; N, 6. BlenENE: hfman82088 doks, cals, 8ats, Mheel; st piget €P D A sol ution of

2- (2- et hyl - 3- phenet hyl carbanoyl - pr opi onyl ani no) “Z20 succi nic acid,
4-tert-butyl estlde termypubpritute@smeans {int the base oszapit radiesl haspraapmerel, Step C)
and 0.:1N sog} I 4 i: mL of et hanol
is st i5rred %H%%%df%ﬁ%%ﬁpﬁﬁéﬂé%ug@ C%g%%ﬁlﬁ?an%gﬁép. tl%%drllall @thoncent rat ed)
aci di fi ed whasiensenngrasubstitpanie Pabstitientsinclyde, byt ae pey lingted amdalogens act ed with
chloroform (2 x 100 nlL). The conbi ngd chl orof ormpextract is dried (MyS04),
25 filtered, and concentrated to giye 2.23 g (--]}00% of 2-(2-nethyl-3

phenet hyl cay, Aor Pl } - icni A t utyl ester as a
col orl ess oicf??’n@v\%ibéﬁrk?lé %ﬂ?ﬁmut@%ﬁﬁg‘ﬁgﬁ%mﬁ 351}?’ A sol ution of

2- (2-met hyl ©3- phenet hyl car banoyl - pr opi onyl am no) succinic acid, 4-tert-butyl
ester (2.23]g, 5.49 mmol) and 4-nethyl norpholine 30 (0,61 ni, 5 73 mmol) in
50 nL of THECi{LsaIK, &dm,, Sodhedydi-NH 1r syoddaatkypm kL is cooled to
ca -45C (Dry *cg-a?eton%tr?l eyqs)l urrcéﬁggaﬁ?t%aggjg v)\??g] Tﬁd'? OoCl ?002 WO
991 56765 PCHKISOT) 00xk0!8],-a8d 60K sRemtiruiar]y preferedfsolstinerss {roluds bwt gre5. 78 nmol ) .
Solid i nmedi ai{el,g forms and the mxture is stirred for 15 mnutes, then
treated wi t®'AMFD® (o 0.5 M di azonet hane in ether sol ution (55 m, 27.5
mmol ,15generated from Di azald and freshly distglled). The cooling bath is
renoved, the light yellow solution is stirred at roomtenperature for 2
hours, cool ed-tugl, &Gthyg ROH] NEB SCHY, 0P -OEHY, tC0Ey-Sphikyl, on of 48%
hydrobrom c acid (10 nL) 184 mml) in 10 nL of acetic acid. The colorless
solution is st®rred at roomtenperature for 30 minutes, then partitioned
bet ween Et OAc land wat er (--200 nL of each). The organic extract is washed
wi t h ARat er , -NFHQE nfedikNabiondie, FyndinpranAehledraut i ons, dried (MyS04), filtered,
and concentrated_ 10 to give 1.40 539 f .

S- br onmo- 2- ( 2- et 1<7%3- &%&WI E‘éﬂﬁ%ﬁﬁfﬁbﬁ?%ﬁf%’ﬁfﬁ‘%ﬁ #d5242%x 0- pent anoi ¢

aci d, tent -&udioptcattsh @subeoodd. IBxghpley ef dyolalgalyl grouStiegude A sol uti on of
1,1-dinmethyl et hyl [ (2-phenyl et hyl ).sul f onyl ] carbamate (0.47 g, 1.66 nmol) in
3.0 nL of D?y\ffoFXrﬁ%n%’rﬁgwg‘ftéﬁpaé":aﬂ/%]?réexﬁ?lcder nitrogen is 15 treated with

pot assi um t ert - btk @atinctRetérOcy2le” gr “hbtebdrytivatky]l” mEan asqetpiliyliggoupt | rred at room
tenperature for, 1 hour% cooled tpo g"g %heg 1'hr eat ed %th )

2- (2-4fet hyl YIPHB BT HTEErSHEA™ B eRlicsR VA ANRE1°28 M FEHBRISE ¥x 0- pent anoi ¢

aci d, tert -hagdrydycesineldd, Outtre @lli&xit%tonpﬁalidﬁyaﬁipb@didyl, Sidep D). The sanple
is allowed to warrin to roomtenperature overnight. The sanple is partitioned
bet ween Et GNEST&HY 20 sat urat ed NaHCO3 sol ution. The organic extract is

washed with sat uricedpdthRIFoanda PENNR a8RInikd QNS a pdiidreeiteMaold) . filtered,
and concentrated. The residue is chromatographed (silica gel, SO%

e
hexanes J50987ES BAE Pf 4 Rhagjiageitigal wcgentayimpomppsiviom Thy sasueyitiensspn be

5-[[ (do 1- di spdihileRl ROXY} R REREWhUAngand animals either orally, rectally,
phenyl et hyl ) sul fonyl ]'am no] - 3-[[ 2- net hyl - 1, 4- di oxo- 4-1 (.255
phenyl et hy| PasAtHe ity napain o]tcamussuiariyeertsubrosaneously), ntfasiiepally.ght  yel | ow

solid. St ePinkavaginally, intraperitoneally, intravesically, locally (powders, ointments, or

drops), or as a buccal or nasal spray.



A sol ution of

3-(2- net hyl - 3- phenet hyl car banoyl - pr opi onyl am no) - 4- oxo5-[ ( 2- phenyl - eg?m%hz
| f onyl ) - N- Boc-am no] - pentanoi ¢ acid, 5-tent-butyl ester (0.40 g, 0.5 I~
Exanple 1, Step E) and trifluoroacetic acid (10 nL) in 20 nL 30 of

di chl oronet hane is stirred at roomtenperature for 2 hours. The solution is
170 CT 2002 BYO 991 56765 PCTNS99/09463 -3 7 concentrated to a yell ow
oil. Diethyl ether (~50 nL) is added and the oil solidifies. The sanple is
stirred gt ,qQ0@ tenperature overnight, filtered, washegrykishodes esh et her)
and vacuum dried to give 0.28 g (89% of 3-(2-nethyl-3 .-

phenet hyl car banoyl - pr opi onyl am no) - 4; 0xo- 5- ( 2- phenyl - et hanesul f onyl am no) 5
pentanoic acid as a white solid. MS(APCI) mz 532.1 (M1, 100% . Analysis
Cal cd for C26H33N307IScsEBitatl68B)Y parépte@BingdtionHhayeeodrisd, 7. 90. Found: C,
58.38; H 6.23; N.,7.71. .10 . . .

3 (- Car baRPIREHUL SIS Sa oy oL oSy o o9tk SERAPS 2- oxo

bi cycl of 2. Rispdniions oremylsivat,had estilefronyiba fiirmedonditaion-ipestedlsoi ¢ acid H3 H3 0 O
HB HHNN-_HN " ~~ S ~ ~CH3 OO O C02H O Step A 15 sol ution of
(45)-(-)-4’-“??@%#6%‘91‘9”?-06%%?‘?%& ﬁéﬂ??%f’g‘.s‘é?%&aqb‘“’.°ﬁ%ﬁ“dArﬁ5’P3un?Ps4oo mL of THF
at|;7580 UnE@ﬁTrNEilhéﬁti g&aan&domemwssxe;lmetmm,-awhw $dlydlhi um (6;1. 5 |”La 0. %61
no 2.5 Msolutign {n hexanes) resulti ' . orat{on of solid. The
xture i sestimeeat Bohet prelusat abhtpband PrbkS s SRR ar opu se

aflfli ti gn the%SQng&laere)dils cdakioss slieve ©RY) afid imjcct&@lebﬁﬁnm_lst}rﬁ sifdh_elgrs] reacti Ion i's
allowed to rmto roomtenperature . slo ver ni ght . e sanple is
concent r at ylé’l\ﬁ%tetnh@ﬂer r“{‘r%ytciagﬁ%a’a’lﬁ‘ ‘Wgeé‘?r @iaéﬁg” g%ﬁlegiﬁcifraat ed KH2P0O4

sol ution. IHEnOa@RAS kcithid, bache maintersbed tht fdquibsdi paricledidegthe MyS04) , and the
resultant yellowoil is chr matogr;ra hed (IvIPLC, silica gel) 10% EtOAc in
'hexalfes) t BrsgPYasPegiogs gnd yylgg ugssor surfactants.

(S) - 4- i sopr opy! Frdsd ddmipetitiyisiit aldoydontawed A0kt divah 2s geRrasg, a | i ght yel | ow
oil. 170CT2 %3 wO 99| 56765 PCT/ ¥8991094E%‘Q-3'8 tep B A solution of
(S)-4-i sop?”é}fa%-e@-ug 1pB+3%¢ [AIsBERSIREPBT S X Bt ofioh ths 268 9f 20. 8 g, 97.5 rmml

Exampl e 2, mfr&RgdilsmisRa®blentlre@by Vitoudbintivd&eridl Bkt ghiSgédieddred dropwi se
Wi th sodium bis(tri methglswél)amde 107 nli, 107 rmul) M5 solution in

( | 1.
THF). The SIS BHabess shiprabaigndl phenalesarpif adid i Hisdike It BpeHse beeat ed dropwi se
withisa sol alésirsme@finc_tlmetisqbww!agemspﬂasaaea &t SughrkSsdliuid chlokidd, Adgmeol ) in 100 ni
of THF. The sanple is stirre at,-?agc or 1 hOLfI’, t hen gue ched by dropw se
addi ti on ofksBfalangebepspmpenal theinipctagls Phapgcsrtiva! forfcapvg Pipr@ti s warned to
room t enpekfutibEthe GRVFRNEAdRS irsta@sdrRIRY Rr BRSiplQblutit@mlHF) , then 10
extracted with ether. The organic extract is washed with saturated NaHC03
and brine F6PeX5eBHRANdEFREY (1 ~TgS04), concentrated, and crystallized from
et her pet r ol eum @JiidQbsdg® feFnY ordtal hd@inks&@fn iAlude capsules, tablets,fills, _
[(S—£ R, R*)]-3-(4-]sopr Opél - 2- oxQoxazol i di ne- 3- car bonyl ) - 4- net hyl - pent anoi ¢
aci d“4 er t - BRW§A"S @uk apnudes. T sypit $odid Satage formp ANgActive RPN IS C17H29NO5
(327.424) : admixbd whkatIbust dhe iSerBRistoMNaryfexeBient @b Pffierfsuchds #Qiuntt, 9. 07, N,

4.09. Step C The hydrolysis of the I~ -acyl oxazol i done is achi eved using
i t hi um hy QFB[5&F dichlgamiRbPsRbae®g t he procedure of Evans D. A et al. (Tet.
Lett. (a) fillers or extenders, as for example, starches, lactose, sucrose, glucose,

mannitol, and silicic acid;
25 (b)  binders, as for example, carboxymethylcellulose, alignates, gelatin,
polyvinylpyrrolidone, sucrose, and acacia;
(©) 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;
H absorption accelerators, as for example, quaternary ammonium

compounds;



20 1987; 28:6141-6144). To a stirring solution at OC of
[(S-(R*,R*)]-3-(4-1isopropyl

2- 0x0- oxazol i di ne- 3- car bonyl ) - 4- et hyl - pent anoi ¢ acid tent-butyl est e|7 OCT 7002
(9.05 g, 27.64 mmol, Exanple 2, Step B) in 250 nL of THF is added dropw se
hydrogen peroxide (14.1 m, 138 mol, 30 wt% solution in water) followed by
1.0 MIlithium hydroxide solution (55.3 nL, 55.3 nmol). The reaction is
allowed to 25 warmto roomtenperature slowy overnight. The reaction is
concentrated to renove nost of the THF, and then the basic solution is
washed wworso/@sCl 2 (2 x 100 nL). The aqueous phase i sPEHHPRH64ci difi ed

w th saturated KH2P04 solution to a pH ~5, and extracted into Et OAc. The
organic extract is washed with bri néZ-soI ution, dried (hzgS04)) and

concentrat . 991 56765
PC’ TNS99/ ogg)a Wg‘b}{%e % %‘Q sg?r %g"c(%lf e aa'?rck:?}%’ 3”“1%&“%?&?%1%9 tﬁg’r as -a
col orl ess dh), m:mblmts,ss ivsetdinmlet, kenlin ahd bertenitepamdi fi cation. Step D A mixture

of (9)-2-i Wik tca%g%%i_fg{ Ga ik dart-daftidi Ul xﬁa%%ﬁurﬁ( Kackid Qpa > 49- 80 ol

Exampl e 2, 0-'succli ni c acl benzyl ester
hydrochl ori de (My@k&l@p gmolgsomu;qrylmwmnﬁmm tjppresﬂIIBthmml ), EDChHC

10.5 54. 8 d 4 I 250 nL of
(CHZCligl S sti rr%a(ie étic%?sutersnt eerrtfjeapd {5’?29‘% ok eztgrﬁr% mn;_ alsfhcgmﬁpm%pua eI |ns °

concentr at ed) t beferipgagentsi oned between Et OAc and saturated NaHCO03 sol ution.
10 The Et OAc ex sat ur d K brine sol utions,
dried (MyS04), %elfd[cgpgasmo&gﬁg%ﬂ tl%rt(g,%fm%yn Soelﬁ eSWi é?s:@ﬂé M LC) silica
gel, 20% EtseRand }ﬁrd:lﬁbkargeka)m tapsyesneingSudhlexgip(eBt%} laofose or milk sugar

S (R, R 2- t. but I
5 (R ) Rl b SRSV AR TR B2 Lol st e
of [9(R*,R*)]- Rel(d%otgalferbﬂt‘smhyls ableonydapees, ogpsulks, mﬂtshyrld granules

but yr Iam no sucm , 23.0 mol ,
el o5 W Bt i tpr et it andhs RS pifer 8 hes S et Bl oz 1 s
stirred at kmmmntzbermerratyme/ aonrday opacifydng apents, anddinsalsolbeaf sudhpl e i s
concentrated, 20, redi soI CH2C12, . then tre ted vmth EDChHCI (8.8 Q)
o on) Emegstiochd: fay /G5 i EaFHBIBOo g BRftani ne

h)é(cjir OCQI Orlodﬂme(u%esanzg,traétﬁn Qdmmti)nanﬁefl\mahmlesIaif)érﬁtlitﬂliilngeorﬁﬂ&sttﬁmg, 115 mol ) is
adde ro e reacti.on,m xt irred at m t enper at ure
ovor b5 gt S cab Rend e DB i SR ot Bibeads Thb bR retrdfiiecel vel o w th
5% HO and caqilsy adie chis-eNapiolBe dsfoimtif psopridtaewith garr thoexdftlet is dried
(Na2S04) and concentrated to afford 10.25 g (88% of the

2-[ 2- ( benzyPOE I BEISTFLREE hyl ) - 3- met hyl but yryl ami no] - succi ni ¢ aci d
1-allyl ester 4Ltq&idtdo|§ug'é ydrme sdrekal adirmatswﬂidndndmielpdarwhbaimulg carried on to
t he next steé) \NL]t ou{S urther purifi.cati %2002 WD 991 56765
PCTI US991 0GB B8 OpS E° aﬁ“F%?PS’%”s‘t %?F“HS anéleawew 18y 1§ t he
procedure caf:tD&Scaﬁhbbumthheatquaﬂdosz(g?éctrmsIneatytcont&%&n&ﬁlu&wamﬁiéaﬂy A sol ution
at 0C under

2 . .
(benzyl oxy st aﬁltif‘l“l gﬁ?t‘ Ry Waterr QRS eR LSt SPHPiZine A S Y SISt 0 1-al 1y
ester kS 21 ta@lfdr-ebalﬂtglé e&@teﬁcfohb]lﬁ;)%’x‘ééﬁ,alc&:Bool,7etlﬁpﬁirborﬁl@a&gylixg&ateS][ )ep_ E) Cﬁgglz _
tetrakis(tri y S ne adl.um . o In IS
treated drcﬂﬁ%’gg W%tﬁ # t?ﬁ’/‘%@fq HWBYIE‘ngé'Sgl %9 é g&’rﬁ‘f The reaction
mxture is duhbt LRI WY1 if ParfiQOdT) ERORREBSIH R UANRE o} c@ﬁfgc@@l of 1 hour,
then washed with saturated KH2PO4 so] ution. The or gani c Iayer IS extract ed

with20.5 NNaf¥ye cfnesienoibasd wsamfifibaycpplatdahgrofefiyyalelioni th concentrat ed
HA and eXtﬁogQEh?Qné’gl)IcB 1s Eln@ ey a-gﬂeest@f:sgﬁ%r&t%r'hﬁ%rek f flkdeed (Na2S04),
filtered concentrated to afford 6.2
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 isosteary! alcohols, polyexyethylene sorbitol



(729% of the substituted succinic acid 4-benryl ester as foany white solid.
To a solution of the above acid (6.0 g, 12.8 mmol) and 4-net hyl m)rphlo} hﬁ?mnz
(1.3 g, 12 8 mol) in THF (SO nL) at -42C is added 15 isobutyl
chloroformate (1.8 g, 12.8 mmol ) dropwi se. After stirring 30 m nutes, the
reaction mxture is added to a solution of diazonethane in diethyl ether
(--0.5 M 200 nm.) at OC. The reaction mxture is stirred for 2 hours at
roomtenperature then cooled to OC. A solution of 48% HBr (20 nlL) and HOAc
(20 b )uhsoRdged dropwise, and the reaction is stirregriedng; M nutes at
O0C. The sanple1s diluted 20 rith diethyl ether and washed w th-water (2x)
and saturated NaHCO3 sol ution (2x) _‘Eg_e organic layer is dried (Na2S04) and
concentrated. The residue is dissolved in CH2C 2, and the product is

preci pi t at edd vérbitanhexansisrocihrllisekelthldss, abotiheo trethhpdrofidd, t r at i on, washed
well with hexanes, and drjed to.afford 1. 159 of .

3- [ 2- ( benr YFUSPEAPHREAHY AOEREATAT™ 50 W@?"ﬁfﬁ °§6}%f§/?u§ft #0874 B¢ ¥ no- 4- oxo2-~
pent anoi ¢ aci d Bempgysitioasfoe reca admindsirttéons edeipekfer@ile pupGostories widthut i on of
(S}-1, 1-di net hyl et hyl g 7-di met hyl - 2 . . e

bbb by el ol 3h B HPRY T e AR PSE PEho Presst rapbion Wi 8sileg. 0,82 mrol )

i n anhydr oysniiNRticGextipientssoraddien spet Astdarbuttar poljmtiyteonegigeo(,@r 892 g, 0. 82
mrol ). 30 The reaction,is stirred ynder a nitrogen atmsphere for 1 hour.
Thi s sol ut PORPIFLEY Han iete 0 30 EaeD gorap SHNEs gHaGH o Doy

3- [ 2- ( benzybmpeytare badyehetefaretriall thtke rectdm br ginal t002 andreRNe b7 65

PCTNS991 09463 -41 net hyl - butyryl am no] - S- br ono- 4- oxo- pent anoi ¢ aci d benzyl
ester (0.4084G BP¥SEYN ol , Exanple 2, Step F) in anhydrous DVF (3 nl)) and
the reaction i sDstdgt fefls fr edpidaidminitireion afPbempcandlof this @vemionh Et OAc and
WaSth wth l?@ ne 'ﬁizx . The Et OAc rIéqa%er i S ﬁri ed (Na2S04) and concentr at ed.
The r8si dud"GFWlesUREUTRPH S SHAL o Phalanty dhe 2c4Bo4BRAY 0% hexanes) to

aLf Orfl Oi ﬁ%{lmgce?)tndler slterciil{e cor}[dri:iolnszwri]thaphysiol%gicall acce tab%e;arai_er an;iﬁn}i 5 b L of
phenyl net hyl - 5- . 1= di net hy oxy) car bonyl ] - , /- di met hyl - 2oxobi cycl o
2.2.1 ] heﬁf@sgrygi[‘§iﬁ@tlﬁvf,]°§m%‘fms]asa?w SIC-QSE’/TGJ[- QEE&BIW

1- net hyl et ydmtalioAd @t fhe diek, ISV NERE BEINYOn3 Blenhb REAtYhplawd BO] - 4- oxopent anoat
e as a white foany solid. 10 The sanple is treated with SO%trifl uoroacetic
n,

acid i n CHPENg Wiy scpps ofthif ByPtiofhe sanple is diluted with CH2Cl12 and

washesl with sat graédholNaiiGDhepodsttt iiRntiohtan BE GMlhiGtetedY®d pdtisnttt | ed (Na2S04)
and concentyrat a, whit

ed to, gjve 0.23 of solid ichi1s carried on to
t he next stdéffgﬁfet"ﬁét&%? ﬁP%%%fragB‘grorlftloéa?qtéquo BEdy ﬁ%rf&og ol ution of the
above conpaumen §dhitdhdvinga b&XaNRLR o2abodt Pk dbdagdf thdrafde ofbout s added 10%
Pd/ C (0.50 gc% a%d t he rﬁthgbre is,hgdro enategd at io ng_i H2, room
t enper at ur &-41dP 229uh e/ kerplePady Aeighbper dfx%cs grelerplle. fIne sREFIEQ UORBY Raney Ni ckel
(0.10 9) i sis@rld@deved b VapACHE SAmBleXthy d6sahScan@apdnd By dnogeipased at SO psi for
15 hours. The sanple is filtered, and the filtrate is concentrated. The 20

resi dbe i s [pAPE incluging dhegetumsBrniEPERe Patisat: Sstvestyed tAIEHCS 0l ut i on. The

agueous |?%ﬁl’ngitr%atgé’;ﬁﬁdﬁ\f&%ﬁ’arm@@dl%iéaﬁ edlivitd bthdmpodidibénd isectragd Wi th Et OAc.
The organic layer is dried (Na2S04) and concentrated to afford 0.065 g of

3- (2 determination of optimum dosages fof a particular patient is well-known to those

car banoyl mekings im3nd®@t hyl - but yryl am no) -5- (7, 7- di et hyl - 2- oxobi cycl o[ 2. 2. 1] k
ept - 1- yl net hanesul f onyl am no) - 4- oxo- pentanoi ¢ acid 25 (Conpound 2) as a

pi nki sh solid. ARaleyas Rharvacedicrlhy aceosinsREn seesR, aniges, a4 §525. 392); G,

52. 765 H Tashdd eifeBto ﬁ%’s‘@é&rh&ylg@%&@@hnﬂﬂﬁ aZiﬁQ@ditién‘ shits, ést63, The fol I owi ng

conpounds can be prepared in accofdance with the 30 procedure of Exanple 2.

17 0 C T 208¢esvindgoydser e5thpermpssydy ofdbemeseapinvention which are within
the scope of sound medical judgement, suitable for use in contact with the tissues

C

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



EXAMPLE 3

5-(7,7- D et hyl - 2- oao- bi cycl o[ 2. 2. 1] kept - 1- yl net hanesul f onyl am no) - ?,l-l_%ﬁgﬁ%dﬁz
- 2- (phenet hyl car banoyl - net hyl ) - but yryl am no] - 4- oao- pent anoi ¢ aci d

O OHHCH3 NNNHS1 HO' ~OCH3 OCO2H 0 Atan foamy solid. M5 (APCl)

mz 606.4 (IVI+1, 25.0%, 346.3 (100% . Analysis Calcd for C30H431~T308S x

0.50 H20 (614.764): C, 58.61; H 7.21; N, b.84. 10 Found: C, 58.62; H,

7.18; Iv', 6.41. EXAMPLE 4

3-(2- CarR {5 thyI 3- et hyl - but yryl am no) - 4- ogo- 5- (qat@}yggbyd%“
et hanesul fonyl'-am no) -pentanocic acid HH CH3 OOHH N IrT ~\ H2N .~ .~ ~

Sy 00O CO2H M5 (APCI) miz 456.3 (Ml 74.7%, 242.2 (100%. 15 Analysis
Cal cd for C2pH29N307S x 0.13 CF3C02] (470 357): C, 51.74; H, 6.24; N) 8.93.
Found: C, 5&pa.73ﬁbly Hact&g@ﬂe, pulnlﬁed cdumdiind in it} frée Bas€Tor204ith AMitAAE 56765

PCT/ US99109463, - E ¢ f !

5[ 3 hzet hJIEsbis hRERATRITE A HRBIAE NePh s FUTed BRI 5 0- 5. (2
%h(exn)gl et uhmﬁﬁlukﬁeqiygdoamnﬁ?a), hmﬁmﬁnﬂe ,Gulfite, dzskﬁmﬁe By, @retats, N N \(/vv C/)() ~S~ 0O
HA Ite so APC] z 560.4 +1) 50. 346. 3 (1009
Anal ysi s cé?i"ac,‘ﬁc»f"éle 36,2281\%/35%3?5’7’5%& 5*6“2‘*?%2’6"(@6“46 %S a*eé/%c 49 57: H 6.70, N,

7. 44. 5 Founghosphat§osHRte, thra, hdéate; fimarate, 4dccink2, far{Atd, Rightilate

5-(7,7-D met hyl - blcycI0221 Irret nesul f.onyl no) - 3- ( 3- met hyl 2-
phenet hyl c 81E5AMEAURRIAINE BEP%?}P%‘%M 6‘1TY‘& aﬁﬁéﬁ‘f%ﬁ%& héseu)d ( B O (

IH THY \ T6ER oMy inctude cﬁtﬁ:nk*b@sed ot a&%d&l@%‘%aﬁh 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, trethylamine, 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 C1-Cg alkyl esters wherein the alky! group is

a straight or branched chain, Acceptable esters also include C5-C+ 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 C1-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, C1-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.CS.

Symposium Series, and in Bioreversible Carriers in Drug Design, ed. Edward B.



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 7.6S; N) 7.03. The starting Ny BQET 7007
sul fonam de was prepared by a Wl ff Kishner reduction of
(1S)-(+)-10-canphorsul fonam de foll owed by acylation with 20

di -(t-butyl)-Bicarbonate according to the procedure of Exanple 2, Step B.

| ~, Teustadt R (Tet. Lett 1994; 35; 379-380). 1 7 OCT Q002 w0 99156765
PCT/ US99109463 - 44 EXAMPLE 7

(S, S)-3-(3-Met hyl -2-[ (3- phenyl - propyl car banoyl ) - met hyl ] = am no}-4

or o- but y%%”’é@% 5 ~NHStep AOHhlI ~ CHO ~CO2H A mi@%y‘%{-.
(S)-2-isopropyl-succinic acid 4-tert-butyl ester (14.5 g, 10 15 67.0 mmol ,
Exanple 2, Step C)) EDChHC (15.4 @),.80.3 mol), benzyl al cohol (8.7 niL,
84.1 mmol) and 4-di net hyl am nopyridi‘né {1.5 g, 12.3 mol) in 500 nL of
CH2Cl 2 i s Hdchd, @GheditanTO@mdcanelr Adsutigtidnand P2rga@or Bress] NEB7SBdPbE | S
concentrated, . then &)art%‘égone% befIvveen Et OAc and sat urated NaHCO3 sol uti on.
The or gani VB QBEOPLGALHER OKF T A e8%t ur at ed KH2P04 and brine sol uti ons)
dL i ed (IngO4)h, dm( dddrioedhe édﬁfboﬁﬁ)d‘t&ﬁ:fﬁerpﬁléseﬁi.inﬁﬂﬂﬁorr &Slhtkkﬁiﬂhn%ﬁla{e@}/vdm I is

chr omat ogr aphe lyi PLC, silic el , 10% Et QAg.i n, hexanes ielding 15.6 g
(76% of (3)5-“"211§bi?¥‘8ﬁ9§I?‘-’rglﬁé’ﬁhrﬂ%ég’?ff“a‘Cil-{l’b%cﬁifi}gbl%iot@?‘ts&g‘g‘é‘?ﬁP‘é"ﬁ{ltyI ester as
a col or | esstahdl; arl¥Bhe(IARGh)gendra, 80 doldatédMorrhs arf 2oRWered2qidivalert b4 54, 90. 999 and
251.1 (M55, 100% . The tent-butyl ter is hydrolyzed with 20%

trifl uor oadht preolxgtedforms @F@EPEWQEFSQ?'&F@&W%WB?% ure to give
{S)-2-isopropyl Tﬁélé‘d?rifahﬁds%?ﬁﬁ plesB@RZuthti@Sdablex@Sindiftdrhpt yel low oil. MS
(APCl) mz 251.1 (w1, 100% . Step B A mi xture of (S)-2-isopropyl-succinic
aci d 1- benAjareasemeric fognuby yjrtug & thgprgsrare ofpRyRppisic gentess mghey |

3- pheny! - 1-B50BIHATENEch dsyhndthc cokorldin MR dtneBBE o8 QodiRurgon. 15 15
'mmol ), EDChHCI, (2.91 g, 1g. 18 nmmol ), 25 ang 4-rnet hyl mor pholine 2.3 nL

(20. 88 mmll)lsFﬁnt&matﬁfthétfa“eﬁm@"}eéw§thmsr° the gpmpounds 3 wips 2002 wo 99i 5665
PCTI US991 09888 res frdo® QB ERB R & ikt hi@E, fdrth f3his HRentRaNPl € is
concentrated and then partitioned betlveen Et QAc and sat urated NaHCO3

sol ution. The oFfb%?ﬂ”tf’OéS@tsroﬁ&e PresentaRsation4e pdraigisisrediteq PFt'G_PFZ‘PO4 and brine
sol utions, {drd &dckMmiiddn) Iﬂcgelnfer%f,F;ﬂieg%nﬁln@éaer@Eﬁxﬁmﬁﬁjont&eQbéée 5.0 g (98% of

(S)-2-(phenpropyl car bamoyl - net hyl) - )

patients having a disease or condition in which ICE plays a role. Examples of such

15 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

20 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 FormulaI to
a patient and observing the results.

25 An illustration of the preparation of compounds of the present invention is

given in Schemes I-VII,



5 met hyl butyric acid benzyl ester as a light yellowoil. M5 (APCl) mz
369.2 (M2, 100%, 368.2 (M1, 97,4% . Hydrogenation of 17 0CT 2002
(S)-2-(phenpropyl car banoyl - net hyl ) - 3- et hyl butyri c acid benzyl ester wth
20% Pd/ C in EtOH at ball oon pressure gave
(S)-2(phenyl propyl car banoyl - et hyl ) - 3-net hyl butyric acid as a colorl ess
oil. 10 M5 (APCl) mz 279.1 (M2, 83.1/), 278.1 (M, 83.1%, and 260.1
(M17, 100%9. Step C A m xture of
(S)-2-(phenyl -prop~l car banoyl - et hyl ) - 3- net hyl butyric i 4 g, 7.34
mol , Ex‘éﬁﬁ%lléwgs, Step B), 3-am no-4-hydroxy-butyric ag?gb%gk%ggt: but yl
ester nonohydrochloride (1.71 g, 8.08 mmol ), HOBT~H20 (1.24 g) 8.10 nmol),
EDChHCI {1.55 g, 8.08 mmol)) and 4-fét hyl norphotine in 50 nL of CH2C12 is
stirred at roomtenperature for I12héiars. The sanple is concentrated and
then partitioned between Et OAc and saturated NaHCO3 sol ution. The organic
extract is washed with saturated KH2P04 and brine solutions, dried (MyS04),
20 filtered, andyconcentrated. The sanple is chronatographed (MPLC, silica
/

gel, 2S% hexay 73% 4t OAc) to QiveH]. 64 g 5(/%(’? of (S,S)-3-{3-methyl-2-[(3
phenyl - propylfica ba&m’e’ et hyl utyryl amH - roxy-butyric acid tert
butyl esterPasya foany white lid. 2EAPCI) mlz 436.3 (M+2, 100% and
435.3 (M+1l) 83xL% . 25 Step D A solution of

(S, S)- 3-{3-net hy? - 2- [ (3- phenyl - pr opyl car banoyl ) - net hyl ]

but yryl am no} - 4phydoxy-butyric acid tent-bytyl ester (1.54 g, 3.54 mol,
Exanpl e 3, Sﬁep)%:ﬁé&f DesSouparithi N r eagent (2. 3g§ 5. @3amol , prepared
foll ow ng theroce nof BRsf-Bhyo:@d and b & Grg. Chem 1993;
58: 2899) 1 0 C T 200Z Weodioiiss765 PCTHUS99/ 0 463{}?609&&” 100 nL of
CH2C12 is stirred at roomtenperature for 2 hours. 'I%é sanmple is
reductively worked-up using the procedure of D.B. Dess and J.C. Martin (J.

O g. Chem ,1083;48 4156-4158) to give 0. 168Hg (770) of
(S, S) ) 3_{3 4:.I'I\a% ’h%ro s1s 6] the caiyﬁe er ropyhcaﬂw W)Bl‘] - but yryi am I’IO}-4- 0XO-
butyric acisdorefop offgbrgomghybistrsr as a fvaxy WHite solid. MS (APCI) miz 434.3

(M+2) 83.19% and 433.3 (Mrl, 100% . Analysi$ Cabed far C24H36N205 x 0. 50
H20 (441.573): C, 65.28; H, 8.4S; N, 6.34. Found: € 65.31; H, 8.13; Ir"',
6.16. 10 Step E A sol ution of

(S, S) - 3- { 3- fritsplyEmen MU epeidsEwy | - |or opybcarchanoyld - met hyl ] b vl ani no} - 4- oxo-
butyric aciﬂﬁ&ﬁiﬁM@l.ﬁO g’#fz\%ﬁ I Ex;@@ Step D) and
o 2C
b

H
N\
5.0 nL of tticFjagg oacetic acid jn 2D 2 L8«stirred |at room
temperature for 1 hour. The solution is cBnce aﬁed 9nd then partitioned
bet ween 15 Et OAc and saturated KH2P04 solution % he organic extract is
washed with saturated KH2P04 and brine solutions, dried (MgS04), filtered,
and concentrated to give 0.83 g (86% of
(S, S)-3-{3-net hyl - 2-[ (3- phenyl - propyl car banoyl ) net hyl ] - but yryl am no} - 4- oxo-
butyric acid as an off white foany solid (Conpound 7). 20 M5 (APCl) nlz
377.2 (1~i+1, 100% . Analysis Calcd for C2pH28N20S x 0.25 H20 (380.960): O
63.06; H 7.54; N, 7.35. Found: C, 63.08; H 7.25; I~T, 6.98. The foll ow ng
conpound can be prepared according to the procedure 25 descr ibed in
Exanpl e 7. 17 OCT 2002 CVO 99156765 PCT/ US99109463 _47_ EXAI vi PLE 8
3-{3-Met hyl - 2-[ (3- phenozy- et hyl car banoyl ) - net hyl ] - but yryl am no} - 4-ozo
butyric acid




H3 OOH\ 0\/~ NNHHOCO2H A foany white solid. M5 (APCI) mz 379.1
, 100% . Analysis Calcd for CI9H26N206 x 0.50 H20 (387.437): C, $848971
2; N, 7.23. 10 Found: C, 58.91; H, 6.78; N, 7.02. EXAWPLE 9

- Di et hyl - 2- nao- bi cycl o[ 2. 2. 1] kept - 1- yl net hanesul f onyl am no}-3-{3
-2-((2- phenoay- et hyl car banoyl ) - met hyl ] - but yryl am no} - 4- ozo pentanoi c
acid HSBCH3 CHB O O HHWO NIrT. ~CH3\ ~HO .S:O0 CO2H O 15 Step A A
m xture of (S)-2-(3-phenoxy-ethylcarbanoyl - et hyl)-3-nethyl butyric acid
(3.51 g, 12.S6 mmol, prepared using nethodol ogy described in Exanple 3,
Steps A AO9BYT65 H- Asp( Ot Bu) Ome x HO (3.31 g, 13.82 risiUSSYRE? x H2O (2. 12
g, 13.82 mmol)) EDCI~HCl (12.65 g, |13.82 mmol), and 4-met hyl norpholine 20
(2.9 m., 26.38 mol) in 100 nL of CHZZEI 2 is stirred at roomtenperature for
12 hours. The sanple is concentralgg%}g&?ﬂg then partitioned between Et OAc and
17 0CT 2002 wo 99156765 PCTI US 3 -48 saturated NaHCO3 sol ution The
organic extract is washed with saturated KH2P04 and brine solutions, dried
(MgS04)) filtered, and concentrated. The sanple is chromat ographed ( MPLC,
silica gel, 25%{9 nesl 75% Et OAc) tpgive 4.70 g (819 of

(S, S)-2-{3-nethyl - 2- [ ¥ 2=FHenoxy- ef hyl gar F) - et o),

but yryl anmi no} - sueci ni cii. ¢ CHH,C@Mt - byt YN esy er 1Wr as a white
solid. M5 (APC z 465.2 (M1, 10Q Anafisi s Cal cd*Tér C24H36N207
(1164.564): CH3%62. 0% H, 7.81; NHE’ OBCHEound C, 62.07; H 7.85; N 5.97.
10 Step B To a stirring solution at roomtenperature of

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

phenoxy et hyl car masﬁo}z tg,hyb Liowt yryI \QQJCHR uUGicCaplovidci d 4-tent - but yl
ester 1-nethyl/ este anpl e in 100 nL of
THF i s added f/v;;pw}\{/& 2 MH,btmhFum ﬁ%? 4“5‘;5 gﬁﬁg@‘@

: sglu}ty m., 9.46
mml ). The 15 mpPe F83stirred for 30 mnutes2 acidified with saturated

KH2P04 sol udion, C8oncentrated (to renove nost of the THF) and extracted
with Et OAc. The organic extract is washed with brine solution, dried
(MgS04), filtered, c ntBated to a bkiogjwo,yel low oil. The sanple is
crystallized from CH2C12- hexangs to glc\ée gc&@hgﬂ;&&}?@ of

(S, S)-2-{3- net hyr>2:< V@t hyFcar 0

but yryl am no}-succinic a%d 4\tent but yl escarasno@ama whi te solid.

CO,CH,Ph bromomethy! ketone
9. Displacement with the potassium
R \/U\/ salt of N-Boc sulfonamide R
H 10. Remove N-Boc with CF3CO,H
\ 11 20% Pd/C, H, and/or RaNi
COZCHZPh <

KW,

H3 CH
0 e
H H
R. N N
N
H o)
o)
0,H

Hj
o7 ) CH
M)
o)




MS(APClI) mz 451.2 (M1, 100% . Analysis Calcd for C23H34N207 (450.S37): C
61.32; H 7.61; I~', 6.22. Found: C, 61.29; H, 7.71; N) 6.08. 25 St p7C

Usi ng the procedure described in Exanple 1, Step D, (S, S)-2-{3-nmet hal L BCT 2002
[ (2- phenoxy- et hyl car banoyl ) - net hyl ] - but yryl am no} - succinic acid

4-tent-butyl ester (2.92 g, 6.47 mmol) is converted to 3.25 g (95.2% of

(S, S)-5-brono-3-{3net hyl - 2-[ (2- phenoxy- et hyl car banoyl ) - net hyl ] - but yryl am ho
}-4- oxo-pentanoic 30 acid, ten-butyl ester as an off white solid 17 OCT
?00Z WO 99156765 -49 M5 ( APCl) mlz 529.1/527.1 (M'1, 120/ ?%

PCT/ US99Y®P46E6St ep D To a stirring solution at room IPEW PP e of N Boc
canphor sul fonanide {1.04 g, 3.14 mvl, prepared from

(1S)-(+)-10-canphorsul fonam de f ol |- ng the 5 acylation procedure of Step
B. Neustadt R, Tel. Lett. 1994;?% heafed380) in 5.0 nmb of D:v is added in one
portion potassiumtert-butoxide 35 g, 3.13 mol ). The sanple is stirred
at roomtenperature for 30 mnutes, cooled to OC, then treated in one
portion with

(S, S) - 5- br ono- nﬁthyl 2. B@—aﬁg@%ﬂf‘@ﬂﬁqrcar bano ‘hyl] but yryl ani no
} - 4- oxo- pentan0|c a |d OrR 2;6\3(/ 10 Exarrple 4,
Step C). THKSuQ Id\A/@dUPiGO’vIMﬁ‘ﬁizto room terr%ﬁ L ow

over ni ght . The sarrpl e |% parmrhdv,ea@gyxb@&wgﬂ Ft OAc and sapur at ed KH2P04

sol ution. The organic extractyispashed wth br| ne solution, dried (MyS04),

filtered) concentrated and chr omat ographed (MPLC, silica gel 50%

hexanes/ 50% Et OAc éo ive 1.43 g (64% ofe l,Medinmethylethyl 5-[[( 1,115

di et hyl et hoxy) ca_g( b&ﬂgﬁ ]flt_ll (7. 7-dj met hyl -@- oXobi gyclo[2. 2. 1] hept - 1

yl) met hyl ] sul fonyl ] am no] - 3- [ [ 2- (1- Ret hyket Ayl N1 4~di oxo- 4-[ (2phenoxyet hyl
) ami no] but yI ] ami ndf¢lzH ‘opeigpnoat e asﬁa foamf white%blid. Ms (APCI) m Z
79.3 (1 s+1, looi). Step £ 20 A solution of 1Y1- cﬂ\rrethyl et hyl

5-Tj (1, 1-di nethylethoxy)c'aﬂg)@ﬁrml]] [[(7,7 COyt-Bu

di met hyl - 2- oxobi cycl o[ 2. 2. 1] t-1-yl) et hyl ] sul fonyl ] am no] - 3-[[ 2- ( 1net hyl
et hyl)-1, 4-di oxo-4-[(2- phenoxyet hyI ) am no] but yi | am’fno] - 4- oxopent anoat e

(1.38 g, 1.77 mol, Exa Ie4 GpD) and 10 trifluoroacetic acid in
20 nL of CH2Cl12 i 2 erat udle f r fn o The solution is
25 concentrated to DFoérry solid. The solidis d| oIY Into 0.1 M sodium

hydr oxi de sol uti on and washed with Et OAc ( nmL). Orheibasi ¢ aqueous phase
(pH ~10-11) is acidified with saturated KH-P04 sol uti cvh‘a Ha pH ~5.0 and
extracted with Et OAc. The organic ex-tra~ is washed with brlne sol ution,
dried (MgS04), filtered, and concentrated to give 0.57 g (52% of

5-(7,7-di met hyl - 2- 0x030

bi cycl o] 2. 21] hept - 1- yl net hanesul f.onyl am no) - 3-{3- net hyl - 2-[ (2- phenoxy 17
OCT 2002 CVO 991 56765 - SO PCT/ USS&95463

et hyl car banoyl ) - met hyl ] - but yryl am no} - 4- oxo- pentanoi c acid as a foany white

sol 1d (Conpoundy9) .yl (APCI) mz 622, 1 (M1, ¢34 and 362.1 (100%.
Anal ysis Cal cd¢f oty C3pHA3NS@9ISW{1621. 7S6) : 5 Cil(-ﬁ H 6.97; N, 6.76.

R R N CO,Me
N e N T2
§ Co,4-Bu
COzt-Bu 2
2. LiOH hydrolysis of the Me. Me
methyl ester 0 0
H
3. Formation of the bromo- R ~N N \_/U\/Br
methyl ketone H 0 :
> C0,t-Bu
4. Displaccment with the Me. Me

potassium salt of the nucleophils 0 0
>~ H
R N Nuc
5. CF3CO,H N ‘
H 0




Found: C, 57.63; H 7.15; N) 6.S9. The follow ng conpounds can be prepared
according to the procedure of Exanple 9. EXAMPLE 10 10 17 0CT 7002
3-[ 3- Met hyl - 2- ( phenet hyl car banoyl - net hyl ) - but yryl am no] - 4- 0zo-5- (3

phenyl - propyl sul f anyl ) - pentanoic acid HBC H3 OHO/ N~ S\ H O CO2H A
white solid. Ms (APCI) mz 527.2 (1~i+1, 100% . 15 Analysis Calcd far
C29H3gN205S (526.701): C, 66.13; H 7.27; N, S.32. Found: C, 65.99; H,

7.24; N, S.20. ~~o0c T zoo2 WO 99156765 PCT/ US99/ 09463 -51 EXAMPLE 11
5-(7,7-D met hyl - 2-0zo- bi cycl o[ 2. 2. 1Jhept - 1- yl et hanesut 1,n0) - 3-{3neth
yl - 2- (( M¥PRYFPhenet hyl - car banoyl ) - met hyl ] - but yryl am &%X%(ggogﬁent anoi ¢
acid HCH3 OO\ NNNa~awS, CH30O0 ~~~0~~30 ""3 5 Q02H An
ofd white foany solid. Ms (APCl) m 29620.2 (M+1, 40.3%, 360.2 (100%.

Anal ysis Cal cd C31H451 ~' 308S x 0.dQ,.H2Q, (632.394): C, 58.88; H, 7.40; 1-~T)
6.64. 10 Found: C, 58.89; H, 7.48;, N, 6.39. EXA~1~LE 12 :

5-(7,7-D net hyl -2-0zo-bi cycl o(2.2.1Jhept-1-yl net hanesul f onyl am no) - 3-{3net h
yl -2-((3-phenyl - pr%pyl car banoyl ) - met hyl ] - but yryl am no} - 4- oao pent anoi ¢ acid
OH3C H3 OH H Ir' N\ ¥ ~sSs -~ cH30-~~0/ 00 CH3 15 CO2H A foamy white
solid M5 (.ARGLY. ¢z 62(%%{(@&14,@37. V%4 rerdfR 2 2 4 00 . Cal cd for
C31H45N308S x 0. 50 ¢ .79?1). C 2. W mdafion b‘ﬁthe/brsir(dme%yll&tdaf 20 Found: QO
59.22; H 7.37; N, 6.50. =\1CO7 OCT 29)QAsplacement with the potassium

250 salt of N-Boc camphorsulfonamide

Me Me
.0 0z 4. CF3CO,H
+-Bu0,C N N 4N M s Couplewith RNH,
! o’ %% //[\//\Me 6. 20% Pd/C, H,
Me Me



WO 991 56765 PCT/ US99/ 09463 -52 EXAMPLE 13

3-{3-Met hyl - 2-[ (3- phenyl - propyl car banoyl ) - net hyl ] - but yryl am no} - 4- OZOTC%CT 002
(2-0zo- 2H chronen- 6-yl oay~pentanoic acid HH HB OOHNNO I \ \ H (’l I-”]
0~0 2 Atan solid. h4S (APCI) mz 551.2 (M1, 62.3%, 345.2 (100%.

Anal ysis Cal cd for C3pH34N20g x 0.50 H20 (559.622): C, 64.3 9; H 6.3 0; N,
5. 01. 10 Found: C, 64.39; H 6.18; N, 5.00. EXAMPLE 14 5-[3-(1H-Imi d
azol -2-yl)-nap h th al en-2-ylozy]-3-{3-nmethyl-2-[(3-ph enyl

propyl car banp met hyl ] - but yryl am no} - 4- ozo- pent anoi H3 I~ ~ NH
OOHT \“‘?\Pﬁ’P‘}é’Gg I \ HO / 02H M5 (APCI) nfz 599 (M+1C”‘?§L§9’M%i Anal ysi s
Cal cd for C34H38N406 x CF3C02HXxH20 %B30 745): C) 59.17; H, 5.66; N, 7.67.
Found: C, 58.84; H, 5.61; N) 7.68. 17 0CT 2002 WO 99156765

PCTI US99I 09463 -53 EXAMPLE 15

5-(7,7-Di et hyl - 2- oao-bi cycl of 2. 25} L keqt - 1- yl met hanesul f onyl ami no) - 3- (2
hydr oaycar banoyl net hyl - 3- net hyl - butyryl am no~4- oao- pentanoic acid HOH 0 O
CH3 HHNN-Vv OB~ O~CH3 02H O 5 Step A Using the procedure described in
Exanple 2, Step F, Me. Me

[S-(R*, R*)]-2-(2tert-butoxycarbonyl net hyl - 3- net hyl - but | am no) - succinic
acid 1-allyl ester benzyl ester (10 68 @Ft 23@;@ gnol , |Exanple 2, Step D)

is converteghNa 7. ( 0
Ly pdobbae s |-9£rrat.h;d;mu4n¥cl:3£é1{' no) 10

[S (R, R)]-2-(2-
succinic acid 4-benzyl estefiOHS a V\:hl te sol i d. MSERIPCh Mz 422, 3 (1 ~i +1~
'Bu1009% . Anal ysis bogsﬁor H’muagi 07 (421.495): C,

12.19%4 and 366. 2 (

62.69: H, 7.41: Ir', 3.32. Found: C 62.42 7. 33: °"3.17.
Me
'Bu0,C i CF,CO,H  HO,C
2 OFt 32 M2
cr{zcn2
i Me Me )
0
R R,NH R, . -
—_— \N N
EDCI x HCI, l o
HOBT x H,0 0
) R,
k O o




15 Step B Using the procedure described in Exanple 1, Step D,

[S-(R*, R")]-2-(2tert-butoxycarbonyl met hyl - 3- met hyl - but yryl am no) - suqgi gi1c)0?
acid 4-benzyl ester (6.08 g, 14.43 muvol, Exanple 4, Step A) is converted to
4.62 g (64% of [S-(R*,R*)]-5-brono-3

-(2-tert-but oxycarbonyl net hyl - 3- net hyl - but yryl am no) - 420 oxo- pent anoi ¢ aci d
benzyl ester as a white solid. M5 (APCl) mz 498.2/500.2 (M:l, 76.5/74.7%
and 442.2/444.2 (M55, 100/97.1% . Analysis Calcd for C23H32Br NO6
(498.424)‘;055;‘5,/5,;56 .43; H, 6.47; N, 2.81. 25 Found: C, 55p@8ysobiosss 33; N,

2.77 Y 0 T 2002 WD 99156765 PCT/ US991 09463 -54Step C To--a sol ution
of

(S)-1, 1-dinmethyl ethyl [[ (7, 7-di met hyl™= )2'oxob| cyclo[2.2.1] hept-1-yl) et hyl]sul
fonyl Jcarbamate (0.862 g, 2.60 mmvl) in anhydrous DMF (4 i) is added

pot assi um tent - but oxi de (0.307 g, sdfA ™! ). 5 The reaction is stirred
under a nitrogen atnosphere for 38 m nutes. This solution is then added
dropwi se to a solution of

[S-{R*, R*)]-5- brorm 3-(2-tertbut oxycar bonyl mgthyt=3=retinyH—buty+y+anm no) - 4-
0X0- pent anoi ¢ acb yl ester (1.18 g, 2. 37 mol le 5, Step B) in
anhydrous DVF (41nm) and.{theqiéa; c cr«?t' rred overnijghty The sapple is
diluted V\ntﬁl‘EtN Wi (12X N r Is dried
(Na2S04) and cqgncentrat ed.| The residue i s chrjomatjographed (sjlica pel, 20%
Et OAc in hexan&g) to affor . 850 g of R, CO-H
phenyl met hyl -5-[[ (1, 1- di met hy et hoxy) car bonyl{]-[[ (7, 7-di met hyl -abxobi cycl of
2.2.1 Jhept-1-yl)methyl]sul fonylJ

am no] -3-[[4-(1, 1-di net hyl et hoxy}-2(1- et hyl et hyl ) - 1, 4- di oxobut yl ] am no] - 4-
oxopentanoate as a white foany solid. 15 Step D

“Phenyl net hyl - S- [fh(o@er;lavmgrmmihytr@tahaw}&agrbmmdthe{Jzz(nfng7mdbmxhw 2oxo0bi cycl of
2.2. 1] kept - 1 yl ) et hyl ] sul f onyl ]1-3-[[4-(1, 1-di net hyl et hoxy) - 2( 1- et hy
| et hyl ) - 1, 4b%i7a5id mist4dF iRt S6PS fzr“ﬂ%egé?]PfaﬁbfétcemwnéwcgmpafSO@Ymm| Exanpl e
5) Step O iis pts @Rttt &3 defbhdtiiREBRERITbRovARE BatplRE] 2 (11, 15 m_) for 20
1 hour. The sanple is concentrated . to give an oily reS|due which is carried

on to the next s@%%’OW‘f‘h%ﬁ?FmFErrafﬂé‘t‘onpﬁjlai‘flﬁpé%?ﬁak?ﬁm‘%‘é‘”}‘é?‘sCPElEle i s di ssol ved
into 20 n th)@"&@kf%rc@,mlde dekieqitee)1ivktib, \mxiﬂ@hmﬁﬁ\yétfbke@tedzo giergmol ), HOBT~H20
(0.311 g, 2.3 mmol)) and 0O-benz Ivmhy rohélllamr rochl .oride (0.276 g, 1.73
mmol ). 4- Nefhﬁy?sﬁﬁflﬁ%EfPP‘ﬁ%w@@ 501 agid 1xt ﬁ%e§ @B@@Bataﬁﬁﬁ% se, and the
reaction 25,41 %ﬁdéfﬁadd§rd§:’febtﬁd’e€tdul§ﬂngrc@ﬁlﬂﬂldn@fEFJ@H’@tfb&@xa@%@d’ BiCEtandThe sanple is
diluted with Et OAc and washed successwely with 5% HCL and saturated NaHCO3
sol uti%ns. FRE! Brthapirenesaindate sieh i -wathyimessonye, RICUSAEENt r at ed. The

(r) ez:) gue i's ghyreikaatanbednd skt CatedRlthen9doELEAGIE AbleXanes) to afford
g of

3- g g(genzy: Mﬁﬁsgﬁﬁw gl-atsb%terfgq ackshi qutmt\xdianéowsﬂdu met hylj 2- 0X
0 IcycC ﬁdmdﬂf aimbe #&e P&hRNOI C acl

benryl ester eag a_ whi teEtsr(I)I |ygﬁ)tr 0 C t2002 V\la) 9J56765 PCT/ US99/ 09463
-s S Step E36 st Mg 6‘FhY§“T@zW’(”b%‘ﬁ?%WH3@9‘°o&P%Qﬁb?fﬂomﬁu‘@flﬂw’)t 3- et hyl
butyryd am n@ﬂm?n(czrﬂc?acm RS %ayéxac%n@xtqifmeooysrhgg itk tHe] &@il?@yién&‘g hgtnesulDf onyl f;lm
0t e SR e Foboa gy beyicneoind RS ReToenat o of 50
PT1 Lered ama e A e e e S een L A an

0. 5N NaOH sd&fiflnoraseeticrrid. aqueous | ayer is acidified with HJ and extracted
wth EtQAc. The QLRGN Sk, (.48t 30 idAchAPRGRRL at ed) and the

IOresidue is triturated 1 n et xan e solid 1s | ected by
filtra®ion &Y adesiéehlprdeghvie presence of base to form the desired oxazolidinone,

5-(7,7-di rrEtwtﬁYClh 12 uggeiau&'tlﬁXﬁ(ly% 1gt}]|e l?e%pr{ce ofwsgﬁgtn@gﬁgwr&gg%le@? ?O) - 3(2- hydr

ohycar banmoyl net h am no) - 4- 0Xo- pent anol ¢ acl Conpound
Is). Ms (APGhy reml Zn$N_‘Bsyl0*a2(>Mriqneis then bydrcﬁﬁzeAmcaﬂhysucsm@eﬂCtdd-bﬁltyﬂ C22H35N309S

x 0.45 04HgQgtelxes?em?a%ly%%(ghe(;?rggedureod)escngéd i%(}’e?ﬂktt 198'7280&41%141 ’I%Q

acid is then coupled to (S)-2-amino-succinic acid I-allyl ester 4-benzyl ester under

25 standard peptide coupling conditions as defined above in Scheme I. The t-butyl



Found' C, 50.34; F~ 6.80; N, 7.40. The follow ng conpounds can be prepared
according to the procedure described in Exanple 15. 20 EXA ' ~~LE 16

5-(7,7- D met hyl

- 2-0go- bi cycl o[ 2. 2. 1] hept - 1- yl net hanesul f onyl am no~3-
| Hi ndol - 3-yl ) - et hyl car banoyl | - et hyl } - 3- et hyl

c acid NO3 H3 0 NNCH3 0 O,,
(APCI) mz 645.3 (M1, 79.29% and 285.1 (100%
VO 99/ 56765 -56 Anal ysis Calcd for C32HA4NA08S x 0.85 H20 (660. 107):

topEs 1t

- but yryl am no) - 4- oaopent anoi
"0 CH C02H 0 3 25 A white foamy solid. M
1 7 OCT 2D02 PCTNS99/ 09463 -

G

58.23; H 6.98; N, 8.49. Found: C, 58.23; H, 6.74; N)Lr onyilgngNPLE 17

5 (7,7- DYRI¥PT65 2- oao- bi cycl o[ 2. 2. | ) kept - | -yl met hanes

amna}-3-(3neth

-2-[[3-(4- hydr oxyphenyl ) - propyl car bam)yl] net hyl ] - butyryl am no} - 40zo- pent

an0|caC|dC]—ISCHSOHHNNhWS 26H3 ~~. 70 HO/ O C02H O CH3 An
of f =whi t e S%kér@fthﬂs%r&ﬁct(xéﬂg Elem”aaxﬁﬁﬁegccfmfr%ate@@ntﬂ% and 376.1 (1009 .
Anal ysis Cal cd for 9S x 0.40 H20 89): C, 57.91; H ~7.18; N,

6. 54 Found: Ofbenzsrﬁlymxylﬁrnm? UA@er sixpilagpepyidq wualumr@e@ggnsaﬂaff@rgm to Exanple 2

(Exanples 1

usi ng appr Oggsh@&&fagtcmgmggt B Fostel A ARG SIARNY e OMPOUNdS
5- (7, 7- Di mepiagdduz

99/ 56765

10

15

20

25

30

to 20 epare

bromide is displaced with the potassium salt of N-Boc sulfonamide, the Boc group
is cleaved with acid, and the benzyl ester is hydrogenated over, for example, Pd/C
or Raney nickel, to yield the desired pentanoic acid.

In Scheme III, the benzyl ester of the succinic acid (product 3) in
Scheme II is formed from benzyl alcohol in the presence of a dehydrating agent,
such as, for example, EDCI, and the t-butyl ester is then hydrolyzed with an acid.
The succinic acid benzyl ester is then coupled to an appropriate amine under
standard peptide coupling conditions as described in Scheme I, and the benzyl
ester is then cleaved via hydrogenation as described in Scheme II to afford the
butyric acid. The acid is subsequently coupled to the amino alcohol shown in
Step 5, and the resulting alcohol is then oxidized to the aldehyde essential by the
procedure described by Dess and Martin in J. Org. Chem. 1993;58:2899 and in

J. Org. Chem. 1983,48.4156-4158. The final product is obtained upon hydrolysis

of the t-butyl ester with an acid.

As shown in Scheme IV, the succinic acid of Scheme II (product 3) is
coupled to the amino ester of Step 1 under peptide conditions similar to those
described above in Scheme 1. The ester is hydrolyzed with base, such as, for
example, lithium hydroxide, and the resulting acid is converted to the
bromomethyl ketone as described above in Scheme II. The bromide is displaced
with the potassium salt of an appropriate nucleophile and the 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
acid of Scheme II (product 3) under standard peptide conditions such as, for
example, HOBT and EDCI in the presence of a base such as
4-methylmorpholine. Removal of the t-butyl groups may b‘c achieved with, for

axgibtst oyled ¢/ 1995 I6HTA1-ST44, pubib savelbng fcidhig] ani no)

33 00U Ny | k25 naRUBah e oo AL EALORRN bR 158

0- pent anoic a

utyryl am no} 4-oa
CT 200 w0



A white solid. -57 M5 (APCl) mlz 66.2 {M+l, 31.2%, 217.1 (100% . Analysis
Cal cd for C34H45NCBS x 0.90 H20 (672.031): C, 60.77; H 7.02; N, 6.2%.0C% 2002
Found: C, 60.80; H, 6.95; N, 5.93. EXAMPLE |19 PCTNS99109463

5-(7,7-Di met hyl - 2- oao- bi cycl o 2. 2. 1Jhept - 1- yl net hanesul f onyl am no) 3-(3-m
ethyl-2-{[2-(7-methyl-1 Hind ol -3-yl)-ethylca rbamayl J-nethyl} O 10 O HH
Me NN~ vO Me CO2H O A pinx solid. M5 (APCI) mz 659.3 (M1, 31.2%, 399.2
(100% . Analysis Calcd for C33H461 '4085 x 0.20 H20 (662.424): C, 59.84; H,
7.06; N, 8 5}2 6155 Found: C, 59.98; H 7.3 ~; Ir') 8. 08pctAvngaéLE 20
5-(7,7- Di ‘2t :SW 2- 0ao- bi cycl o[ 2. 2. 1Jhept - 1- yl net hanesul f onyl am fe} 3- ( 2- {[2-
(6-fluoro-1Hindol -3-yl)-ethylcar barrgyl J-met hyl } - 3- et hyl but yryl am no) -
o-pcntanoi ¢ acid butyryl am no)-4-odo=pent anoic acid 1 7 OCT 2002 WO

991 56765 F Oyl QuBchlibeiticlinRitidlometa 1DETNIIHUQIARS O M a w Ve CO2H O
MS (APCI) mz 663.3 (M+l, 14.19%, 403.2 (100%. Analysis Calcd for
C32H43~408SOxetitylpgtakptpuplgsfabig peid gndsr S%dagc_i.pemde epupling egpdigons. Found: C,
56.92; H 6 o/ usi ng
appropriate %gﬁﬁ\%boze %%a&gﬁé%t?ﬁgﬁ@g%?@% tr% cggx}érrggltjérﬁ1 S" (Exanples 21 to
23) can be pr epaltMotﬁXl@atwhﬁpﬁmﬂicdxmmnothe cychc structure

3-[ 3- Met hyl - Z- ({nBthyI-[Z-(l-rrethyI-ll—l-i ndol - 3-yl ) - et hyl ] - car banoyl } net hyl )
-but r~ryl am noJ %fono-butyric acid -~ O Me Me-N, NCHONI Me O CO2H

5 (O can exist in equilibrium with the open chain form

Vo

OR

0
i

COH
_(” . Both the cyclic and open chain forms are intended to be part

ICIIH
0

of the present invention.
As shown in Scheme VII, acid hydrolysis of the cyclic O-ethylacetal of
Scheme V (product 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.



A foany off white solid. M5 (APCl) mz 428.3 {M1, 100%. 15 Analysis Calcd
for C23H31N305 x 0.35 CF3CO2H (469.429): C, 60.64; H 6.73; N, 8. 95'32':@@”?302
C, 60.46; H 6.93; N, 8.78. 1 7 OCT 2002 WD 99156765 PCTNS99/ 09463 -59
EX. AMPLE 22 3-(3-hzet hyl -2-{(met hyl - (2-phenoay- et hyl ) - car banoyl ] - net hyl }

but yryl am no) - 4- oao-butyric acid M M OHO- NCHOI / Me O CO2H 5 A foany
white solid. Ms (APCI) m~z 393.2 (M+l, 100% . Analysis Calcd -
f or ~C2pFi 28N206 x 0.85 H20 (407.769)': C, 58.91; H, 7.34; N, 6.87. 10
Found: C, 58.87; H 7.02; N, 6.S9. EKAWPLE 23

3- (2-{[ 2965 met hyl - benzoi ni dazol - 1 -yl ) - et hyl car barfSH Y2 HEPHy 1 )

3-net hyl - but yryl am no) - 4- oxo-butyric acid, triftuoroacetate salt Me Me OV
Me ~T~-N~ NCHO "' NH I | O CO2H A whi4e solid. 15 1~ S (APCI) mz 431.1
(M+1, 35.79%, 190.2 (100%. Analéébﬁggﬁde for C22H30l ~' 405 x 1.30 CF3CO2H
(S78.740): C, 51.06; H, 5.45; N, 9.68. Found: C, 51.03; H) 5.50; N, 9.38.

I n a proces3(aNathyldyphetahsabpineylpropiomgampp)dpxodt-@-pheayki ng materi al s,

20 the corr ondin C npl es 24 to 25) can be prepared. 170
C T 2002 VOB %@b@%’a%%@g’%@é@ 60 EXAVPLE 24

5-(7,7-D met hyl -bi cycl o 2. 2. 1] hept - 1- yl net hanesul f onyl am no) - 3- { 3- et hyl 2- [
( 3- phenyl - propyd car banoyl ) - met hyl J- but yryl am no} - 4- oao- pen oic acid M Me

OHNNH/ @0 MHM N MOC?2 H3H O .
N N
N ~s
H /7 \\
0]

0 0
CO,H

5 Step A
A solution of itaconic anhydride (5.00 g, 44.6 mmol) and phenethylamine
(5.95 g, 49.1 mmol) in 100 mL of acetonitrile is stirred at room temperature under
nitrogen for 72 hours. The mixture (solid forms) is concentrated, then partitioned
between EtOAc and 1N HCL The organic extract is washed with brine, dried
10 (MgS0Qy), concentrated, and the residue crystallized from diethyl ether to give

5 24 g (50%) of 2-(phenethylcarbamoyl-methyl)-acrylic acid as a white solid:
mp 133-140°C.
MS (APCI) vz 234.2 (M+1, 67.4%) and 216.2 (M-17, 100%).
Analysis Caled for Cy3H15NO3 (233.269):
15 C, 66.94; H, 6.48; N, 6.00.
Found' C, 66.74; H, 6.56; N, 6.00.

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 (APCI) mvz 236.0 (M+1, 100%).

Analysis Calcd for C13Hj7NO3 (235.285):
25 C, 6636, H, 7.28; N, 5.95.

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



A off white solid. M5 (APCl) mz 606.1 (M+1l), 360.Z (100% . Analysis Calcd
for C31HA7N307S x 0.25 CF3CO02H (634.306): C, 59.65; H, 7.51; N, 6.63.740 2100
Found: C, 59.73; H 7.67; N, 6.27. EXAMPLE 25

5-(7,7-D met hyl -bi cycl a(2. 2. 1] hept - 1- yl net hanesul f onyl am no) - 3- (2-{(2- (1H

i ndol - 3-yl) - et h5I car banoyl J- et hyl } - 3- net hyl - but yryl am no) - 4- oao pent anoi c
acid OZe M O Me-Iv' , NNM Na~awSHO~v0 "M 0 ~2~~ 15 A tan
solid. Ms (APClI) mz 645.2 (M1), 399.1 (100% . Analysis Calcd for
C33H48N407S x 0.34 CF3C02H (683.605): C,59.18; H,7.13; _JFound' C,

59, 34; HWYU£8%5N 7.81. 20 In a process anal ogous to &ﬁn%%gwﬁis_usi ng
appropriate starting materials, the correspondi ng conpounds (Exanples 26 to
34) can be prepared. i 70 CT 200%-WD 99/ 50765 PCT/ US99109463 - 61
EXAMPLE 26 gtep C

5-(7,7-D met hyl - 2- oxo-bi cycl o[ 2. 2. | ] kept - 1- yl met hanesul f onyl am no)

3- { 3- met hyl - 2- [ (Bmppuedf ALehepsthysashamoy smpthnbryropiosistasid (1B & yr vl ami no}

4- 0go pent aggs gl EkuBlo NS @p 8) HE HsAOh M) }(}1.@3 2%7'@4“@"5” Me CO2H 5 An
off-white solid. M5 (APCI}) mz 62i.1 (1|v++1, 5.199, 261.1 (100% . Analysis

Cal cd for CByFhpasdfoBsBachemIFoscEaear), (Ifgdropenzotiyzohydete H, s. 97; Ir',

7.33. (0 FOFE&? £ 0114967 ? 6y. ih~lt_N._§,_ i : 5 ﬁ 4
5-(7, '/5 Di met hy ?%g’gd-@?’cy‘?i% 392 1 I%ept(- 1%?% S ionyl am no)
3-{ 3- met hy! ca2bddiidndityBRkhlbride (EDOMHINY. 5, Bapeirldly 7t hyl ] - but yryl ami no}
4-oto-pent aQ—?}%e(t:hy?r%rghol}/i%e ( .950n119 8.64 mmol) in 100 mL of dichloromethane is

stirred at room temperature for 24 hours. The mixture is concentrated, then

partitioned between EtOAc and saturated NaHCO3 solution. The organic extract
10 is washed with saturated KH7POy4 and brine solutions, dried (MgSOy), filtered,

concentrated and c}-u'omatographed (silica gel, 25% hexanes/75% EtOAc) to give
2.54 g (87%) of 2-(2-methyl-3-phenethylcarbamoyl-propionylamino)-succinic
acid, 4-tert-butyl ester 1-methyl ester as a waxy white solid.
MS (APCI) m/z 420.9 (M, 100%).
15 Analysis Calcd for CpH32N»Og (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 mmol) in 60 mL of
ethanol is stirred at room temperature for 12 hours. The solution is concentrated,

acidified with saturated KHpPO4 solution to a pH ~5, and extracted with

chloroform (2 x 100 mL). The combined chloroform extract is dried (MgSO4),
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, 573 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



HHM ~" NN\V\ ~HOOS~OM C2HO ~ ~is An off white solid. M
(APCl) mz 671.3 (Mrl, 70.5%, 1s8.1 (l100%. Analysis Calcd for C34H4BBKIES
x 0.9s H20 (687.946): C, 5 9.3 6; H 7.02; N, 8.14. 20 Found: C, s9.60; H,
6.71; N, 7.75. 1 7 OCR ?002 WD 99156765 PCTNS99/ 09463 -62 EXAMPLE 28
5-(7,7-D met hyl - 2- ogo- bi cycl o( 2. 2. 1] kept - 1- yl met hanesul f bnyl am no} 3-{3-neth
-2-] (3-napht hal en- 1-yl - propyl car banoyl ) - met hyl ] - but yryl am no} 4- oxo- pent an
oic acid M M OOHHM NN-\\ ~vHOvp5~~0MeCI)2HO~~An of F
white solid. M5 (APCl) mz 670.3 (M+H, 79.2%, 410.2 {100/{/}()S IyS|s Cal cd
for C35HAVRBYSESSx 0.90 Et OAc (749.141): C, 61.89; H, 7F&¥ ?ﬁ"’”ﬁ Ko
Found. C, 61.90; H, 7.28; N, 5.57. EXAMPLE 29
5- (7, 7- Di et hyl - 2- oxo- bi cycl o( 2. 2. 1}3&ept - 1- yl net hanesul f onyl am no)

3-13- Mt hy | seBedfi SnBMRA AL @7 bLPE APy @@}mﬂﬂ)edﬁ‘?%g% R 1 am nol

4- 0zo- pent anol ¢ acl w~ HO N CO2H O
w15 An of Rixue isetised fog 15 mu(qaphyn)trweﬁmm 0125(M91$M611@%neth2:&1 1 (100%

e v512 SR la RS AL Bkl yER IRy . 35,27, 102
09/ 56765 - 68istitheANPhegc@ting bath is removed, the light yellow solution is stirred at room
3-{2- [{ 2- Bepz oL %04 ridiry! o diEd V8 o°@rNE oML arBRIAY b 3 < BESN e

48% hydrobromic acid (10 mL, 184 mmol) in 10 mL of acetic acid. The colorless

solution is stirred at room temperature for 30 minutes, then partitioned between

EtOAc and water (~200 mL of each). The organic extract is washed with water,

saturated NaHCO3, and brine solutions, dried (MgSOy), filtered, and concentrated

10 to give 1.40 g (53%) of 5-bromo-2-(2-methyl-3-phenethylcarbamoyl-

propionylamino)-4-oxo-pentanoic acid, tert-butyl ester as a light yellow solid.

Step E
A solution of 1,1-dimethylethyl[(2-phenylethyl)sulfonyl]carbamate

(0.47 g, 1.66 mmol) in 3.0 mL of DMF at room temperature under nitrogen is

15 treated with potassium tert-butoxide (0.21 g, 1.66 mmol). The sample is stirred at
room temperature for 1 hour, cooled to 0°C, then treated with 2-(2-methyl-3-
phenethylcarbamoyl-propionylamino)-5-bromo-4-oxo-pentanoic acid, tert-butyl
ester (0.67 g, 1.38 mmol, Example 1, Step D). 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
KH,PO4 and brine solutions, dried (MgSQy), filtered, and concentrated. The
residue is chromatographed (silica gel, 50% hexanes/50% EtOAc) to give 0.43 g
(52%) of 1,1-dimethylethyl 5-[[(1,1-dimethylethoxy)carbonyl][(2-
phenylethyl)sulfonyljamino]-3-[[2-methyl-1,4-dioxo-4-[(2-

25 phenylethyl)amino]butylJamino]-4-oxo-pentanoate as a foamy light yellow solid.

Step F

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



butyryl am no}-5- (7, 7-di met hyl - 2- ozo- bi cycl o[ 2. 2. 1] kept - 1

yl met hanesul f onyl am no) - 4- ogo- pent anoi ¢ aci d PCTN599109463 o a Me N1\7gt/£\lzm
Me vO M@ O CO2H 0 S A foany white solid. M5 (APCI) mz 646.2 (M1, 10 )
286.1 (100% . Analysis Calcd for C31HA43N508S x 1.46 CF3CO2H (812.256): O
50.16; H, 5.S2; N, 8.62. 10 Found: C, 50.18; H 5.73; N, 8.46. E~1~IPLE 31
5-(7,7-D et hyl - 2- oxo- bi cycl o[ 2. 2. 1] kept - 1- yl met hanesul f onyl am no)

3-(3-net hyl - 2- {[2 (1- et hyl - 1Hi ndol - 3-yl ) - et hyl car banoyl ] - met hyl }

but yryl am no) - 4- oxo- pentanoic acid Me-T 15 A white soI N~ Me C
02H MG ( ABRPYS G a 659.2 (M1, 41.6%, 399.1 (100%. Anag"{/éﬂgs?wga}!%cd f or
C33H461 rT4088 x 0.17 CF3C02H (678. 205 C, 59.05; H 6.86; N, 8.26. 20
Found: C, 59.07; H, 6.95; N) 7.98. 37~ - ocj zoo02 WD 99156765
PCTNS991094@&cer@ﬂte&WéHEw%lﬁDﬁﬂ(ﬂetﬁer'@ﬂﬁﬁrﬂy saddedand BleGyic! 0

[2.2. 1] kept - | -yl net hanesu] f ony] am noé

3-{ 3- et hy| seéui[f(eg The sarenlsiis AUy A ropm eEPEARR AV eIt HileTedpwashed | ani no}

4- 0a0- pent angh GredGlir, Mnavdem M edto Md\@é%ﬂg%) of HY2- M%m? §102H 0 Awhite
solid. M5 (APCl) miz '608.2 (M F2, 64.99 07 27‘53 4, 3472(100%
Anal ysi s CaPIZ‘?(ﬂet ﬂﬁar@z@mhszmveséaw@ 6@X@:ﬁf§€méw @e@éﬁanyla@moz‘a H, 5.53;

N, 7. 0d. é:n@éﬁaﬁam@asélaml@sohhl 5.43; N, 6.60. EXAIVIPLE 33 3- (2 o
[ 2-(5- AcetyF dol-3-y )-ef hyl ca rbam oyl J-m et hyl }-3-m

et hyl but yr yMﬁrﬁAﬁG}) gz 632, V@dfhé%@ 2- oxo0- bi cycl o[ 2. 2. 1] hept - |
Analysis Calcd for CogH33N307S (531.633):

C, 58.74: H, 6.26; N, 7.90.
Found: C, 58.38; H, 6.23; N, 7.71.

10 EXAMPLE 2
3-(2-Carbamoylmethyl-3-methyl-butyrylamino)-5-(7,7-dimethyl-2-oxo-

bicyclo]2.2.1Thept-1-ylmethanesulfonylaming)-4-oxo-pentanoic acid

0 H
H 3
N ~
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 N> 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 KHPO4 solution. The organic extract
is washed with brine, dried (MgS0Qy), and the resultant yellow oil is
chromatographed (MPLC, silica gel, 10% EtOAc in hexanes) to give 29.8 g (91%)
of (8)-4-isopropyl-3-(3-methyl-butyryl)-oxazolidin-2-one ds a light yellow oil.



yJmet hanesul f onyl am no) - 4- oao- pcntanoic acid 0 15 A white solid. OH M\

/~T ~1"1~ Me CO2H O M5 (APCl) nmlz 687.3 (M1, 18.7%, 327.2 (100% .17 0CT 2002

Anal ysis Cal cd for C34H46N409S x 0.7S H20 (700.343): C, S8.31; H, 6.84; N,

8.00. 20 Found: C, 58.S1; H 6.88; N 7.61. 17 OCT 2002 w0 99156765

PCTNS99109463 - 65 EXAMPLE 34

5-(7,7-D net hyl - 2- oao- bi cycl of 2. 2. 1] kept - 1- yl et hanesul f onyl am no) 3- (3-neth
-2-{[2-(1Htetrazol -6-yl)-ethyl carbanoyl ] - met hyl } - but yryl am no~

4- oao-pentanoic acid NN\~ OV M2 0O ~H~, NM NN~ S ~H OO ~ v 0 ~Me CO2H

0 A grayweedsedss M5 (APCI) mlz 596.3 (M1, 24.7%, 113PTHIVEY® Anal ysis

Cal cd for C25H; gl ~, T708S x CF3C02H x 0.27 Et20 (731.733): C, 46.09, H

5. 88; 13.40. 10 Found: C, 46.0S:384, 5.78; N, 13.37. EXAIWLE 35

N4- (2- Benzg dazol -1-yt-ethyl)-N-(2-ethoay-5-0zo-tetrahydro-furan-3-yl)

2-1 sopropy ccinamde 15 Step A O\ /M2 CEt ~N~ NH I a O O N-A solution

of N-benzyl oxycasdjmwIof(E)atn'rhmepw-G;(B)—nkntitya-lboﬁyql)amiadol{d&-l-end butyl ester

he. pt ocodioe P SRESHERRP 2 TRP AMLA L 2 VEAPL R OROM 81 1y Lot ere

10920 2: 6135 006 bl R HARDIIVASE PRASH WoF Bk 0 0,01 20% 20

PdI C. The s | e ‘was rogenated a m t enper at’ure and 1 psig H2 for
3.5 hours. soTh@nSIa'ﬁﬁF)eThmltﬁlphiSESMHdd and8€ofoc dhmimmteedh¢nareggiede 15.8 g 0100%

of 3-am no54-0x0-huta ’d‘y ertag I ter.diethyl.acetal as a
yel [ow | qf.’ﬁ°8”."‘se“’t“"l SR o TR £ KR 1S TERRY iz 248.1 (M1,
1009 . 100 mL of THF, The sample is stirred at -78°C for 1 hour, then quenched by

dropwise addition of saturated KHoPOy4 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-isopropyl-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.

Step C
The hydrolysis of the N-acyloxazolidone is achieved using lithium

hydroperoxide following the procedure of Evans D.A. et al. (Tet. Lett.

20 1987,28:6141-6144). To a stirring solution at 0°C of [(S-(R*,R*)]-3-(4-isopropyl-
2-oxo-oxazolidine-3-carbonyl)-4-methyl-pentanoic acid tert-butyl ester (.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 wt% solution in water) followed by 1.0 M
lithium hydroxide solution (55.3 mL, 55.3 mmol). The reaction is allowed to

25 warm to room temperature slowly overnight. The reaction is concentrated to

remove most of the THF, and then the basic solution is washed with CH>Cly
(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 (MgSO4), and concentrated to give 5.66'g (95%) of (S)-2-



Step B PCTNS99/ 09463 A mi xture of 3-am no-4-oxo-butanoic acid ~i-tert-butyl
ester diethyl acetal (15.8 g, 63.9 mmol, Exanple 35) Step A)) 70CT 2000
(S)-2-isopropyl -succinic acid 4-tert 5 butyl ester (15.2 g, 70.3 I,
Exanple 2, Step C), EDCl x HO (13.5 g, 70.4 nmol), HOBT x H20 {10.8 g,
70.5 mol ) and 4-net hyl norpholine (8.8 nL, 80.0 mmmol) in 250 nL of CH2C12
was stirred at roomtenperature for 12 hours. The sol ution was
concentrated, then partitioned between EtOAc and saturated ~, TaHCO3

sol uti on. The organi c extract was washed with sat. KH2P04 and brine 10

sol uti onWO S8s¢76d (Ni gS04), filtered, and concentrated PFETHE ¥ tant dark
brown oil was chromatographed {MPLC, silica gel, 100% CH2C12 to 2% MeCH in
CH2C12) to give 13.9 g (49% of 3-(-3%tert-butoxycar bonyI met hyl - 3- net hyl

butyryl am n 0X 0= but acetal as a
l'i ght yell 6#59??’1 SuTE'S“ W' %"gﬁ% ?“%Stdﬁ%%&% %&g@w}%gﬁ %‘gﬁso{ ution of

3- (2-t ent - futthexywcHicrany | met hyl - 3- met hyl - but yryl am no) 4- oxo- but anoi ¢ aci d
(1-tert-butyl ester diethyl acetal (8.3 g, 18.6 mmol, Exanple 35, Step B)
in 100 nL of CH2CI 2 was treated with 20 nL of 20 trifluoroacetic acid. The
sol ution w&ePRirred at roomtenperature for 2 hours, concentrated, then
partitioned bet wean,Fldpfe)- mepr@@tluﬁc@mmciﬁlﬂa%ug@ww;m he organic

extract was washed with brine solution, dried MI; tered, and
conceht r at 48-8¢ sl \Fxamplg 2 Step £94(Sh#-amino-succinic acid -allyl ester 4-benzyl

N ( 2- et hox hy 6819-fodanndy HORE-HSOREQRY 4. & yram ¢ acid as a
yel | ow oi | 3ést5r181&%clﬁl€&&ea()¥%g 288. 1 K/& g X %yep luIil)i(}r,%)\llmxture of

N- ( 2- et hoxX \EDEIGIQ{ 1021 ¢, 51)\8r el m@qﬂ@mylh)ofﬂmhm@mpylytfcmnbm c acid (3.8 g,

13.1 mol, aopl .Ste Q). ~1-(2am ngethyl)benzi m azole(329,|9.8
mol , pr ep&%ﬂ‘iporfgﬁgggn i %Bciogljteéi)eﬁ%%re%% &y}&ﬁ g%b’? %991 56765
PCTNS99/ 0946 entbualed! fhen Qz{:ﬁ@&féw b&wedn Koadhad ﬁnNﬁte@NaﬁbO s§mmnh etic

Conmmuni cati ons) 1991; 21: 535 544), HOBT x H20 (2 i 8 mol ), EDCI x HC
(3.01¢y, 15T8eBrAJexamdd xNvmtmyltmthpttchHgPQZarmbdm sQlOtx@xs,rﬁmH) in 100 nmL of
CH2C12 was stirred at roomtenperature for ours,. The sol ution was
concent r at &425Pmefiltssed FP’WE?F?é‘ﬂi g’dﬁg{%&?@f‘@ﬁ@@% silig gel @%3 sol uti on.

The organi t Igl 4 and brine solutions,
dried (Ngsgﬁ?‘;‘é ie}]% e\révsgg, an §4 tygétﬁﬁégr'_%s? tant tan oil y solid was
chr omat ogr apteeyka(biviyGethgl-] -htemygbaltyryﬁ%m-@«tcmuc CHPEAR) ester gi ve 2.8 g (49%

of N4- ( 2- be dzoI et yl) - N1- (2- et hoxy
5- oxo- tetrgﬁbyazryo ﬁraélléa%”c}w%lyl sopropyl succi nam de as a white foany

solid. 10 11~ S (APCl) mz 432.2 (M-2, 100%. Analysis Calcd for
C22H3HNA0S5 ¢ .508): C, 61.3 8, H 7.02; N, 13 01. Found: C) 61.18; H,
6.95; N, 13.0S. In a process anal ogous to Exanple 3 5 using appropriate

starting materi &lsglutigmof ﬁéRngr*ﬂes@dﬁ?i?‘ﬁ@“@éﬁﬁ@&ﬁé@%%%] es 36 to 52) can

be prepar e@uy;l;hﬁmﬁ&)asru&axmgaaa@rawre@aehybm1r@§r(&rﬁg MY BmBIOt commer ci al | y
avail abl e were prepared follow ng thgisér ocedure of Cuadro A M et al.

Syrrt hel r c Ecampiaer Steapy é‘?dr‘§ﬂ‘1@9¥et2°13° 3 gl in F5anh of FHeChgs N
| - (2- Ethoxyy rredoaq(rjoot ete@‘g}?rx{?ﬁeourid%‘r N2 28I T sdepid s dohdRbe - Y1 ) -ethyl T 20

2- 1 sopropyl-succi AN
20 redissolved into CH;Cly, then treated with EDCI-HCI (8.8 g, 46.0 mmol),

HOBT-H30 (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,Cly and washed successively with 5% HCI and saturated

25 NaHCO3 solutions. The organic extract is dried (NapSO4) 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.



An off white solid. M a OOt NHL o OOM (APCl) mz 430.3 (w1, 100% .
1 7 OCT 2002 BYO 99/5676S PCTI US991 09463 -68 Anal ysis Cal cd for CZ3I1—|37W%02
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. EXAMPLE 37 5

NI - ( 2- Et hoxy- 5- oao-t etrahydro-furan-3-yl)-2-isopropyl-N4-[2-(1-nethyl-IH nd
ol -3-yl)-ethyl]-succinamde Ov a Me-N, NOEt HI o OO An off white
solid, M5 (APCI) mz 444.3 (M1, 53.5%, 299.2 (100% . 10 Analysis Cal cd
for C24H33N3%~ 443.548): C 64.99; H, 7.50; N, 9.47. FpppdsesksssPS. 16, H,
7.47; N, P AROEXAMPLE 3 8 -

N4- [ 2- (5, 6-Di cl ~I or o- benzoi ni dazol - %‘i |)-ethyl]-N -i2-et hoxy- 5- 0x015
tetrahydro-furan-3-yl)-2-isopropyl-succinamde d d Me Me O CEt NNN-N N H

~ OO OA whipe solid. . MBS (APCI) miz 354.1 (100%. . 17 0 CT 2002 WO
991 56765 PCT/ USP9100463 - 69Anal,ysi s Cal cd for cz%szgql | ~T405 (499.398): C,
52.91: |-~ 5. 65 Thaplly] gstesgs clegyied gmpieying shegprocedureof Dgssolig Mygt ah7 * ExaVvPLE 39 S

NL- ( 2- Et hoay,1 QAPedselsraBY-dy f)f Nisaitidr 3lopC Andes mgro@@;[i- N4- (2- phenory
ethyl)-succinamde Me M O CEf HO~ N~O/ OO A white solid. M5 (APCl) mz

407. 2 ( M+1, (befryR%carb2Bayliméth@PIgmetiy)-bAryatlysing]-Caticid atidrl-aCPlldstpN206
(406.483) ' £ 62,08; 10 75 440 Py, Bamfi0 ey 52 29 H 749, N 6.74
tetrakis(triphenylphosphine)palladium (0) (0.462 g, 0.40 mmol) in CH,Cl, is
treated dropwise with phenylsilane (4.26 g, 35.4 mmol). The reaction mixture is
allowed to warm to room temperature over a period of 1 hour, then washed with
saturated KHoPOy4 solution. The organic layer is extracted with 0.5 N NaOH. The
10 basic aqueous phase is acidified with concentrated HCI and extracted with EtOAc.
The organic extract is dried (NapSOy), filtered, 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 isobuty! chloroformate (1.8 g, 12.8 mmol) dropwise. After stirring 30 minutes, the
reaction mixture is added to a solution of diazomethane in diethy! 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 diethy! ether and washed with water (2x) and saturated NaHCO3 solution

(2x) The organic layer is dried (Na2S0O4) and concentrated. The residue is
dissolved in CH,Cly, 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-methy!l)-3-methyl-butyrylamino]-5-bromo-4-oxo-

25 pentanoic acid benzy! ester as a white solid.

Step G
To a solution of (8)-1,1-dimethylethyl[[(7,7-dimethyl-2-
oxobicyclo[2.2.1]hept-1-yl)methyl]sulfonyljcarbamate (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-



EXAl vl PLE 40 15

| ~T1- (2- Et hoay- 5- oxo-tetrahydro-furan-3-yl)-2-isopropyl - N4-(2-(6-neq chg 2007
1H i ndol - 3-yl )-ethyl]-succinam de M- HN O An of F white solid. H Ot O
M5 (APCI) nmi:. 460.1 (Mr1, 1009%. 17 0CT 2D02 WD 99156765 -70

Anal ysis Cal cd for C24H33N306 (4S9.547): C, 62.73; H 7.24; N, 9.14. Found:
C, 63.11; H 7.02; Iv', 9.11. EXAMPLE 41 PCT/ US99/09.t63

N ~-(2-Benzotriazol -1-yl-ethyl)-N -(2-ethoay-5-0ao-tetrahydro-furan-3-yl}
2-isopropyl -succinam de Ove M@ CEt N N-N-T N 1H~- 1 0 OO A%el | ow solid M5
(APCI) mW@ouses1 (M1, 100% . 10 Analysis Calcd for COGMPY2YYES (431 . 496):
C- 58.46, H, 6.77, |~ , 16.23. Found. C, 56 96; H, 6.4S; N, 15.64.

EXAl ~~'LE 42 N 1-(2- Ethoxy 5- oao- te41Fahyd ro-fu

NN N PRy BT bk pRae PSR AR £ 7 To0ss. 1 7

OCT ZOOZ v@s imMoRExémple RCItepBOIA 24 s DMF (3 mL), and the reaction is
stirred overnight. The sample is diluted with EtOAc and washed with brine (2x).
The EtOAc layer is dried (NapSOy4) and concentrated. The residue is

5 chromatographed (silica gel, 40% EtOAc/60% hexanes) to afford 0.271 g of
phenylmethyl-5-[((1,1-dimethylethoxy)carbonyl]-[[(7,7-dimethyl-2-
oxobicyclo[2.2.1]hept-1-yl)methyl]sulfonyl]Jamino]-3-[[2-(1-methylethyl)-1,4-
dioxo-4-[(phenylmethoxy)amino]butyl]Jamino]-4-oxopentanoate as a white foamy
solid.
10 The sample is treated with 50% trifluoroacetic acid in CH»Cly (6 mL) for

1 hour. The sample is diluted with CHCly and washed with saturated NaHCO3
solution. The organic layer is dried (Na3S04) and concentrated to give 0.237 g of

a white solid which is carried on to the next step without further purification.

Step H

15 To a solution of the 2bove 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 HCI, and extracted with EtOAc. The
organic layer is dried (Na3S04) 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 Caled for C7pH35N308S x 0.27 C4HgO2 (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.



-71 Analysis Calcd for C22H3pN4O5 (430.508): C, 61.38; H, 7.02; N 13.01.
Found: C, 60.91; H, 7.16; N, 12.81. EXAWPLE 43 5 7UCT2P|[12
Nl - (2- Et hozy-5-0zo-tetrahydro-furan-3-yl)-2-isopropyl - N4- (2- phenyl am noet

| )-succinamde M Me HOHOEt W NHO/ OO An off-white solid. M (APCI)
mz 406.1 (Mrl, 1C0% 10 Analysis Calcd for C21H31~' 305 X 0.15 H20
(408.201): C, 61.79, H 7.73; N, 10.29. Found. C, 61.77, H, 7.56; N, 10.20.
EXA~' VIPLE 44 h 1-(2-Ethoacy-5-0xo-tetrahyd ro-fu
ran-3-yl)-N4-(2-(6-fluoro-1Hindol-3-yl} 15 ethyl]-2-i succi nam de
F Ove Me W3R J 0 0 0 A white solid. MS (APCI) nf z 3&2{’5%9’{“ 4-1) 100% .
17 0 CT 2002 WO 99/ S6765 -72 Anal )é@ s Calcd for C23H30FN305 (447.511)' C,
61.73; H 6.76; N, 9.39. Found' C, 22; H, 6.S9; N, 10.4S. EXAMPLE 45
PCTNS99109463 5 1\ " | - ( 2- Et hoay- SEO@QvIPIﬁEBahyd

ro-furan-3-yl)-N4-[2 yl -1 H i ndol

et hyl ) - 2- is%b%’bBW“Bﬂcc?’r?a‘i’fﬂfféﬂfw;&]WF?&‘@@F‘PEFSUHOWIMOMI%H NH~00O

M5 (APCI) mnzthgﬂf-g;lheﬁétﬁﬁté‘nba%@?f)/ﬁwthgg %@ﬂy%ﬂxﬁo]@hﬁﬂpéﬂ@ino%ﬁBMOS

(443.548) :
@\/\ O
H
N
H
0 CHs

cozH

5 A tan foamy solid.
MS (APCI) m/z 606.4 (M+1, 25.0%), 346.3 (100%).
Analysis Caled for C30H43N308S x 0.50 HyO (614.764):

C, 58.61; H, 7.21; N, 6.84,
Found: C, 58.62; H, 7.18; N, 6.41.

10 EXAMPLE 4
3-(2-Carbamoylmethyl-3-methyl-butyrylamino)-4-o0x0-5-(2-phenyl-

ethanesulfonyl-amino)-pentanoic acid

AL s L

CO,H
MS (APCI) m/z 456.3 (M+1, 74.7%), 242.2 (100%).
15 Analysis Calcd for CooHpgN307S x 0.13 CF3CO4H (470.357):

C, 51.74; H, 6.24; N, 8.93,
Found: C, 51.70; H, 5.97, N, 8.61.



Found: C, 65.28; H 7.65; N, 9.46. EXAMPLE 46

" 1- (2- et hoxy-5-oaot et rahydro-furan-3-yl)-2-isopropyl - N4-[ 2-(2-net hyl

benzoi m dazol - 1-yl)-ethyl)-succinamde Ove Me CEt N\ NONN O M O b AU[:T 1002
foany off white solid M5 (APCI) mz 446.2 (M2, 55.9%, 445.2 (i\4+1,
51.5%) 300.1 (100% . 17 0O0CT 2002 wo 99156765 PCT/ US99/ 09463 -73

Anal ysis Cal cd for C23H32N405 x 0.50 H20 (453.543): C, 60.91; H, 7.33;

|~ T, 12.35. Found: C, 60.94; H 7.04; Ir', 12.05. EXAMPLE 47 5

N - (2- Et hoay- 5- oxo-t et rahydro-furan-3-yl)-2-isopropyl - 6[53-{9% 4,5trinmet hor -
y- phenyl )v\ﬁcp?*?é?ﬁ&ﬁﬁ] succi nani de MeO Me0 Ove OEt O O A wi“'&S&¥Pi4.._vs (APCI)
mz 495.1 (Mrl) 100% . 10 Analysis Calcd for C25H38N208 (494.590): C,
60.71; H 7.74; N, 5.66. Found: C 6@47 H 7.85; N 5.77. EXA.M'LE 48 N

1- (2- Et hoxy- 5- oxo-tetrahydro- furan %1%52 i sopropyl -1 ~T4-[ 2- (phenyl ) 15
et hyl ] -succi nam de Ove Me CEt N E A white solid. M5 (APCl)" mz 389.1

~~-1, 10 g B f .30 C 64.60; H,
(7I 74; N, 7Qs’i3Mé!g@in%%&n%ﬁ&ﬁ%baﬁfoy%lﬁ%@%@ﬁyﬁ%@n@o]4886&)05 OCT 2002 w0

99/ 5676S meeuﬂ%hmﬂ%fgnylmlr@c@mw&@md

N1- (2- Et hoay- 5- oxo- tetrah;gqlr@ fur 3- yI) 2-1sopropyl - N4-[ 4- (phenyl)
butyl ] - succ e |ve Neij /\/@

COZH

5 A white solid.
MS (APCI) m/z 560.4 (M+1, 50.7%), 346.3 (100%).
Analysis Calcd for CogH37N304S x 0.27 H70 (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

o

CO,H
An off-white solid.
15 Analysis Caled for C3gH45N307S (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 (18)-(+)-10-camphorsulfonamide followed by acylation with

20 di-(t-butyl)-dicarbonate according to the procedure of Example 2, Step B.
Neustadt R. (Tet. Lett 1994;35;379-380). ‘



OCEt \ NNHI OOOS5 Afluffy white solid. hiS (APCl) mz 419.1 (I~ +1,
100% . Analysis Calcd for C23H34N 205 418.538): C, 66.01;H, 8. 19; N, 648%CT 2000
Found: C, 6S.91; H 8 21; N, 6,50. 10 EXAMPLE 50

N1- ( 2- Et hoay- 5- oao-tetrahydro-fu
ran-3-yl)-Nt-(2-indol-1-yl-ethyl)2-isopropyl-succinamde M Me O OEt N N
~NHOOOAdark red-brown solid. is M (ApCl) ~Z 430.1 (M1, looi).

Anal ysis Calcd for C23H31N305 (429.521): C, 64.32; H, 7.28; N, 9.78. Found:
C, 64.68; H 7.02; N, 10.07. 170 CT 2002 WD 99156765 PCTNS99109463 -75
EXAVMPLE WP 9$6762- Et h ogy- 5-oao-t et rahyd ro-fu ran- S-WTﬂsﬁg’?géﬁp__

ropyl - Nd- [ 4- (phenyl } propyl J-succinamde Me M@ OCEt HNHOO O5 Atan
solid. MS (APClI) mz 405.1 (M+1l) 106%. Analysis Calcd for C22H32N205
(404.511): C, 65.32; H_ 7.97; N g&Qpprgound C 66.27; H S.07; N 7.21.

10 E~LAMPLE 52 N 1- (2 Et h oay-5-0a0-to trahyd ro-fu ra n-3-yl)-N-

4-12-(5-f1 us Sb-é-{anthuicﬁ-HS-WI':!)yletrbm{lchraams;dpm@myl] Bupylandm}ee F Me Me OEt

HNOHIi NH | %QA@ of f white solid. 15 MS (APCl) mz 446.1 (i T-1,

100% . Anal§EiSYEAPEd for C23H3OFN305 (447.511): C, 61.73; H 6.76; N,

9.39. Found' C, 61.35; H 6.78; N, 9H§ H, OCT 7002 1VO 99/ 5b765
co,_H

5 Step A
A mixture of (S8)-2-isopropyl-succinic acid 4-tert-butyl ester (14.5 g,
67.0 mmol, Example 2, Step C), EDCI'HCI (15.4 g, 80.3 mmol), benzy! alcohol
(8.7 mL, 84.1 mmol) and 4-dimethylaminopyridine (1.5 g, 12.3 mmol) in 500 mL
of CHClj is stirred at room temperature for 12 hours. The sample is
10 concentrated, then partitioned between EtOAc and saturated NaHCO3 solution.
The organic extract is washed with saturated KHyPO4 and brine solutions, dried
(MgSOy), filtered, and concentrated. The resultant yellow oil is chromatographed
(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 CH,Clp
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 mmol), HOBT-H,0 (2.32 g, 15.15 mmol), EDCI'HCI (2.91 g, 15.18 mmol)
25 and 4-methylmorpholine 2.3 mL (20.65 mmol) in 100 mL of CH,Cl5 is stirred at



-76 EXAMPLE 53

3-{2-[(2-Benzoi m dazol - 1-yl - et hyl car banoyl ) - net hyl ] - 3- et hyl but yr yt a1n=, ng)i YUﬁZ
-0zo-butyric acid M M@ ON-N~ NCHOH I | O C 02H PCT/ US991 09463 5 A
solution of N4-(2-benzoi m dazol - 1-yl -ethyl)-N1-(2-et hoxy-5-0x0
tetrahydro-furan-3-yl)-2-isopropyl-succinamde (1.25 g, 2.4 mol, Exanple
35, Step D) in 25 nL of acetonitrile was treated with 25 nL of 5% HC
solution. The sanple was stirred for 1 hour, then concentrated to an off
white solid. The sanple was vrashed with acetone, filtered, and vacuum
dried towgisyss7bs 10 g of 3-(2-[(2 10 PCT/US99/09463

benzoi m dazol - 1-yl - et hyl car banoyl ) - met hyl | - 3- net hyl - but yryl am no} - 4- oxo
butyric acid, hydrochloride as a whi4se solid, np 134-141C, dec. M5 (APCl)

rr ~ 403 3 (M1, 1009 Si for 6N4Q5 x HCl 1.18 H20
(460.173) . msﬁflpzﬁtuégic’fé?h%{fs-%ﬁeiaf‘ %‘Sc?ﬁe’ifg’u“ﬁ&“d%mgémﬁin H, 6..70, N,

11.52. In aoeﬁfeeﬁammalsag@ua NatiCBsaoftien. 58 ughilg eapef ORablaie starting
materials, the correspondi ng conmpounds (Exanples 54 to 62) can be prepared.
EXAl v>PLE 5«th saturated KH,PO4 and brine solutions, dried (MgSOy), filtered, and

3- ( 3- Met hyl rb vl thyl} 20
bu'gyryl amyrFB?CCEi‘[r%S%fgmt&tYF;? %(95‘16"38}&9'%(9’“63@%”# g%’f G s ]76ge PC}I/'N}SQQI 09463
-7 Mg NS)Qt]h BMtyriciacitll beddt Nﬁdﬂa&@ﬁlylel‘ﬂmeoxr eacti oln mlx/t &ga\évgls_l_ t2)85/| fi e;j)
extracte i e % % acet one
in cHd 2) Mﬁ?&@gm?ﬁgggg(wg ﬁ@r@%ﬁi@ bj@?%ﬁ:gsol id 5 M (APCl) mz
416.2 (M1, 32. mrog&gﬁorﬂof((w2—theﬂﬁ%carb%ﬁﬁyly&btﬁylpalnﬁﬂﬂhyﬂmdtyr@2H29N305 X

g gi C:il;scgzag@( esmr?{tﬁZ?’é: P%ZC m%tola'atgal%on pressure gave (g: SN C 63.16; H

3-(2-{(2- (w(pllfenylywpplcaxbmﬁmethybkm Remi bRyt Aci®isndotlefadipy | | - met hyl } 3- met hyl

-butyryl am_no) oao- butyric aci ¢ i CHO H O C02H The
reactiPon miM® éﬁ%ﬂ\)ﬁ@z Hadieds?: Eg} @?ﬂéﬂ%ﬁ’tgﬁér@(ﬁwgﬁ%tl%f’gphed (1~1~"LO
silica gel 1089 HCO2H 20% acetone in CH2Cl2) to give the title 15 conpound
as a white solid.

Step C
A mixture of (S8)-2-(phenyl-propylcarbamoyl-methyl)-3-methylbutyric
acid (2.04 g, 7.34 mmol, Example 3, Step B), 3-amino-4-hydroxy-butyric acid
15 tert-butyl ester monohydrochloride (1.71 g, 8.08 mmol), HOBT-H,0 (1.24 g,
8.10 mmol), EDCI'-HCI (1.55 g, 8.08 mmol), and 4-methylmorpholine in 50 mL of

CH>Cl, is stirred at room temperature for 12 hours. The sample is concentrated
and then partitioned between EtOAc and saturated NaHCOj3 solution. The organic
extract is washed with saturated KH9POy4 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)-3-{3-methyl-2-[(3-
phenyl-propylcarbamoyl)-methyl])-butyrylamino}-4-hydroxy-butyric acid tert-
buty! ester as a foamy white solid.

MS (APCI) m/z 436.3 (M+2, 100%) and 435.3 (M+1, 83.1%).

25 Step D

A solution of (§,S)-3-{3-methyl-2-[(3-phenyl-propylcarbamoyl)-methyl]-
butyrylamino}-4-hydroxy-butyric acid tert-butyl ester (1.54 g, 3.54 mmo],
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 (J. Org. "C'hem. 1993,58:2899)



(APCI) mz 434.2 (1~ +1, 100% . Analysis Calcd for C22H28FN30~ x 0 96
OH ( 477.669): C, 57.73: H, 6.31; N, 8.80. Found'" C, 57.73: H, 6.
2-

55

l

I , 8.6S. 1 7 OCT z002 CVO 99D6765 PCT/ US99109463 - 78 EXAMPLE SGF?UCT 1001

3-(2-{[2-(5, 6-Di chl oro- benzoi m dazol -1-yl ) - et hyl car banoyl | - net hyl }

3- et hyl - but yryl am no) - 4- oao-butyric acid CL CI M M ONON~ NCHOH I I O
C02H 5 A white solid M5 (APCI) m z 354.1/356.1/358.1 (M-, 100/48.6/14.3%.
Anal ysis Calcd for C2pH24Cl12Ir' 405 x HCL x 0.50 H20 (516.813)' C, 46.48; H,

5.07; N, 10.84. 10 Found: C, 46.56; H, 5.31; N, 10.17. EXAMPLE 57

3-(2-{[ (xB¥EESE M dazol - 1-yl - et hyl ) - net hyl - car banoyl j - HER¥SP9248- net hyl
butyryl am no) - 4-ono-butyric acid / Me M@ ON-N~- NCHO IIV I | MO CO2H A
beige solid. 15 M5 (APCl) ~rrlz 417-2%-(Mtl, 100% . Analysis Calcd for

C21H28N405 1 | O. 98. F d: C
Toas. 1y oo L SR B g rdom A diunthon g s M g1 00403 - 7o
EX'{A‘Q/Pl(—(EZ5BSreduq[tlvely woi'kec:{-up using thelprocedure of D.B. Dessha.ndI C3Ma.rtxtnhj Or, g ) | )
enzotriazol -1-yl - carba me utyryl am no
4- 0ao- but yr ¢eerndP8; ‘P@e‘“%“@%t‘?\él‘@ll‘“‘séﬁg’dq’f(ﬁ Sbgtéﬂqt}ﬁf A'rﬁ of V\%I %le sol i d.
M5 (APCl) niznd0d, 7@1&%&1&9{) - 89P0buty MRS b % SxBloadrit 9kid (hAdRR! ~T505 x 1.54

HC x 0 59 H20 (4
ester as a waxy whxte solid.

MS (APCI) m/z 434.3 (M+2, 83.1%) and 433.3 (M+1, 100%).
Analysis Caled for Co4HzgN2O5 x 0.50 HyO (441.573):

C, 65.28; H, 8.45; N, 6.34.
Found: C, 65.31; H, 8.13; N, 6.16.

10 Step E
A solution of (§,8)-3-{3-methyl-2-[(3-phenyl-propylcarbamoy!)-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 CH,Cl, is stirred at room
temperature for 1 hour. The solution is concentrated and then partitioned between
15 EtOAc and saturated KHoPOy4 solution. The organic extract is washed with

saturated KHoPOy4 and brine solutions, dried (MgSOy), filtered, and concentrated
to give 0.83 g (86%) of (§,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 CogHogN2Os 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.



C) 48.53; H 5.94; N, 14.89. 10 Found: C, 48.54; H 5.94; N 14.S 1.

EXAMPLE 59 ~170CT 2002
3-{2-((2-1ndazol -1-yl -ct hyl car banoyl ) - net hyl ) - 3- et hyl - but yryl am no}
4-oao-butyric acid / I~ie M@ O~ ~N~ NCHOH 1 I O CO2H An off white solid.

15 Ms (APClI) mz 403.1 (M1, 100% . Analysis Calcd for C2pH26N40~ 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. 1 7 OCT 2002 BYO 99| 56765 PCTNS99109463 -80 EXA.Ivi PLE 60

3-[2-({[2- (5 6- Di net hyl - benzoi m dazol - 1-yl)-ethyl)-nme oyl }

met hyl ) - WOBYEHEA - but yryI ami no] 4- oxo-butyric acid Me NEEX;ES%P%MM N CHO |
Il"Me O CO2H A white solid. MS (APCI) ma 443.1 (hT-1, 100% . Analysis

Cal cd for C23H32N405 x 2.0 HO x 085 H20 (523.763): C 5Z.74; H, 6.68; N,
10.70. 10 Found: C, 52.7g H, 6. %&A}B‘PLEW 39. E~ vl PLE 61

3[2({(2 2-111ethyl -benzoi m dazol -eth rrethylcarbarmyl} met hyl )
3- et hyl - %rmt%%{&ﬂ ah%ﬂkﬁx-mvgs%rbéma&g aleimﬂ,b W@'NM “*PF- N CHO | ~T Me H
O CO2H An phd rivhige solid. 15 MS (APCl) nr/z 415.1 (M1, 100% . Analysis
Cal cd for C21H28N4O~ x 1.1 HO (456.588): C, 55.24; H, 6.42; N, 12.27.
Found: C, 55.14, H, 6 64, N, 11.01. H3 Hy

) o)

H
0
Co,H

5 A foamy white solid.
MS (APCI) m/z 379.1 (M+1, 100%).
Analysis Caled for CygHpgN2Og x 0.50 HpO (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-nxo0-bicyclo[2.2.1] hept-1-yImethanesulfonylamino)-3-{3-
methyl-2-[(2-phenoxy-ethylcarbamoyl)-methyl}-butyrylamino}-4-oxo-

pentanoic acid

CO,H
15 Step A
A mixture of (S)-2-(3-phenoxy-ethylcarbamoyl-methy!)-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;Clj is stirred at room temperature for

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



170 CT 200Z wo 991 56765 PCTI US99l 09463 -81 EXAMPLE 62
3-(3-net hyl - 2- {(3 (3, 4,5-trinmethoay- pheny) - propyl car banoyl ] - net hyl}'|7[]CT zggz
butyr 3~l am no) - 4- cao-butyric acid M Me 0 MeO ~ | N CHO M0 ~ 0 CO2H Me
white solid. M5 (APCl) mz 467.1 (M+l, 100% . Analysis Calcd for 023HB4N208
x 0.70 H20 (479.147): C, 57.66; H, 7.45; 1~T, 5.85. 10 Found: C) 57.44; H,
7.13; N, 5.72. EXAlutPLE 63
3-{3-i~iethyl-2-[(2-phenoxy-ethyl carbanoyl ) -net hyl ] - but yryl am no} - 4- oao
butyric acid ethr~| ester M M@ OH O- N CHO H 0 CO2Et }UE%/O » 5 A mxture
of (S)-2¥P8YPBpyl - succinic acid 1-benzyl ester (10. 1P§T 2 | ) Exanpl e
3) Step A, 2-phenoxy-1l-ethylamne (6.1 g, 44.2 mol), HOBT x H20 (7.7 g,
50.2 mmol ), EDCI x HO (9.6 g, 50.24%nmol) and N-net hyl mor pholine (6.6 ni,
60. 0 mol ) Ch#e nietehdrE @ valshd: ature for 12
hour s. Thesé@r%?%%ﬁég%ntraﬁ%ﬂ t hen %artl tdﬁg?e%%%é{)et ween Et OAc and
sat ur at ed I‘Ha{jm%aﬁ@bmﬁdmrmnoﬂ'hdned@dgﬂ@n),eﬁdterealcand\mmem&ecrhwth sat ur at ed
| CH2P04 and brine solutions, dried (MySO4); filtered, and concentrated. The
resul tant Iseropleisichupaiatbevense AR sH g8 Aph 25 hwpne/75% EtOde) tpetive 1 7 OCT

02 wo 99/, { 0 SC% hexanes-50%
%)mc) 2 g?;@ Q?5P§J®§%Zé%%%§hy@2[(§%da%@éﬂ?ﬁargﬁr{aﬁ% LRy 1f-
(S)-25[(2- ph@rn@a«wn@}rmtxe@rab@rﬂow)buﬁépwllrmghﬁ@sthyasamhnytsolcd acid benzyl
ester as aphd '(Mlli gogeo );55 (APCl) mz 370.0 (M1, 1009 .
Hydr ogenati on of henox - et hyI car banoyl ) -nmet hyl ] - 3-nmethyl 5
butyric achlabélﬁE?lICdﬁ% HHQ&TQZ@J 643847 mmol) with 20% Pd/C in 100 ni of

et hanol at ball o . ; e 9.6 g (--100% of

(S)-2-[(2- phenogy&e@hﬁzg E‘&S Ynethyl]-3-nmethyl -butyric acid as a |ight
yel | ow oi | Foba: CARED ), Hy7 852805.97.(M+1) 1009 . Step B 10 A mixture of
(S)-2-[(2-phenoxy-et hyl car banoyl ) -net hyl ]-3-net hyl butyric acid {4.8 g, 17.2
nmol , Exanple 63, Step A), 3-am no-4-pentenoic acid ethyl ester

hydr &€ hl oriSd@BB 8 g, 21.2 mol, prepared using the procedure of Hawser

F.M et al. (3.3 9, 21.5
mol ), EDO x H?E?%‘%‘ ig%%f]ag%o’é‘l%ﬁ"%%é Mp m)rp See: (4.7 ni, 15
42.7 mmol ) phmokﬁ@thyrﬂgarbim@mm@ymmtmlammeﬁsmcmrmm4tempbetyaesmre for 12
hours. The,s n e pﬁ&%\gen Et OAc and

sat urat ed Ir%é’t@rﬁ@l %58@5@2%;1 %tr%{}'se “¥ d&%}f’ washed with sat.
KH2P04 and abdddnigopsodeldtd Mrisblunhrhyédﬂ(dvg@@@n (4f7|3ImIer9€0d,mra¢1}j Thencentrated. The
r esu'lg ant 3§§H>19Y¥ s%lec}/for 30 minutes, acidified with saturated KHyPOy4 solution,

concentrated (to remove most of the THF) and extracted with EtOAc. The organic

extract is washed with brine solution, dried (MgSQy), filtered, and concentrated to
a light yellow oil. The sample is crystallized from CHyCly-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 Caled for Co3H34N»07 (450.537):
C, 61.32; H, 7.61; N, 6.22.
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-
((2-phenoxy-ethylcarbamoy!l)-methyl]-butyrylamino}-succinic acid 4-tert-butyl
ester (2.92 g, 6.47 mmol) is converted to 3.25 g (95.2%) of (8,S)-5-bromo-3-{3-
methyl-2-[(2-phenoxy-ethylcarbamoyl)-methyl]-butyrylamino}-4-oxo-pentanoic
30 acid, tert-butyl ester as an off-white solid. |



solid was chromat ogaphed (~~LC) silica gel, 25% hexanes-75% Et OAc) to give
20 4.2 g (609 of 3-{3-nethyl-2-[(2- phenoxy et hyl car banoyl ) - net hyl}17[lm ?U[)Z
but yc~yl am no} - 4- pentenoi c acid ethyl ester as a waxy light yellow soli

M5 (APCI) miz 405.1 (M+l, 100% . Step C Ozone gas was bubbl ed through a
solution at -78C of 3-{3-nethyl-2 25

[ (2- phenoxy- et hyl car banoyl ) - met hyl ] - but yryl am no} - 4- pent enoi ¢ aci d et hyl
ester (4.2 g, 10.3 mml, Exanple 63, Step B) in 100 nmL of CH2Cl2 until a
bl ue color forned. The reacti on was quenched at -78C by dropw se addition
of di met MPA9&EM%ide (2.3 nL, 31.3 nmml). The sanple waf)éwcué?;)é‘?ﬁ’rat ed, then
partitioned between Et OAc and saturated NaHCO3 sol ution. The organic
extract was washed 30 with saturatef®KH2P04 and brine solutions, dried

(1 -19504) , N tAsRipsl: coonment (edonod 770, C ~ 2002 ~4 O 99/ 56765
PCTNS99/ 09463 - 83" and chr omat ographed ( LC, silica gel, 25% hexanes-75%

Et CAc) to give

3-{3- et hylsiggs 1 ( 2- phenoxy- et hyl car bam)yl) met hyl ] - but yryl am no} - 4- oxobut yri
c acid ethyl ester as a whjte solid. 2AE§93 ~Z 407 1 (M Ioo% 5
Anal ysi s Cal cd F®p S ee»rﬁoreteﬁpem LGP Qtsul@maraxge 7.47; N,

6.84. Foungi, O@g 361]4 o] ﬁepa?ed‘lf@om f‘i,S @-)61% ersﬂfcﬁﬂmlde followm the
3- Cyano- 3- {3-n8 2-1(2- pheno= et hyl| -butyryl am no} 10
propi dni c &Y ﬁlO@tPFﬁFFd%%?fé‘C% I‘f\?@s‘@d 8- Jel P(le@\lgﬁlzﬂ Q‘étm &3 A A sol ution

of 4-am no-Bph(FieRFNH AKHE PERBRYbthssRM @HJbut&adéK@sbg,tﬁf‘ﬁhﬁoﬁCTt@ (8.9 g, 33.5
mol ) and 10 drops of concentrated sulfuric acid in of 1 S ethanol

was ref | uxeampleis stiredws oo temperatyesl for IGminpkes, copled &0° Ceﬁw&é'mt?cht ed, then

partitioned, hetws eg)g v @8&). 3R ch 324 4. %{z&gbll\l@%égag,lm 1 am gﬁsor gani c

extract was wa wth saturated '] rrne 'so dri ed
(MyS04) , f intethtleuptyrepming bAEPPerianes ackd, tgrtvhatyl estergﬁl(sﬂa% 8dpmmelami no

- 3- enzyl I Iy r as a white
sol |[ g@ 2oy|\/E{|s;‘§’¥‘E1 B¢ Q‘y@ Tﬂma%%]e X al%&d@%@mé&ﬁg c%%lrkéﬁ?' CL4H18N205

(294. 310) : o&;mami sampleesm@tmowed@mgnﬂx@mandeturmd28 H 6.11; N, 9.45.

Hydrogenat 0XO0- but anoi ¢ 25
acid et hyI ?rf%lg IT? éxg%&%%’t@?ﬂﬁ@t&gﬁﬂéé) Cﬁﬂtf&%@%h of ethanol at

bal | oon IMES@@I ATQER covde AR RO ERrBiEAbLHIFHRE QOIPE B, sifich gol, 85%Ure gave 1.2 ¢
(--100% of 3-4-diam no-4-oxo-butanoic acid ethyl ester as a colorless oily

solid. M5 haroesySoky 2tOre] togiyen4B, 8 (A pf 1, Sdipetey18hyl Smiilfdtlar e of

(925 [(2 epﬁa%aa@ﬂxébi@nﬁgwxdaaw bbbyl yric acid (2.5 ¢, 9.0

yl)methy] Jsulfonyl]amino]-3-[[2-(1 methylethyl) 1,4- leXO-4 [2-
phenoxyethyl)amino]butyl]amino]-4-oxopentanoate as a foamy white solid.
MS (APCI) nvz 778.3 (M+1, 100%).

Step E

20 A solution of 1,1-dimethylethyl 5-[[(1,1-dimethylethoxy)carbonyl}-[[(7,7-
dimethyl-2-oxobicyclo[2.2.1]hept-1-yl)methyl]sulfonyl]amino]-3-{[2-(1-
methylethyl)-1,4-dioxo-4-[(2-phenoxyethyl)amino]butyl]amino]-4-oxopentanoate
(1.38 g, 1.77 mmol, Example 4, Step D) and 10 mL of trifluoroacetic acid in

20 mL of CHyClj 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 KHPO4 solution to a pH ~5.0 and extracted with
EtOAc. The organic extract is washed with brine solution, dried (MgSQO4y),
filtered, and concentrated to give 0.57 g (52%) of 5-(7,7-dimethyl-2-oxo-

30 bicyclo[2.2 1]hept-1-ylmethanesul fonylamino)-3-{3-methyl-2-[(2-phenoxy-



acid ethyl ester (1.2 g, 7.4 mol, Exanple 64, Step A)) HOBT x H20 (1.4 g,
9.3 mol)) EDCI x HCl (3.6 g, 18.6 mol) and N-net hyl nor phol i ne (2.1 rﬁf.’TZU[]Z
19.1 mmol) in 100 nm. of CH2Cl2 was stirred at roomtenperature for Z
hours. 10 The sanple was concentrated, then partitioned ber<veen Et OAc and
saturated I rTaHC03 sol ution. The organic extract was washed with saturated
KH2P04 and brine solutions, dried (MyS04), filtered, and concentrated. The
resultant off white oily-solid was chromat ographed (MPLC, silica gel, S%
met hanol in chloroforn) to give 0.3S g (11%

of 4-am n&%g-gf’g{‘sﬁet hyl - 2-[ (2- phenoxy- et hyl car banoyl ) . 15PCT/U599/09463___

nmet hyl ] - but yryl am no} - 4-oxo-butyric gcid ethyl ester as a white solid. M
(APCl) mz 420.1 (i~2-1, 30.9%, 3727"1 (100% . Analysis Calcd for
C21H31N306 dtihehrth@Byl)-n{sthyBbubfylaiino}-4ddko-Phtafbideid FoUehy Whité0. 23; H, 7. 38;
N, 9.90 20 S},&r&c To stirring solution at OC under N2 of ’

4- ani no- 3- {8igEramAcuBL 9 2

phenoxz/beg EMBQA%@%W&%:IWWHD.?%%W%Z&M]Oaé/%). 4- SXO- but Kr ic aci d( gt %I "
ester : g : : et ep and triethyiam ne : :
2.08 nmol) ARy C}?ﬁ“%&%ﬂkﬁéﬁ%&ﬁ@%% opwi se trifluoroacetic anhydride
(0.14.m, 25 0. I |l e ivas stirred at OC for 1 hour) then
quencﬁed at 0C %ﬁsm&&&e}b@a@ﬁon of saturated NaHCO3 sol ution (~10 ni).
The sanpl e Ewasd: A ERtE At BdN, 6.68n er-tracted with Et OAc. The organic
extract was was ' ! o) [ dried
(MyS04), filter 2‘@,9f°¥ﬁ§“§§§%’§%‘?‘ngﬁ‘ﬁéﬁﬂﬂ?@%ﬁ'@é’@’%;&(#f/ﬁ%&?@? lica gel, 25%
hexanes- 75%&m@ad) afforded 0.21 g 1 7 0 C T 2002 w0 991 56765

PCTNS99/ 09463 -85 (63% of

3-cyano- 3-{3-net hyl - 2-[ ( 2- phenoxy- et hyl car banoyl ) - net hyl ]

but yryl ani no} - propi oni ¢ aci d et mxgrmas a white solid. M5 (APCl) m z
404.1 (Mr1l~ 100% . Analysis Calcd for C21H29N305 x 0.35 H20 (409.788): 5 C,
61.5380 H, 7-Betletyyl-IcphEgethplsargmogl-mgthyhdutyyylamipg-4-050-5(87. EXAMPLE 65

3- Cyano- 3- {ﬁ,;enﬁtﬂ}xkgﬁ{ag;%}glgmg@yh%hyI car banoyl ) - met hyl | - but yryl am no}
propionic acid M 0 ~NCNHOCO2H 10 Step A A m xture of
(S)-2-[(2-phenoxy- et hyl car banoyl ) - net hyl ] -3-nmet hyl buty-ric acid (1.67 g,
5.99 nmol, Exanple 63, Step B¢ HEHgp(QiBu) - OmeHA (1.~8 g, 6.59 mmol ),

HOBTH20 (1.00 g,~8%p3 mmol ) 4 HO (1. el ) and
N-rrethylrmrpholl .50 , 13} 64 pnol 12 was stirred at
room t enper at ur e~gof R B ated, then

O S -

partitioned bet~veen Et OAg; and sat!l NaHCO3 sol ution. The organic eh-tract
was washed with saturated 1: CH2P040 and ine _solutions, dried (MS04),
filtered, and concentrated. The resul tantcc}l}lil ow oi | was 20 chromat ogr aphed
{MPLC, silica gel, 25% hexanes/ 75% EtOAc) to give |1.69 g (61% of
2-{ 3- net hy|4 »htg slighenoxy- et hyl car banoyl ) - net hyl ] - but yryl ani no} succi ni ¢
acid 4-terthipgw¢1)ﬁ§gg7_zlmt, hydwester as a waxy white solid. M5 (APCl) nlz

0o

465, 2 (M1, 1009 .
15 Analysis’Calcd for CogH3gN205S (526.701):

C, 66.13; H, 7.27; N, 5.32.
Found: C, 65.99; H, 7.24: N, 5.20.



1 7 OCT Z002 wO 99156765 PCITNS99109463 -865tep B A sol ution of

2-{3-net hyl - 2-[ (2- phenoxy- et hyl car banoyl ) - net hyl ] butyrylanino}-sucgz%tz
acid 4-tent-butyl ester 1-nmethyl ester (1.69 g, 3.65 mol, Exanple , Jg%
A) in 20 nL of THF at roomtenperature was treated with 5 1.0 MIithium
hydr oxi de solution (4.4 nm_, 4.40 mmol). The cl oudy sanple was stirred at
roomtenperature for 1 hour, acidified with saturated KH2P04 solution (--50 -
m.), concentrated (to renove nost of the THF), then extracted with Et QAc.
The organi c extract was washed with brine solution, dried Mg804) and
filtered \YQ9El6 1.38 g (84% of PCT/US39/05463 ~
2-{3-net hyl - 2-[ (2- phenoxy- et hyl car banmoyl ) - met hyl | 10 .
but yn-yl am no}-succinic acid 4 tent -Putyl ester as a white solid. M5 (APCl)
mz 451.2 (M1, 76.5%, 179. I Qgggﬂ,@pgly5|s Cal cd for C23H34N207 x 0.20
H20 (454.140): C, 60.83; H, 7.64, N éﬂ Found: C, 60.84; H, 7.63; |-~1,
5.98. 15 St &7, El)hngtthyhsz-pxpgbxsmlqu Bdﬂﬁe@t 1-ylmethanesulfonylamino)-3-{3-

2- { 3- net hyl I r,yl am no} - succinic
acid 4- tent"b*§L?T@n%§9§¥Tﬁ%%MCQQ%QQ§BXL&PﬁFEB§%%?BH@¥4yStep B) and
N- met hyl nor ptepentagoi¢ i1 nl, 2.82 mml) in 25 nL of CH2Cl12 at ca -45C (Dry
| ce- CH3CN slurry) was treated dropwi se with iso-butyl 20 chl oroformate
(0.32 nL, 2.47 muol). The npl e s stirred for 15 m nutes, then quenched
by dropw se Kt{ion of c§§§ an%pnlunthydrOX|de solutlon (5 n).
The sanpl e | owed tojwarmto rpom tenpepature) concentrated, then
extracted w . t 3. Wasevu mnth E@tne sol ution,
dried (MgS04) ,~and ™ Til tired S 33- { 3- net hyl
25 2-[ (2- phenoxy- et hyl car banoyl ) 0x0- but anoic acid
tertbutyl ester as a wffle solid.” M5 ( Mz a2 $392. 6%, 374.0
(100%5. The above prinmary ami de was dehydr4ated using the sane conditions as
descri bed i An GXavHRE @oabfsold. €P C) t hen chronatographed (MPLC, silica gel,
25@6hexanes/75%>EtOAc% 8 9 of 3-cyano-3-{3-nethyl - 2- [(2 30
phenoxy- et YSEAPBRAY 30%@§h&5?3%ﬁﬁﬁ yI(E88"o} - propi onic acid tert-butyl
ester as a i 99156765 87 M (APCl) niz
305. 1 (100%. %%T?‘%Jéig /lHéiﬁég 5?’&% a[;}%@so 14t 6n of
3-cyano- 3- {3 metd)pk.s2-H, 20pRehexy- et hyl car banmoyl ) met hyl ] - but yryl am no} - pr op
ion| aC|d _ r. 4 g, 1.48 mmol, 5 Exanple 65, Step C) and
of t %‘§3§§§€§%%&a§ig3'n 25 nL of CH2A 2 was stirred at room
tenperature for 1 hour. The solution was concentrated, then partitioned
bet ween Et CAc and saturated KH2 -%?Lgt hon. The organic extract was washed
with brine solution) dried tered, and concentrated to a |ight
yel | ow oi | .5-G»ePhyé¢thdtZreso- 1(!635@ M}]h&a&l-atméhlaranldfmhbmmd) B{3w y solidified.
gocggﬁosg%ahm (Bt R § % AN VAT Iy B Doty By .68 9 (49% of
met hyl - 2- [(mmph@nbxylethylcarbanDyI) met hyl ) - but yryl am no}-propionic acid
as a white solid. Ms (APCI) z 37, .0 (M2, 1009 . AnaIyS|s Cal cd for
C19H25N305 x 1.20 H20 (397§b ' kol 54.-48;, H, 6.96; N, 10.58. Found. C,

57.53; H 6.68; N, 10.28. R CAlHASSYSH
N \
H // \\
O

C
15 O,H

A foamy white solid
MS (APCI) vz 620.2 (M+1, 37.7%), 360.2 (100%).
Caled for C31Hy5N30gS x 0.50 HyO (628.791):

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



L~~1 TI ON STUDI ES Conpounds of Formula | are inhibitors of | CE as denonstrated
by 20 nmeasurenent of Ki (1.~.M and 1C50 (pM using the protocol deqqrg}t{ezqu
herein. Serial dilutions of each conpound of the invention are prepare
using an initial 8-fold dilution of a DMSO stock into HGE (100 m ' vl HEPES,
20% gl ycerol 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% DVSO are 25 placed in triplicate onto a 96-well mcrotiter plate.
Enzynme is diluted into assay bui Ter (HGE, 5 mM DIT, 155 LA M 00463

Ac- Tyr - VRIOBBHnsp- AlviC, 0.5 nMfinal enzyne concentration, pre-warmed to
30C), and this reaction mixture is added to the plate at 90 1tL/well.
Substrate hydrolysis is nonitored f 0¥2-300 seconds at 30C 1 7 0 C T 2002
CVO 991 56765 PCT/ US99109463 _88 wghngr 383 and 460 nm excitati on and

em ssion filters, respectively. Triplicate curves are_averaged, ahd sl opes
are eval uatEf-Methyl-2d@rpheayreropylstrbargyByasthdl-bukirylaping <-o5p-Sper cent

i nhi bition agxgaﬁmrgﬂgn_gwpbg,ﬂ%a@aaﬂe fit by non-linear regression to a
reversi ble, conpetitive nodel: 5 % nhibition = 100 [I] I~I+K 11+ [5] | K
st where the conpetition factdhGsSH; + (S]/K~ = 2. ICE Colorinetric

Dose- Response (1 C50) Assay Diguteg inhibifpor stocks are prepared by
two-fold serial dilution fromjia pfi y stjock whose concentration is

sel ect ed (baseg@d oQ, 5Cree brioRzattegpt s at | C50

eval uation) to eve appibxi matel ¥ 95% i nhi bi t n the nost

concentrated wekEZ Ali quots of each¥di | uN re 1) red to a
ety 5

mcrotitre plate in triplicate. 1 CE enzyne iluted To approxi mately 24
nMin HGE buffer (100 nM Hepes pH 7.5, 0.5 rru' vf EDTA) 20% gl ycerol) 0.1%
Bovi né Ser ubt3sBifri n 15 (BSA), and activated by adding dithiothreitol (DTT)

‘to a final }aenseot ki s @f+15 60k%), 3HBe (@agdekyat ed enzyne is then aliquoted
into wells containing inhi bitor or vehicle, and the plate is preincubated
for 60 m nuARYSBCAHBErROBaNRRE Xt AR 2SR e (Ac- Tyr- Val - Al a- Asp- pNA)
is added to eac , Ay concentration of SO uM and plates are

pl aced in the n&:%%%’ﬁ‘g'?’gllgtgalr'eader 20 thernostated to 25C. Beginning 5
m nut es af tRounddijict BoyH,6¢f18sbs00.at e, absorbance (40S nm of wells is
monitored for 1 hour, and activity is calculated as the nean rate of change
in absorbance during this interval. PB11~IC Cellular Assay - |C50

Det erlfi nati ons Further evidence EX&MPEEMJounds of Fornmula | are inhibitors

of ICE is ' & iJ4 knhi.BiG 5] roduction in
human peri gsﬁgsgg%nﬂgggbkﬁgﬁ%&%géﬁ icgﬁ%]ozﬁ &’%%yﬁ és[t{d%%%r?bed her ei n PBMCs
ar e i sol at egtopylearbamgylpn@tiGITb ppGRamidob4{036-pEBtapPdTiatid99109463 - 89

hepari ni zed bl ood by centrifugation over a ficoll cu/sﬂ;.\(zn, t hen washed
three times with phosphat e-buff éhy {ne. PBMCs ar‘e sbuspended in a nmedium
containing RPM 1640 with gl ut %{n n peni ci Ibi n) sti B’E{/)ci n, and 2% human
AB serum then plated at 106 cegjls per well pjn 96-wel |} flat bottom pl at es.
PBMCs are 5 sti nuhat eelhovemri i (i} fO Li ol ysacchari de (LPS,
E. coli strain | X bsence of a

conpound of Forul 3 0
O,H
MS (APCI) m/z 599 (M+1, 13%).
15 Analysis Caled for C34H3gN40¢ x CF3COoHxH,0 (730.745):

C, 59.17; H, 5.66; N, 7.67.
Found: C, 58.84; H, 5.61; N, 7.68.



Mediumis harvested, and the level of mature IL,-1 j3 was determ ned using
an ELI SA kit from R& Systens. Cells were cultured for an additi onal.l 74[]CT 2000
hours in the presence of

3-(4,5-dimethylthiazol -2-yl)-2,5-di phenyltetrazolium brom de 10 (MIT) to
determne viability. Ich-2 Colorinetric Dose-Response (1 C50) Assay
Inhibition of Ich-2 enzyne is assayed as descri bed above for |ICE, except
that enzynme is used at 64 nlvi, and 60 E.rMof the Ich-2-specific substrate
Ac-Leu d u-Val -Asp-pNA is used instead of the I CE substrate

Ac- Tyr - P S%$6365Asp- pNA. 15 The results of these test sp%ﬁ’\%\sg%’ﬂ%%__bel ow in
Tabl e 2. 1 7 OCT 2002 BYO 99156 765 -90TABLE 2 PCT/ US99/ 09463 Exanpl e
No. | CE Ki (perl CE | CSp (perPBMC | CSp-(~I CHZ |1 C50 (Caspase 4)

(1~11. 6014. 5082. 5088. 9620. 1060.%%%31.53130. 0450. 403. 004. 6542. 1816. 8065. 00
9. 7250. 3363. 5535. 009. 0260. 1421. 0603. 259.5970. 1150. 4446. 0020. 7280-01S00. 543.
75- - 90. 0235807, 0D3@e thPid2 -2 Bioy b 9 3.1 hirp 21-y b Barizdil @y 8800)434(®5. S015. 69120. 0128

0.0611. 201, 7/ 130, Q067 . . 008719.,00-- 150. 4412, 05017. 5013.
08160. oo25@%&%6’%?%?%’%%?%’38‘33%‘3@%& ‘g‘gg%é9’ﬁ§’g°é‘bf}°d§942. 053. 01190, 000
90. 008S0. 402. 38200. 0GHED. 2.4S61. 97210. 02800. 1307. 50209. 07220. 1330I . 6700
19. 00- - 230. 00290. 01453, BOA. 43240. 02070. 36001. 608. 66250, 00580. 04831. 103. 5426
0. 02660. 13602. 009. 99270. §1750, 14709 009. 93280. 00610. 254H0. 555. 58290. 02450. 1
1301.904.793q8%0011 . 00520, 418 143 0. 00S§8.241. £4320. 02600. 45803. 3014
. 12330. 00650. sg$.6 9 591 c~.2002 WO 99/ 567b5
PCT/ US99/ 09463 - $il Exanpl e Clp T CS PBMVCY1 CSOTHH2 | CSO ( Caspase

4) (N~350.0S o
70. 02990, 58102. 00127. 60380. 01640. 377

111. 06005. 50- - 360. 63000. S9901. 30101
03. 4018. 73390. 446513. 20005. 00- - 400. 03541. / S002. 90- - 410. 409013. 000017. 50--42
0. 19101. 73007. 50- - 430. 098I 2. 28007. 60- - 440. 04751. 22002. 50- - 450. 03700. 7S002. 6
0173.5834605GR#40. 43806. S0366. 57471. 9300! 12. 000011. 00- - 481. 006059. 900013. 50-

-492.1500123.oqggfThééggﬁggaggﬁggﬂg;kggme5;9§;§?55R0@;géggp-520.01850.48550
. 75--530. 02000. 07378.3032. 51540. 00400, 03702. 8511. 13550. 00790. D3705. 3011. 485

60. 00440. Ozgdstormareryrethobdanty by gyreew) susee o Belldsser. 7510. 63590. 0332

U. 05663. 754.0, ; . 02, 7002332 0. 2742.56023. 00
636.92197.%g£%9§%%4@%§%giggggg-99%%’% %%$h§%%595 10 %@gggm‘ O 99/ 56765 - 92

PCT/ US99/ 098%73 offiSe(Rf* &) ot higrt D iorespbany madyat-emethybbutymlasugout thi s pat ent

applijocat i ofcikERED 445621 BYAr.0% iRt byik) - 1- pi perazi ne et hane sulfonic acid
DIT Dithiothreitol EDTA Ethylene diamne tetra acetic acid Ac Acetyl Qu

G ut ami ¢ aMSAAPED Ve 623 heViTh 2744 end 36 ABE-5/409%Mk Al a Al ani ne Asp Aspartic

Acid AMC 7zl - Aedet BYJH ki nyg@NA Para~nitroaniline np Melting point
Et CAc Et hyl acsét at% VS %as’g Sgect n. i jr:iATHF Tetrahydrofuran t-Bu tert-Butyl
C, 62.69; H, 7.41; N, 3.32.

Found: C, 62.42; H, 7.33; N, 3.17.

15 Step B
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, 55.43; H, 6.47; N, 2.81.
25 Found: C, 55.28; H, €.33; N, 2.77.



Me Met hyl DVF Di net hyl f or mram de MPLC Medi um pressure |iquid chromat ography

psi g Pounds per square inch (gauge) HOBt 1-Hydroxybenzotri azol e EDCII CT.2000
| ~T- et hyl -1 ~"-di met hyl am nopr opyl car bodi i m de 170CT 2002 - gch/Zél. I @
~Yhat is clained is: 1. A conmpound of the Forrula |l A R R ~-ON-1 2~ R

R3 05 wherein Ol 1 CGXYis ~, CO2R 00 or OC1-C6 alkyl C=N, COR . 2

each R is independently hydroen or C1-C6 allyl; 10 RlL and RZ arc

i ndependent |y hydrogen, C1-C6 allyl, -OH -(CHZ)n aryl, -(CH2)n-substituted
aryl, -(CH2) n-OCaryl, -(CH2)n O substituted aryl, 1 S - -S-aryl,
-(CHZ) n- 8@ WH&Ft uted aryl, -(CH2)n-S-heteroaryl, .1 %WW?OQZ -94
-(CH2) n- S-substituted heteroaryl, -(CH2)n'~~-at' Yl ~ -(CH2)n-NR -substituted
aryl, -(CH2)n-1~TR -heteroaryl) -(CH¥n-NR -substituted heteroaryl,

- (CH2) n- hetﬁglgg:yl, or -(CH2)n-substituted heteroaryl; each nis

| ndependentTy to 6, R is hydrogen or C1-C6 allyl; 10 R4 is Cl-C6 al kyl
or hydrogen; andoX solstipyefr(Shyba-dingethylefp) A7, Red@ugtoty n- zryl, 15 R 0 0

;( _CI_Z!-I 2 ?aﬂg)s?}x(o%&&z.ﬁﬂﬁw-{-S’f)ﬁgthﬁﬁ%llfonﬁﬂagmgte%!hsﬁ,%'mrﬁél)' i('xCHZ) ri
anhydrous DMF (4 mL) is added potassium tert-butoxide (0.307 g, 2.74 mmol).
5 The reaction is stirred under a nitrogen atmosphere for 30 minutes. This solution
is then added dropwise to a solution of [S-(R*,R*)]-5-bromo-3-(2-tert-
butoxycarbonylmethyl-3-methyl-butyrylamino)-4-oxo-pentanoic acid benzy! 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 (NapSO4) and concéntrated. The residue is

chromatographed (silica gel, 20% EtOAc in hexanes) to afford 0.850 g of
phenylmethyl-5-[[(1,1-dimethylethoxy)carbonyl]-[[(7,7-dimethy]-2-
oxobicyclo[2.2.1]hept-1-yl)methyl]sulfonyljamino]-3-[[4-(1,1-dimethylethoxy)-2-

(1-methylethyl)-1,4-dioxobutyl]amino}-4-oxopentanoate as a white foamy solid.

15 Step D
Phenylmethy!-5-[[(1,1-dimethylethoxy)carbonyl]-[[(7,7-dimethy]-2-
oxobicyclo[2.2.1]hept-1-yl)methyl]sulfonyljamino]-3-[[4-(1,1-dimethylethoxy)-2-
(1-methylethyl)-1,4-dioxobutyl]amino]-4-oxopentanoate (0.850 g, 1.15 mmol,
Example 5, Step C) is treated with trifluoroacetic acid/CHCly (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
CH,Cly and treated with EDCI-HCI (0,441 g, 2.3 mmol), HOBT'H,0 (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 NaHCO3 solutions.

The organic extract is dried (NapSOg4) 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.l]hept-l-ylmethanesulfonylamino)#-oxo-pentz;noic acid benzyl ester

as a white solid.



CH3 R~ 0 p CH3 - (CH2)n-N-s-(CH2)n O 1 7 OCT 2002 -95 CH3 ~ ~ 0 CH3
-(CH2)n IvT-S-(CH2)n, O CHB R~ ~HC -(CHY)ri NS (CH2)n O I O-(szl)ﬂ:dT 0
S-(CH2)n-aryl, -(CH2)n-S-(CH2)n-substituted aryl, / \~ -(CH2rO \ ~ , ‘or 'C;Q’.?)
Nl ~~T-R, -(CH-)ri O and the pharmaceutically acceptable salts thereof. A
compound in accordance with CGaim21 wherein R is hydrogen or nethyl. 10 3.
A conpound in accordance wwth Caim1l wherein each R is hydrogen. 4. A
conmpound in accordance with Claiml wherein R3 is hydrogen, and R4 is

met hyl, ethyl) or isopropyl. 1 7 OCT 200Z -96S. A conpound in accordance
with O aM@%/5@&rein RL is hydrogen or nethyl; and Rz BCSUSP¥¥5 n- phenyl ,
hydr ogen, S -(CH2)n-0-phenyl, -OH -(CH2)n-benzi m dazoyl, -(CH2)n-indolyl,
or -(CH2)n-phenol. 10 6. A conpound-35m accordance with Caim1 wherein Ol

CXYis ~@Q. 2 7. A conpound in accordance with Caim1 wherein Ol |

CXYis ~, 2R X is hydrogen, 15 O -CH2-I|~'H S- CH2CH2- phenyl ,- 0 H3 CH3

- CH2- NH S- CH J® aGolgtion of 3-[2-(benzyloxycarbamoyl-methyl)-3-methyl-
butyrylamino)-5-(7,7-dimethyl-2-oxo-bicyclo[2.2.1]hept-1-
ylmethanesulfonylamino)-4-oxo-pentanoic acid benzy! ester (0.237 g, Example 5,

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 HCl and extracted

with EtOAc. The organic extract is dried (NapSOy4) 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-hydroxycarbamoylmethyl-3-methyl-butyrylamino)-4-oxo-pentanoic acid
(Compound 15).

MS (APCI) m/z 518.1 (M+1, 100%).
15 Analysis Calcd for Co9H35N309S x 0.45 C4HgO4 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-2-0x0-bicyclo[2.2.1]hept-1-yImethanesulfonylamino)-3-(2-
{{2-(1H-indol-3-yl)-ethylcarbamoyl]-methyl}-3-methyl-butyrylamino)-4-oxo-

pentanoic acid

H H H
N \ 0’ o
H H
N N
IN{ :S\\ CH3
0 0 0
CH,
CO,H 0
25 A white foamy solid.

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



170CT2002 -97 H3 0 CH3 -CH2-NHi I-CH2 0 H3 CH3 - CH2-NH-i |1-CH2 0

- CH2- S- CH2CH~CH2- phenyl, / \ -(C~?2n 0\ ~ ~, or 0 0 ~yNR - (~~)n1®0AT 1001
conpound e: the Formula |; RA R Rl ONAY R RB Owherein 01 I CGXYis
CO2R ~ 7 acs zoa, -ss CAN, or CO2R 0O O OC1-Cs al kyl each R is

I ndependent |y hydrogen or nethyl; each n is independently 1, 2 to 3; R and
R2 are independently hydrogen, -(CH-)n-phenyl, -(CH2}n-0-phenyl, -OH,
-(CH)n ~~/ , Ra10 ~ (CHR2}r  \ bRREe N~/ N----(CHZ)n CHZCH--N H -
CHzCH2 -0 ~, ,  ~7U-T _g9_ -(CH)n | > > -{CHZ)” pcm6599/09163(0+)n N1/,

H -- (O ddmeres - N _tCH~~ri N~ \ 1vi~N/ >

10

15

20

-56-
Analysis Calcd for C39H44N408S x 0.85 HpO (660.107):
C, 58.23; H, 6.98, N, 8.495.
Found: C, 58.23; H, 6.74; N, 8.26.

EXAMPLE 17
5-(7,7-Dimethyl-2-oxo-bicyclo[2.2.1}hept-1-yImethanesulfonylamino)-3-{3-
methyl-2-[[3-(4-hydroxyphenyl)-propylcarbamoyl]-methyl]-butyrylamino}-4-

oxo-pentanoic acid

@/\/\ /“\tqr \ij\/ /%r Hy
CO,H
An off-white solid.
MS (APCI) m/z 636.2 (M+1, 36.1%) and 376.1 (100%).
Analysis Caled for C31Hg5N309S x 0.40 HpO (642.989):

C,5781;H,7.18; N, 6.54
Found: C, 58.10; H, 7.46; N, 6.14

In a process analcgous to Example 2 using appropriate starting materials,

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-methyl-2-[(2-naphthalen-2-yl-ethylcarbamoyl)-methyl}-butyrylamino}-

4-oxo-pentanoic acid

O Me Me
0 0
H H Me
N N
N
H
0

CO,H



-~ {CH)~~" \ ~CN~/ , R --- {CH2)n N~ ~CH2)n ~~~Ra R {CHZ)n |
\ off ; 10 Ra, Rb, and RG are independently hal ogen, -OCR-C6 al kyI 17 0CT 200
hydrogen; R3 is hydrogen; R~ is nmethyl, ethyl, or isoprapyl; and X 1Is

hydr ogen, 17 0C1 2002 -loo G -CH2-NH S- CH2CH2- phenyl , a 0 H3 CH3 -

CHONH S CH2 O O H3 O CH3 - CH2-i ~HS-CH2 O H3 CH3 | -- CHZNHi | CH~ , O
- CHZ- S- CH2CH~CH2- phenyl, CH20 or O O 10 ~r~NH CH20O and the pharmaceutically
acceptabl e salts thereof. 9. ~ conmpound in accordance with Caim1l wherein

Rl is hydrogen and 170CT2002 -lol RRis -(CH2)n-indolyl,

- (CH2) n-Wbkopbsesyl , - (CH2) n 0- phenyl, - (CH2)n-substi tu?@ﬂUﬁ‘ﬁ@%‘lﬁ"yl ) 5

-(CH2) n-tetrazolyl, -(CH2)n-phenyl) -(CH2)n substituted phenyl,

- (CH2) n- substi t ut ed benzi m dazol yl ,-57-(CH2) n- benztriazolyl, 10 -(CH2)n-i

ndazol yl , CFJZ) n- benzi m dazolyl, -(CH2)r; pyridyl, -(CHZ) n- napht hyl , or
- (CH2) n- qun‘f‘j tE¥lid 15 10 The compound' .

3-(2- Met hyM§fﬁQ*@)”b§U6%meam)a%)pzlopl(mw/b)am no) - 4- 0x0- 5- (2
phenyl - et hanesul fon | anmi nQ) - pent angi ¢

3- (2- Car baﬁ@ﬂyw&@hly fo3 0&§ut9/?%{a (%2)035)(7 7- di met hyl - 2oxo- bi cycl of 2

2 1]l kept-1-ylne no) - 4- oxo- pent anoi ¢ aci d; 20
5-(7,7-D et hyl &Q&nﬁsﬁb‘? Q%/])q %FE 2.1] kept - 1yl
nmet hahesul Fomd: €né0Rn) H36 pPI-NyetRy| - 2- (phenet hyl car banmoyl - net hyl ) but yryl am no

] - 4- oxo- pent anoi ¢ aci d;
3- (2- Car banoyl net hyl - 3- net hyl - but | am no) - 4- oxo- 5- (2phenyl - et hanesul f onyl
-am no) - pent anoi ¢ acid; 25 E LE 19

3-[3- Met hyls: (37(19(@?“%5 Mk&@rcgaaﬁﬁ'nﬂ?pt:fiy}lm,e&%yswhm,ﬂ%yfl 0x05- (2- phenyl - et

hanesul f onyl'anm n ent anol
5- (7, 7- Di m8t(Byhethyleyld?-61- me@y&}lﬁemdﬁ Wietbylearhasayf-orayhdhi no) - 3
[ 3- et hyl - %u%ﬁﬂ%o‘}]—xlog@ RAMYiL akgt hyl ) - but yryl am no] - 4- oxo- pent anoi ¢ aci d;

// Me
10 CO,H
A pink solid.
MS (APCI) m/z 659.3 (M+1, 31.2%), 399.2 (100%).
Analysis Caled for C33H46N408S x 0.20 HyO (662.424):
C, 59.84; H, 7.06; N, 8.46.
15 Found: C, 59.98; H, 7.35; N, 5.08.

EXAMPLE 20
5-(7,7-Dimethyl-2-ox0-bicyclo[2.2.1}hept-1-ylmethanesulfonylamino)-
3-(2-{[2-(6-fluoro-1H-indal-3-yl)-ethylcarbamoyl]-methyl}-3-methyl-

butyrylamino)-4-oxo-pentanoic acid



170CT 2002 -102 (S,S)-3-{3-Mthyl-2-[(3-phenyl - propyl car banoyl ) - net hyl ]
but yryl am no} - 4- oxo- butyri c aci d; 17 0CT 2007
3-{3- Met hyl - 2- (( 3- phenoxy- et hyl car banoyl ) - met hyl ]

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

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- net hyl - 2-[ (2- phenoxy- et hyl car banoyl ) net hyl ] - bu
tyryl am no} - 4- oxo- pent anoi ¢ aci d;

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

5- ( 3- phenyd s9pe@py| sul f anyl ) - pent anoi ¢ acid; 10 PCT/US99/09463

5-(¢7,7-Di net hyl - 2-oxo-bicyclo[2.2.1 Jkept-1 ) T

yl met hanesul f onyl am no) - 3- { 3- et hyl --38{ ( et hyl - phenet hyl - car banoyl ) met hyl ] -
butyrylanino}-4-pxopentanoic acid; 5-(7,7-Di nethyl-2-oxo0-bicyclo[2 2

1] kept-1

yl met hanesul f ony
met hyl ] - butyryl
3-{3-Met hyl - 2- [ (\3<J noyl ) - met hyl ] but yryl am no} - 4- oxo-5-(2-0
X0- 2H chr onmen-: i : 0

5-[3-(1H I m da:
phenyl - propyl car

L N0) - 3- { 3- et hyl - 2-[ ( 3- phenyl - propyl car banoyl ) 15

a
d

yl met hanesul f onyl am no) - 3- ( 2- hydr oxycarb lgret h9t- 3>net hyl

but yryl am no) - 4- oxo- pent anoi ¢ aci d; 5-(7,7-& nmet hyl - 2- oxo-bi cyclo[2. 2.1

] kept-1 yl mgth Mk&gg&hgnino)-3-(2-{[2-(1k¥indoI-3-y|)-ethy|carbanoy|] 25
met hyl } - 3- met hyl~ but yryl ani no) - 4- oxo- pent anoi ¢ acid, or

5- (7, 7- Di meMB(APLIowe 563. T (Mdib[ 12, 120)130863£100%).

'yl met hanesul i - .- rohyphenyl)
propylcarbaﬁ%@?%g%gkﬂg%fgﬁégjﬁﬁ*gﬁf%%ﬁqgg%iéggé%tanoic acid. 11. The
conpouwnd: 30 5-(@,s6-6D HES .63/, B-09x0- bi cycl o[ 2. 2. 1] hept -1

yl met hanesul.f onyl.ajm no) - 3: ( 2-{[2- (1H-i ndol - 3-yl ) - et hyl c~. r banoyl ] et hyl } - 3-
met hyl - but yh}‘r”qg i o%zl?é:%%éi-%\b%rﬁ%anoi cacid;, 17 OCT 2002 -103

5-(7,7-D met hyl - 2- oxo- bi cycl o[ 2. 2. 1] kept -1

yl met hanesul f onylhamgrfedsadalbgous kPuLahpd PEQhs Spdpiaeltbyhe aakaaRy! 1 met hyl }-3-m
et hy(-butyryl am no) - 4- oxo- péent anoi c "aci d;

5- (7, 7- Di meti§yposspendingsioapepnsi fExamplas@pta 3)yphietiepaeedul f onyl am
no)-3-(3-nethyl-2-{ [2-( 1-nmethyl-1
H-indol-3-y|)-ethy|carbannyl]netgxé%ﬁgtﬁygylanino)-4-oxo-pentanoic aci d;
5-(7,7-D met hyl - 2- oxo- bi cycl o[ 2. 2”1} <1yl met hanesul f onyl am no) - 3- (3-neth
yl - 2-{q 2- ( 73:1edmathy1 R ineghel-f23¢1yh ) @b Ryl Gad dpanyeth vl peirbyhdylput yr yl ani no) - 4- ox
o- pentanoi c acid;, 10 5-(7,7-D nget hyl - 2- oxo-bi cyclo[2.2.1 Jhept-1

yl met hanesuW@W&F%‘rﬁ"ﬁg‘f‘g‘ggl(“Z%‘{‘gg? cAfidor 0- 1H | ndol - 3-yI )

et hyl car banoyl ] - net hyl } - 3t hyl - but yryl am no) - 4- oxo- pent anoi ¢ aci d;
S-(7,7-D et hyl - 2- oxo- bi N 2.2. | ]hept-I

yl met hanesul f onyl am no) - 3 met hyl - 2Mdoethyl - [ 2- (1- net hyl - 1H i ndol 1~
3-y|)-ethy|]-carban3%l}- et iyl ) - buty { no] - 4- oxo- pent anoi ¢ aci d;
3-12-[(2- Benzoi ni da?2® =¥ -kt hylda@- et hyl

Me 0
CO,H
A foamy off-white solid.
MS (APCI) m/z 428.3 (M-1, 100%).
15 Analysis Calcd for C33H31N305 % 0.35 CF3CO4H (469.429):

C, 60.64; H, 6.73; N, 8.95.
Found: C, 60.46; H, 6.93; N, 8.78.



butyryl am no}-S- (7, 7-di net hyl - 2- oxo- bi cycl o[ 2. 2. 1] kept - 1yl net hanesul f onyl am
i No) - 4- oxo- pentanoi ¢ acid; 5-(7,7-D methyl-2-oxo-bicyclo[?2.2.1] kept @ [ﬁg 00
yl met hanesul f onyl am no) - 3- (3-net hyl -2-{[ 2- (1H-t et razol - 5-yl ) et hyl car] a M

-me: hyl } - but yryl am no) - 4- oxo- pent anoi ¢ aci d;

5-(7,7-D met hyl - 2- oxo-bi cycl o[ 2. 2. 1] hept-1

yl met hanesul f onyl am no) - 4- oxo- 3-{2-[ ( 3- phenyl - propyl car banoyl ) net hyl ] - but yr

yl am no} - pentanoi ¢ acid; 25 5-(7,7-Di nethyl -2-o0xo-bicyclo[2.2.1] hept-1

yl met hanesul f onyl am no) - 3- (2-{[ 2- (1- net hyl - 1Hi ndol - 3- rbanoyl ] - me
t hyl } - but}YPy¥¥8Sno) - 4- oxo- pent anoi ¢ aci d; ] }!&Qﬁég@%&%ﬁﬂ

3- (3- Met hyl - 2-{[ 2- (1- net hyl - 1Hi ndol - 3-yl ) - et hyl car banoyl ]

met hyl } - but yryl am no) - 4- oxo- butyric -atid; 30

3-[3- Met hyl - 2- ({met hyl - [ 2- ( 1- met bxlaazdtitd idol - 3-yl ) -et hyl J

car banoyl } - met hyl ) - but yryl am no] - 4- oxo-butyri c _aci d;

3-{2- [ ( 2- ~- 3dB32ethyldatmethyl-(-phenpip-ethy sty meyHwr adhyl)-- 3- net hyl

but yryl am n@}4: - DUt yE i i ds 170CT20&x -104

5-(7,7-Di met 9?"8“@?2%%&?%?2%22‘@'2" 1] kept - 1

yl met hanesul f onyl am no) - 3- (2-{[ 3- (4-

Mephenyl ) - propyl car bamoyl Jnet hyl }

- 3- et hyl - but yryl am no) - 4- oxo- pent a cidy

5-(7,7-D met hyl - 2- oxo- ko ydd Q[ 2~2. N CHO

yl met hanesul f onyl am {Bgné/t\%ﬁxl - 2- yri dj n-4-yl et hyl car banoyl ) - et hy
| ] -butyryl am no} - 4- oxQ- p€nt anoi ¢ Bi d; 0

5-(7,7-D net hyl - 2-oxo-bBi cycl o[ 2. 2. 1] hept-1 CO,H

yl met hanesul f onyl am no) - 3-{ 3- et hyl - 2- [ ( 2- napht hal en- 2-yl et hyl car banoyl ) - e
thyl ] -put yr wl Rahyehidsof®0- pent anoi ¢ acid; 10 S-(7, 7-Di nmet hyl - 2- oxo- bi cycl o
[2.2.1 ] hept-1 vyl et hanesul fone{ol am no) - 3-{3-nmet hyl -2-[ (3- pyri di n-4-yl
propyl car baﬁ%ﬁ‘ﬁ%ﬁ?ﬁ-z Bt LridP°4Ni no} - 4- oxo- pent anoi ¢ aci d;

5-(7,7-Di ﬂemylbgi?cﬁwfoptgmiﬁi O ol&shﬁ?(b ga;lo7.7_69)': _

yl met hanesul f ohyl am no) - 3- {"3- et hyl - 2-T(3-qui nol i n-2-yl 15

propyl car banoyl )€ restohyH] 7.y tNy 6 8F.am no} - 4- oxo- pent anoi ¢ aci d;

5-(7,7-D nmethyl - 2- - hi | .2.1] hept -1 yl net hanesul f onyl am no)

~-{ 3- et hyl %@(é%ﬁhﬁhﬁiﬁ%& propyl car banoyl ) - met hyl J- but ycyl am no} - 4-o0
X0- pentanoi ¢ acid; or 5-(7,7-Di nethyl-2-o0xo0-bicyclo[2.2.1] hept-120

yl met fjpnesul f onyl am no) - 3- { 3- net xl"l‘ﬁ’él pyri di n-3-yl propyl car banoyl ) - met h
yl]- bEt?yr yl am no} - 4- oxo- pent anoi g acl E(% The conpound:

5- (7, 7- Di m-BH3H{RAS O qintsthyy-benroimidazol-Rehrethylcarbamoyl]-methyl}-

| met hancsul £¢ i TaonAs- el Ryl -2-1 & 2- ~dr Yyl 25
et hyl car ba%%kﬂuﬁﬁ?%ﬁ‘ﬁfﬁ%yﬂ%ﬁi:[Cid’%cgﬂg%p}lgg‘faegﬁgf%t aci d;
5-(7,7-D et hyl - 2- oxo-M cycll\% 2.2.1Jhept-1
| met hanesul f onyl ami no) - 3= net hyl - 2-{(2-(7-nmet hyl - 1Hi ndol - 3-yl ) et hyl car ba
noyl ] - met hyl } - but yryl ap¥’'no}\- 4- oxo- pent anoi ¢ aci d;
5-(7,7-D met hyl - 2- oxo- h o[ 2. 2. 1} hept -1k30
| met hanesul f onyl am no) /3=(2-{[ 2- (6 0- 1Hi ndol - 3-yl)
et hyl car banoyl ] - net hyN- 3-4ret hyl - b i 10) - 45,0%0- pent anoi ¢ aci d; 17
0 CT 2002 -105 3-[3-I\/}|9\¥’ﬁ)1>{TE =( - At‘ﬂf%g(?-ll—l-i ndol - 3-yl ) - et hyl ]
car banoyl } - net hyl ) - but yryl am no] H4- oxo- bullyri g aci d;
3-(3-Met hyl - 2-{[ et hyl - ( 2- phenoxy- et hyl ) -¢ar ba %ld -}fret hyl }
2

A white solid.
15 MS (APCI) m/z 431.1 (M+1, 35.7%), 190.2 (100%).
Analysis Caled for CooH39N405 x 1.30 CF3CO2H (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.



but yryl am no) - 4- oxo-butyric acid; 3-(2-{

[ 2- (5, 6- D net hyl - benzoi m dazol -1-yl) - et hyl car banoyl ] 17000

met hyl } - 3- met hyl - but yryl am no) - 4- oxo-butyric acid) trifluoroacetate EAPF

S-(7,7-D net hyl - bi cycl o[ 2. 2. 1] hept - 1- yl net hanesul f onyl am no)

3-{3-net hyl - 2-[ ( 3- phenyl - propyl car banoyl ) - met hyl | - but yryl am no}

4- oxo- pentanoi ¢ acid; 10

S-(7,7-Di met hyl - bi cycl o[ 2. 2. 1] hept - 1-yl et hanesul f onyl ami no) 3- (2-{[2- (1Hin

dol - 3-yl ) - et hyl car banmoyl ] - et hyl } - 3- net hyl but yryl am no) - 4- oxo- pent anoi ¢

aci d; WO 99/56765 PCT/US99/09363

5-(7, 7- Di : net hyl - 2- oxo- bi cycl o[ 2. 2. 1] hept - 1| met hanesul f onyl ami no) - 3-{3-net h
-2-[(3-pyridin-4-yl 15 -60-

propyl car banoyl ) - met hyl ] - but yryl 3{% ﬁ, §xo- pent anoi ¢ aci d;

S-(7,7-D nmet hyl - 2- oxo- bi cycl of 2. %5 y~l met hanesul f onyl am no) - 3- { 3- net

hyl - 2- Ej( 3- qGi(mOleBreB‘ry%:bnf/dp[)ZI.Z:E]hmmwhﬂetmkﬁybﬁylmtm}yl{am'neﬁlmjl- 4- ox0- pent ano

ic acid; 5 2-,0X0-

y| met hanesu ﬂ@n?’i‘%’% (9¥ﬂ§ %/tgﬁi)%’H%’Wé‘}]H‘tﬁéT"éﬂﬁ“S?l"B‘f@b’?l car banoyl ) -m

et hyl ] - but yryl am no} - 4- oxo- peM noiMeaci d; 5-(7, 7-Di net hyl - 2- oxo- bi cycl o[ 2

2. 1] hept - 1yl met hanesul f onyl afli no)Y3-{ 3- netthyl [ (3-pyri dll\q 3-yl propyl car ba

noyl ) - rrethyl] btyr am o}- i %d

azor"1- yN- et iyl cayfba @SJ

butyryl am no} /, 7-di rretﬁyl 2- oxopbi cycl o[ 2.D 1] Oe yl rreNf[%anesul fonyl am

i NO) - 4- OX0- pentdé 0| c acid. 13. The conpounggp

5-(7,7- Dlrrethyl 2-oxo-bicyclo[2.2. 1] hept-1 3(3

yl met hsamesu %%JIh ?) 3-(3-nethyl -2-{[2-(1-nethyl-1H i ndol -3-yl)ethylcarb

anoyl |- net hy ‘} ut yry am no) - 4- oxo- pent anoi ¢ aci d; 170CT 2002 -106

'5-(7,7-Di n"eil‘vrfg/dAPE—be/zébﬁ ¢ yeta], 2621 (JOREDL - 1

yl met hanesul f onyl = i di.n-4-yl et hyl car banoyl ) - net hy

'] butyryl afrRgss Q‘W(%é;g")r RS a’éPgs Egg?g (Sa3ody:

[ 2- (5- Acetyl - ll-l-tngcgs ﬁyk)-ﬁté@l car banoyl ] - met hyl } 3- et hyl - but yryl am no) -5
- (7, 7- di met hyl - 2-0x0- bi cycl 0[2. 2. 1] hept - 1

y| met hanesufFpory Cath Bo ¥ ﬁﬁ& &¥ht anoi ¢ aci d:

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- net - 2= -(1Htetrazol - S-yl) et hyl car banoyl ]

- et hyl } - but yryl am no) - 4- oxo- pen%%%]{‘ééfd 10

N4- (2- Benzosr(vdamietﬂyi-}éicvabhw )]hH;lt—l(ﬁnﬁtﬁiﬁ&s}(ﬂf‘énﬁ%ﬁn{oy‘—w(a]’{mcmﬂ-

furan-3-yl) ucci
| ~' 1- (2-Et hHWIl'g'JB Hwﬁa’ﬁgﬂp *u?}a%nsﬂ*w’)buwlfmoquadm 3-yl)
et hyl ] - ?-i sppiitapyit agucci nam de; N

1- ( 2- Et hoxy- 5- oxo-t et rahydro-furan-3-yl)-2-isopropyl 15

N4-[ 2- (1- net hyl - | dol - 3-yl)-ethyl]-succi nam de;

Ir'4-[2-(5,6-D ch benzoi m dazol - yI) ethyl J- N -(2-et hoky

5- oxo-t et rahydr o- j - sgcci nam de;

N1- ( 2- Et hoxynG-—o¥ n- SHI) c);qpropyl Me
| ~' 4- (2- phenoxy- eNdy

1- ( 2- Et hos, y- 5- oxo0- tetrahyo furan- -y §p§\;§ Me

| ~' 4-[ 2- (6- et hoxy- | Hi ndol - 3-yl ) - etyl ] ~succin . The conpound:
| ~' 4- (2-Benzotriazol -1-yl - et hyl ) - N1- ( 2- et ho%9s8- oxo-t et rahydr o
furan-3-yl)-2-isopropyl -succi nam de; 25

NI - ( 21&t hoxy-Baedd- t et r ahydr o- f uran- 3-yl ) - N4- (2-i ndazol - 1-yl

ethyl)-2-is o
1-(2-Et hoxy%@g dl ’é’??@hagﬁq q?l}rgglrll (ISOO/T)) 2-i sopropyl -N4- (2
Analysxs 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 appropriate starting materials,

the corresponding compounds (Examples 26 to 34) can be‘prepared.



phenyl am no- et hyl ) - succi nam de; NL1-(2-Et hoxy-5-o0xo-tetrahydro-furan-3-yl)
~N4-[2-(6-fluoro-1H 30 indol-3-yl)-ethyl]-2-isopropyl -succi nam de; 1 Z} ET 0
OCT Z002 -10~ NI -(2-Ethoxy-S-oxo-tetrahydro-furan-3-yl)-N4-[2-(7-nmeth P 1;-[]
i ndol -3-yl)-ethyl]-2-isopropyl -succi nanm de;

N1- ( 2- et hos. y-5- oxot etrahydro-furan-3-yl)-2-isopropyl-N4-[2-(2

net hyl - benzoi m dazol - 1-yl ) -ethyl ] -succi nam de;

N1- ( 2- Et hoxy- 5- oxo-t etrahydro-furan-3-yl)-2-isopropyl-lv'4-[3
(3,4,5-trinmethoxy-phenyl)-propyl]-succi nam de;

NL- ( 2- Et HRY¥S7@x0- t et r ahydr o-f uran- 3-yl ) - 2-i sopropyl R@T/P399/09463

(phenyl) - et hyl ] - succi nam de; i ’

N - ( 2- Et hoxy- 5- oxo-t etrahydro-furan--8tyl)-2-isopropyl-N4-[4 10

(phenyl)-butyl]-succi nam de; or

- (2- Et hoxy- 5-oxo-tetrahydro-fur a#—s{?@ﬁ%@ ?\@l (2-1 ndol -1-yl

et hyl) - 2- i s@p7AYimesiyt-2ionablcgdo[2251 ] hdftd -donpiamesifonylamino)-

[1 4f (Zpﬁteﬂgls) %ﬁﬁ{}ﬁ;ﬁz@&%ﬁ%@ﬁi‘%ay‘;g-?‘prrﬁﬁylg’ar bho - AR O A k)
1- ( 2- Et hoxy4Sxexpentagbit atigdr o- f ur an- 3-yl ) - Nd-[ 2- (5-f [ uor o- 1H

i ndol - 3-yl)-ethyl]-2-isopropy],-sucginam de;

3-{2-[(2-Benzoi m dazol -1-yl -§ ?)am)yld - et hyl ] - 3- et hyl

but yryl am no}-4-oxo-butyric Hcid;] 20 H H Me
3- (3- Met hyl - 2- - ' N

nmet hyl } - but yryl anf no) - 4- 0X@- but yri c|| aci
H i ndol - 3-yl| )N | car banoyl ] net hy®} - 3-\wet hyl -"but m no) - 4- oxo- butyric
aci d; 3-(2-{[2-(5, 6-Dichl oro-benzoi m dazol CPs¥ ) - et hyl car barmoyl ] 25

met hyl $ - 3- met hyl - but yryl am no) - 4- oxo-butyric acid; 3-(2-{ [(2-B enzoi

m dazol - 1- ylAnetffayhiye-sobd.hyl - car banoyl ] - net hyl }

3- et hyl - bu 1 09 )k» 45 fo YT b inE

3-{2-[(2- Be%%%%nz’g’rzéiﬂﬁ?‘g{’%ﬁ@a? afj1 Qﬁ@'mst hyl ] - 3- net hyl

but yr yf am nainalysioKelcdior ¥ pld4 AQRS 3026 CF3COoH (764.442):

3-{2-[(2-1r,dazol -1-yl - et hyl car banoyl ) - net hyl ] - 3- net hyl

but yryl ani no} - 4- &; H-{%Hy?-P iNadildd: 17 0 CT 2002 -108

3-12- 46 [ 2- (FobudclBt fty ki BogaQiTsdazol - 1-y1 ) - et hyl |

EXAMPLE 27
5-(7,7-Dimethyl-2-0x0-bicyclo[2.2.1]hept-1-yImethanesulfonylamino)-
3-{3-methyl-2-[(3-quinolin-2-yl-propylcarbamoyl)-methyl]-butyrylamino}-

4-oxo-pentanoic acid

Me Me
0 0
H H Me
/N\/\/\ . N N
N //S\\ Me
| H 0’ "o
X 0 0

CO,H
15 2

An off-white solid.
MS (APCl) m/z 671.3 (M+1, 70.5%), 158.1 (100%).
Analysis Calcd for C34H46N40gS x 0.95 HyO (687.946):

C, 59.36; H, 7.02; N, 8.14,
20 Found: C, 59.60; H, 6.71; N, 7.75.



met hyl car banoyl } - met hyl ) - 3- net hyl - but yryl am no] 4- oxo-butyric acid; 3-[2-({
[ 2- (2- Met hyl - benzoi m dazol - 1-yl ) -et hyl ] 703{@@
met hyl car banoyl } - met hyl ) - 3- net hyl - but yryl am no] 4- oxo- butyri c aci d; g
-nmet hyl -2-{ [3-(3, 4,

5-tri nmet hoxy- pheny) - propyl car banoyl ] net hyl } - but yryl am no) - 4- oxo- butyric

aci d;

3-{3- Met hyl - 2-[ (2- pheno~. y- et hyl car banoyl ) - net hyl ] but yryl am no} - 4- oxo- but yr
ic acid ethyl ester;

3- Cyano-8OP3s4teH hyl - 2- [ (2- phenoxy- et hyl car banoyl ) - netﬁ§TT5%ﬁm“

but yryl am no}-propionic acid ethyl ester; or
3-Cyano-3-{3-nethyl-2-[(2-phenoxy-eﬁﬁy|carbanoyl)-nethyl]

but yryl am no}-propionic acid 161§§¥ngﬁgﬁceutical conposition that
conprises a conpound of Caim1l. : pharmaceutical conposition that
conpri ses &-(grApimeticy1-3foxGttacyeiof.2.1BeptS]-ylnetipanesdionylaminegy | ng or preventing

st roke, £ dai ing, having
had, or at% {‘;'EIEQ ?‘ﬁﬁ@%ﬁbm”qp‘f‘ oﬂlﬁbﬁ’b agh!"g ]t?l rﬁﬁa e anmount of a
conpound ofd-diogientahoich®id A net hod of treating or preventlng stroke, t he

met hod conpri si ng adnlnlstratloqwgo appatlent havi ng, having had, or at
risk of having a stroke 20 a thgra Icyallgp effective anmount of a
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VF7} ~¥snhb] W/] ca] caV] ca] caV] ca] caV] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca] caV]ic%][%ﬁh
] ca] ca] caV] ca] ca] ca] ca] ca] caU] ca] cRa] ca] ca 1710 1
7@)/ <KUey/ >?Zzt oj e [ V] ca] ca] ca] ca] ca] calU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
caj] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] caV] ca] ca] caV] ca! NZv; SW #;

=HTXy' eo| w mhc”Y] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca]ca]ca]ca]c -
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! o, 9ElI SWor 56: | dhn{ zupkfa\W]ca] c
a] ca] ca] ca] ca] ca] ca] caD] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca ca] cal ca] ca] ca] ca]
ca] ca] ca] ¥aPe¥ET&a] ca! 7G aq| fUS59/05463

/ DVdpu} xsni d_Z] ] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal ca]ca]calcalca]calcalcalcalcalcal®{cal7 9 ; Z\ v z :
INTgl "G " " ##{ #} ###} xsni cY] ] ] ¢ 8 (ca] caJ ca]ca]ca] cal]ca]ca]l calcaJca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] %ca%ca] ca] ca] ca] ca! #x$* %% &b&&&&N' X'
"', (o((( ) 3-{2-[(2-Benzoimidazol-1-yl-ethylcarbamoyl)-methyl}-3-methyl-

1) o o el SR B L <2 e o e

1222223U3 3444 ehixteu] by I4 @) »sexoepedlqnpjccaidc a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]cal! } 88COR99: f::
7

<<<<é= =8>>- ?2=?{ ¥ /@@\ AcAAATBB& Cxspid_Z]]]]ca] calca]ca] ca]ca]ca]ca]ca]ca]ca

] ca] ca] ca] ca] ca)y€ayca] ca] capca Ca] cal pa] ca] ca] ca] ca] ca] ca] ca] cal "G CCCC>

DnDDDESEz EEEEIR\WFREGEGB HHHHHGI RE 1 1 } sni Z] ] ] ] ca] cajMm] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca aiNtal aJ cal] ca] ca] ca] ca] ca!
[1IXJz2JJJI* KXKKKL1LgLLLL3¥MVIMVBNU *. n ]Vl?a] calcalca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c&) ca] ].ca] cafe

ak¢a] ca] ca] ca] ca] ca] caj ¢
a] ca] ca! PPQQQ RRROSSTDT=UL UmJ1V{ VW&W. W\ r YYYZZZZZ\ }xsnid_Z]]]]calcalc
a] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c
a] ca] ca] ca] éa}oeawaqc if. m " abbccc@of ff0gg}hhhii8jTjjjjkk}xsnid z]]]]calc
a] ca] ca] ca] gad (:ﬁg]cq)a,],/;@]é:arﬁa] q@h@g]g@]p@]@@] cal ca]ca] cal calca]ca] calca]ca]c
a] ca] ca] ca] ca] ca] ca! ki mnn<ppp/rrr
sussvt t - u: u\Analxxiy @glpd @z@{;d@ﬁ%srﬂsé ><Z] 19 FEA]QA] Ga228f)ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] cal cal Cf:"]a g ] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca! o{{v|~~ 9Y' g
A fo_~ztojd_zZy cg] a’%é ﬁ ]6§a\/] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV]
ca] caj¢al calreadea salscaU . eacaMkcal ca] ca] ca! @& | #39<?BDW] agzt oi d_Zjd_ZU] c
a]J ca] ca] ca] c”a] cal c” ]ca] c’\a] ca] c”a] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca
gr! * MNORUX$_5JVe~yt oi d_ZU] ca] ca] Ea]ad&LE3] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

cajca]ca]ca ca =BMz $DOY™ h

3{ I/ql ]gb] ]X] c] ca]?f]cﬁaﬁ']ég]’g% c%f‘%]'gg }‘(Pa]lag]x]%&%ﬁ&}’ E} '?CZ)} c"a] ca] ca] ca]ca] ca
] c~a] ca] ca] éa(]Smae]tlxja-]Zc{éq daz]netas]yblal]mac]aié%kwm}lcarbamoyl] methyl}-

&<BJ | wr mhc/ a o o ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]calc
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5-(7,7-Dimethyl-2-0xo0-bicyclo[2.2.1]hept-1-yImethanesulfonylamino)-

3-{3-methyl-2-[(2-pyridin-4-yl-ethylcarbamoyl)-methyl]-butyrylamino}-

4-oxo0-pentanoic acid

NF l OMe MeH o . N
Q\/\N/U\I”/N N\S °
H A O// \\O Me
cor ©
A white solid.
MS (APCI) m/z 608.2 (M+2, 64.9%), 607.2 (M+1, 54.5%), 347.2 (100%).
Analysis Caled for CogHg9N40gS x 1.66 CF3CO4H (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-yl)-ethylcarbamoyl}-methyl}-3-methyl-
butyrylamino)-5-(7,7-dimethyl-2-oxo-bicyclo[2.2.1]hept-1-

ylmethanesulfonylamino)-4-oxo-pentanoic acid

0
Me
Me Me
i H i H M
HN T N N e
% 2SS Me
o) O O
0

CO.H
15 2

A white solid.
MS (APCI) m/z 687.3 (M+1, 18.7%), 327.2 (100%).
Analysis Caled for C34H4gN409S 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.
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EXAMPLE 34
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

A gray solid.
MS (APCI) m/z 596.3 (M-1, 24.7%), 113.2 (100%).
Analysis Caled for Co5sH39N70gS x CF3CO2H x 0.27 Et70 (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-Benzoimidazol-l-yl-ethyl)-Nl-(Z-ethoxy-S-oxo-tetrahydro—furan-3-yl)-

2-isopropyl-succinamide

Step A

A solution of N-benzyloxycarbonyl-3-amino-4-oxo-butanoic acid B-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 Hy for
3.5 hours. 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.
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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 Hp0 (10.8 g, 70.5 mmol) and 4-methylmorpholine (8.8 mL,
80.0 mmol) in 250 mL of CH,Cly 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. KHoPO4 and brine
10 solutions, dried (MgSO4), filtered, and concentrated. The resultant dark brown oil
was chromatographed (MPLC, silica gel, 100% CH,Cl, to 2% MeOH in
CH,Cly) to give 13.9 g (49%) of 3-(2-tert-butoxycarbonylmethyl-3-methyl-
butyrylamino)-4-oxo-butanoic acid B-tert-buty! 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-ox0-butanoic acid B-tert-butyl ester diethyl acetal (8.3 g, 18.6 mmo],
Example 35, Step B) in 100 mL of CH5Cly 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 KH,yPO4 solution.
The organic extract was washed with brine solution, dried (MgSQy), filtered, 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
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dSY10% & (QHJCID1O%WE2(R)g (SQ%%IEN‘G -(2-bdntaltridez§l) 1-B-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 Caled for CooH3zoN40O5 (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
Nl-(Z-Ethoxy-s-oxo-tetrahyd ro-fu ran-3-yl)-N4-[2-(1H-indol-3-yl)-ethyl]-

20 2-isopropyl-succinamide

Me e
0 OEt

An off-white solid.
MS (APCI) m/z 430.3 (M+1, 100%).
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5 Nl-(z-Ethoxy-S-oxo-tetrahydro-furan-3-y1)-2-isopropyl-N4-[2-(1-methyl-1H-

indol-3-yl)-ethyl]-succinamide
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An off-white solid.
MS (APCI) m/z 444.3 (M+1, 53.5%), 299.2 (100%).
10 Analysis Caled 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
N4-[2-(5,6-Dichloro-benzoimidazol-1-yl)-ethyl]-N1-(2-ethoxy-5-o0xo-

15 tetrahydro-furan-3-yl)-2-isopropyl-succinamide
Cl Cl
OMe Me
N u OEt
\\/N\/\ N
N

H 0]

0
0

A white solid.

MS (APCI) m/z354.1 (100%).
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C, 52.91; H 5.65; N, 11,22,
Found: C, 52.91; H, 5.70; N, 11.07.

EXAMPLE 39
N1.(2-Ethoxy-5-oxo-tetrahydro-fi uran-3-yl)-2-isopropyI-N4-(2-phenoxy-

ethyl)-succinamide
oMe Me
\/\N
H 0
& I Q
0]
A white solid.

MS (APCI) m/z 407.2 (M+1, 66.2%), 262.1 (100%).
Analysis Calcd for C91H3gN20g (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-tetrahyd ro-furan-3-yl)-2-isopropyl-N4-[2-(6-methoxy-
1H-indol-3-yl)-ethyl]-succinamide

MeO
OMe Me
OFEt
HN_ l H
H 0
0
0

An off-white solid.
MS (APCI) m/z 460.1 (M+1, 100%).
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Found: C, 63.11; H, 7.02; N, 9.11.

EXAMPLE 41
5 N4-(2-Benzotriazol-l-yl-ethyl)-Nl-(Z-ethoxy-5-oxo-tetrahydro-f uran-3-yl)-

2-isopropyl-succinamide

OMe Me
N, 1 % OEt
.\N/ \/\N
H 0]
0]

0

A yellow solid
MS (APCI) m/z 432.1 (M+1, 100%).
10 Analysis Caled for C7{HpgNs5Og (431.496):
C, 58.46, H, 6.77, N, 16.23.
Found. C, 56 96; H, 6.45: N, 15.64.

EXAMPLE 42
Nl-(Z-Ethoxy-S-oxo-tetrahyd ro-fu ran~3-yl)-N4-(2-indazol-1-yl-ethyl)—

15 2-isopropyl-succinamide
OMe Me

OEt

N H

NNy N
H O

)
o)
A yellow solid.

MS (APCI) m/z 431.2 (M+1, 100%).
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EXAMPLE 43
5 N1.(2-Ethoxy-5-oxo-tetrahydro-furan-3-yl)-2-isop ropyl—N4-(2-phenyIamino~
ethyl)-succinamide
Me Me
H O i OEt
g :
0

An off-white solid.
MS (APCI) m/z 406.1 (M+1, 100%)
10 Analysis Caled for Co1H31N305 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
N1-(2-Ethoxy-5-oxo-tetrahydro-fu ran-3-yl)—N4-[2-(6-ﬂuoro-1H-indol-3-yl)—

15 ethyl}-2-isopropyl-succinamide
F
OMe Me

OEt

H

HN N
H o

0
o)
A white solid.

MS (APCI) m/z 446.1 (M-1, 100%).
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q C, 61.73; H, 6.76; N, 9.39,

Found' C, 62.22; H, 6.59; N, 10.45.

EXAMPLE 45
S N1.(2-Ethoxy-5-oxo-tetrahydro-fu ran-3-yl)-N4-[2-(7-m ethyl-1H-indol-3-yl)-

ethyl]-2-isopropyl-succinamide

Me
OMe Me
OEt
H
HN _ . N
H 0
0
0O
A white solid.
MS (APCI) m/z 442.1 (M-1, 100%).
10 Analysis Caled 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

N1.(2-ethoxy-5-oxotetrahydro-fu ran-3-yl)-2-isopropyl-N4-[2-(2-methyl-

15 benzoimidazol-1-yl)-ethyl}-succinamide

oMe Me
H 0
Me 0
0

A foamy off-white solid
MS (APCI) m/z 446.2 (M+2, 55.9%), 445.2 (M+1, 51.5%), 300.1 (100%).



y) MLOYANE! () - SUSL0%&' () -! O#10%>& ()-_ ' 10%&' ()-3! #f 10%s& ()-!.=Buv7! 1&
MLO%&' () -: 109%& ()-39310% ()-' ml0%&' ()- 10nn 10nn 10nn! bq 170CT 100
y) mMO%n& () - SBMz[ 9uVv7! 1! 10%{& ()-t:109%Z& ()-F!' A

MLOY&' () - z! OMLOY& () - z! >MLO%ME () -z 10%& () - $OY hzX9uV7!

1f &10%&' ()-!p@ Z10%7& ()-! @ Z10%&' () - @O%& ()-! 10%BKB& ()-!t10%8S& () - hrz
X6uv7! 1l /10%&' ()-!+109& ()-)10% ()-! 9@ 10%hhé& ()-!09@ 10%GGE ()-! 9@
1090J&' ()- 3wl3uV7!

I k, LOg10%&' ()--!, LOg10%&' ()--!h)gl0% /& ()-! v)glO%:&'@(r@!%ygf 1099 @& ()-'$
27 109& WP-99EX6UVT! |1 K37 10%HH& () - @ gK37 109& () ! 8‘%le\/&' ()-@
9410%&' ()-!6109R28& ()-!{, L0Og10%BB& ()--xY:! 11f 10%& ()-s

109& ()-" 10% & ()-39310%& ()-'fmlO%&.()- 10HH 10HH 10HH Z8xY:! 1114

| 109884&' ()-M | 109%&' ()-M x| 109°2& ()-M 10%8S& ()-10% & ()- 410%&' () -

wi[M! 1 1Amelysis@aed for C23H32N405 x 0.50 HaO (453.543): .

C, 60.91; H, 7.33; N, 12.35.
Found: C, 60.94; 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
OMe Me
I OEt
MeO N
H 0O
o)
MeO
OMe 0
A white solid.
MS (APCI) m/z 495.1 (M+1, 100%).
10 Analysis Calcd for Co5H3gN20Og (494.590):
C, 60.71; H, 7.74; N, 5.66.
Found: C, 60.47; H, 7.85; N, 5.77.
EXAMPLE 43
Nl-(Z-Ethoxy-S-oxo-tetrahydro-furan-3-yl)-2-isopropyl-N“-[Z-(phenyl)-
15 ethyl)-succinamide
OMc Me
I OEt
N N
H 0
o)
o)
A white solid.

MS (APCI) m/z 389.1 (M-1, 100%).
Analysis Caled for Co1H3gN70O35 (390.484):

20 C, 64.60; H, 7.74; N, 7.17.
Found C, 64.50; H, 7.90, N, 6.83.
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EXAMPLE 49

N1.(2-Ethoxy-5-oxo-tetrahydro-furan-3-yl)-2-isopro pyl-N4-[4-(phenyl)-
butyl]-succinamide
Me Me

0]
H OEt
N
N
H

5 A fluffy white solid.
MS (APCI) m/z 419.1 (M+1, 100%).
Analysis Calcd for Co3H34N205 (418.538):

C, 66.01; H, 8.19; N, 6.65.
Found: C, 65.91; H, 8 21; N, 6.50.

10 EXAMPLE 50
N1-(2-Ethoxy-5-o0x0-tetrahydro-furan-3-yl)-N4-(2-indol-1-yl-ethyl)-

2-isopropyl-succinamide

Me Me
O
\ . ﬁ OEt
\/\N
H 0
0]
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.
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N1.(2-Ethoxy-5-oxo-tetrahydro-furan-3-yl)-2-isopropyl-N4-[4-(phenyl)-

propyl}-succinamide
Me Me

0
H OEt
N

0]
5 A tan solid.

MS (APCI) m/z 405.1 (M+1, 100%).

Analysis Caled 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
N1-(2-Ethoxy-5-oxo-tetrahydro-furan-3-yl)-N4-[2-(5-fluoro-1H-indol-3-y1)-

ethyl]-2-isopropyl-succinamide

F
Me Me
0
HN g QR
— N
H 0
0
0]
An off-white solid.
15 MS (APCI) m/z 446.1 (M-1, 100%).

Analysis Calcd for Cp3H30FN305 (447.511):

C,61.73;H,6.76; N, 9.39.
Found' C, 61.35; H, 6.78; N, 9.36.
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5 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-
10 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 Caled for CogHogNgO5 x HCI x 1.18 HoO (460.173).
C, 52.20; H, 6.43; N, 12.18.
15 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-ind ol-3-yl)-ethylcarbamoyl]-methyl}-
20 butyrylamino)-4-oxo-butyric acid
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N.__CHO
N
H (
CO,H

0

The reaction mixture was basified, extracted, then chromatographed
(MPLC, silica gel, 1% CF3CO2H-20% acetone in CHyCl9) to give the title

compound as a gray solid.
5 MS (APCI) m/z 416.2 (M+1, 32.5%), 398.1 (M-17, 100%).
Analysis Calcd for CooH29N3035 x 0.05 CF3COoH (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-y])-ethylcarbamoyl}-methyl}-
3-methyl-butyrylamino)-4-oxo-butyric acid

F
Me Me
0
Me—N H
— N CHO
H
0]

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 Calcd for C99HpgFN305 x 0 96 HCOLH ( 477.669):

C, 57.73; H, 6.31; N, 8.80.
Found' C, 57.73; H, 6.39, N, 8.65.



1 10%& ()-9! 10% & ()-!'109%& ()-&10%& ()-! f1l0%&' ()-:!cfl0%& ()-:1" "<nbCl
1!'ny @10%' ()-!dy @10% ()- 310%& ()-10%& ()-!'i S@ 170CT 2007
109%&' ()-f10%& ()-"u_dEmbCl 1 In.109& ()-, 109%& ()-F+@O0%& ()-1vy)

10%& ()-'310%&' ()-$10%& ()-S, 31 ~PB4! 10$$ 10$$ 10$$!y:

109$& () -y7109%& ()-f 610%& ()-410%& ()-! &010%& () - zf (a?PB4!

10$$! | 10%x<& () -

109%& ()-9g910%& ()-!""&LO0YRVWRW' () - &10%H& () -' SZ10%<& () - (t bi dEPB4!

108! #t 109%<& () -!109%& ()-10%& ()-109%& ()-10%<& ()-S10%& () - K7t ~?PB4!
10554109838 (0)56765 PCT/US99/09463

T 010%<<& ()-9- 10%<& ()-g!) 10%<& ()-zl (" 10%& ()- YUd0%& ()- @ GH JYxnbCl
10$$' f mMlO%&' ()- 10< 10< 10< S; 10%<&'-7§-F 910%& ()-S810%& ()-F

6&109%& () - Yy0O@MIBnmCl <@ 10‘V%%Nﬂ) 2 10%h& ()-!'d@10%& ()-! @ 10% e
& ()-!'q 10%& ()-!010% & ()- ZdETHC I'!'< 10940%&' ()-1!10%& () -

f910%&' () - 18Y&{[C)(5,5 ANk o {0} beiZ OB {zpt- Ry =athydtarbamoyl]-methyl}-
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Cl
Cl

Me Me
N 0 H
\\/N\/\N N CHO
N (
0
COZH
5 A white solid

MS (APCI) m/z 354.1/356.1/358.1 (M+1, 100/48.6/14.3%).

Analysis Caled for CogHp4ClaN40O5 x HCl x 0.50 H,0 (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 Me
0
N\\\/\I /d\ln/ﬁ CHO
L \/\N
|
LT L
CO,H

e

A beige solid.
15 MS (APCI) m/z 417.2 (M+1, 100%).
Analysis Caled for Co1HogN4O5 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
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Me Me
O
N\\ N CHO
N/ \/\N
H
0
CO:,_H

5 An off-white solid.
MS (APCI) m/z 404.0 (M+1, 100%).
Analysis Caled for CjgH75N505 x 1.54 HCI x 0,59 HyO (470.221):
C, 48.53; H, 5.94; N, 14.89.
Found: C, 48.54; H, 5.94; N, 14.51.

10 EXAMPLE 59
3-{2-[(2-Indazol-1-yl-ethylcarbamoyl)-methyl}-3-methyl-butyrylamino}-

4-oxo-butyric acid

An off-white solid.
15 MS (APCI) m/z 403.1 (M+1, 100%).
Analysis Caled for CogHpgN4O5 x 1.34 HCI x 1.22 HyO (473.290):
C, 50.76; H, 6.34; N, 11.84.
Found: C, 50.75; H, 6.34, N, 11.71.
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Me Me
N 0 H
\\/N\/\N N CHO
[
Me 0 \Q
C02H
S A white solid.

MS (APCI) m/z 443.1 (M-1, 100%).
Analysis Caled for C93H32N405 x 2.0 HCI x 0.35 HyO (523.763):

C,52.74; H, 6.68; N, 10.70.
Found: C, 52.75; H, 6.88; N, 10.30.

10 EXAMPLE 61
3-[2-({[2-(2-Methyl-benzoimidazol-1-yl)-ethyl]-methylcarbamoyl}-methyl)-
3-methyl-butyrylamino]4-oxo-butyric acid

Me< Me
0
N H
>/N\/\N N.__CHO
Me & 0 \‘;

CO,H
An off-white solid.
15 MS (APCI) m/z 415.1 (M-1, 100%).
Analysis Caled for Cp1HpogN4O35 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.
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3-(3-methyl-2-{[3-(3,4,5-trimethoxy-pheny)-propylcarbamoyl}-methyl}-

butyrylamino)-4-oxo-butyric acid

Me Me

0

| H
MeO N CHO

N (
0
MeO CO,H

MeO
5 A white solid.
MS (APCI) m/z 467.1 (M+1, 100%).
Analysis Calcd for Co3H34N20Og 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
0O
H
O\/\N/N\IH/N CHO
H
0
CO,Et

15 A mixture of (S)-2-isopropyl-succinic acid 1-benzy! ester (10.1 g,

Step A

40.2 mmol, Example 3, Step A), 2-phenoxy-1-ethylamine (6.1 g, 44.2 mmol),
HOBT x Hy0 (7.7 g, 50.2 mmot), EDCI x HCI (9.6 g, 50.2 mmol) and

N-methylmorpholine (6.6 mL, 60.0 mmol) in 100 mL of CHpCly 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 KHsPO4 and brine solutions, dried (MgSQy), filtered, and

concentrated. The resultant brown liquid was chromatographed (MPLC, silica gel,
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fL10%& ()-, 10%&' ()-109& ()-10%&' ()-!  YL0%M&' ()-!Y10%b& ()-jdBE7! 10 10! >3
@s10%} & () -$109& () -, #109& ()-! @ ooz () - 109%&' ()-1!109%& ()- WUBE7! 10

80109 () - ', (RS ROTT, Belbal ko 868 niFBRdS8A £ b Sve 123 g (83%) of
(8)-2-[(2-phenoxy-ethylcarbamoyl)-methyl]-3-methyl-butyric acid benzyl ester as
a light yellow liquid. MS (APCI) m/z 370.0 (M+1, 100%).
Hydrogenation of (S)-2-[(2-phenoxy-ethylcarbamoyl)-methyl]-3-methy!-

5 butyric acid benzy! ester (12.3 g, 33.2 mmol) with 20% Pd/C in 100 mL of ethanol
at balloon pressure gave 9.6 g (~100%) of (S)-2-[(2-phenoxy-ethylcarbamoyl)-
methyl]-3-methyl-butyric acid as a light yellow oil. MS (APCI) m/z 280.0 (M+1,
100%).

Step B

10 A mixture of (S)-2-[(2-phenoxy-ethylcarbamoyl)-methyl]-3-methyl-
butyric acid (4.8 g, 17.2 mmol, Example 63, Step A), 3-amino-4-pentenoic acid
ethyl ester hydrochloride (3.8 g, 21.2 mmol, prepared using the procedure of
Hauser FM. et al,, J. Org. Chem. 1987,52:5041-5044), HOBT x H0 (3.3 g,
21.5 mmol), EDCI x HCI (4.1 g, 21.5 mmol) and N-methylmorpholine (4.7 mL,

15 42.7 mmol) in 150 mL of CH,Cly was stirred at room temperature for 12 hours.
The sample was concentrated, then partitioned between EtOAc and saturated
NaHCOj3 solution. The organic extract was washed with sat. KH7PO4 and brine
solutions, dried (MgS0Oy), 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 CH;Cl; until a blue color
formed. The reaction was quenched at -78°C by dropwise addition of dimethy!
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 KHoPO4 and brine solutions, dried (MgS0y), filtered, concentrated
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MS (APCI) m/z 407.1 (M+1, 100%).
5 Analysis Caled for C91H30N20g x 0.17 HyO (409.546);
C, 61.59;, H, 7.47; N, 6.84,
Found: C, 61.57; H, 7.46; N, 6.69

EXAMPLE 64
3-Cyano-3-{3-methyl-2-[(2-phenoxy-ethylcarbamoyl)-methyl]-butyrylamino}-
10 propionic acid ethyl ester
Me Me
O\/\N
COZEt
Step A

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 KH,PO4 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 Cj4H 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-[(benzyloxycarbony!)-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
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9.3 mmol), EDCI x HCI (3.6 g, 18.6 mmol) and N-methylmorpholine (2.1 mL,
19.1 mmol) in 100 mL of CH,Cly was stirred at room temperature for 12 hours.

10 The sample was coricentrated, then partitioned between EtOAc and saturated
NaHCO3 solution. The organic extract was washed with saturated KH,PO4 and
brine solutions, dried (MgSQOy), filtered, and concentrated. The resultant off-white
oily-solid was chromatographed (MPLC, silica gel, 5% methanol in chloroform)
to give 0.35 g (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 Calcd for C71H31N30¢ (421.498):

C, 59.84; H, 7.41; N, 9.97.

Found. C, 60.23; H, 7.38; N, 9.90

20 Step C
To a stirring solution at 0°C under N9 of 4-amino-3-{3-methyl-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,oPOy4 and brine solutions, dried (MgSQOy), filtered, and concentrated.
Chromatography (MPLC, silica gel, 25% hexanes-75% EtOAc) afforded 0.21 g
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Step A
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-HCI

(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
CHjCly was stirred at room temperature for 12 hours. The sample was
concentrated, then partitioned between EtOAc and sat. NatCO3 solution. The
organic extract was washed with saturated KHPO4 and brine solutions, dried
(MgS0y), filtered, and concentrated. The resultant yellow oil was

20 chromatographed (MPLC, silica gel, 25% hexanes/75% EtOAc) 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%).
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VWMWY S4 1 (9%0) rel) yor@_r@mp&o«ymommm hg THF)iéwaaema@d with EtOAc.
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Analysis Calcd for C23H34N707 x 0.20 H,O (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
CH,Clj 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
(MgS0y), 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 chromatographed (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]-butyrylam'mo}-propioni;: acid tert-butyl ester

as a white solid.
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10 h methyl]-butyrylamino}-propionic acid tert-butyl ester (0.64 g, 1.48 mmo],
5 Example 65, Step C) and 5.0 mL of trifluoroacetic acid in 25 mL of CHyCly was

stirred at room temperature for 1 hour. The solution was concentrated, then

partitioned between EtOAc and saturated KHoPO4 solution. The organic extract
was washed with brine solution, dried (MgSQy), filtered, and concentrated to a
light yellow oil. Diethyl ether (~50 mL) was added and the oil slowly solidified.
10 The sample was filtered and vacuum dried to give 0.28 g (49%) of 3-cyano-3-{3-
methyl-2-[(2-phenoxy-ethylcarbamoy!)-methyl]-butyrylamino}-propionic acid as
a white solid.
MS (APCI) m/z 377.0 (M+2, 100%).
Analysis Calcd for C1gHo5N305 x 1.20 HyO (397.047):
15 C, 57.48; H, 6.96; N, 10.58.
Found. C, 57.53; H, 6.68; N, 10.28.

BIOLOGICAL ASSAYS

INHIBITION STUDIES
Compounds of Formula I are inhibitors of ICE as demonstrated by

20 measurement of Kj (uM) and IC5¢ (uM) using the protoco! 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 pM 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 pl/well. Substrate hydrolysis is monitored for 300 seconds at 30°C
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using 385 and 460 nm excitation and emission filters, respectively. Triplicate

curves are averaged, and slopes are evaluated by linear regression. To evaluate K;,

plots of percent inhibition vs inhibitor concentration are fit by non-linear

regression to a reversible, competitive model:

100 ¢ [1]

i8]
K, o1+
[r]+ (+KMJ

where the competition factor is (1 + [S}/Kpf) = 2.

5 %Inhibition =

ICE Colorimetric Dose-Response (ICsq) Assay

Diluted inhibitor stocks are prepared by two-fold serial dilution from a
primary stock whose concentration is selected (based on screening results or on
10 prior attempts at ICsq 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 activity is calculated as the mean

rate of change in absorbance during this interval,

PBMC Cellular Assay - ICso Determinations
Further evidence that compounds of Formula I are inhibitors of ICE is
25 provided by their ability to inhibit IL-1( production in human peripheral blood
mononuclear cells (PBMCs) as described herein PBMCs are isolated from
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@0%e& () - BIMERH® i suaming Repiciin SErPrOPYSin Bed 2Yruses AR BT - S310%& () - !
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10bb 10bbl 4y, ‘B4, Calbiochem) in the presence or absence of a compound of Formula I.
Medium is harvested, and the level of mature IL-10 was determined using an
ELISA kit from R&D Systems. Cells were cultured for an additional 4 hours in
the presence of 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide
10 (MTT) to determine viability.

Ich-2 Colorimetric Dose-Response (I1Csp) 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.
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Example No. ICEKj ICEICsyg PBMCICsp ICH2ICsg
(LM) (M) (M) (Caspase4)
(M)

1 1.60 14.50 82.50 88.96

2 0.106 0.790 6.25 3.31

3 0.045 0.40 3.00 4.65

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 4.22
10 0.539 3.270 21.50 25.74
11 0.058 0.440 5.50 15.69
12 0.0128 0.061 1.20 1.71
13 0.0067 0.052 235 0.25
14 0.1066 0.0087 19.00 -
15 0.441 2.050 17.50 13.08
i 0.0025 0.0051 0.35 1.47
17 0.0325 0.0750 2.25 4.68
18 0.0236 0.0854 2.05 3.01
19 0.0009 0.0085 0.40 2.38
20 0.0015 0.0110 2.45 61.97
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 0.3600 1.60 8.66
25 0.0058 0.0483 1.10 3.54
26 0.0266 0.1360 2.00 5.91
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
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g QA 10 101 tz[ <F/
| F 10100/arr&'()-,_xL3(5%7%L ?')- ) - 1 X 0
(™M) (M) (™M) (Caspase 4)
(1)
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 -
45 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 2.1500 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 -
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The following abbreviations are used throughout this patent application:

HEPES 4-(2-hydroxymethyl)-1-piperazine ethane sulfonic acid
DTT 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
pNA 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 N-ethyl-N'-dimethylaminopropylcarbodiimide
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0]
{1
C—X
Y is __<_ )
COZR'
0
0
,or
OCI-Cs alkyl
C=N

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

10 R! and R? arc independently hydrogen, C1-Cg alkyl,

-0OH, -(CH»)p aryl,

-(CH»)p-substituted aryl,

-(CHp)p-O-aryl,

-(CHy)p-O-substituted aryl,
15 -(CHp)p-S-aryl,

-(CHp)p-S-substituted aryl,

-(CHp)-S-hetercaryl,
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éO/@:CCC& ()-!(10%{ 0{&-&%2),1@&&911@%‘% - 109G () - @ 10%3& () - y10%3& () - Zz[ <YN

|1 @/ 10%G8 () - @ 10%GE (kv } Snk LOYE! 1> 1 $109%GG8 () - T, LS10%E & () - T! PO10%
GGZL(% ) - SAeers ~ = Ilsl h%}am") g’%{%fggﬂ/%‘e(‘ﬁ%ﬁloe Tk

10G@710%3&" () - ! ~210%&'-(Crrhet @848, §r) - 1| Ez[ <~_=
I'1sy310%Z& ()-MLO%Z&' ()-109%Z& ()-y!f 10%+v+& ()-z!f 10%h& ()-z!8
109& ()-DxdE~_= !!s $z165Rku-tupstatdbamoy- 109%& () -
each n is independently 0 to 6;
R3 is hydrogen or C1~Cg alkyl;
10 R4 is C1-Cg alkyl or hydrogen; and
X is hydrogen,
0]
I

-(CH2)n-N-S-(CHp)p-aryl,

15 [
R'O
0
I
-(CH2)-N-S-(CH7)-substituted aryl,
20 [ 1
R'O
CH,4
I|{‘ ?| CH,:
m(CI{z)n—N——ﬁ-—(CHz)n ’
0
0
CH,
R' 0 0 CH;

Ll
“(CHz)n——N—i——(CHz)n
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- g109%&Z& () - +10%Z& () - (109%Z& () - 3% 109%Z& () - #10@& ()-f10%. & () - zVDOvaBoP1
9 1,8210%Z& ()-s3f 109%Z& ()-!s3f 10%& ()-
109@& () -, 0109%Z& ()-.109%& ()-y-N = 9! 10%
10Z 10Z 10Z, @ 109%Z& () - @10%2&'%) "o = o)
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9!, 3+ 109@& ()-)F109@Z& ()- ! OWZ%() 49 Youra” () - #109@& () -! |
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1092& () - @ S109@Z& () - DEFGW~-\= 9, 10%& ()-'s.10%[& ()-!Cs 10%

& ()-F(SmLO%r& ()- 10Z 10Z 10Z@f 10%& ()- _
10%rg’ () -![y310%mg () - 810%r¥! (I}-I 109&;

'210%& ()- 10m 10m 10mgté§9§afr&h()_ L0y,

EXL0% & ()-' @10%& () -
0% ()- 109%m& ()-}gxmbC
o6& ()- 10%n& () - dEnbC

~(CH2)qn-S-(CHp)p-aryl,
-(CH2)-S-(CHp)p-substituted aryl,

~
“_ (CHZ}[TO , or
0 0]

=\

Na N—R'

and the pharmaceutically acceptable salts thereof.

o

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 isopropyl.
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5. A compound in accordance with Claim 1 wherein

R1 is hydrogen or methyl; and

R2is -(CHp)p-phenyl,
hydrogen,

5 -(CH2)q-O-phenyl,

-OH,
-(CHz)n-bc?nzimidazoyl,
-(CHp)p-indolyl, or
-(CHp)p-phenol.

10 6. A compound in accordance with Claim 1 wherein
0
{l
C—X
Y is
CO.R
7. A compound in accordance with Claim 1 wherein
i
C—X
Y is ,
CO.R

X is hydrogen,
15 )
I

-CHy-NH-S-CHyCHj-phenyl,

20
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is hydrogen;
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1092 & ()-*. o

H
-CH,"NH-S-CH,CHj-phenyl,

I
0
— CH,NHSCH, ,
I
Hj
(I)l 0 CHj
—cx~12-1\ne{-isl-CH2
0
Hy
0 CHy
I
—-CH2NHﬁCH2 ,
0
-CH,-S-CH,CHyCHj-phenyl,
R GG
10

F:\NH

J

N

and the pharmaceutically acceptable salts thereof.

9. A compound in accordance with Claim 1 wherein

R! is hydrogen and
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-(CHp)p-O-phenyl,
-(CHyp)p-substituted indolyl,
5 -(CHp)p-tetrazolyl,

-(CHp)p-phenyl,
-(CHp)p-substituted phenyl,
-(CHp)p-substituted benzimidazolyl,
-(CHp)p-benztriazolyl,

10 -(CHp)p-indazolyl,
-(CHp)p-benzimidazolyl,
-(CH2)p-pyridyl,
-(CHp)p-naphthyl, or
-(CHp)p-quinolinyl.

15 10 The compound:
3-(2-Methyl-3-phenethylcarbamoyl-propionylamino)-4-oxo-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-oxo0-bicyclo[2.2.1]hept-1-
ylmethanesulfonylamino)-3-[3-methyl-2-(phenethylcarbamoyl-methyl)-
butyrylamino}-4-oxo-pentanoic acid;
3-(2-Carbamoylmethy!-3-methyl-butyrylamino)-4-oxo-5-(2-
phenyl-ethanesulfonyl-amino)-pentanoic acid;
25 3-[3-Methyl-2-(phenethylcarbamoyl-methy!)-butyrylamino]-4-oxo-
5-(2-phenyl-ethanesulfonylamino)-pentanoic acid,
5-(7,7-Dimethyl-bicyclo[2.2.1]hept-1-ylmethanesulfonylamino)-3-
[3-methyl-2-(phenethylcarbamoy!-methyl)-butyrylamino]-4-oxo-pentanoic

acid;
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dovaoas ) (10008 L (1990148, L sof 10080 () ()7 00 (- (10,
3-{3-Methyl-2-[(3-phenoxy-ethylcarbamoyl)-methyl]-
butyrylamino}-4-oxo-butyric acid;

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

3-[3-Methyl-2-(phenethylcarbamoyl-methyl)-butyrylamino]-4-oxo-
5-(3-phenyl-propylsulfanyl)-pentanoic acid;

10 5-(7,7-Dimethyl-2-oxo-bicyclo[2.2.1]hept-1-
ylmethanesulfonylamino)-3-{3-methyl-2-[(methy!l-phenethyl-carbamoyl)-
methyl]-butyrylamino}-4-oxopentanoic acid;

5-(7,7-Dimethyl-2-oxo-bicyclo[2 2 1]hept-1-
ylmethanesulfonylamino)-3-{3-methyl-2-[(3-phenyl-propylcarbamoyl)-

15 methyl]-butyrylamino}-4-oxo-pentanoic acid,;

3-{3-Methyl-2-[(3-phenyl-propylcarbamoyl)-methyl]-
butyrylamino}-4-oxo-5-(2-0x0-2H-chromen-6-yloxy)-pentanoic acid;

5-[3-(1H-Imidazol-2-yl)-naphthalen-2-yloxy]-3-{3-methyl-2-[(3-
phenyl-propylcarbamoyl)-methyl]-butyrylamino}-4-oxo-pentanoic acid,

20 5-(7,7-Dimethy!-2-oxo-bicyclo[2.2.1]hept-1-
ylmethanesulfonylamino)-3-(2-hydroxycarbamoylmethyl-3-methyl-
butyrylamino)-4-oxo-pentanoic acid;

5-(7,7-Dimethyl-2-oxo-bicyclo{2.2.1]hept-1-
ylmethanesulfonylamino)-B-(2-{[2-(1H-indol-3-yl)-ethylhcarbamoyl]-

25 methyl}-3-methyl-butyrylamino)-4-oxo-pentanoic acid, or

5-(7,7-Dimethyl-2-0xo-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-Dimethyl-2-oxo-bicyclo[2.2.1]hept-1-
ylmethanesulfonylamino)-3-(2-{[2-(1H-indol-3-yl)-ethylcurbamoyl]-

methyl}-3-methyl-butyryl amino)-4-oxo-pentanoic acid;
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20

25

30

methyl}-3-methyl-butyrylamino)-4-oxo-pentanoic acid;
5-(7,7-Dimethyl-2-oxo-bicyclo[2.2.1]hept-1-ylmethanesulfonylami
no)-3-(3-methyl-2-{[2-(1-methyl-1H-indol-3-yl)-ethylcarbamoyl]-
methyl}-butyrylamino)-4-oxo-pentanoic acid,;
5-(7,7-Dimethyl-2-oxo-bicyclo[2.2.1]hept-1-
ylmethanesulfonylamino)-3-(3-methyl-2-{[2-(7-methyl-1H-indol-3-y1)-
ethylcarbamoyl]-methyl}-butyrylamino)-4-oxo-pentanoic acid,;
5-(7,7-Dimethyl-2-oxo-bicyclo[2.2.1}hept-1-
ylmethanesulfonylamino)-3-(2-{[2-(6-fluoro- 1H-indol-3-yl)-
ethylcarbamoyl]-methyl}-3-methyl-butyrylamino)-4-oxo-pentanoic acid;
5-(7,7-Dimethyl-2-ox0-bicyclo[2.2.1]hept-1-
ylmethanesulfonylamino)-3-[3-methyl-2-({ methyl-[2-(1-methyl-1H-indol-
3-yl)-ethyl]-carbamoyl}-methyl)-butyrylamino]-4-oxo-pentanoic acid;
3-{2-[(2-Benzoimidazol-1-yl-ethylcarbamoyl)-methyl]-3-methyl-
butyrylamino}-5-(7,7-dimethyl-2-ox0-bicyclo[2.2.1]hept-1-
ylmethanesulfonylamino)-4-oxo-pentanoic acid;
5-(7,7-Dimethyl-2-oxo-bicyclo[2.2.1]hept-1-
ylmethanesulfonylamino)-3-(3-methy!-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-
ylmethanesulfonylamino)-4-oxo-3-{2-[(3-phenyl-propylcarbamoyl)-
methyl]-butyrylamino}-pentanoic acid, )
5-(7,7-Dimethyl-2-ox0-bicyclo[2.2.1]hept-1-
ylmethanesulfonylamino)-3-(2-{[2-(1-methy!-1H-indol-3-yl)-
ethylcarbamoyl]-methyl}-butyrylamino)-4-oxo-pentanoic acid;
3-(3-Methyl-2-{[2-(1-methyl-1H-indol-3-yl)-ethylcarbamoyl]-
methyl}-butyrylamino)-4-oxo-butyric acid;
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;
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12.

5-(7,7-Dimethyl-2-oxo-bicyclo[2.2.1]hept-1-
ylmethanesulfonylamino)-3-{3-methyl-2-[(2-naphthalen-2-yl-
ethylcarbamoyl)-methyl]-butyrylamino}-4-oxo-pentanoic acid;
5-(7,7-Dimethyl-2-oxo0-bicyclo[2.2.1]hept-1-
ylmethanesulfonylamino)-3-{3-methyl-2-[(3-pyridin-4-yl-
propylcarbamoyl)-methyl]-butyrylamino }-4-oxo-pentanoic acid,
5-(7,7-Dimethyl-2-oxo-bicyclo[2.2 1Thept-1-
ylmethanesulfonylamino)-3-{3-methyl-2-[(3-quinolin-2-yl-
propylcarbamoyl)-methyl]-butyrylamino }-4-oxo-pentanoic acid,;
5-(7,7-Dimethy!-2-oxo0-bicyclo[2.2.1]hept-1-
ylmethanesulfonylamino)-3-{3-methyl-2-[(3-naphthalen-2-yl-
propylcarbamoyl)-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-pyridin-3-yl-

propylcarbamoyl)-methyl]-butyrylamino}-4-oxo-pentanoic acid.

The compound:

5-(7,7-Dimethyl-2-oxo-bicyclo[2.2.1]hept-1-
Imethanesulfonylamino)-3-{3-methyl-2-[(2-naphthalen-2-yl-
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-methy!-1H-indol-3-yl)-
ethylcarbamoyl]-methyl}-butyrylamino)-4-oxo-pentanoic acid;

5-(7,7-Dimethyl-2-oxo-bicyclo{2.2.1]hept-1-
Imethanesulfonylamino)-3-(2-{[2-(6-fluoro-1H-indol-3-yl)-

ethylcarbamoyl]-methyl}-3-methyl-butyrylamino)-4-oxo-pentanoic acid,
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5-(7,7-Dimethyl-2-oxo-bicyclo[2.2.1]hept-1-
ylmethanesulfonylamino)-3-{3-methyl-2-[(3-quinolin-2-yl-
propylcarbamoyl)-methyl}-butyrylamino}-4-oxo-pentanoic acid;
5-(7,7-Dimethyl-2-oxo-bicyclo[2.2.1]hept-1-
20 ylmethanesulfonylamino)-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-methy!-2-{[2-(1-methyl-1H-indol-3-yl)-

ethylcarbamoyl]-methyl}-butyrylaminc)-4-oxo-pentanoic acid;
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14, The compound:

N4.(2-Benzotriazol-1-yl-ethyl)-N1-(2-ethoxy-5-oxo-tetrahydro-
furan-3-yl)-2-isopropyl-succinamide;
25 N1.(2-Ethoxy-5-oxo-tetrahydro-furan-3-yl)-N4-(2-indazol-1-yl-
ethyl)-2-isopropyl-succinamide;
N1 -(2-Ethoxy-5-oxo-tetrahydro-furan-3 -yl)-2-isopropy1~N4-(2-
phenylamino-ethyl)-succinamide;
NL.(2-Ethoxy-5-oxo-tetrahydro-furan-3-y1) -N4-[2-(6-fluoro-1H-
30 indol-3-y1)-ethyl]-2-isopropyl-succinamide;
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butyrylamino}-4-oxo-butyric acid;
20 3-(3-Methyl-2-{[2-(1-methyl-1H-indol-3-y!)-ethylcarbamoyl]-
methyl}-butyrylamino)-4-oxo-butyric acid,;
3-(2-{[2-(5-Fluoro-1-methyl-1H-indol-3-yl)-ethylcarbamoyl]-
methyl}-3-methyl-butyrylamino)-4-oxo-butyric acid;
3-(2-{{2-(5,6-Dichloro-benzoimidazol-1-yl)-ethylcarbamoyl]}-
25 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-yl-ethylcarbamoyl)-methyl]-3-methyl-
butyrylamino}-4-oxo-butyric acid;
30 3-{2-[(2-Irdazol-1-yl-ethylcarbamoyl)-methyl]-3-methyl-

butyrylamino}-4-oxo-butyric acid;
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3-[2-({[2-(5,6-Dimethyl-benzoimidazol-1-yl)-ethyl]-
methylcarbamoyl}-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;

3-(3-methyl-2-{{3-(3,4,5-trimethoxy-pheny)-propylcarbamoyl]-
methyl}-butyrylamino)-4-oxo-butyric acid;

3-{3-Methyl-2-[(2-phenoxy-ethylcarbamoyl)-methyl]-
butyrylamino}-4-oxo-butyric acid ethyl ester;

3-Cyano-3-{3-methyl-2-[(2-phenoxy-ethylcarbamoyl)-methyl]-
butyrylamino}-propionic acid ethyl ester; or

3-Cyano-3-{3-methyl-2-[(2-phenoxy-ethylcarbamoyl)-methyl]-
butyrylamino}-propionic acid

A pharmaceutical composition that comprises a compound of Claim 1.
A pharmaceutical composition that comprises a compound of Claim 8.

A method of treating 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 2 compound of Claim 1.

A method of treating or preventing stroke, the method comprising
administration to a patient having, having had, or at risk of having a stroke

a therapeutigally effective amount of a compound of Claim 8.

17 0CT 2002



