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' 8:TE’RM NAL MODI FI ED OXAMYL DI PEPTI DES AS | NH BI TORS OF THE | CE/ c&d &Nz @
CYSTEI' N ES 5 DEC 2002 PCT/US99/ 15074 The present
rel ates toﬁﬁ§wﬁ§‘§asses of conpounds which are inhibitors o?b'm%%’ll%“
i_nterl eukin-1B converting enzyne and rel ated proteases ("I CElced-3 famly
of cysteine proteases”)) as well as pharmaceutical) conpositions conprising
t hese conpounds and to nethods of using such pharnaceutical conpositions.
Back~rour x| of the Invention 10 Interl&ukin 1 ("1L-1 ") is a mmjor
pro-inflammatory and i mmunoregulatory ' protein that stimulates fibroblast
differentiation and proI I feration he product i_on oflp%§ost agl andl ns
TP

Qo
o RT3 soonsio et aien.coperne I Ty

mupelogy Today, 7:45-S M such, it Is involved in th
pat hogeneS| s of chronic and a@ﬁ SIE PR@Mﬂﬁy acrd aut oi m-nuac

»di seases. IL.-1 is predom nantly produced by peripheral bl ood nonocytes as
part of the inflanmmtory response. Msely, B.S. et al_,_Proc. Nat. Acad.
Sci., 84:45'2-4576 (I987) Lonmemaim G et al., Eur. J. | munol .

19: 1531- fEsqknigal &reld f , IL I ~ i's synthesi zed as a biol ogical | y i nactive
precursor proIL 1 4. Ie ved cyst ei ne rot e called
i nt erISZukl n-1 ~3 co ePtcs':ﬁ’g E'/or?e "(]igt il °\/\%§°ﬁ ‘i‘toc‘ﬂg'ff di % a- 11T
t o produGghibifsts BF saukmL1ipYcoRbérinyCerzying lahd mtted g@m&@t "icwm 3 RarkiyBR Y
serum and synovi al fl uid. &él eat hlygeP R et al Bi ol ( e

265: | 452@ySei5e grofeagry?) as wellns thnm@he,ql cemposulon»@mmnmg thCS¢ 46’!112@@45 2859

991). I CE |.s.a £ysteine rote | ocal i zed primarily in nonocytes. In
adidi ti ont?8’°th°ds°‘c‘%t"§r§5 'ngt’ $8°’P§’<‘?5tq°ﬁsf'nrrat ory and i nrnusioregul atory

properties of -1~ 1CE and 25 particularly its horrm ogues) al so appear
to be invol ved |n the regul ati on of cell death or apoptosis. Yuan) J. et
al . ) Cel |BacKgzodndlof GiednychES) ; M ura, M et al., Cell, 75:653-6b0 (1993);
Nett-G ordalisi, MA. et aI Cell H ochem) | TH 117 ( 1993). In

parti ¥l ar, 1 CE or Iptepgudyl fﬂohﬂl‘b@u@g‘%i”é“’f‘ﬂﬁﬁﬂﬁf’m 6“43&“5%‘&6"63‘&?‘86’ W th

the r egulp%t&gn t!gt SRRRLES 'ﬁ%rdbﬂstn %&&%Q@Jnatahy proliferation, the production of
prostaglandins, collagenase and phospholipase by synovial cells and chondrocytes, basophil

and eosinophil degranulation and neutrophil activation. Oppenheim, J.H. et al., Immunology

Today, 7:45-56 (1986). As such, it is involved in the pathogenesis of chronic and acute
15 inflammatory and autoimmune diseases. IL-1 is predominantly produced by peripheral b]ood_

monocytes as part of the inflammatory response. Mosely, B.S. et al., Proc. Nat. Acad. Sci.,

84:4572-4576 (1987); Lonnemann, G. et al., Eur. J. Immunol., 19:1531-1536 (1989).

IL-1P is synthesized as a biologically inactive precursor, prolL-18. ProlL-1B

is cleaved by a cysteine protease called interleukin-18 converting enzyme ("ICE") between

20 Asp-116 and Ala-117 to produce thc_bioit;:gically active C-terminal fragment found in human

serum and synovial fluid. Sleath, P.R. et al, J. Biol. Chem., 265:14526-14528 (1992); A.D.
Howard et al., J. Immunol., 147:2964-2969 (1991).

ICE is a cysteine protease localized primarily in monocytes. In addition to

promoting the ﬁro-h:ﬂarmmtory and immunoregulatory properties of IL- lﬁ, .ICE, and

. 25 particularly its homologues, also appear to be involved in the regulation of cell death or
apoptosis. Yuan, J. et al,, Cell, 75:641-652 (1993); Miura, M. et al., Cell, 75:653-660 (1993);
Nett-Giordalisi, M.A. et al., J. Cell Biochem., 17B:117 (1993). In particular, ICE or ICE/ced-3

homologues are thought to be associated with the regulation of apoptosis in neurogenerative
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ki nson's disease. Marx, J. and M Baringa, Science, 259:760
Gagliardini, V. ct al., Science, 263:826-828 (1994). . Thus,
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di sease swWQ W66 whi ch inhibitors of the |1 CE ced-3 fam |y BPETUSSNESOTHE
prot eases may be useful as therapeutic agents include: infectious
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Drug Di keiewi disdasesh ehosi he myscitdiaClisfhdetion) stddké] andisthemicdkidndyEllikéase; Hor wood,
Chichester, England, Z 990), pp. 92-126. These - undesirabl e propert
have haimgesnedbases cdiseasrsy sych eRsHIvalYT autoiimEnune diggases, such(ps Apuitipldi
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nmedi at ed di seases such as inflanmatory) autoi mtme or n~rod~gcnerative

di seaseflloWing ¢hemoeand i mdiatinmi therapyit arglf fars prokinging eergam niabplity vfod ase fima

rel at ed ad%anta es. . . .. 25 Sunpnary of the Invention - . . _ .
| n gE3EPAMAPLe coanpounds of this invention incorporate a (N

substi t
exhi bi t

ut ed~xany| QD AibRord irfirflehtdf ciis B cofmpokds ubdaifol tHGoRPETRAY
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ic stability resulting in rnhanced 5 C 2002 WO Q0/ 01666, 3
PCT/}eisobpweyst suth 1%!%%? bieal ya%ﬁm?aﬁdgﬁy andgsirablp pharmacologic

Pr ovi si
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.-25

R APRLA §85do? BralSbsorption, poor stability and rapid metabolism. Plattner, 1.J. and
D.W. NM in Drug Discovery Technologies, C.R. Clark and W.H. Moos, Eds. (Ellis
Horwood, Chichester, England, 1990), pp. 92-126. These-undesirable propertics have
hampered their development into effective drugs.

Accordingly, the need exists for compounds that can effectively inhibit the
action of the ICE/ced-3 family of proteases, for use as agents for preventing unwanted
apoptosis, and for treating chronic and acute forms of IL-1 mediated diseases such as
inflammatory, autoimmune or nevrodegenerative diseases. The present invention satisfics this

need and provides further related advantages.

Summary of the Invention

In general, the compounds of this invention incorporate a (N-
substituted)oxamy! group as a dipeptide mimetic. The resulting compounds exhibit improved
properties relative to their peptidic counmterparts, for example, such as improved cell
penctration or improved absorption and metabolic stability resulting in enhanced

m U. S.

<



60/ 091, 689, filed July 2, 1998, and U.S. Application No. 09/177, 548, DEC) 2042
Cct ober 22) 1998 (both of which are hereby incorporated by reference in
their entypabkiees> Formula | wherein A, HR and R- are as gwefnsywdsig! ow,
as well as pharmaceutically acceptable salts thereof. One aspect of the
instant invention is the conpounds of the Formula I: CO2Rz OB R-H~ HOO
A further aspect of the instant invention is a pharmaceutical conposition
conprising a conpound of the above Fofnula | and a

pharmaceutical | y-acceptable carrier IO therefor. Another aspect of this

i nvention involves a nethod for tang an autoi mmune . disease

conpr i Shicyaidabilitni STEis i applicationfdififisi préortyrdioni WS, Rrovisidnal AppRdatiG® RS t i on
di scussed above to a Sati ent in need of such treatnent. Yct another aspect

. of the ¢0MMLRY, filed By 2o %8s and Hk. Haplication Noe 8% 1542 filed Qaioten AZak98 v
di sease, C rysying,admni steri an.effective nt of a pharnaceuti cal
corrposi(P?tggpﬁ'%’tcbﬁgéﬁf%wg’(?q%&g’yﬂ&ﬁeé’ﬁf mte eé’ggc%éf such treatnent. A
furttxr aspect of ofdRpdchsf BE install LR id the ConfPRLARDE MU FIMARLI Ng & . _ - -~
nettrodegenerative di sease conprising adm ni stering ap.effective anount of.--.
a pharmaceuti cal conposition di scussed above to a pafJ in need of such
treatnent. 20 Anot her aspect of the instant inventi 2'S a net hod of
preventing ischemc injury to a palent setfftrifig froma di sease
associated with ischrmc injury conprising adm nfstering an effective
anoent of the pharnmaceutical, co ion discu Be to a patient in
need of such treatment. \RI-00ND1666 Jr=A=—N5 DFQY. 2A-Z PCT/ US99I | 5074 A
further aspect of the instant ihventi i s atret hodilf or expandi ng of

mat opoi etic cell popul ations andl or @nhanc~g thei® survival by contacting
the cells with an effective anount of the pharmaceutical conposition
di scgyissed above. Cell popul ations i ncForkthla tthe nethod of the invention
i nclude (but are not lirQg ~ toy .granul ocytes) 5 nonocytes, erthrocytes,
| ymphoGyHessin A IBIRbhit R @icSas§ defined below, seivtl] b phdinaceuticlly adfeptiblecsaniat e
aspect of the instant invention is a nmethod of prolonging the viability of
an or gdhereafat has been renoved fromthe donor for the purpose of a future

transpl antation p dar e [ G i . | yi n_ef f.ective.anount of
the pharnaceuti ca’l“%oﬁrﬁ ?s“gst%'se'%%g%%ﬁg ;ytp 0 geug'rc %‘a%"’,mptoﬁte’?"eby

pr ol onGoRBrisiRe aVdoRipbinidt ¥f e abBvéd FErmilgARN@S safReitallRaddptblE caecd or gan.
The organ may be an intact organ, or isolated cells derived froman organ
(e. ) thagefort ed pancreatic islet cells) isolated dopami nergic neurons,

bl ood or hermat OpOAr?otihcrl ¢ aspecceI tI o?'}t}iis invention involves a method for treating an autoimmune

disease comprising administer'mg- an- cffective Qmount of a pharimseutical composition
discussed above to a patient in need of such treatment.

Yet another aspect of the instant invention is a method for treating an

15 inflammatory disease comprising admim'steriné an cffective amount of a pharmaceutical
composition discussed above to 2 patient in need of such treatment.

A further aspect of the. -instant invention is a method for treating a
neurodegenerative disease comprising administering an effective amount of a pharmaceutical
composition discussed above to a patient in need of such treatment.

20 Another aspect of the imstant invention is a method of preventing ischemic
injury to a patim{ suffering from a diseasc associated with ischemic injury comprising
administering an cffective amount of the pharmaceutical composition discussed above to a

patient in need of such treatment.



These and ot her aspects of this invention will be evident upon ref@rﬂﬁ@c@ﬂﬁlo
the followi ng detail ed description. IS Detail ed Description of the B
-l nvention As nentioned above, one aspect of the instant inventi'on is the

. conmpoundswab od/iessFormul a |: ' CO2R2 OB R~ M~ H O . O For mgrausoonBer£i n:
20 Ais a nattual or urmatural amno acid of Formula Ba-i: _. . .._. _

- WD 001 01666 5 DEC 2002 PCT/ US99/ 15074 r R3 R3a ~N H O

5RO/ N. IlhRT~-IleR5. _~ ITc>  O_ _Ra~N~-NOIIf

la R6 1Td 5
k Ra\ N (C"~2)a 4

I( CH2k Ra
A further aspect of the instant invention is a method for expanding of
hematopoietic cell populations and/or enhancing their survival by contacting the cells with an
cffective amount of the pharmaceutical composition discussed above. Cell populations
included in the method of the invention include (but are not limjted to) granulocytes,
5 monocytes, erthrocytes, lymphocytes and platelets for use in cell transfusions.

An alternate aspect of the instant invention is 2 method of prolonging the
viability of an organ that has been removed from the donor for the purpose of a future
transplantation procedure, which comprisc:*s applying an effective amount of the

(‘) pharmaceutical composition discussed above 'to the organ, thereby prolonging the viability of
10 the organ as compared to an untreated organ. The organ may be an intact organ, or isolated
cells derived from an organ (e.g., isolated pancreatic islet cells, isolated dopaminergic neurons,

blood or hematopoictic cells).

These and other aspects of this invention will be evident upon reference to the

following detailed description.

15 Detailed Description of the Invention
As mentioned above, onc aspect of the instant invention is the compounds of

the Formula I: -
CO,R? _
) 7
; B
—N A—N
R H H
o . 0O

Formula I
wherein:
20 A is a natural or unnatural amino acid of Foommla Ifa-i: . . ... . . ...



N/ N(Qi2~O0~O0O~, OllgllhIli Bis a hydrogrn atom a deut & iDE® 2002
atom al kyl, cycloal kyl) phenyl, substituted phrnyl, naphthyl, Subst’i t uted
nhapht hyl , 2benzoxazol yl, substituted 2-oxazolyl) (CHx~cydoaI kyI )

( CHx~, PhenYO 0¥@¥fb\ s ub~st i t ut cd pht nyt~ (CHx~, (1 or 2- napht RRETYUS99/15074
(CHx)"(substitutcd | ar 2-naphthyl)) (CH=)"(heteroaryl)) (CHy, (substituted
hcteroaryl), halontcthyl, COZR i, CONR'R') CH2ZR s, CHZOC(O( asyl),

CH=0CQ( hetrroeryl), or CHXOPQ(R ~)Rw, where Z is an oxygen or a sul fur
atom or Bis a group of the Fornula Isa-c: ~- 5 pEC Zooz WD 00101666
PCT/ US99/ 15074 6~ r~ 5 10 O -OWO ~-Cs Rss RRo QR20\ ~0 Y~ R-s Y~ ORte .
., RllltalllbIllc R is alkyl, cycloal kyl, (cycl kyl)ﬁkkyl phenyl ,
substituted phenyl ,Rﬁhenyl al kyl, s tityyed phenyl akkyl , thyI

. Substituted pht hyl Ri o 2 napht yI)aI yl) substltut ed (1 or
napht hyl ) al k;Z\hc sub t| tNJt ed t oar yl, oaryl )aI kyl,
substituted (hetMroaryl-I k e a iNs hydy ogen) | ower

al kyl , cycIoaIkyH, (cy IoaIkyI) IkyI phenyl sub§?1{uted enyd ,
phenylalkyl substi t ut 64 phenylaltryl naphthyl subst ed napht hyl, (
or 2 naphthyl)alk}laww substituted @T£>or 2 naphthyI | I'ryl; and wherein:
15 20 ZS R' and R are i ndependent |y hydrogrn) al kyl, cycloallryl S =l
(cycloal tryl)al kyl, enyl, substituted phenyl, phrnylal , snbstltuted
phenylallryl, na jrl) substitute
substituted ( 1¢or 23ynapht hyl ~ EVrﬁihet
(heteroeryl ~I kyl\) or/substituted (heter aryl)alkylk?wu
N i

pht hyl , (1 or nap fivl) al kyl ,
roaryl, subst|tuted{het eroaryl,
tht provi so that

R' and R cann h be hydrogen; N: is a ¢l oal kyl ,
h&cycl oal kyl ~l k{1 , subst t fit éd Yl . f~Y~~Yh| substituted
phrnyl al kyl , Tap tituteédnaph (1 ar Z t hyl ~I kyl
substituted (1 or apht hyl ) al kyl , hetgroaryl, subst@Tute éeteroaryl ,
(het eroaryl ~I kyII r substituted - 11 (hcttrgﬁ ~alkyl; R is
C, ~ lower alkyl, Ic@cl oal kyl, phenyl; ?ubstl tut ted phenyl-~¥CH2~2~ (~2COR ~
(CHz~(C=~~2a (CHZ CzR2, (CH-)~CR~~ ( ~SR~~. (CHZ) acycl oaI kyI
(CH-) ~Phcnyl ,

R®

\T S <CH2)3>Q
$/N N (CHa) _~N (CHz)p
A S < %
IIg IIh ITi

p ) B is a hydrogen atom, a deuterium atom, alkyl, cycloalkyl,

phenyl, substituted phenyl, naphthyl, substituted naphthyl, 2-
benzoxazolyl, substituted _2‘-oxa;91_)fl, (Q!?}.cy?loalkyl, (CH,),phenyl,

5 (CH;).(subsﬁtutcd phenyl), (CP_Izz.(l or 2-naphthyl), (CH,)(substituted
1 or 2-naphthyl), (CH;)s(heteroaryl), (CH,).(substituted heteroaryl),
halomethyl, COR", CONR"RY, CH,ZR", CH,0CO(ary}),
CH0CO(heteroaryl), or CH,OPOR)R, where Z is an oxygen of 2
su}fur atom, or B is a group of the Formula IMla-c:



,_ - WD 00/016b6 7 ~ 5 DEC 2442 PCTI US99/1507d (CHz), (substit uted PREN00L.
(CHz)p(l or 2-naphthyl} or(CHz)"(heteroaryl), wherein heteroaryl 1incl udey -
pyridyl, t furyI .thiazolyl, imdazolyl, pyrazolyl,

pyrazi nyI Wg??’?ﬂr%w , ' -~ triazi nyI tetra2ol yI , and i ndoI yﬁm& 3/(474

5- R' is hjrdrogen or nethyl, or R and R' taken toget her
are-(CHz)~ “where d is an interger from2 to 6;R is phrnyl, substituted
phenyl , (CH2+"phenyl, (CHz~" (substi tutgd phenyl ), cycl oal kyI, or benzof used
cycl oal kyl ;Rs .i s hydr ogen, |ower alky cycl oal kyl') phenyl,

substltutedlophenyl) ( )ocycl oal kyl , ( ~, phenyl , ( ~, (substituted
phenyl), or (CH=) p( I 2 napht hyl ) ; i s~?hydr ogen, fgug ne, oxo, | ower
al kyl , cycl oal kyl ~gubst it ut ede phenyd, naphthyd, (Ctdz)"eycl oal kyl ,

(CHz) "phenyl (CHz~ (SWDS'[I tjut cd R,henyl&) (
or 15NHCOR ; R‘ i's hyd

phenyl , . . ___ ~~~tefl phenhyl) naphth |, )"CYB oalnkyl ,
(CH=~, PhenYI (CHz)"(sub (tu phenyl Gz)" (1 or 22 ;
1 ower alkyl,. cycl oal R}'ﬂ_) (hi ~c9c| oal ~, phcnyl, 20( CHzRg(subst i t ut ed
phenyl}, (CHz) (I or 2-naphthyl), COR9; ROyl S hydro‘g‘;‘éﬁ) I"ower al kyl ,

cycl oal kyl phenyl substit ut edphenyl naphthyl) (CH=), cycl oal kyl,

(CHz~, phenyl ; “(CHz~, (subs}T¥at edphenyl)) @&, (1 or 2-napkEByl), OR z, or

NR'R ~ R is hydrogen, LOWerR'QLIﬁ 1, c‘}XlGJA]Qﬂ' Mlcioamﬁﬂg!(zghenﬁl suliastntuted

or 2-paphthyl), OR, SR

substi tut ed25phetryl, naphthyl, ~, cycl oal kyl';

(CHz~, (substituted. pheny], phcnllalkxl subsmutcd phenylaikyl, ngphthy , substituted p-yl )~

~(~1~( I or 2- naphthyl) is Lower alk cy cloalk¥ phenyl
i/l g‘h% Mpphthyl)a kyl,

,S&_étl tuted phenyl, napl‘??l’wll'yl (3 MWMY&Q]W}@WSW
{(@Hz)s-(substituted phe ﬁﬂc)gaﬁj( b ni'tc@rhgtrr’&%?i‘t %Lt}rogwﬁr&llzcs el

00i 0~ss6 5 PCTNS991150 X 1S ovver a

(CHx} acycl oal kyl) (O—kthﬁembﬂky@m(‘mmm’bjhﬂd phenyl), or (CHz~,( 1 or
2-naphthyl); R 3 is hydrogen, |ower alkyl ) | oal kyl , phenyl, substituted
phenyl, naphthyl, substi tut & 8 a‘}?ﬁﬂﬁﬂ' -cP!@Ha"@ltl(c}'dO(]UlD_ﬂkmbhcnyl

(CHx)" (substltut ed phen r hyt gen or
| ower al kyl; or R' andPRE™™t é‘fé’é‘%‘“ B{WEE ?WH?Q"# %@%%Bge\?gﬁ‘yﬁgﬁ@aed
carbocyclic or heteroc 1rhmmtmh@ Pheiphih§halB)), diFsibibnied ¢t ed Pi e:
10 R s is phenyl, subs%ﬁﬁ}t}tﬁeé phenyl , X ﬁ)\{fl sub?ﬁ%t eo? napht hgl

het eloaryl, (CHx)" phenyth(P@ﬂbr))ﬂlkﬂubsti tut ed pherryl) (CHx~( 1 or
2-napht hyl), or ( eteroaryl); R ~ and R' are independently | ower
al kyl, cycl oal kyl ™ g"f%fﬁ‘ , . substituted phenyl, naphthyl, phenyl al kyI

substituted phenyl al kyl, or rISa e g@l,m@p}@dchw ,hya.ogc,armdﬁ cy'%'i&lkyl L
i ndependent |y hydrogen, al kyl, phenyl, . . ~b~t d

phenyl, (CBI ~, pht nYI (W%tnmlcwmnﬁlmmplﬂmﬂkyl substltuted and R
taken together are - - phenyl , substituted
phenyl, ,~2U (CHx)" phe Maﬁ‘éﬂbé‘%' ‘g gﬁbé ;or maphifyDafirb e arc

dependenty hyd I Y'
LvepEndently by %g-ﬁ”‘“"%“‘*"h (e 2 papigh S et mbpitasd ey, 1 1 ©

that when a is 1 then (hetesodryl)aikyl, of substitited (the2erofryDatkylowlith thetprovisdnthat 1s 1
then ais O and b is |; mls 1 or 2; ggd nis 1,2,30r4; or a

phar-maceut-i cal |y acceppa drogen;
e e e e . is alkyl, cycloalkyl, (cycloalkylalkyl, phenyl, substituted T
- o phenyl, phenylalkyl, substituted phenylalkyl, naphthyl, substituted
20 naphthyl, (1 or 2 naphthyl)alkyl, substituted (1 or 2 naphthyl)lkyl,
el 2.0 beteroaryl, substituted heteroaryl, (heteroarylialkyl, or substituted

(heteroaryllalkyl;

R’ is C.¢ Jower alkyl, cycloalkyl, phenyl, substituted pheny,
(CH;):NH,, (CH,),NHCOR’, (CH;).N(C=NH)NH,, (CH,).CO,R?,
25 (CH;)aOR'’, (CH,),SR'’, (CH,),cycloalkyl, (CH,),phenyl,




5 nEC Zooz WO 00/ Ol 6G6 9 PCTI US991I 5074 As used herein, the term "at &y DEC 2002
» means a straight or branched C, to C o carbon . chain, such as -nethyl,

ethyl, tcnioldbYdss | SO-Propyl, n-octyl, and the like. The t%&m/ué%\? "4

al kyl™ means a straight chain or branched C) to C6 carbon chain,” sut
met hyl, ethyl) iso-propyl, and the like. _ ........ S ~ The term
"cycloalkyl" means a nono-, bi-, or tricyclic ring that is either fully

saturated orr partially unsaturated. Exanples of such a ring include
cycl opropyl, cycl obutyl, cyclopentyl,7cyclohexyl, cycl oheptyl, adamantyl,
cyclooctyl, cis- or traps decalin, bicyclo[2.2.1]hept-2-ene,

cycl ohex-1-enyl, cycl opanidseBtiutéd 4s ghp%@ﬁ?j.@f‘%r mpt;t#,{) - The

term " (cycl oal kyI)aI kyl ™ ‘means the above-def ned al kyl group su stltut ed 10
Wi th one of the above c{H,Rékterphryl) wgeremﬂxemqahdanahidespmﬂ)d, thieayl firylc| ude
(cycl ohexyl ~net hyl, 3-(cycl optopyl ~n-propyl, 5-(cyclopentyl)hexyl

6- (adamant yl ) hexyl , andbierdy} i R‘é% 200l RYERZRIYLs IR93AZOLY Y BYraEmY yPY“"S‘BIQel fies a
-phenyl group substitute uhstitucnts chosen from hal ogen,
hydr oxy, protected hydr%xy,}lgy%%ypgnmﬁ&yﬁrl fluorometpyl, .al kyl, al koxy,

acyl ,sacyl oxy, carboxy) pr ot}éttﬂcy&@ebwyneﬂ%r&mﬁlmm’ﬂmkeﬁﬁoﬁtﬁ&%é ed
car boxyrret hyl , hydroxyneth prot ect ed hydroxynet hyl, am no, protected

am no, (m)nosubsti tute nwhcrpﬂowtm@cge(ﬁmdstglésu tut ed) am no,
(di substituted~m no, car box pr.ot ect ed, car boxa b
al kyl xar boxani de, protected (I’% Ei substtuted p ‘myt' aﬁ((ﬁ %-\Aﬁﬁgﬂoxam de,
N~1-di (1 over al kyl) car QexgyTisttstinbbd(ghenyty, cft
N- (phenyl sul fo~nyl ) arnino "or by a Sﬂl?bstl Fg‘{ ed ‘or unsuﬁétl tut e(PphenyI
oup, such that in the 20 Ilétxtsehydmgse lawéxi ghyn vyclaaikyhapitinil | substibuied
{r sults, or wherein two adj acent al k I ubstltuen s .gn_the substituted
phen¥® ring taken togetﬁ'i'é'?y’f Sﬁﬁr"é(" )dsubﬁ%‘i‘"céfaﬁ&)‘llb"’

t et rahydr onapht hyl or (t%ﬁi% Fﬁﬁ es of the term 'substituted phenyl™
i nchi des a nono-, -) tr rt 0{ ra-g%)l’ . . penta(hal o~henyl group such

as 2-) 3- or 4- cbI or ophenyl R*zs H}d%geh,lmr_oanb,aﬁysl low?ﬁalﬂyl5cfhlﬁmrp)ﬂiﬁnyl
3, 4-di ehl orcyphenyl, Z-,3- ar 4-bronophe té{l 4- chbr amaphen
4,

3. 1) 2., - 3 of - bk opbeavl| naph Géﬂx)ﬁcﬁ‘aﬁkﬁpﬂé iy phgnd s, G
5.3 45, 6- ent af Tuosop HERPHERERERY ipmeip (M HoabiihPIGRY spY or

groups such as 2-, 3-, augdoRrydroxyphenyl, 2, 4-di hydroxyphenyl, the
pr ot ect ed- hydroxy derlvatlves t hereof and t he li ke, a n|trophenyl gr oup

such as 2-, 3-, or 30 4-ni tr%Mgmaxcymmmﬂ@MWCIOWIMJ e,
2-,3- or 4-cyanophenyl 0- no 66

PCTNS99/ 15072 di Fal k§| )‘B H\% g?‘%ﬂ%’ s&éﬁq‘%’iys' ?85,&%8 f‘)’gf nSFﬁf)r"S‘ﬁ'Pﬂw
2, 4- di et hyl phcnyl) 2 Z.(Qtibsﬁ’m(eﬂﬁﬁaﬂl)%)(beﬂm&z-n??hthyﬁ) or

4-ethy|pheny|, 2-, n- propyl ) phenyl and the 1ike; a nmono or
di (al koxy~henyl gr oup, for ékamom alkylﬁcxﬂmhdﬁﬁp%mmlphlkm(CHBuphemyl

R L P A 55 s« con
® is hydrogen, lower alky), cycloalkyl, phenyl, substituted
phenyl, naphthyl, (CH,),cycloalkyl, (CH,),phenyl, (CH,),(substituted

phenyl), (CH)(1 or 2-naphthyl), OR', or NR”R™;
R' is hydrogen, lower alkyl, cycloalkyl, phenyl, substituted
25 phenyl, naphthyl, (CH,).cycloalkyl, (CH,).phenyl, (CH;)(substituted

smweo o som—e=vee - o phenyl), or (CH;)u(1 or 2-naphthyl);- - -~
R" is lower alkyl, cycloalkyl, phenyl, substituted phenyl,
naphthyl, (CH;),cycloalkyl, (CHa).phenyl, (CH;),(substituted phenyl),
or (CH,).(1 or 2-naphthyl);



_,.",r _ _ - . . 5 4trifluoronethylphenyl; a nono- or dicar baxypHibby 20
(protected carboxy)phenyl group such ' as 2-, 3- or 4-carboxyphenyl or i
-2,4-di (protccted carboxy)phenyl; a nmono- or di (hydroxynethyl}phenyl or
(prot ect W@ WPMExynet hyi ) phenyl such as 2-, 3- or 4-(prot cREBYSINI5074

hydr oxynmet hyl yl or 3, 4-di (hydroxynet hyl ) phenyl ; a nono- or

-di (am nonet hyl ) phenyl or (protected am nonet hyl ~henyl such as 2-, 3- , or
4- (am nomet hyl ~hcnyl or 2, 4-(protected 10 arni noncthyl)phenyl; or a nono-
or di (N-(nmethyl sul fonyl am no) ) phrnyl8 such as 2, 3 or :
4- (N- (et hyl sul fonyl am no) ) phenyl. Al so) the term "substituted phenyl™

TSNS foreranpte: s R keSSl o Sl ke
3-chl or o- 4- hydr oxyphe 0@ ¥Hend PSR nadk yl - 2- hydr oxyphenyl
3- hydr oxy- 4-ni trophr n;%i)'ﬁglﬁggr oxé- 4-9{:)hfrgr o%ﬁwg%?,naéhﬁlghe i ke. 15 The

term "phenyl al kyl " neaas oR¥ ifhydhgemblower sikginyicigonppheayk achaftddo one of
t he above-descri bed al kyl grou&%I and the term "substituted phenyl al kyl "_ .

nmeans that either thepksgl xymaphthylhe subrijtuted or naphthyl, g (CHdoyaloaliyl.ed with
one_or nore of the ab sdefi bsti.tuents. ..Fx s qf s groups
i ncPude 2- phenyl - - ch%ﬁ%gﬂvr?%wi&ﬁhwﬁgfbﬂﬁgn F@ﬁi’ﬁ,o" 3'{“?“@%”’- di hydr oxy

phenyl rn-hexyl, 2-(5'-cyang¥3s hydbgtn oY Roweryl 20 pentyl,
3-(2',6"-din:ethyl phebyl ~n- propyl ) 4-chl or o- 3- am nobenzyl ,

6- (4' - met hoxyphenyl ~3 car boxR ranfiB}/taken together form a five 10 seven membered

5-(4' - am no~r net hyl phrnyl } - 3- (am nonget h I%n- ntyl, . .

5- Phenyl - 3- oxo- npent -F%'Md(%!f sidleité Ffé%’? suchyasyporehelipe, origubsiiited: ke The
term"auto nyl" means Wthyl grdup sustiluted with one or . . . . _
ﬁngore of the above-ideRtitted subtit~nts, and the term"( 1 or 2

appt hyl ~l kyl " neans a 25 RHph$ hpHengl] eubstitedit pheligld hdphiiyk edbstifird
abm-e- descrrbed al kyl grougs. The terr?s "I baM' and "hafoaen" refer to the
fluoro, chloro, brononaphthybddcteroaryl, (GHapphenyl, THEH-(seystititedayphendh be used

to descri be one or no 0gens (el re,the sape or . different.
Pref erred hal ogens in{@ﬁg’ﬂc%'gﬁ??a ?Eh\g\@’forpﬁ?‘éﬁf’ﬁ\%’ﬁl bn are chloro and fl uoro.
The term "aryl" refers to RFQKBR'Cark intRpehdehts ISweRNBA! 813k {,i ¢ sings.
30 Six menbered rings are preferred. ,. 5 DEC 2D02 V%doo%llg% roli

PCT/ US99/ 15074 The t esubstithied ohenvl.ynaphtlizl, phenylabpil.i ybstithtpd phénylaliylitand

ar tic five-nmenbered . I.X=menbered heterocyclic rings that have 1 to

4 ﬁgftieroatoms, such a&y‘g@b@%b’é’ul fur and/or nitrogen atons, in particular

nitrogen, either alone or R gﬂmjync;rgog,d%&ngyl hytrogen, %Wj,egh&jfy’g at ons.
at1ve exanpl es.of

_ ~a. 5 The follow ng sing systens are represen the. e
het er ocycti ¢ - = -Tadi Tasubstitated tphenyby (CHxpheayhn (CHeX.(substingdd' plenpit oreR™

subetlred o Ursubet fuegl et i ool ool Gim)
oot nyL) ot azinyl ¢t ey oomck) (B bhenfl ) Sbdthed PYPGES! ™
pugonyl) as wel | as beCHppbengk (CHA(substitinted phenyl)y
R?, R® and R® are independently hydrogen, or alkyl;
vore emmraws e v - X i CHy, (CHa)y, (CHp)y 01 S;
Y'is O or NRZ; . et e
Y?is CH,, O, or NRZ;

25 . aisOorlandbis1 or2, provided that whenais 1 thenbis 1;

w mr vrememnmeeeee - ¢ i 1 OF 2, provided that whencis 1 thenaisOand bis I;

mis 1 or 2; and
nisl,2,30r4;

or a pharmaceutically acceptable salt thereof.



10 exanpl e, benzo~cazolyl, benzothiazolyl, bhenzim dazolyl and indbl?lDEC 2002
Substituents for the above optionally substituted heteroaryl rings are from
one to thpgpedikéy trihal onmethyl, amino, protected am no, c?gﬂ

nono- substituted am no) di-substituted am no, carboxy, protecte carboxy,
carboxyl ate salts, hydroxy, protected hydroxy, salts of a hydroxy group)

[ ower al koxy, lower alkylthio) |ower alkyl, substituted lower | S alkyl,
cycl oal kyl, 'substituted cycl oal kyl, (gycloal kyl)al kyl, substituted

(cycl oallryl~l kyl, phenyl, substituted phenyl, phenylal kyl, and substituted
phenyl al kyl groups. ~- ~- - Substituents for the hetcroaryl group are as

defined above, or miséPhertif)thd tepl"aly]" AtanSedraight 6vnehed COB O) dafbohhe above
substituents for ~eteroaryl rings, "trihalonethyl"™ can be trifluoronctthyl,

: tr| chl orcbamtm as methybreghybret-hytyl, aﬁio—nrmw (mman‘y the like.Glhe teran ‘tapyey 2lkgX) means a
C, to 4 al kox m "l ower ,al k Ith|o
al kyl t m"lfa'g‘rﬁﬁ%’ggﬁﬁ%ég‘t%?’m" ‘%‘@tFLs' th L £3RPM iy o ‘hm 'f‘h%m%)h " defi ned

« | ower alt}g)ik eJroup substituted ftarn one to three times by a hydroxy,
prot ect ed hydroxy, amino, protected anino, cyano, halgtrifluoronethyl,

nmono-ssubsti t ut ed dhe Gm "diclodlidt hteuis&inmrbi)-,, ot Bitelicarirgaliat.is hmeaﬁﬂykyl thi o,
, carboxy, protected carboxy) or car 6oxy, am no, and/or hydroxy salt.
25 As uSeraied owwpa%cwsewrwq h {‘?@‘Ms%’ﬂt p&ng dndlusle qypleprepyleexsiobytylr i ngs,

the t b5t ~e| k b t
cygl OS:‘ E;{s/ﬁlqpcﬁtlyi_ %d%f'ecﬁ %"é‘é’y ggf'al%'u’t gef %‘mﬂanc's’ % I uéﬁ’?g“br oups as
listed bRicle[2.251 hept-RlcHE, Qgclalkdxyi-enﬂ,r@uapenlhenﬁer M&M@&Hﬂ%ﬂd%&tlﬂﬂ ni no"

refers to an amino group with one substituent chosen fromt he group

{SHSI sting of pheidhé termU¥sycloalkyBalkylhsmegs, thaaboyt-defmbsllqyi groupisubstityted C, to

C |, .C= to. C7 30 al 0C~s i tuted n

7 ko1 Wit 67 o Gyaical Finge. pgmples SLRR ¢ S s e LOBlobpaletsh

001 0166 592bgyt O tyabenrAintiy A alifinBA ekl andiHRke. The

(rmonosu 's(%)%t‘ﬁﬁg?l ﬁ?no caﬁyaddltl%na)f ahave ajr%' aﬂmar?o protecnng group as
Encorrpas sed by thane m”énmsﬂmadtmwmmﬁahqﬁnnyltgaﬂx)aanbsnmtéd Wilhconie @F M
"(disubstitutno” refers to_amno_groups,wth two substituents chosen from

tlhE Igr o 9T oHRstBEentsg °b?%h§ﬁ§i‘| ha&mt Yiowe pIokeatef | hydrRxy, | cyangs ditrayt efl
S ~
fo G o SthbfomtenRCilion, Sk oyl scvionySepbaxySpRickfE arbaxy, Eé*‘a%rﬂ?ﬁ*ﬁﬂé o

substsi t pﬁwc&dmafbohendtﬁm Byalnexyaiethyl, fpreteceed hydidxgmemy)namire ﬁfﬂ)&tfc}ilaﬁﬁld(yl )"

denotes an al kyl group as defined above, substituted at an 05|t|on by a

het er paf‘yﬂ’"%‘ﬁtﬁﬁ?‘e B@%ovepfe@ﬁcﬁed (moppsubgitiedaminon e {diswkstivisdloming, | v
substit gg%"ll'(ye rretrerptgéeg"gor '&Wc?%lé@c%ﬁ{)ﬂ:ﬁ hllogec{ehnﬁ“f(low%ljd t-he---—-

above cycC RGS, - can op |oh tic
alkyl)carboxamide, N,N-di(lower alkyl)carboxamide, N-((lower alkyl)sulfonyl)amino,

N-(phenylsulfonyl)amino or by a substituted or unsubstituted phenyl group, such that in the

\‘) 20 latter case a bipheny! or naphthyl group results, or wherein two adjacent alkyl substituents on

the substituted pheny! ring taken together form a cycloalkyl to yield, for example,
tetrahydronaphthyl or indanyl.

_ Examples of the term "substituted phcn)}l" includes a mono-, di-, tri-, tetra- or

penta(halo)phenyl group such as 2-, 3- or 4-chlorophenyl, 2,6-dichlorophenyl,

25 2,5-dichlorophenyl, 3,4-dichlorophenyl, 2-3- or 4-bromophenyl, 3,4-dibromophenyl,

--- 3-chloro4-fluorophenyl, 2-,- 3- or - 4-fluorophenyl, - 2.4,6-trifluorophenyl, 2356- ~ ~ "~

tetrafluoropheny), 2,3,4,5-tetrafluorophenyl, 2,3,4,5,6-pentafluorophenyl, and the like; 2 mono

or di(hydroxy)phenyl group such as 2-, 3-, or 4-hydroxyphenyl, 2,4-dihydroxyphenyl, the

protected-hydroxy derivatives thereof and the like; 2 nitrophenyl group such as 2-, 3-, or

30 4-nitrophenyl; a cyanophenyl group, for example, 2-3- or 4-cyanophenyl; a mone- or



S-nmenbered or 6-nenbered aryl or heteroaryl ring system For exarrlply,cpgnggz
rings can be optionally fused to an aromatic 5-nenbered or 6-nenbered rihg -

system su pyridine or a triazole system and prefer br nune
%@"%1866 ncorrpas}gls"y/?#g’é‘g%‘al ts

ring. The term “pharnmaceutical |l y-acceptable salt” e

that form 15 with the carboxylate anions and includes salts forned with the
organi ¢ and inorgani ¢ canons such as those chosen f:vmthe al kali and

al kaline earth netals) (for exanple, lithium sodium potassium
magntsit~rn, bariumand cal cium; and®anmoni umion; and the organic canons
(for exanple) d~ibenzylarntnorrium benzylannmmoni um

2- hyd | ' hyd ~ ' .
oheny! ePXEREABHT e 86 &, L BVERRIVPRERE, Sdimetiohenyl. 25, 31
rat | ONS4XisElphopyPIeARNZ. 3 GAKBSBRGY DY 516 4B Gpypciy] 41l iheFie: Bencibo! onat ed

formof procairx, and N-nrthyl gl ucoaam ne, the protonated foans of basic
am no aet diGalkony)pheny! groyp.ifercexample,-2,¢-fimethoxyphenyil, - e pr Siisorprapoyydphenyl,| ysi ne,

Formod By 3 cBh kYO - RO RERVBNES et « BEE: ¢yt P tam. -

A P &f eihfuaaaR bRyl Dioha! HAKBRBHED) Stpiotected Eﬁ%ﬁﬁﬁg@ spch

Furthernore, 25 the term ~chrdes sal hat” form
reacti oss vt - besi 4-capboxypher(ybuoh 24-difprotected carboyphenylgr @aupfignoandri nchi des

organic_or' Worganic acids. Such acids include hydrochloric, SltlfltrlC,
pbCBp~Ohp@mﬁmﬁgﬂﬁm’rﬂ’@“&dtWP@?‘YW%@‘)PE?”YW 188, 2-f 3merr 4-Cprotsatedn-t i C,

oL AR Ml e RROR ot bt Bt
t6dtéC amMBMEMY DpheiyINARh Bs -, N6k %ih&rﬁ&?ﬁﬁhﬁ@l or %{D@Q{e&w% ~. 5

r bi c,
{;EC 2002 PCTNS99/ 15074 13 The conpounds of Fornu | may al so exist as
sol Vit esninpniethylphenyls or Bhmeno- ot [dNdmetbisd fompllamino))pbenyl tsa¢h ag 2, @ toh, f or

exampl e ters hydr.atj on, ,or e, .a nunber of. or an racti on thereof
of nol e%'gp%?’%‘s‘ﬁ;?é‘ngﬂy&uor I\"écntt."mrhe’“g%’f‘ﬁ‘f{ e‘g“é’ﬁg FPEseites of
such Comgﬁﬂ&aa&,wclgw&?ﬁ Whirtin" the)CsubfitRRsOfard NiiBreleR €76 Olample] NE XM

"car boxy-protecting group” as used herein refers to one of the ester
der i vat 3-wethyb#-hydrexypheindx y| i 3-chinretd-gydromypbanylion| y2-enghoay-debromophieaply of

protect,the rpoxylic i roup While reactions are carried Qut on other
funct i oﬁa%ybf-ﬁnﬁmhmi%%aﬁﬁvmﬁm By AechioroRbER b the ke
protecting groups- d - I - i g&;‘%l Sk

3, 4-l§i met hoxybenz%€%4&ﬁ#egﬁ%wg§n@$“&g, 4, -@?ﬁ%ﬁgﬁgenzy*’?m%, 4,6 10
P ey e R i A v

, 4" di met hoxytrit 4", 4"-trinmethoxytrityl, 2-phen ro C e ———
11 ret HPE SR or b i oty 318 PRI W Gy or Tpe vt RO R
~(tri Q?‘lﬁil!yl k ~i - £di -bwﬁs) Shl ¥l .

pt ol ue@%u anykt hyl, “hi togobséér]l’zy S fgﬁélpéjt h?l%&%ﬁﬁmﬁmﬁ}fanﬁ#

1- (tri nméthytyphéinyehyy4-(P6edibydroxya phenyl eyl @i(5'ayanol Stemetheniphenylln-

e§r boxy-protecting group enployed is not critical IS so tong as the
(Gdr 20 aivenni, 3Pist et phemyIi EroRYa drcblore, - sminobenuh (¢ (HranetoriRhsadidont

e r oranieli e, oS ch SR el F RSB s . Sbhftarieie Tound
G W e O S e mitor k, Y. 1973) Chapter 6. 0
respectivel y, andTHe té¥m Cubstitotednaphiltylniekns\&/iaphthylgratpesnstitned @ithuwpes of n R
Organi Cu@énw Sgiaib;e-idenﬁﬁed subtituents, and the term *“(1 or 2 naphthyl)alkyl” means a -
25 naphthyl (1 or 2) attached to one of the above-described alkyl groups.
The terms "halo” and "halogen” refer to the fluoro, chloro, bromo or iodo
groups. These terms may also be used to describe one or more halogens, which are the same or

different. Preferred halogens in the context of this invention are chloro and fluoro.

The term “aryl” refers to aromatic five and six membered carbocyclic rings.
30 Six membered rings are preferred.



ZO tad ed., Johui Wley and Sons, New York, NY, 1991, Chapter 5, ea§MET 2002
+ which is incorporated herein by reference. Arelated termis pro’fected

car boxy, " % ?’ln fers to a carboxy group substituted wth 3’3‘%’6%39@2@7 above

car boxy- protec groups. The term "hydroxy-protecting gro

readi ly cl eavabl e groups bonded to hydroxyl , such as the

t et rahydrvpyranyl, 2-nmethoxyp~rop-2-yl, 25 1-ethoxyetlr-1 yl,

met boxymet hyl , ~-nethoxyethoxynethy|) nethylthlanethyl t-butyl, t-amyl,
. ~~ h 4-metlxueytrityl, - 4,4 -didethoxytrityl,

4,4 4 -trimethoxytrityl, benzyl allyl, t~-|rnetbylsilyl (t

but yI ~nr ~et hyl i t yirhe oy Beiblohsy h'&a&e;mfsxﬁgyrm tedgaaﬂ.éh@%vk%beﬁwther

exanpl es of hydroxy-protecting groups are scri eese and E

- Hasl am oR¥ioimeaibered héterocyadic ringsGhaihavec! olidictessatoms, subh@s kydéh Qutfar arfdior)
Pl enum 30 Press, New York, NY) 19?3, Chapters 3 and 4, respectively, and
TW G eBiiTegem-RIOS, @ particulss njtrgen, citip alpps GO oeEwEtion WilTFHIGETY OXFEER ANt S

- " Prot ectltve Groups in Organic Synthesis," Second Edition, John WIey and
sons, Ne®®8rk, Ny, 1991, Chapters 2 and 3. A prefernd_fydroxy- protecting

groupsi s the tent- Byt YincWisy fng m&rﬂseiratraﬁksmtme 'ReAbRS bf I KeteRyclicdenot es

a hydroxy group bonded to ane of the above droxy-protecting groups. -~
-5 The t eradiciladenntedbydhettn ﬁl@ptqoany]b(wmeusbshthed ef wsubstinnad)t thienyhfomyt,uept s
commonl|

Funct s on BT T *ﬁ@w@m@%@yﬂ? b e |m-§4aeféy | GROPRIWIREEIE. The

or oup ontieeat SURRRHDY, bRETNARION pRRARD, pibirt PRaA) Gl oct! O

M no- pr thizdidizingDtegazaln)d,5- ['b@ﬂ)udimﬁyﬂlené puiringl, a6 V\Eﬂras)beﬂidaﬁlﬁcd ddtivatices fort y!

oup, the phthalindo grou the irichl oroace group) the
t ri f 11Qor exaepley bengpxagely gm? gw@)"@h@éﬁ}lﬂmb}@%ﬁf{@t and i odoacetyl

g ouns”rovhane”t Yook et G Ui B8 S )
C p~") ~ b thfteNRRY ik OanYias! protectbd arhind; dzhﬁbesaw hénolsubstitiied: I,

| , I -di phenyl prcrpyl - 1- oxycar bonyl ) 2-(3,5-dinethoxyphenyl)propyl-z 5
oxycar badi;mb!(ﬁtlm& amind - ¢apbaxy, p;qtecteﬂowboxzr ocxrpoxyldte rsplts, hydroxy, protected

g);g: gﬁg %ﬁ’ %g{%@%xy giougglpwgr %X r nt 4 ,8%%“ algﬁn%lbéututed lower _

— | bonyl ,
2 (e iy (R e, e ?ﬁ*‘sﬁﬁ‘%‘é’fiﬁsﬁ“ﬁfﬁ%‘i?ﬁ%ﬂﬁ%ﬁ‘%ﬂ ony

9-fl uor ept;ehyiembmdplmmy bht(n?liﬂml;%r)q substituted mm/lkxllgrgttplst hoxycar bonyl ,
. allyloxycarbonyl, hyl si | yl. met hyl ~r op xycar bony - e

5- benzi soxal yl net hé %ﬁ&eﬁﬁm@ﬁ%ﬁ% 25,85 b v§'l &7 5 2ot

2,2,2-1 rw.mowww&,gﬁmmh the SHoV¥ Subktirdenty BPRKHEAYDRDS! Ttrihalomethyl”

cycloptapylrnethoxycar onyl, 1sobornyl oxycarbonyl, 1° plperldyloxycarbonyl
benzyl _ can be trifluoromethyl, mchlohb\ﬁcﬂ(y},~ﬁ1))mnibnpthﬁ~\6rmimdglheﬂ)yl "lower alkoxy”
2rnethylbeazyloxycarbon |, a-2,

2L TGS 10 S DY B, S Yol P £ IR e AN Frow.

L AR SRR O ol sts

4- br ormbsmaoytlnumngny Ihydrox)apbcrteuwaomlfmyj ansino, pzetebremalmmo cyano, halo, .
4-ni t sobaszyl oxycubonyl , cyanobcnzyloxycarbonyl ecyloxyloxycarbonyl

and t he tiflueromethyl, mexfybﬁmm ﬁgbﬁﬂ'g%a@)"% mm alkoxy, lower alkylihio, .
(2, ég)? w&ent anet.h cﬁrgnn%%ha%,g&f O%bnyl gfd"gfa'% ): Nltoge);jl E E;asucm noy|
g:o gglqggylmphosphl Ne AQkiddSin SbsMitiortWith the KEbsBRLRO fop KR! 1REdrb APl SHERUIRE terhbe
’ "substituted (cycloalkylalky!” and "substituted cycloalkyl” are as defined above substituted - ~ -
with the same groups as listed for a “substituted alkyl” group. The term
"(monosubstituted)amino” refers to an amino group with one substituent chosen from the group
consisting of phenyl, substituted phenyl, alkyl, substituted alkyl, C; to C; acyl, C; to G,

30 alkenyl, C, to C, substituted alkenyl, C; to C, alkynyl, C; to C,¢ alkylaryl, C; to Cy sul;stituted



d 5 DFC 200Z WO 001 01666 1$ PCT/ US99/1 5074 ami no-protecting group-efdEY 902
Is not critical so long as the derivatized amino group is - stable to the' -
conditions of the subsequent reactions) and can be rempved at the

appropri at VQHEE6 t hout di srupting the renminder of the noPEEWSEN15074
Preferred am no-protecting groups are Boc, Cbz and Fnoc. Further exanples

of am no-protecting groups enbraced by the above $ termare well known in
organi ¢ synthesis and the peptide art and are descri bed by, for exanple,

T.W Gecne and P.GM Wits, "Protectie Goups in Oganic Synthesis,"” 2nd
ed., 3ohn W ey and Sons, New York, NY, 1997, Chapter 7, M Bodanzsl ry)

Pr| nci pl gs, of Peptide %ynt hesi s 1st Ed ta revi sed
spri nger 2ligglaryd gnd Npsferapsylicgronpy Yoz mgpgsu ed %ﬂ"’J“WI a‘@ﬂ‘é‘W&}'l’ haxe ap D,

Eggﬂgbrd%ﬁo'%%%ﬁggpﬁpﬁgiﬁrton andtcﬁgcgf Eﬂ'tedﬁ %%S&gwrﬁﬁa'sgﬂ%ptide

Synt hesi serm %difibstitined)ainindD péferd a6 "antifdl. ghoups S‘Htlmd)hd)stiw anskeh HHPIhe €ach
of WhICh i's |ncorporat ed herein by reference. The related teen "protected

ani no" dmemam WYM?’@ML shbstituted aller, rﬁ)-lgﬁmtaeldt Cntg Gr oup

di scv, L nat refe sto
bot h tshe y Oéet? Mtg‘spﬁ MM gg wﬁﬂ'ﬁ“@?‘ﬁ‘@%&ﬁ’ ‘glhé ni c
a-am no ?ﬁe%ﬁmmw autuelmzeﬂnmr @itferét. Thel &dfm PRALLASIARAP dbdo %ts when
preparing synthetic an% | ogues of naturally occurring ggét F@ﬁa I:rl{ negl uding D
and L foulkyl gréipeasdéfined labyvep substitviedoat camy rposition by @ heteghiyt igheip, aé abowee, ~ Vv
val ine, | cucine, isoleucine, serine, nethionine, threonine, phenytal ani ne)
tyrosi nefkfi“F?pt ophan, cystei ne) proline, histidine, aspartic acid,

paragi ne, gluta &ME@FHE i ni ne,
t hi ne and | ysi nrrt anples o?mﬁﬁn?%r%?“ﬁ?{Qg%%cﬁégg%?ﬁ%gl"ﬂ%m@%g
hyquphymtérb@;ch&: iribgs) | and ke abiove LoyelorIke , rirgs; adiﬁbmbn)n%é ~fuskdi 10€2 aromatic
3-(2' -napht hyl ) al ani ne, 3-(1'-naphthyl )aI ani ne, rnethionine sulfone, (t

butyl ~l a op §rmamberodcarylcor hetorgagyl o‘i’}&oﬁfém Epry@mele thentingszaanbene,

e
iyt ont reRahy A a'%‘%‘r%ﬁaﬁaﬁm"%rﬁ%&% RN Y T
3- am not y98t §R(temt t;ﬂdf PréfeabiyRd Mdnabitinge, 2-t hi enyl at arune,

(2-(4- pyrldyl)ethyl)cyste|r~e 3, 4- di net hoxy- phenyl al ani ne,
3-(2' -thiazol yl ~| akbeterm Tphmmuhcally-acccptablasalvd encompasses those salts that form

a0 B0 R SRS St B He S oo o o SRS R ©
(cyct ohegyh hoinbéel hBsen tHoPIRE 3iichH wamuﬁ%mmewipm# maike)mn%vadhﬂe

al | oi sol euci ne, honoargi ni ne, Ehioproline) dehydro 30 proline,

hydr 0xy ppathssive, magnesipmobarivm and galoivm)par@-amanivm liorg awd thel organib@aﬁ@'ls(mﬁ% 16

PCTl USQQéLx:Ié!Sn% e? dibenzylammonium, benzylammonium, 2-hydroxyethylammonium, bis(2-
hydroxyethyl)ammonium, phenylethylbenzyl-ammonium, dibenzylethylenediammonium, and

20 like cations.) Other cations encompassed by the above term include the protonated form of

O

procaine, quinine and N-rpetbylg]ucosamine, the protonated forms of basic amino acids such as

glycine, omithine, histidine, phenylglycine, lysine, and arginine. Furthermore, any zwitterionic

form of the instant compounds formed by a carboxylic acid and an amino group is referred to

by this term. . A preferred cation for the carboxylate anion is the sodium cation. Furthermore,

25 the term includes salts that form by standard acid-base reactions with basic groups (such as

~T T amino” groups) and inchides” organic or inorganic acids. Such acids include hydrochloric,

sulfuric, phosphoric, acetic, succinic, citric, lactic, maleic, fumaric, palmitic, cholic, pamoic,

mucic, D-ghtamic, D-camphoric, glutaric, phthalic, tartaric, lauric, stearic, salicyclic,
methanesulfonic, benzenesulfonic, sorbic, picric, benzoic, cinnamic, and the like acids.



1,2, 3, 4-tetrahydroi soqui nol i ne- 3-carboxylic acid, = 5 DEC 2002
. 1,2,:3, 4-t et rahydr oqui nol i ne- 2- car boxyl i ¢ aci‘'d, a-am no-n-butyri.c acid,

cycl ohexyl gl aninc, 2-am no-3-phenyl butyric acid, phcnyl al ani | tuted
at the Ortﬁg?d&@@fo& or para position of the phenyl noiety w‘[’]ﬁ”@%?%b'} Wo
of the followng groups: a (C, to C4)alkyl, a (C, to C-)al koxy) a hal ogen

ar a vitro group, or 5 substituted once with a nethyl ene~i oxy group; ~i-2-
and 3-thi'en~y alanine; (i-2- and 3-furanyl al anine; ~-2-, 3- and
4-pyridyl al ani ne; ~3-(benzot hi enyl -2- 1dnd 3-yl ~l anine; ~i-(1- and

2-napht hyl ) al ani ne; O al kyl atcd derivatives of scrine) threonine or
tyrosi ne; S-al kyl at-ed cyst ein - ' O sul fate)
O phosphate and O I(I:.gl"r %ogyf%‘#se&e% §‘é‘rﬂisaklyoJf"%{ @?oogkﬁﬁte%;g)é@&%gg%dol}f@aﬁgs ﬁﬂ’é’s ?

- 3- (.car bom¥gel 6hipOnde maP chiRidNEze Wathi YorGxbmple, wilérs 6f RRiritnC oSeef @ Rufiber of,10 aci d
ester of tyrosine) 4-nethanephosphonic acid ester of tyrosine)
3, 5- di i ooty frasting thdeafiof molepulesofthe mother kiquor yalvent Thesplvitdstand hydeates of

-ornithi'ne., Any of .these a-am_.no .acids . be substituted with a nethyl
group at S“Phémé?‘ﬁ'ﬂﬁ“ﬁ%g’ﬂﬁﬂﬂv’ﬂgnﬂﬁ%ﬁ%‘f%s Qﬁ?’%‘ﬁﬁsitiouf the aromatic .
resi dge on the a-a in%@b& 3 Y Heftdi? ' p at

t he O,y N, or S at o?ris o¥ t he S??g“gﬂg?ﬁ‘%?gﬂ%g Appfégf)r??(gt%d %f?ggésg#i ve

groups adetivatives ofthe carbdagli€acid grolp pemeionly canploybdtodiiadkar pedtect tecarbbxydiod ot her
conditions known to the practitioner skilled in the art) conpounds of this

i nvent i o¥fidraxpun| while; iepctions, are garpipd (gt gaathar fundtigpal grappscen ks

REYm]
i ncl uded.in the jnstant,invention. .particul.a c ounds. of Formula | -~
e Bl et B bl HE Ndid rolChft™ ot bf¥uaeC OBHOE " Biebersfll T
clic kebhb L, €3, £ dinfeBioXy AL | 24-dinetfoR fHMAzyIE RAVE- trimetidxPbenzyl0 2. . . ..
i Rt-~)%g§nlz§8 ~ R—-~ A~ . 224 _c 000 Hmrrralla la) (Formula
'a' ) 10n wigthylbendyli t pehiomedylbenzyhders4-oethylenedioxybenzzbjui benghydmi, f odds of t he

heoe. psmEpbUvaL 4FE-bypradBisl HRdb P e reinEovalameinl 5" pec
2002 . - phetey 003 eENrbethSICT BURSIREhyihedie BAERABEGHnRihylsilyDethylV Gt 1 ON

may be nodified by appropriate functionalifies to tnhance sel ect’iveée

bi ol ogi caluemesolf@yiciint . 4-Sitcbemaythuifonylethyln slgh ecimmamyhn 1i(trimdilgylslytmalnd)-i ncl ude
t hose which i ncrease hiologjcal penetration into a given bi.ol ogi cal ,system
(e.g., breesyl W&ﬁ‘ﬁmewgyg’bgmw@é Fﬂ&“&’?ﬁﬂ?gﬁ%‘g’eﬁﬁli oyeds Boteptie] o]

avai 1;3bi {yjjbye ad I BERIE %H:Qk)'rlg:t id is'stablel &8 15 doRUtiBAY 'ﬁﬂuﬁgcﬁﬁéﬂé%c@ﬁﬁs)
infection, alter nmetabolismand alter rate of extrtion. In addition, the
conpoundandrealy boeenmivedatalte dppraprietecoiny withown dismdting [kt retmaindetesfithenioleadpound i s

created in the body of the ~tient as.the result of the action of netabolic
or ot herFsthsceemples of Pessmeysarg foupd dn R, Repsg gnd &, Haslam Frptective Gropes - dr ug
forms ingl . . » MOOHAE Ed Pentht f whi ch
contai n Ke gﬁ'ﬁ%ﬁgﬁﬁb'gygups,’nggpem aﬁf’f}"‘;@ﬂerg‘)’f ey ’o]g?c%r | Qﬁ% t he
group domsgeeiveds and\T.WNGleehidTaildPJG.BI. Wis, "Frvtlictive Graupp ai OrganikC Syhtliesis,” due
tached to the group denoted as "A'. Conpounds of this invention with
@spéet nd edp dohmy Wiley angh SonsnNeaw ¥orka NIY, 19He ChapterSherch of prbichjis incoyporaied pheny | |

bstit d ph | h I l,. ' I |,
SOt e B0 e Pl Kb s SRR PR LK o Bl Wl
(hct erom&mﬁ&ﬁmmawwmxytﬁa §ls of this invention with

respect to the group Rr' i ncl ude t.hose wherein: , R is phenyl,

substituted phenyl ﬂmhnyf’bﬁkﬁ;-méum grovp'dl refeasntol a¢adily | cleyable pgroupy |
i TR e . A B ot
25 1-cthoxyeth-1-y}, methoxymethyl, B-methoxycthoxymethyl, methylthiomethyl, t-butyl, t-amyl,
o trityl, 4-methoxytrityl, = 4,4-dimethoxytrityl, 4,4'4"-trimethoxytrityl, benzyl, allyl,

trimethylsilyl, (i-butyl)dimethylsilyl, 2,2,2-trichlorocthoxycarbonyl, and the like.

Further examples of hydroxy-protecting groups are described by C.B. Reese
and E. Haslam, "Protective Groups in Organic Chemistry,” J.G.W. McOmie, Ed., Plenum
30 Press, New York, NY, 1973, Chapters 3 and 4, respectively, and T.W. Greene and P.G.M.




include those of Formula I'la wherein: R is |ower alkyl, cycloalky} ’DEC:ZUUZ

phenyl, substituted phenyl, (CHz~ NH, , (CHz~~R-a> (~x~

(~z~, oYcIoaIk | . (CHz~p~Yl > (~z~(~ ~bstituted 25 phenyl), or (CHz~ ( | or 2
napht hyl }; WOO/Pk“ﬁydrogea R is hydrogen, lowr al kyI cycP@'ﬁNS?QIISOM
phenyl) substituted pberr3rl, ~~Yl> (~z~~Yol~~VYl, (~z~P~YI >

(~z~, (substituted phenyl), or (CH ;( I or 2-naphthyl); 5 DEC ~DO~ WO

00/ 01666 18 PCTNS99/ 15074 R' is lower allryl, cycloal kyI , phenyl)

substituted phenyl, naphthyl, (CHz~, cynd oal kyl, (CHz)"phenyl,

(CH2~, (substitutcd phenyl) or (CHz) " ( 1 or 2napht hyI) and ... _ _ ~...
n_.1-4 and ds of this

Tnventi oAVt W"‘P‘%‘é‘ﬁé&m‘fﬂi "ﬂ Résag’rcowﬂ‘eﬂs ﬁff°1“bf‘ﬁ‘ﬂ?’é J?Lh“ gﬁ% apdh Spg NeWhose of

L B, Bl PR i G ORI oAl R

Anot her gfoupp Te relaﬁnactad'spm&t&u HyRBRGT derios Mg @k givup Aonded toWne8E thel
i nclude those of Fosnula Ild wherein: Rb is hydrogen, fluorine, cycl oal kyl ,

phenyl , slgb@th ; rgi¢esing povpfapht hyl , ( CHi ~, cyel oal kyl , _(CHz) "phenyl

CHz ~, [ 15 R
(Gl st 1t S b ot e ST SR W St ot
(CHz~, cy gl bmxp corhinblity e%ﬁw?&i to ﬁlg}: or ;‘r&lﬁ@ @ﬁg%@ﬁ&@ﬁéﬁwﬂﬁc rez\ck}né th

gr oup p of othenﬁmwitdal gmbﬁs ofels:pﬁﬂémﬂa) Thedertyr 'tptqmctea {mbioshisstirisd Harhino2fearisc hi de
those of Formula De wherein: R is hydraogen, oxo, cycloal kyl, phenyl,
subst i t uhSEr 5B AmO-REplectng group.op Y gMosubstied amino nittogen atam. . -x=~h

(3 ror a1 " 25 AR A AL SAERA e Yl WRERHRD {Ra el *

__._10_. the tngl group aﬁpvmaumxa«s gouf aRPBIdRaclyl Folp, thaWitibioacetyl jgedup @EPECt t O
the group "B" in Forrmula I, include those wherein: H is hydrogen,

2- benz oxdﬂetoytﬂylsmemle@d Jodoncend |quups,mw type pOteChing-BOYRs; yuch asrt-
CrzaY(( Rbffﬁniycva\"lq)onyl% h ca)r,] %%’@gpph%rny?yﬁ ropy -2- oxynLrbonyl ("Bpoc”), 2-
phenyipropyl-2-oxycarbonyl ("Poc"), 2-(4-xenyl)isopropoxycarbonyl, 1,1-diphenylethyl-1-
oxycarbonyl, 1,1-diphenylpropyl-1-oxycarbonyl, 2-(3,5-dimethoxyphenyl)propyl-2-

15 oxycarbonyl ("Ddz"), 2-(p-toluyl)propyl-2-oxycarbonyl, cyclopentanyloxycarbonyl, 1-
methylcyclopentanyl-oxycarbonyl, cyclohexanyloxy-carbonyl, 1-methyl-cyclohexanyloxy-
" "carbonyl, 2-methylcyclohexanyl-oxycarbonyl, 2-(4-toluylsulfonyl)ethoxycarbonyl, 2-
(methylsuifonyl)ethoxycarbonyl, 2-(triphenylphosphino)-ethoxycarbonyl, 9-fluorenyl-
methoxycarbonyl ("Fmoc"), 2-(trimethylsilyl)ethoxycarbonyl, allyloxycarbonyl, 1-
Q 20 (trimethylsilylmethyl)prop-1-enyloxycarbonyl, 5-benzisoxalylmethoxycarbonyl, 4-
acetoxybenzyl-oxycarbonyl, 2,2.2-trichlorocthoxycarbonyl, 2-ethynyl-2-propoxycarbonyl,
cyclopropylmethoxycarbonyl, isobornyloxycarbonyl,  1-piperidyloxycarbonyl, benzyl-
____ oxycarbomyl ("Cbz"), 4-phenylbenzyloxycarbonyl, 2-methylbenzyloxycarbonyl, «-2,4,5,-
=7 7Z7- tetramethylbenzyl-oxycarbonyl  ("Tmz"), 4-methoxybenzyloxycarbonyl, 4-fluorobenzy!-
o 25 oxycarbonyl, 4-chlorobenzyloxycarbonyl, 3-chlorobenzyloxycarbonyl, 2-chlorobenzyloxy-
—~—;:~-—--cmbonyl, 2,4-dichlorobenzyloxycarbonyl, 4-bromobenzyloxycarbonyl, *3-bromobenzyloxy- S
carbony), 4-nitrobenzyloxycarbonyl, 4-cyanobenzyloxyecarbony), 4-(decyloxy)benzyloxy-

carbonyl and the like; the benzoylmethylsulfonyl group, the 2,2.5,7,8-pentamethylchroman-6-

sulfonyl group ("PMC"), the dithiasuccinoy! ("Dts") group, the 2-(nitro)phenyl-sulfenyl group

30 ("Nps"), the diphenylphosphine oxide group, and like amino-protecting groups. The specices of



~ 5 DF~ ~DDZ WD 00/ 01666 PCTI US99115074 1-9 . R' is phenyl) subst ik OE6d2002
» phenyl, naphthyl, substituted naphthyl, heteroaryl, (CH ~, phenyl,

(CH2) p(subg&é@% phenyl), (CHz)"(1 or 2-naphthyl), or (CHZ _é/‘ﬁeteroaryl)
R 6 and R’ ependent |y al kyl, cycl oal kyl, phenyl, sub
- = et~ . S phenyl) napht hyl , phenyl al kyl
substituted phcnylal kyl, or (cycl oal kyl ) al kyl . Anot her group of conpounds
with respectrto the group "B" in Forrmula I, include those of Formula Illa-c
wherein: Y is Oor NRz'; Y is CHz, & or NR'; ' 10 R' and R' are
I ndependent |y hydrogen, alkyl, or phenyl, or Rg and R' taken together are

(O oy R BB Yot R, oy PRI B 5 g i

- i ndependg@ble Yo hﬁé%ﬁ&ﬁ&s%ftﬁé Kibsequént raabaﬁmﬁgrm@uﬁdse Almdved LR dppfopiiatle

synt hesi zed usi ng conventional techni ques as discussed bel ow
Advant agpmu’smybout digrvptingthp romiiglerel gheonolewie. Preferyedsaminorpeitectiug groops areadi | y

et ant B iéﬁmswpfﬁﬁéﬂgﬁa%ﬁﬁﬁﬁ%{yﬁéﬁ%ﬁ? e 'S pec
2008, SR sy 8 B TR R R
( For mul aTWK}Greberan® Pc’G.M Muts, "Protective Gooups ifDOfganik! SHnthkis) $ri0ed ubkn Wiley
and Sons, New York, NY, 1991, Chapter 7, M. Bodanzsky, "Principles of Peptide Synthesis,"
1st and 2nd revised Ed., Springer-Verlag, New York, NY, 1984 and 1993, and J.M. Stewart
‘r«) and J.D. Young, "Solid Phase Peptide Synthes'iz;,” 2nd Ed., Pierce Chemical Co., Rockford, IL,
10 1984, E. Atherton and R.C. Shephard, "Solid Phase Peptide Synthesis - A Practical Approach”
IRL Press, Oxford, England (1989), cach of which is incorporated herein by reference. The
related term "protected amino” defines an amino group substituted with an amino-protecting
group discussed above,
The terms "natural and unnatural amino acid” refers to both the naturally
15  occurring amino acids and other non-proteinogenic a-amino acids commonly utilized by those
in the peptide chemistry arts when preparing synthetic analogues of naturally occurring
peptides, including D and L forms. The naturally occurring amino acids are glycine, alanine,
valine, leucine, isoleucine, serine, methionine, threonine, phenylalanine, tyrosine, tryptophan,
cysteine, proline, histidine, aspartic acid, asparagine, glutamic acid, glutamine, Y-
() 20 carboxyglutamic acid, arginine, omithine and lysine. Examples of unnatural alpha-amino acids
include hydroxylysine, citrulline, kynurenine, (4-aminophenyl)alanine, 3-(2"-naphthyl)alanine,
3-(1-naphthyl)alanine, methionine sulfone, (t-butyl)alanine, (t-butyl)glycine,
4-hydroxyphenyl-glycine, aminoalanine, phenylglyci!;e, vinylalanine, propargyl-gylcine, .
1,2,4-triazolo-3-alanine, thyronine, 6-hydroxytryptophan, 5-hydroxytryptophan, 3-hydroxy-
25 kynurenine, 3-aminotyrosine, trifluoromethylalanine, 2-thienylalanine,
(2-(4-pyridyDethyl)cysteine, 3,4-dimethoxy-phenylalanine, 3-(2'-thiazolyl)alanine, ibotenic
acid, 1-amino-l-cyclopentane-carboxylic acid, 1-amino-1-cyclohexanecarboxylic acid,
quisqualic acid, 3-(trifluoromethylphenylalanine, (cyclohexyl)glycine, thiohistidine,
3-methoxytyrosine, norleucine, norvaline, alloisoleucine, homoarginine, thioproline, dehydro-
30 proline, hydroxyproline, homoproline, indoline-2-carboxylic acid,



STEP E H2N-C (Formula V) SCHEME 1 PG A-OH + HZzN-C (Formul a 1V) (Fprpuﬁﬁcwﬂz
STEP A. PGA-NGH (Formula VI) O STEP HR~---N "C H H (Fornula VI

t he above GiMRese Foznula (Y], that is HZN-C, is a nodifiegd-aaR364Lid42aCi d
resi due of SIczdi’;r mul a6$ Va t h: ough Vd: ~- 5 akEC zooz WO 00/016%8? Asdra
PCT/ US99/ 15074 21~ O CO2Rz O HZN HZN ~ ~ N NHZ O~ ~ H _ _ Fornula Va; -~
Formula Vb; COzRr CO2R~ B ,. B Ii2N ~ H2N OH O Formula Vc; or Formula Vd.
In the above' Schene 1, "PG' stands for an am no protecting group and "A"
stands for a natural or urmatural amn acid of forrmula Ila through Ili) as
di scussed above. In 5 Fornula Vb through Yd, R=~is a carboxyl protecting
group as Igekdtdraipdrdisoqiinelinted-taabdxytio alcidRZ 1,2)3,Faetrahydroquindline-2-CabekyBept i on
that RZ~ cannot be a hydrogen atom The nodified aspartic acids of Formula

'~a-d canciéea-@mépar@wrw itk cyriehexylalapine, 2-amino-3-phenylbutyric acid,rphenyialasine he
art. Sec, Eur opean Pat ent lication.5 Z.9, 6 748; PCT Patent
Appl i cat B‘FF%NE)‘ % DG G, I Parpesifion Aﬁ{g‘ REE'P“ mw?qo s?JP ti,s'l€)6595
PCT Pate agi / | 4 Nor” | i,a~t' son
Na.. 623, gg;zg,gnﬁg Pa%r(g d’\kt o 4500 KD Skl Ogagga. m A RS g, bf

Appl i Gat isabstibied BYcE/ UBM&OBB&S!annmpmp F&EermdApphn?nﬁlamnc N@-2-626d 606;
Eur opean _Pat ent Appl I calian No. 618, 223; European Pat ent  Appl i catlolr:dNo

533, 226: HuABYEaNING S 2nt- and dravEdylalapingi - (asnapthienyl-2rand 3rubalampag; ¢htl

é\glto 1a|ntC aa?% | cgdblg'gﬁ%ﬁ Ikﬁ% gtg}lggtfvgg‘p %f%ﬁé’at en‘%}ml F%F; ﬁ g%ﬂﬁmwrl |

PCTI US93kPsiéifid) S-aliydatédhdmdepiteint, e 0-klfatd, @:pmphalm&i ORHRPAER! estedd bf Of

whi ch are herein incorporated by reftren~ce. ~ . The coupling
act i ongyresine; |3dwlioamosnde?r (csxlvpy)ﬂyrm ﬁdph@ph@cm:met Itee pmetheme-eulfiiia

at edar d I d cou nt su as t.he combi natjon_of t e combi nati on
o " Dy P ctlFk o BRI BRI PATHRTRIE FEio RS Bh AP, eI RSBRTEs el |
as the HoR;flbdifd, "eéﬁ&fl&ﬁﬁ@ laad Qéﬁé‘ﬁfjﬁm(xﬁnh{er tﬂdhb{i ﬁ@ger&aﬁ%p&ﬂfsrm
hexaf | ~or ophosphate) feagent, pyHOP 1666

substituted with a methyl group at the alpha posmon, a halogen at any position of the aromatic

residue on the a-amino side chain, or an appropriate protective group at the O, N, or S atoms of
the side chain residues. Appropriate protective groups are discussed above.
15 Depending on the choice of solvent and other conditions known to the
practitioner skilled in the art, compounds of this invention may also take the ketal or acetal
~= = 7"~ form, which forms are included in the instant invention. In particular, compounds of Formulal
in which R? is 2 hydrogen atom (i.e., Formula Ia) may exist il:l the cyclic ketal or acetal form

Formula Ia’ shown below:

0 /I::’*" 0
, n‘—nJ\g—A—u I g — R1;m/l\<l)-—A—

{Formula Ia) {Formula Ia‘')

PR

e e

In addition, it should be understood that the equilibrium forms of the
compounds of this invention may include tautomeric forms. Al such forms of these
25 compounds are expressly included in the present invention.
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» (benzotriazol yl oxy-tris(N-pyrolidinyl ~hosphoni unhexaf | uor ophosphat e), HBTU

(Cbenzot rwazog y& y-tetranet hyl i sour oni um hexaf | uor ophosphat and EEDQ

(1et hyl oxycar onyI 2- et hyl oxy-1, 2-di hydr oqui nol i ne) reagen /ltl§?3/15074

conmbi nation of 1-ethyl (3,3 -di met hyl - 1' - am nopr opyI kar bodi i mi de (EDAC) and

HC~$t,. and xhe like, as 5 discussed in J. Jones, "Am no Acid and Peptide

Synthesis," +Steven G Davis ed., Oxford University Press, Oxford, pp. 25-41

(1992): M Bodanzky, "Principles of Peptide Synthesis," Hafner et al. ed.,

Spri nger-VerI ag, Berlin Heidel berg, pp. 9-52 and pp 202 251 (1984); M

Hodanzky, "Pepti E;l @h , %;Eg rigRog g,

Berlin Hei del berg& <R - % dﬁ;)p tSA 18’839 and le‘%u@r tbg é"'¥§‘fﬁ+§§ "Solid
. Phase P&aétiodﬂxtﬁymtdaaﬁcs sclccﬁ'vembgibﬂl ;Ehmaalslxﬂomﬁyanobé &8 thowiblthef Whi ch
are herein incorporated by reference. The am no protecting group is then

r enov edark#nd include those,which inceeaserhiolpgica] pepnteation intq mvmrglewali systemdd.g.oxani ¢
~ aci d of,,Fo VII Ste hi s coup aciion us I he

2t andar 00k BpRtasth i b pRhyReml oReRE 4L peS A, betiaie DB ¢ e
(N Sgb%'ailb'&‘%%m&: %ﬂcﬁﬁn ERér idtaboXsh dﬁarﬁltéeraﬁ%l% on- §; ﬁ&xtﬁﬂ am no

ester of Fornula | X (Step D). Again) this coupling reaction uses the
st andar tlie peionnds meayuhel altergd e potdrog formesuch dae the alesired .coinpourdrisioreated ¥y t he
group R is a carboxyl protecti n%ggrou such_as net hyl, aIIyI benzyl or

t ent - bug body of therpatient 45 ths resyft of actipm o retabolict of otheR Jlogheaial presessesst andar d

o am o 4y e AP kb BCiaruk it SN AR, SRR oo 01"

t ep EHbrms2dT chipéunds whisk céﬂft&ﬁ RetbiCorCaldehlydegrotiaespecllydelir€ thed obdtr @ t her
Sftep A or Step E was carried out with the am no al cohol of Formula Vc, the
al cdfol thergioun gonsiedras|JA” dx Fermulail obthermaodiBediaspantiaiapld resisusoatippheddapaund pri or
to removal pof .t Lotecting groups. Preferred ntthods for the oxidation
reacti dn o ég?m%ﬂssﬁ%er n -oxidation (oxalyl chloride-dinetlvyl sulfoxide,

met hyl ene chl or i qRniPounds & thid! ihviBeh Ritht FebRehit) RE1ghcp; “FINGn PRRRuMAr i N
oxidation 25 (Dess-Martin periodinane, t-btrtanol, and ntthylene chl ori de.)

The pr obeludeitbose wheraips cont ai ned i n substructures of the Formula Va-d and A

Femoval of softe or a1 of PR BROTRIER TG PRepAay sl Ghe Tl
v [
thejgbove Scheme plonfy, @Qgswﬁg pﬁ){ﬂ hat ige Qoggpgﬁ,fyg ]kﬁynﬁég@,&,;! ng ltohe

i nstant conmpounds 1s set 30 forth in the follown chenme 5 ~ ~~ 2~0z
WD 00l 01666 PCT/ WIQB SCHEME 2 C02Rx COZRx P

STEP F PG A-OH #+ XN OPR -s-. PG A-H - CO2R.( Eor mul a- -
T V) ( For mul a_ X ) "E%Pmagy > $h<; 50 WWW%S%&WW"HW to the group ﬁF
include those wherein:

R’ is phenyl, substituted pheny), phenylalkyl, substituted phenylalkyl,
OF naphthy), substituted naphthyl, or (1 or 2 naphthylalkyl.
Compounds of this invention with respect to the group “A” in Formula 1,
include those of Formula TTa wherein:

R’ is lower alkyl, cycloalkyl, phenyl, substituted phenyl, (CH,),NH,,

(CH,),OR", (CH,).SR", (CH,).cycloalkyl,(CH,),phenyl, (CH,).(substituted
25 phenyl), or (CH,),(1 or 2-naphthyl);

R* is hydrogen;

R” is hydrogen, lower alkyl, cycloalkyl, phenyl, substituted phenyl,
naphthyl, (CH))cycloalkyl, (CH,).phenyl, (CH,).(substituted phenyl), or
(CH,)(1 or 2-naphthyl);



H (Formula VI1)- STEP H Rt-~ ~A-~ CO2R STEP G (Fornula XII'1) C02rxd GRR{IR
OSTEP | R~--H ~A-~ ~~Br -,--~R~H~A-H[O-. - O- - ~ (O~ O (Formul'a
XIV) (Forrmula 1) In the above Schrnme 2) "PG' stands for an am no protecting
group and 'woobmeéls for a natural or ucmatural amino acid opctRisHsH 74! @
through I1i, as discussed above. The 5 group R is a carbonyl protecting
group such as trinethylsilyl, nmethyl, allyl, benzyl or tcrtbutyl. The
coupling reactions carried out under Step F and Step G are perforned in the
presence of a d peptide coupling agent,as discussed above. In Step G the
gm no - - pm~g gr~ ~ ~ ~~~ ~~~~ ~ coupling step. In Step Htlx

a) pha- earboxy 10 protecting group R of the conmpound of Fornmula XIIl is
sel ectively renoved and RHds e allyhOcyslonlky); ph&saydubsinaed Sh&{yﬁ%ﬁﬂhyl,

seQuentially with di azonet hanc and hydrobrom c acid to give the

al pha- br or uaket one (EH:keycinallal, (CHphenyl, S Obpa(satgrimtedpheayl)) 06 6GH,).(1 or 2-
PC1' / US99/ 15074 r 24 h tep |, the bromvketonc of Formula XIV is treated
with eithtr R sz-H™P \T‘y \8SOZH, (heteroaryl ~CO2H, or R6(R'~OHin the-
presence -ef -af-i-Aergani C, D3sEngueh 13520t assi um car bonate or potassi um
fluoride in an i-nert solvent such as di'ncthyl for mami de to gi ve the

corr eSpondi'ny conpdlompanhds-efithis invedtianrwitthriesgectBoitlse grbups' A Gl FogaGlalyalso 5
CH20CO( heterparyl ),. . or CH-OPQ(R ~It", respectively. Conpounds of Formula I
in which™§ @WP&%‘?@\‘E“&W%‘%I alll may also be prepared in a sinilar

fashi on. The protecting u 0 Iy: ' ugt ur f Forjul a
7t1 and A arc renoved byﬂ‘rr%tﬁ%ﬂ@’ \%éﬁlﬂﬁ%ok%"ﬁq?ﬁ@”ﬁ?y‘??ﬁgé)é{spgsgﬁﬁﬁs and
removal of some or phehylytydidiyRlopR8hdahylgar@ OUPS ue involved in Step | in

t he above Schene 2. 10 An alternative nethod for the prepartion of

{E})rrpounds of the instantmiFha2ntian of Fornmula | in which R and B are both

hydrogen (i.e., Forjula Ib) is set forth belowin Schenme 3;. 5 WO
001 01866 PCT/ USQ9/ fgg’"%" ‘%ds—fué’ﬁE’PQ with respect i the&p t B Fermeylal. 4 STEP
J N, . includ® those of Forindth Id whetei®C- H 1 ~ NH (Pornmla XvI) O CO-tBu H

Frnoc-A- ~ 1 ~ NH (Poz-tnula Xvil) O CO-tBu O
R® is hydrogen, fluorine, cycloalkyl, phenyl, substituted phenyl,

naphthyl, (CHp)cycloalkyl, (CH)),phenyl, (CH,),(substituted phenyl),
-+ -~ (CH;)(1 or 2-naphthyl), OR', or SR"";
15 R and R" are independently cycloalkyl, phenyl, substituted phenyl,
naphthyl, (CHp)cycloalkyl, (CH;),phenyl, (CH;),(substituted phenyl), or
7T TS (CHW(1 or 2-naphthyl); and
n=1-4.
) A fourth group of compounds with respect to the group “A” in Formula I,
(") 20 include those of Formula Ile wherein:
. R’ is hydrogen, oxo, cycloalkyl, phenyl, substituted phenyl, or
naphthyl; and
TSI T X =CHy, (CHa)a, (CHols, or S.
- 0 =~ Another group of compounds with respect to the group “A” in Formula 1,
25 include those of Formula ITh wherein:
T T a=0andb=1o0r2.
Compounds of this invention with respect to the group “B” in Formula 1,
include those wherein:
B is hydrogen, 2-benzoxazolyl, substituted 2-omazolyl, CH,ZRY,
30 CH,OCO(aryl), or CH,OPO(R')R"’, where Z is an oxygen or a sulfur atom;



HRL_. ii AHI O~NH (fornula XVIIl) O CO-ht OH R~ HAHOO(fcﬁQf@n#ﬂg
|bY O H O STEP K Fnoc--A-OH (Formula 1Va) O H O STEP L R~- NHCOCO H ( For

VIl) OH : ~- 5 SEC 2002 WO

PCT/ USQQ/W'%“SCMWB 3, Frmc is the anmino protecting grg%%msg 150%4

9-f 1 uor enyl net hoxycar bonyl and the shaded circle | abeled "PS" represents
polystryene resin. The coupling of the acid of Formula 7~V to a primary

am ne on solid support, . preferably am nonethyl polystyrene, is can-icd
out using standard peptide coupling ad®nts, . 5 preferably using
benzotri azol yl oxy-tri s(N pyrolidinyi ~hosphoni urmexafl uor ophosphat e ( pyBOP)

in ainert solvent suchgas;dmlnyhbafniEdm g,B,p ?%ma k%‘bstﬂ‘y&& q]ngﬂﬁﬂe (Step

n. After renmoval of the Frnoc protecting grou treat tith

pyrrolidi nedi met hyhéteroamly(Ci,),phéryl, r(emnl,.(tsnb@tj:uadpmwl),s(amupi cR-haphthiyh)c - am no
acid of Formula 1Va using standard peptide coupling conditions as di scussed

above (Step K). 1001 {§Hahpteroaryhe Fm)c protecting group of the corrpound of
F | a XV1I i d 1) t

byt ol 1l ne-di et hyl T or RadPHR aer PREPRSHY AHh Kb, Bhewh pbsions,
(N-substi t ut cd) oxapheqyiafdpHnl, pféﬂs'mﬂyﬁsﬁﬂsﬁtuﬁzg? ﬁeyﬂg,raéyeﬁ #mpt' de -

coupling conditions as dlscussed above. The butyl éster” of ‘the
conmpound of Farr auAsothey| group ef canponudsdwhly réspet torthet graup B i [Foamdadet | C
aci d- net h Is,\n chl ori d in the presence of a | S trapping agent such as
ani sol e ? éﬂ % s‘r%gﬁl"i “a’t‘d’i"&' P-eaved fromthe solid support by treatnent
with 37a/ o aqueous forng cﬁq(zacetl c acid/tetrahydrofuran/
trifluoroacetic acid) pre erably in a.ratio of 1!11510.025, to give the
partyl al dehyde of FowhislCal, b, qrB®Eh M. Pl ~accutical conpositions of this
vention conprise any g{) t he conmpounds of the present invention, and
I

phar Mhceutically accept @gal%fs indepandestily hysirogens alkyl, op @heryhror Ri0andt i cal | y
acceptabl e carri er uvar]é éﬁ gbf (herel nafter collectively referred
to as "phar maceutl ‘pﬁ aeb C rers"). Pharmaceutically acceptable
carriers, adjuvants andR%?qphg&egmt Qn@; fﬁﬁéﬁyb%ubb%&ﬁled ,_r,],ctn;;p (ChalpRBReUS cal

conpositions of this invention include, but are - "not [imted to, ion
exchange) al uni na, (Ghu(skbstittesipbemd); e, I ecithin, serumproteins, such as . .

. . human senir Hum. buff.e f ances suc s the vari ous
phosphat es) gl yci nc, so b’la‘L ?Irtylﬁ “emc{ep"“gc"%y%y&"ge"‘" R‘Y?

15 The compounds of Formula I may be synthesized using conventional
techniques as discussed below. Advantageously, these compounds are conveniently
synthesized from readily available starting materials. ) T

One synthetic route for synthesizing the instant compounds is set forth in the
following Scheme 1:

o/



25 potassium sorbate, partial glyceride mixtures of saturated veé‘ét&lﬂE@.ZﬂUZ
fatty acids; water, salts oc . , _ , electrolytes, such as profamzte '
sul fate, disodium hydrogen phosphate, potassium hydrogen . = -
phosphat e) wodemesschl ori de, and zinc salts; colloidal silicapcyR@ossidH
trisilicate, polyvinyl pyrrolidone, cellul ose-based substances,

pol yet hyl ene gl ycol, sodium carboxynet hyl cel | ul ose, polyaryl ates, waxes,
pol yet hyl ene- pol yoxypr opyl ene- bl ock pol ymers, pol yethyl ene glycol and 30
wool fat, and the like. ~~ 5 DAD ZOQOMO 00/ 01666 PCT/ US99/ 15074 27 The
phar maceuti cal conpositions of this ifnvention may be adm nistered orally,
parenterally) by inhalation spray,séﬁ@bﬁ%iiy, rectally, nasally, buccally,
vagi nally or by an inplanted reservoiT. | and parenteral ai: ni stration
are preferred. The term "parenteral” as w used herein include

subcut aneqgs-—A-RbM acut ang@ds-c i nt r avenous)-+-a--apuscul ar—LQgfT g@%}cular,
5 intrasynovial, intrasternal, intrathecal, ' intral esionalHand
i nt racr adfFarmlg Wi on(Bermdpu¥ion ' t ectirimda IXhe phdForwelai CEI)

conposi tions may be fn the formof -a sterile injectable_preparation, for
exanpl e, as gpgpegille injectable aqueous or olseggi Boys suspension. This
suspensi on may be fagrnul ated according to techniquesjlaiowm in the art
using suitable 10 di'spersing or wetting agents (sygh'as) for exanple, Tween
80) and suspendj g Qdent 3 The sttrile injcctable fpreparation my also be a
sterile injectable solHition or suspension in.,a n oXi C

pasent er al | y- acqeptmablae vayt uent or solvent,'*BFﬁexa eA38Ha solution in
1, 3-but anedi ol . Anmong t he acceptabl e vehicles and sopvents that nay be

enpl oyed are mannitdl) watem Ringer's'soluticnyéyy%'1§pk9nic sodi um
chloride solution. Ilfn additifon, sterile) 15 fixed oils are conventionally
Tnpl oyed as lvent i,hg nmedi um For this|purpose, any bland f
xed oil may §g§§§%| yggLracludgn}Psynthetic newepP Pr |[di gHyeercdes. Fatty
acids, _ _ _... _ _|_ (Formula—vEr) oleic acid and it$ ghyai{if§yderivatives
are useful in the pr ration of injectables, as ~ -}"-' . are natural

phar nnaccutical |l y-accep le oils, such as olive o¢#T or castor oil,
especially in their polyox hyl at ed vrrsions. ese oil solutions or
suspensi ons may al so contain a | on§-chain 20 al cohol diluent or dispersant.
Tl u pharmacxutical conpositions of ithis invention may be orally
admnistered in a~ orally acptpt AaxgR—Fermincluding, but not limted
to, capsules, tablets, and -- . H addlkous Buspensions and solutions. In the
case of tablets for oral use, carrie®which are commonly used ir~elude

| act ose and corn starch. LubricdForonlegdIt3) such as nagnesi um 25 stearate)
are also typically added. For oral adninirstration in capsule form.useful—->=-
diluents -w inchrde | actose and dri gd com starch. Wen agueous suspensi ons
are adnministered orally, the ~STER'@dtive ingredient is conbined with
enul si fying and suspendi ng agents. 1f] desire&O:RErtain sweetening andl or
f.Lavoring and/or coloring agenty§y may e added. The pharnmaceuti cal

((erposi tions of this invention y al so bg admgiistered 30 in the form of
suppositories for rectal g¥MT st iAAN"Th conpositions can be prepared
by 5 DEC ' Q02 H " y

(f‘ormula Ii

In the above Scheme 1, Formula (V), that is H,N-C, is a modified aspartic acid
residue of Formulas Va through Vd:



wo ooroi sss 28 PCT/US99/ 15074 m xing a conpound of this inventiog B\III%E'C 6?002
- sui tabl e non-i nstatl ng exci pient which is sdolid at room terrperature
I|qU| d at onh /03&? tenperature. Such materials include, bhut are not
linmited td,” CO butter, beeswax and pol yet hyl ene gl ycol s. PGHEPPA5074
adm ni stration of the phar maceuti cal conpost of this inventionis 5
especi ally useful when the desired treatnent involves areas or organs
readily accessible to topical application. For application topically to the
skin, the pharmaceutical conpositiomkhould be fornulated with a suitable
oi ntment containing the active conponents suspended or dissolved in a
carrier. Carriers for topigal adm nistration of the conmpounds of this
i nvention include, but not limted to, m neé Hil,, liquid petrol eum
- white petrol eun) propyJene\10 glycol, polyox 9? oi yoxypr opyl r ne
conmpound, emul sifyin X d water. Alten;i t| vely, t phar maceuti cal
conposition can bd;Nornmilfated with a suitab OZL N ream cont ai ni ng
- the active conpound susptindcd or dissol v#in a“carrNer. ®Hxtable carriers
i nclude, but are not |inPsgd P8, nineral oil, sorbit8n nonostearate,
pol ysorbate 60) cet esters._wax, cetearyl aI cohol ,_ Z-oct yl dodecanol )
benzyl al cohol and %ﬁ’%’?"lal'hea'phar maceut i cal sYRi ons of this
invention may al so be topically appl ied to the Lower intestinal tract by
rectal suppository formul: in a suitable engﬁa f.ormul ati on.
Topi cal | y-applied trans pat ches acre al so 2Bed in this invention.
The pharnmaceutical conpgsitions of this inventioh nmay be adm ni stered by
nasal aerosol or inhal giion. BSuch conpositions e prBpared according to
echni ques 20 wel | -HigN\iovm ¥ the art of pha~Hgdeutigal fornulation and may
(bk} prepared as solutions ih saline, tnploying benzyl alcohol or othcx
sui tabl e preservatives) a@'&rptl on promoters to d~&u~ bioavailability)-
fluorocarbons, andegimatBefscsobybilizing or digpehsidorggents known in the
art. The conpo~mds of this i nventi on may be used 1 n conmbination with either
25 conventi~ai nti-inflamatory agents or with matrix netal |l oprotease
inhibitors, |ipoxygenase . = =~ ~ ~ g~s~ of cytolanes othtr than IL.-I
Vii. The coirrpo Ve wh ¥
conbi nati on wt h%%ﬁ%&rﬁ at ofr]s?? sBhs ?Sﬁkﬁ’%ﬁﬁgf@mﬁﬁ%%ﬁ %I pha
i nt er f estands fonth niocy or hﬂmﬂual@du%d asfetbimﬂmnmeneﬁﬁeuhaé discussedtabobecon al pha,
di et hyI di t hi ocarbanmat e, .t unor_ necrosis factor, WO 00/ 01666 29 ~' 5 DEC
20025 pEormpa ¥ targugh ¥ R riea sboxyhprofecting erayp 45 dascrihed dn the|dafioitian of RS prevent

or CO“&%&MQ{%‘%@L&%&W%@ cMEPB@X@y&&%Q @ | Tl ammation.

The modified aspamc acnds of Formula Va-d can be prepared by methods well

known in the art. See, for example, European Patemt Application 519,748; PCT Patent

) Application No. PCT/EP92/02472; PCT Patent Application No. PCT/US91/06595; PCT Patent
(-) 10 Application No. PCT/US91/02339; European Patent Application No. 623,592; World Patent
Application No. WO 93/09135; PCT Patent Application No. PCT/US94/08868; European

Patent Application No. 623,606; European Patent Appligaﬁon No. 618,223; European Patent
Application No. 533,226, European Patent Application No. 528,487; European Patent
Application No. 618,233; PCT Patent Application No. PCT/EP92/02472; World Patent

15 Application No. WO 93/09135; PCT Patent Application No. PCT/US93/03589; and PCT
Patent Appiibaﬁon No. PCT/US93/00481, all of which are herein incorporated by reference. -

The coupling reactions carried out under Step A are performed in the presence

of a standard peptide coupling agent such as the combination of the combination of
dicyclohexylcarbodiimide{DCC) and 1-hydroxy-benzotriazole(HOBt), as well as the BOP

20 (benzotriazolyloxy-tris-(dimethylamino)phosphonium hexafluorophosphate) reagent, pyBOP



When the conpounds of this invention are administered in conbi nagi 9EC ,2002
t herapies with other agents, they may be adm nistered sequentially” or
concurrently tothe _ ..~"r~ . _ 5 patient. Alternatively, pharmaceutical
conposi ti rding to this invention may be conprised of Lpation
~f a comgﬂ?ﬁgﬁkﬁorwl a T and anot her therapeutic or prophf@é‘?‘%@nﬁént
mrenti oned above. The di sease states which may be treated or prevented by
the instant pharmaceutical conpositions include, but are not limted to,

i nfl anmat ory di seases, 10 autoi nmune di seases and neur odegcnerative

di seases, and for inhibiting unwant edZ?apopt osis involved ir! ischemc

I njury, such as ischeme injury to the heart (e.g., nyocardial infarction),
brai n (%%m&ﬁ&&lﬁ%ﬁ}-ﬁ@%yl‘dhﬁﬁ%ﬂo@p}ﬁnM%Bﬁpﬁosﬁhﬂﬁ?y diggpgse) (ohs a
consequence of their abil'ity to"inhibit apoptosis) thé present

phar mac eiehz@aizotybyrptramtthpliwumntmobexaflusgfhoiphite), t heawdepop BEDQ on ofl-

hemat opoi etic cells _of a patient follow ng chenotherapy. Methods of 15

adnmi ni stdbylenycarhonyt-Rethylony-Lirdliydrogingling abEspeenifes c thebe ccombinatise eutof c al
o I ' . . . oy
coch s ol RO amobftol fealiiich O(EIAE) Mpd PRl B e "he'SF 0 he

di seasesdiscii§ded Al 90 FRE, Ao KciE d6E Peptide SythetiB® SiéveR B! BdviOEd.0 Dxford

hemat opoi etic cells in cancer patients who hare undergone chenot herapy) are
anot her Urspersity Rress; Dafard,qipad$-41 (0082); MBodanziay| 'Brinciples af PeptidacSynthesistquence
of their ility to 20 inhihit 0pt,0S;i t he | pstapt pharnaceut i cal
conposi tl?*gﬁ? %—iﬁ G %?@%F’Nf’b]ég’ﬁll‘fgh‘qs"&%ﬁopﬁn%gfﬁ 9?'8393T2g?§?%8f45;0%s to be
used in aa2h r@lg;&c-&témﬁ | RPhREER ot "SRR GerWir tapd oOr
revent eI§ mié(?'ﬁde for ex%l e, septic slwck, gg\x%cg’rﬁ%%gﬁ%agﬁ%p?

{ F)es pi r atsse33 shdspp.ck29- 8PN cdnd ISewarkamd cYoumg) 8$olidl Pkasel iPeptide cSynthiesis,hi Rierce f Or

exanpl e, rhaunatoid, arthritis, system c _|upus erythematosus, scleroderm,

25 chQorfFhemics) Comany, £1984). allof which; ars herein, incomeratideby rederence JThe amino
i nsul i n- ~ i - o | v _
it of g eeg el AP EEld i el Sl e B0 Y B ARERANR)

nyast hergxam@ @id F Foisiuld VI (S¥1EB)S CA @) $ii$ toupfin @ Alactih QRO QBRaIaA] peplidéli Seases
i nclude, for exanple, arayotrophic lateral sclerosis) Al zheiner' s disease,
Par ki nscwuplingirepstions)mentidnedkabayer y | at eral sclerosis. The phannaceuti eal

It f this_ 1n) ' .,.al b d.30
el ing. Targot di Simebeely g Rbn i Ofkans PGt Pormhy BUVER o8 SSBRIRE,
wor dgs  to an [dRfinc? Bl HGFRHMRUGEG ?.US;QS{, 189 thuplidg (roRE6n 858 Ahd SthishraM t h

ischcmic injury, includes nyocardial infarction, stroke, and isehenic
ki dney dieptideseovpling: resictionsamentionedh hbayempo Formua IXofthe: grovp i Riveat ¢agboxyhy al so

be used Lo, 1 eal o R s Wl SN0y S IAAE OSSP el V1 7@

protecting group under standard conditions well known in the art, the resulting carboxylic acid

, is coupled to amine V using the standard peptide coupling methods described above (Step E).

\ ) 20 In the case where the coupling reaction depicted by either Step A or Step E
was carried out with the amino alcohol of Formula Ve, the alcohol moiety must be oxidized to
the corresponding carbonyl compound prior to removal of the protecting groups. Preferred
methods for the oxidation reaction include Swern oxidation (oxalyl chloride-dimethyl
sulfoxide, methylene chloride at -78°C followed by tricthylamine); and Dess-Martin oxidation

25 (Dess-Martin periodinane, t-butanol, and methylene chloride.) The protecting groups
contained in substructures of the Formula Va-d and A are removed by methods well known in
the art. These reactions and removal of some or all of the protecting groups are involved in
Step C in the above Scheme 1.

An alternative synthetic route for synthesizing the instant compounds is set

30 forth in the following Scheme 2:



The term "effective anount” refers to dosage |evels of the ordersop ﬁEfbrﬁﬂﬂz
. about 5 10 15 0.05 nilligrams to about 140 nilligrdrris per kil ogram of
body wei ght p~ a day for use in the treatnent of the above-indi cated
condi ti onév?B‘E/?J'i%l ly about 2.5 nilligrans to about 7 gransPEEUSHYI08ht per
day). For cxarnple, inflanmation may be effectively treated by the
adm nistration of fromabout 0.0l to SD mlligranms of the conpound per
ki | ogram of ,body wei ght per day (about 0.5 mlligrans to about 3.5 grans
per patient per day). The ampbunt of t23e conpounds of Formula | that may be
conbined with the carries materials to produce a single dosage formw ||
vary dependi ng upon the host tredE€HEME €he particul ar node of
adm ni stration. For exanple, a fornulation intended for the oral
adm ni stration of humans- may contain fromO0.5 mlligranms to 5 grans of a
conmpound of Formula I combined Wptge an appropzi ate and conveeéqgt anount of
a pharnmaceuti cal | yacet pt abl e rrfer which may vary from ur¢s to about
. 95 percent of the total conpgsition. Dgsage unit fornms w lfl generally
contai n betiwen Trom about TG 111 granttdr dbout 500 milljibgams of an active
conpound SETEHAa 1+ -HNt KPP peTndErstO0dPC r, OB the
specific,,effecti anoupgt.” r | 20 particul ar, patient_wll depend
upon a v F?re“tm;laof& actorg'tcf-nc(il?dli% the activity of(Ffoﬁg‘ugﬁe%ﬁ)l c conpound
enpl oyed) the age, body weight, gcrxral health, sex, diet, tinme of
adm ni stration, squte of adn~istration, rate of excretion, drug conbination
and the severity the particul ar di sease w-agong prevcntiorr or therapy.
Al t hough this invdlgti on focuses on the use of tbg*onpounds di scl osed
erein ZS fel!’-p-rgven CoOM and treatdng’ | L-1- I zt ed di seases, the conpounds
o) this invengion an, I)§o be eagpd as inln'jbitay agegkgpfg other cysteine
pr ot eases. thi,ﬁ_j_g {00 sar @~ a se pmer ci al
reagents which ﬁ;e tively bin# to fthe | GBfced-3 faraily of cystrine
pr ot ease or ot R c@stei ne proteasc®. As commercial reagents, the conpounds
of this invention, and their derivétomasla aYIbe used to bl ock proteolysis
of a target peptide or may be derivatized to bind to a stable resin as a
t et hered WO 00/ 01666 PCT/ US99115074 31 substrate for affinity
chrmmat ogr aphy applicati ons.coTRese and ot her uses which char acth)id?,e
commer ci al cygtine proteas® 12nhibitors will be ey dent to t ordi nary
skill in the grt. In order that this invention bg nore fully understood,
the foll owi nglexanpl es set_for t$TEFHese exa Bpur pose of

i | lustr BT only—Aalare Jfot t B beconser RN, iy —A—N as)imting the
scope of the invgention in gany way. Inthefolr'owin Exanpl es,A prot on NVR

spectra were ohtai ned 300 MHz; chem cal shifts C ot e c%wnfieldfrom
internal tet ra‘%u?i’ﬂ?fii’?’éﬂe. PREPARATI ON 1 el 9

1‘) In the above Scheme 2, “PG” stands for an amino protecting group and “A”
stands for a natural or unmatural amino acid of formula Ila through IIi, as discussed above. The
5 group R is a carboxy! protecting group such as trimethylsilyl, methyl, allyl, benzyl or tert-
butyl. ' |
The coupling reactions carried out under Step F and Step G are performed in
the presence of a standard peptide coupling agent as discussed above. In Step G, the amino
protecting group must be removed prior to the coupling step. In Step H the alpha-carboxy
10 protecting group R of the compound of Formula XIII is selectively removed and the resulting
mono-carboxylic acid treated sequentially with diazomethane and hydrobromic acid to give the
alpha-bromoketone of Formula XIV.



Me 10 C02tBu N, Preparatloe of - (3S)-Am no-4-Oxebut s~uoic' Aci d. '0'02
(tert~-Butyl Ester - - Seenicarbazone, p-Tolueaesnlfonate Sal t- S qI’erE[C g‘
N-~Benzyi oxycarbonyl)-L '-Methyl-1~'-Mthoxy)aspartamde Vii- ttrt-Bu 1 1
-To a sohfigagerbes\- (bt nzyl oxycarbenyl ) - L-aspartic aci d-~- %Q_?:,Uggy,tlg&)‘
ester (14.65 g, 453 r~mol, Hachem in CH2Cl12 (150 ni) ce bath)
under a nitrogen atnospl xre was added 1 bydroxybenzotri azol e hydrate (7.29
g, 47.6 noral, Aldrich) foll owed by

1-ethyl -3-(3', 3" -di methyi-1'-amni nopr oggl xar bodi i m de hydrochl oride (9.55 g,
49.8 mmol, 4 5 DEC Z00 20 Signma After“Stirra~g at QC for 15 mn.;

N, O di met hyl hydr oxyl am ne hydrochloride (5.10 g, = " ww 52.3 mol,

Al arich~ and N- et iy IStpoy, tObromokdiSncBofMEorm@R XIVDls, tredkedr with kithér ISAfded. The
mxture was allowed to wane to roomternptrature over 3 hours then Stirred

at r oom (aeiyeP:H, (heseroany)4G0-Ho or B'*(RIHBOZbmihd mresengesofan mmrcahaedsmh der

\elggﬁijm and the rﬁ5| dtﬁ?fg@%%m ﬁﬂ%ﬂs&betaa“ﬁne%ﬁfﬂgg%cet 5‘V K13S 4 (200 L
PCTI US9 4 t d d
4&3% cdrts #Haﬂ, g bdntbornd S Foftauls 3t M ikiGH BSR 5%5 Somg.? pan

sat ur at ed sodi-um chl orrde sol uti-ons; dried-ever-- Ifate -
and es/amw(mmmmlpnf amm(m“onvmspeﬁmtyammmds‘ of Forheli die whith@ ve t he
tetle product ( 10 g) 97% yield) as a fl uffy white crystalliné solid.

TLC (et H§R ﬁasese&@)l’pngvhé anay o be(epared imp/pimi aRfasbre& Thy protectipg groups . 5 A

simlar C ure~ rt|n

(benzyl ocﬁ‘%?%a? cg"s'%)saér?.tﬂl":(r:ila acag\ﬁ af? %{erﬁm ?vchbgt ?h w?g%ﬂmgb‘glﬂéc up)
gave 31.3n3 'Eucée%:%tﬁbh@krﬂi)reﬂfwﬂ Bﬁs&ﬂetdrallwﬁﬂlpﬁftccn 2 gloups are involved in Step I
~3S~Benzyl oxycar bonyl ?Am no- 4- Oxobut anoi ¢ Acid (tent)-Butyl Ester

(RI)-Em car inthsrabovelchtwe 2. sol uti on of
(bepzyl oxycar bon - 0X artam tart - bu 1)
estef&(IS 50 g, ZXQ ??fd?t)v""l"ﬁhﬁ’ﬁﬁ?'{}lge pqg%’ ﬂi?“gﬁ ngjant ipyepti th)
under a i t e
Li Al H4 |dril}]i§t g(rsrl( gzﬁ%}&% Egdzw%%glﬁt?@At gglpyﬁ)sq:abﬁglgc )lgsya S]thtgsdto eep the
reacti orSch@hei8:i on tenperature between 0-5C (addition time I S-20 mn).
After the addition of the lithium 15 al um num hydri de reagtnt was conpl ete)
the m xture was stirred at 0-5C for 1 hr, then quenched by the drcrpw se
addition of 0.3 N KHS04 solution ( 100 nmL). The resultant m xture was
transferred to a scparatoty funnel adding sufficient 5% KHS04 solution (75
m.) to dissolve the solids. The organi c phase was separated and the
conbi ned aqueous washes b~ackextracted with ether ( 100 nli). The conbi ned
et her extracts were washed with saturated NaC 20 solution, dried over
-anhydr ous -sodi um sul fate and concentrated in vacuo with-mmrmat heating. -
TLC (ethyl acetate): streaky spot (L1V and PMA) Rf--0.48. TLC
(et hanoUnet hyl ene chloride, [:9) major spot (t3V and PMA): R "0.75. ~ _
_ _ _ The crude al dehyde was i medi ately taken up i n aqueous ethanol (45
@. wat er/| AS niL al cohol), placed in an ice bath and treated with sodi um
etate (3.82 g, 46.6 25 nmarol) and xm-carhazi de hydrochl oride (5.20 g,
46. G moi, Aldrich). The m xture was stirred at OC (tce-bath) under a
ni trogen atnosphere for 3 hrs, allowed to warmto room tenperature, and
stirred overnight ( 16 hrs). Mst of the ethanol was renoved under vacuum
aind the residue partitioned between ethyl acetate and water ( 100 nL each).
The organi ¢ phase was washed sequenti aIIy wlth 5/ .1 ~S04, saturated sodi um
- b| car bonate and saturated sodi um chl ori-de o T ‘




- ~ 5 DEC 2002 WD 00/ 016G6 33 PCTI US99115074 sol utions; dried ouer) DEC 2007
anhydrous sodium sul fate and evaporated to "dryness. The crude product of
this reaction was conbined with that of two simlar procedures starting

Wi th |5 40Vg0/AL66, 625 g of PCT/US99/15074

N- (benzyl oxycar bonyl ) - L- (N - et hyl - N- met hoxy) aspart am de-~-(tert-butyl
ester) (total: 35.52S g, 97 mmol) and these conbi ned products were purified
by flash _ ,",~ 5 chronotagraphy on silica gel eluting with

acet ane/ net hyl ene chloride (3:7) the@5nethanol acetone-nethyl ene chloride
(0.5:3:7) to give pure title product (27.73 g, 78.5f0} as a colorless foam
TLC (MeOH CH2A 2) 1:9): single sSCHEMBEV3and PMA), Rf=4.51. Part C (3S
Am no- 4- Oxobut anoic Acid (tert)-Butyl Ester Sem carbazone,

_ pTolucnesal fonate Salt 10 lgpusol ution of (3

S~(benzyl oxycar bonyl ) am gfo- 4- oxobut anoi ¢ acid (tert) butyl ester

sem car bazone (13.84 g) B8.0 1) in_abs@{ute anol (250 rnL) was added
. 10%PdIC ( 1.50 Gmo-NTC yr?(;rothe fesy ﬁ?‘rg/ﬁ?%ure stirred under an

at nosphere of hydrogert (balll oon) unf LC (et BTEROV get hyl ene chlori de,
1:9) indicated conplete cost;cpti ’ k1 he startrmgmarerial (60 mn).
Note: It is inportant to folljow this reaction closely since the 15 product
can be over-req% 1ak; e-nas filtered though Celite and evaporated
to an oil. The oIl was cha ed with methylene chloride (2 x 75nL) then with
met hykne chl oride/tohiern (l1:1, 75 nL) to giwe the crude amne as a white

crystslline. solid. TLC (Et OAC pyridine Ac H20 6(!:20:5:10) single spot

(tTV and PMA) Rf~.24. No COARY i s TLC sy a er -reduced product
Il show up i medi ately bel ow the desire procht, ~. 18 (PMA 20 only).

_%ne crude amne was ta upH n CH3CM Orl) and treated with a solution

of p-tol fonic acif@°fopphydfat e (7 2
m.). The crystailiac precim{tate
and ether, and air-dried to 3 Hve

138.0 n’rg,%@ kn acetonitrilc (60

of | ect ed, Washeg wth acetonitri'lie
|tIe cor L'B 95 g) 92% yi el d)
asawhite, crystallite aol - b The o~ptcal '"Eﬁ of this 'material was
r"~eeked by cofReemslaXVEd Ohe ¢ﬁrresposrd ag R?BE'Halaa%'?’ﬂb [ I .05 ec~iVv

(R}- (-~a-net hvxy-ifluoromethyl ~hcnyl acrtyl chloride, 2.1 eduival ents of

i-Pr2NEt in C32C 2, roomtenple, 30 mn]. e desired product has a
doublet at ?.13 ppm (1H, d,colwEd. 4 Hz,- CH |~ ap\k‘:orrespondl ng signal
for 5~ ~ ~~ ~0~

Fimoc A_ﬂ/Er STEP L

' ot

R1—NHCOCO,H
{(Pormula XVII) o (Formula VII)

(Formmla IbY



WO 00/ 01666 3a PCT/ US99/15074 its diastereomer is at 7.07 ppm Thge oﬁ)tDECa?[]ﬂz
pur i ty of the title conpound obtained fromthe above procedure.is typical

> 95:5. O35 PREPARATION 2 N HH ~ NH O O-CO-1-1 Preparation of

(3S~( 9~FI WPEMIESHRt hoxycabonyl ) Ami no- 4- Oxobut aroi ¢ Aci d ( t ePETESIYIS024t er
Sem car bazoayl - 4-[ 2' - (4- Et hyl - Phenoxyacetic Acid)] Part A ~ a-[2'-(N

t - Hut oxycar bonyl ) Am noet hyl | Phenoayacetic Acid, Methyl Ester ~ - ~ ~- ~10

To a suspensi on 4- hydroxy-phenethylamne (7.00 g, 51.1 mmol, Aldrich) in

dry dinmethyl formam de (50 i) at roor26t enperature under nitrogen was added.
di-tert-btctyl di ca~rbonate ( 11.0 g, 50S mmol). After sowi ng at room

tenperature for 1 hr esul t cl ear sohrtio ted nmet hyl
bror noacetate (7. g“ﬁfhmfg F’ﬁ"ﬂf)fs)d‘%%ﬂm%’g‘?"ffﬁf’%ﬁ%%%aﬁ%’i“y%a@ “V‘\'g@ﬁ mol ) .
Alter st hh &ipaa C (Et20-tol uene; 2: 8) shown
-~ ~ ~dn§tl'_1{bﬂ1d§&ci'}¢99ml sorrg%ﬁcas%ggﬁé’?sg?gﬁnﬁg#erl al remained (Rf 0. 43)
and a second port iThe cofipling bhihe abnﬂmfﬁanmﬂamv to a primary .amieZorDsobitl suﬁibru;rrol)

and cesium car bonat e (4 5 g, 14 mmol) were added. After stlrrlng for an
addi ti orP&? ferably aminonagily rppb(ftweac,vm%#%a?%aunéarm tmhnms,qmse 250 m_

each) R -pvrotidinviR ';L@ ta55| um
bi sul % atp ggﬁéﬁ's am%t eB“’ﬁ‘i"’m"“"" @{ ?lécﬁ's',yl)ﬂé% ?Pé‘a“’b'ver“ﬂ"%’ya? Na=so, .
and evapgyBOPYin b sheATVER Such bE dinktRfifofRartide bIR-h&R)IPyRoREnI(§Bp MAT: gave
15.87 g of atan solid. Filtration of the crude product through a pad of

silica gehowlludd rthe wFmoc EprGléctirige xgrowp (of Qthnbly ctrya;tnaml i wight | prdlidiver hexane
O Tt R el 2320 AL ol ol g™
(%CT/ USOYhaltd %cp%ﬁe coupling conditions as discussed above (Step K).
10 In Step L the Fmoc protecting group of the compound of Formula XVII is
removed again by treatment with with pyrrolidine-dimethylformamide and the resuiting amine
coupled to the (N-substituted)oxamic acid of Formula VII again using standard peptide
coupling conditions as discussed above. The tert-butyl ester of the compound of Formula
XV is removed by treatment with trfluoroacetic acid-methylene chloride in the presence of a
15 trapping agent such as anisole and the resulting acid cleaved from the solid support by
freatment with 37% aqueous formaldehyde/acetic acid/tetrahydrofuran/ trifluoroacetic acid,
preferably in a ratio of 1/1/5/0.025, to give the aspartyl aldehyde of Formula Ib (Step M). T
Pharmaceutical compositions of this invention ¢omprise any of the compounds
of the present invention, and pharmaceutically acceptable salts thereof, with any
i(:_) 20 pharmaceutically acceptable carrier, adjuvant or vehicle (hereinafter collectively referred to as
"pharmaceutically-acceptable carriers”). Pharmaceutically acceptable carriers, adjuvants and
vehicles that may be used in the pharmaceutical compositions of this invention include, but are
not limited to, ion exchange, alumina, aluminum steaﬁte, lecithin, serum proteins, such as . v
human serum albumin; buffer substances such as the various phosphates, glycine, sorbic acid,
25 potassium sorbate, partial glyceride mixtures of saturated vegetable fatty acids; water, salts or
electrolytes, such as protamine sulfate, disodium hydrogen phosphate, potassium hydrogen T
phosphate, sodium chlonde, and zinc salts; colloidal silica, magnesium tnsilicate, polyvinyl
pyrrolidone, cellulose-based substances, polyethylene glycol, sodium carboxymethylcellulose,
polyarylates, waxes, polyethylene-polyoxypropylene-block polymers, polyethylene glycol and
30 wool fat, and the like.



4- (Z' - Am noet hyl ) Ph~noxyacetic "Acid, Methyl Ester, Hydrochloride To a
solution 4-[2'-(N-t-Dbutoxycarbonyl) am noethyl ] phenoxyacetic aci G Mfgygueug
ester (18.31 (c); 59.3 mml) in dioxane (55 nL) at roomtenperature was ad
4.0 hT HOWPAUDIBS ane (55 ml). After stirring at room t enpePEFEISIMENT416
hrs, the mxture was diluted ",.,", _ 5 with EtzO the precipitate
col l ected, washed throughly with EtzO and dried in vacuo to give the title
compound (14.55 g, 94% was a fluffy white, crystalline solid. A solution
of t-butyl carbazate (6.60 g, 50 mMmvl2? in d~i nm et hyl farmam de (50 10 rnL)
was added dropwi se to a solution carbonyldiimdazole (8.14 g, 50 mol} in

di met hyl f ormam de (80, nl) over 40 nm.n _at.roomt er at ur.e.under, nitrogen.
After stirring at 15’88”?’!')8?&%?3&? PIPROSHHSPS 3??5"5(1'8‘{??%?3’%0“%91?“”" orally,

4-(2'-ang | 3k ozl i r ?;l.,gn g3 9, 50
nmol ) w;psaﬂggtlag% %,gk&gﬁg&glxﬁh:a f\ %ﬁt%%ﬁ%@#’f%%@h?&%@kgﬁ ri e){ %glbgn%l ne (8.0
mL, 58 rinplapteditstaebin] r Onaidmslpauieral 3dministratiokRee prefaned.i Tig terin Tpareitetdl” as

,temperature for 18 hrs, the'm xture was partitioned between Et OAc-wat ex
(300" nL %lmc_m m@d;saﬂbc@ncous, infracutaneous, mmtravenous, intramuscular, mtra-articular,

1-feng - - Seqj zj A-12" - 4- J poxyacetic Acid)l
Vot o B B BT ARR Wikbolt sl L ERRRGN A il
(3?17, %nhpigéesssi uarh bisulfate, saturated sodi um bi carbonate) and
saturated NaCl solutions, dried over anhyd~us Nal S04 and evaporated to
dryness. Cryst al | Thaphaymaefuticdl compesitians mayhe Bt thadomeafimstegileinjactablet i t | e

o . . ‘ SUP
(]:_Og? O%]%:%a_ 1555%? )fggg}%ﬁcs,ljg " gt];r];lcm@ulegtgbl%r q%gc%lsl tlarn&easg?nlo{lsq 'sus-{)le_ncsicgnlye isC 3~¢ls;
-tent- %%%%ﬁ%@%'foﬁﬁﬁﬂt@@r bawdify 1o Aediiqued 1O lin TSGR i Slilabieici ) 1 A
(§ h~i on of I-tert™-butoxycar bc?nyl -lsée(m' eﬁbal-qzu;i dyl -4-"[‘ 2" -(4- et"%c/%ma%]db\
phcabiky dispérsing excwellipg apdnts/(suchsdse for (ek4mfl8, fweehD80)ranl suspendingoagena. (B¢ nl) at

room teg&gra,t,ure ~mdes nitro er] s ceded 1,0 N LiOH solution (5Q ni).
After stteplepigetakle PEeRIratio atlsh Q¢ fofterlepimectaple sojupipn, op syispensien @ fxd wi t h

cane. HCL d . E ( : e r gani,c S
washed \%’? E’anmﬁgﬁ%‘é &E‘l(c)l Bﬁﬁg’h Jrg%oe tbv%(;? %ﬁﬁ?@f gﬁs aNzi%ﬁ?a%
evapor ati SchutafiediolVh Alnsong ahé decepableyeehitldsi it scdventy thah ag roedemplogediare f rom

THF- Et CAc- hexane gave the title conpound ( 13.44, 95fe) as a white
cryst al Piepitol Jateg, Ripger's(salutipn anasptemo epdium chioridy splption. JIn addition, styride,zpp2

WO 0Q) 03666 .36 PCT[ U 507 : : . .
Son B EAS o ire EopenmgntilXabloyeel o Cotvent or suepending medim. For this purspse.
sol ut i Oanyoblank fixea loil RikdyObeycnip1HRB Ihchidn SAHREAE hibyb- drdiglycefidese tHAMY acids,
__phenoxyacetic acid)] ( 13.43 g) 38.0 mmol ) in dioxane (80 nmli~anisole (_15
) Tat T mesBies olsieasidhandrits glesstidgidraiyatives ape wgeful jim thei pesparstion gbinjeciablenfaser

tirri { { . additjonal 4.0 N HCL in. di
15 ] RS deftolfle e el a0l el BBR af bty g™ 2"
col | ect gelyoyasfiged versiond hiities¥oil Boldiisnsast Quipesionsirady AChoftalrPsl 1dng-chanUo to
.g{ ve ’

@ 20 alcohol diluent or dispersant.

The pharmaceutical compositions of this invention may be orally administered
in any orally acceptable dosage form including, but not limited to, capsules, tablets, and
aqueous suspensions and solutions. In the case of tablets for oral use, carrier which are
commonly used include lactose and corn starch. Lubricating agents, such as magnesium
25 stearate, are also typically added. For oral administration in capsule form useful diluents
*+-~ =~—-- inchide lactose and dried com starch. When aqueous suspensions are administered orally, the = "~~~
active ingredient is combined with emulsifying and suspending agents. If desired, certain
sweetening and/or flavoring and/or coloring agents may be added.
The pharmaceutical compositions of this invention may also be administered

30 in the form of suppositories for rectal administration. These compesitions can be prepared by

R e e me n



the title conmpound (I 1.67 g, 1000/8) was a white, crystalline Eo5id|gEC %DZ
F: N (9-Fl uoren~l met hoxycar bonyl } -L- (N - Met hyl - N- Met hoxy) as~artam de ~i
(tort-Butyl) Ester 10 To a sol ution of .

N-(9-fl uor oxycarbonyl )-L-aspartic acid-[i-(tert but

1.6.48 Q) 4‘8%bi ri CH2C12 (80 mli}-tctrahydrofuran (20 mgﬂcﬁ’{@%éﬁ??’(ée
bat h) under a nitrogen atnosphese was added 1-hydroxybcnzotriazol e hydrate
(7.12 g) 46.5 mmol) foll owed by

| -ethyl-3-(3,3 -dinethyl-1"-am nopr O-B%' ) car bodi i m de hydrochloride (9.20
g) 48 mol ). After stirring at 0OC for“15 mn., N, O dincthyl hydroxyl am ne
hydrochl oride (4.68 g, 15 48 mmpol) and N-net hyhnorpholine (5.2 nL, 47 mol)
wer e addfikingldénipotthdi bfthisciaventib® wittl at snitabile fior-fritatheyexcient phfchtis agtidcdtvt r 2
hours then stirred at roomtenperature for 16 hours. The solution was
concent rraemcemperature, ki Jigidastthe pestal demperatursa r Such imntesialshinelnde rbut ateyot

acet at e-,5% KHS04 0 each)., The . organi c .phase was washed succesively
With 5%‘@1&%?9»°9‘3’§‘3’P§ng“éw %H%PSP%M?@%QF%MQM saturat ed sodium chl ori de
sol utions; dried OpghicatBihsRuTon cRitidabl R Sitlake GRAK Ahveftidndsan Oi |-
Purification of the crude product by t1ash chromatog<aplry on si 'ca gel

el ut i g especinllictucifol whemntie desided’ Geatinem iBE0lGES)arcpa\vor organs tréddile apeessibletto (| 2. 25
g, 48%yield) as a colorless foam TLC (Et OAc-hexane; | : | Rf--_g_l. 35.
Part G topical appliation s ey application, topisHy 19 Abg sgnathepbermasensical gomnesition

f te “f ) j '?HLMQ be @gﬁgegﬁﬁpr% %ﬁ%ﬁﬁ%ﬂ[ﬁﬁkﬁt‘&ﬁéﬁh&%ﬁé@(& cOHERY AeGtidea’ss! @) -
N-(9- | LadsERpd Ieaiesy CCuridts Yor topicd] MdfimiisiutionNof the 3 Bfthis ibve@ibn but Y1 )

ester ( 13.20 g, 29 mmol) in anhydrous ether (250 nL) at OC (ice bath)
Qnder a inghedep Yutnargtnes Jjshitedctonaninexgldeil] liguidopstendeum; vhite, getiieywml prapylenof

el org Rl PN IP. RS PrRT ts GEBtny emib BaRP sl (G waler
PCTI USO e e Cibbarnilefich Sthgicsition tchhTbe 13raflated With Abkigbicl BoRdgi t i o

of the l'ithiumalum num hydride reagent was conplete) the m xture was
stirred cetanDcdn@irfing tht agtive ¢dnepoungd) ewspéraled by dissedvedrin pwamier.a uiitdbleocanddrs 0. 3 N
KHSO, sqluytjon ( 100 mi). After adding.sufficient 0.3 KHSO4 solution to
di 550l vanalisty biare and W&s#g&m«gﬂ? - SOTb L mgROSI AT, mgsq%% SFPLESIES a
seper at f | = anol® bAARRicehdNase . t he
aqueousq{) ase cﬁ‘-cgﬁb?’rg.cofg}ido\?\ﬁaﬂoét hez’rg (0100 L) wx?'ﬁes'@%%]%hg%eg‘?%ér
ext r Bct Soipositions of tids ivieltichahay alse e Mapitallg appliddan thedlowetl imestinalaraoy By ous
sodi um sul fate and caoncentrated in vacuo with mnimal heati _ngl- TLC

( Et OAc- mestain@wppositery| fommulation o in APitpbley gremp Jormplationa: dicpicalianplied i n
et hanol é E‘gh!é Eg,gx@ﬂ 8 Octidelih 8 furan(75 m.), placed in an ice
bat h an reate V\ntk#eso }8?71 ace"%g{tﬁeﬁ 3%‘8 g, 39 mmol) and

sem car bazi dyl - 4- [Bhe-pihéreiceyticap bangositienedf thimveltidn hyalr be bdministeed By 65 )
30 rnnol ). The m xture was stirred at QC (ice bath) under a nitrogen

at nosphapsal fasrose] gy dnhalation. e Fuehy CREPATIHANS niFn RTERAGd) AFCOrding:  to qigehmiques 1 ed

Loyeryy ght 16 _hrs). ' . : t OV . di l.ut ed
PV Sepcrtfn 33 o3 bl e RRET GRS 8 bt Q1R i o
was dri gghirel eploying! BendylValcokdl 3P othe? fsuitdbled Brebéroslived, abSorptiod plomotedd kgl The
crude product of tﬁl S reaction was conbined with that of a snaller scale
r eact i orenkadcStionpailakitity; flungocarians,snd/er oth¢r spludilizingwr Yispérsing agents known in
N- (9-f 1l yar enyl net hoxycar bonyl ~L- (N- net hyl - N
met hoxy rtam de-~-(tert-butyl ester) and partitioned between et hyl
acetate : The compounds of this invention may be used in combination with ecither

25 conventional anti-inflammatory agents or with matrix metalloprotease inhibitors, lipoxygenase
- - inhibitors and antagonists of cytokines other than IL-18.

The compounds of this invention can also be administered in combination with

immunomodulators (e.g., bropirimine, anti-human alpha interferon antibody,. IL-2, GM-CSF,

methionine enkephalin, interferon alpha, diethyldithiocarbamate, tumor necrosis factor,



J

tetrahydrofuran( I :1 ) and 5 /0 KHS04. The organi c phase was washed with 5
% KHS04 and 20 saturated sodi um ehl ai de sol utions, dried over anhyerip@ire 2002

sodi um sybfeslogsegnd evaporated to dryness. The tax was purpgrR[ed)ysohs
I[tration through a pad of silica gel eluting with terahydntfeu~Jnethykne

chloride (1:1). The conbi ned product-containing fractions wen evaporated to
dryness and recrystallized fromtetrahydrofuran-Et20 to give pure title
product ('17.01 g, 69/0) as a white Zgl id TLC (AcOH MeOH CH2CI 2, 1:1:40):

Rf ~1. 19. .~ 5 DEC 200Z WO 00l 01666 t 38 PREPARATI ON 3 Assay for

| nbi bitiob of ICC eed-3 Protease Fam |y Activity PGI/US93/ 15074 w..s A

Det er rjaftedxiofs) afd rEFES)00rV@ith @Bostigliadiag o6 eéreMnary eombas Ty Sneédei&l tiseige t he
activity of the corrgounds of 5 Formula 1 utilizing the reconbinant | CE and
p

CPP32 sympjamesssugh 2s ipdameetiand essenti szl y according to Thornberry et al.
ature, 356:7b8:7 992?3%: and OBM hol son. et al .. ature. 376:37:43 (1995))
sespectivety, (h O FOBPREOS « A (DI, TYEHIED ATe @fmpistaed R qombmapert ¢ ¢
pl at e S t £ el - M | 0= A L4 Qirar i n
(AMC) St?%%ﬂt@ %?@&mgsﬁgé’aﬁ?%gtﬁéﬁg{gﬁ%al - Aﬁgﬁﬁ%@%ttﬁyl couznarin

f ors t hatiGRP3 Altehbtively, \ilanaedichl kGniditinas ayordignioTthis dmehiia@nmayr e run in
| CE buffer (25 nmM HEPES, | M EDTA, 0.1 % CHAPS, 10% sucrose, pH 7.5)
cont aisempgsed @f1appqmbinatasotd @crasanoed,of Fopmylapl prd; apother thempautigs onyy o

perfor nosig‘yp%hq]‘%hﬁgﬁgt%é%gw ng conponents: SO pL ICE) Mch2, MhS, CPP32

(18.8,pr concentrations, respectively) or Mch3 ( | unit)

enzyme in 1CE bufhe disklseste@s 'WhiEH inh ©¢ tth@fed Sor0 plevéridd Myhthe Malgs CPP32)
or 20 (MchS) nmM DIT; 50 pL conpound of Formula 1 or ICE buffer (control);
and 1@bamaceiticad chivipesibens: clide, Thut arez ot limitedt be  infaponaterly odise@sesrul a | to

be _assayed arc .all owed, to preincubate iu the. rajc.otitre plate wells for 30
s 15 SRt E Atasr SRR EPRETS Goates 40 TatAPEHTE Panln PTTE | o

| i U1 Ghioriddini€Akihic Gunt bithlas 3 Rithic Afbry RS B NeAn fef (W) dcaRRiah iRl OT €d T Or
one hour at roomtenperature by neasuring the fluoresctnce cm ssran at 460
nm usibegin da gacokedt aminkidwey gle.gn gicheroke B0y rizeasth e Ak laucohegoane of dikdnge i n
duplicate ;oont, rol) wel Iﬁ’earc av;“raﬁged ,agd the nean values are plotted as a
f unct i28HitL Ao Mmbspv,RoptostsoIhe PRESFRY: Aceptiqal; copppiitions are also useful for the 5004

o B o MEARS S 9L gty Sl a1 T -
ar g5 dagmimistering a0 effective asnoufie b thenabeVe-described pharmaceutical compositions to
mammals, also referred to herein as patients, in need of such treatment (that is, those suffering
from inflammatory diseases, autoimmune diseases, ncurodegenerative diseases and for the
repopulation of hematopotetic cells in cancer patients who haye undergone chemotherapy) are
another aspect of the instant invention. Finally, as a further consequence of their ability to
20 inhibit apoptosis, the mstant pharmaceutical compositions may be used in a method to prolong
the viability of organs to be used in transplantations.

Inflammatory disease which may be treated or prevented include, for example,
septic shock, seplicemia, and adult respiratory distress éyndrome. Target autoimmune diseases
include, for example, rheumatoid, arthritis, systemic lupus erythematosus, scleroderma,

25 chronic thyroiditis, Graves' disease, autoimmmune gastritis, insulin-dependent diabetes mellitus,
autoimmune hemolytic anemia, autoimmune neutropenia, thrombocytopenia, chronic active
hepatitis, myasthenia gravis and multiple sclerosis. Target neurodegenerative diseases include,
for example, amyotrophic lateral sclerosis, Alzheimer's disease, Parkinson's disease, and
primary lateral sclerosis. The pharmaceutical compositions of this invention may also be used

30 to promote wound healing. Target diseases associated with harmful, apoptosis, in other words,
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| C~(pM C' P32 1Cs, (yt M MCH 2 | CSMCH 3 | C~(pM MCH- S | C~( p11~10. 02761(5| DEC- 2002
_L500 Si \Q'd’ﬁ’%ll)‘{‘ 0. 059l . 383. 531 . 130. 322r ef er ence0. 06447. 0> >102. 96 B.

Det er ni na the dissociation constant Ki and irreversFoI$9%15074
constant k3 for inmvers~ble inhibitors 5 For the irreversible inhibition of

a 1 Cslced-3 Fam |y Protease enzyne with a conpetitive irreversible

i nhibitor; «using the nodel represented by the following fornulas: K, k3 E +
| -~ ~El -------- ~El E+S-.~-3FES -------- ~ E + S The product
formation at tine t may be expressed as: 10 ~~t = ~T ~~ -k 3 tl(1 + ~

(1 + [ th))ge ls &gatc% \51&?’ hscl.%c%% SnE'ﬂlgcst #g&?.rd}al Vmﬁfc?mﬁ:') t{)ozkf ELnda%gh b 1 denot e

the actiVe en on-cova enzynme- | h canypl ex
and COVﬁBﬁH}tdxdéisEy rmephmh&hm! céiplsitions 6mmeﬁ¢ehue+ thay A138 Y& uséditdPedts t he
overal | dissociatiosn constant of the seversibk blndlng steps, and k~ is
the i rripfestigisidiseasesatspeciatlyshesn invoiMed withyiral tafetiops.vahues arc the substatc

concentration and_dissogiatjon constant of t trate bound to the
enzyme, respecti vBeyemy Effg"t‘@ apgEnt; Fiett '°é{?ﬁﬁ§°"égr?§.é}ﬁt?' £n S rirompkout hove
equa . g%g?s e;;;b YER

I nhi |'(t)‘(9)§5 ﬁ@f}ﬁ'ﬁg‘j‘éﬁ"ﬁh@ Q a%r%} % ot ease. W éagafr??lhnuousgassay
was rt nirda@hens oKihy aliﬂ'veuieﬁeatatcouanom(sypimm atwdut a15i mﬂlﬂgamé té Bbout Thgrihé or and

the substrate. The assay was fornul ated ~- 5 D=~ zpD2 WO 001 01666 40
PCT/ USOSF 10907t pess@ayd.i a Wy‘”’E‘WB’ le; qinBempmatinss EWb%I chlisesively dreatgdnby db¢ ng t he

d Tahl e ddi h
eﬁtz';‘n;”dsa"‘x‘rengras&% Pipote 01 Ia'50 Mifiizptn? 3 VRconfoblyf héilioRerdty o Bay 0°
obt ai ne‘dc,@fpadgyk ﬁ:hﬁgrﬂﬁ@d%&mé"ﬁrirﬁ!ﬂéa mgatﬁsdaygfunctlon of t| nme

ccording to F, cyuatlon I The results of I s second assay ale set forth
“bel ®v i n Tabl e 2.The amount of‘thc compounds dﬂibmelbdrthatcaa)cbwmubndcd mthtthn s assay

Chz- Val Al , h had 1t f .0.015 CE)
?’acﬁpsz)zm%f waAéﬁawﬁce 2 A0 dbrage il yary Beendiie daon R DETAEEISR Aod i s
assay | %ﬁﬁ%ﬁmﬂ%ﬁa&n | FoVeampieO a rfommla@amnna{dedgaﬁwaﬂiy | ess

t han 0 this end, representative conpound aving a Ki of
| ess tmxﬂstfatxymbf hminsdmylébntalneﬁbni 0.5 milligranos(eosi prkend_of h adnipoundabf € 2A:

Table ZA (Kf < 0.1 ~
Formula I combined with an appropriate and convenient amount of a pharmaceutically-

15 acceptable carrier which may vary from about 5 to about 95 percent of the total composition.
Dosage unit forms will generally contain between from about 1 milligram to about 500
milligrams of an active compound of Formula L.

It will be understood, however, that the specific "effective amount” for any
particular patient will depend upon a variety of factors including the activity of the specific

20 compound employed, the age, body weight, general health, sex, diet, time of administration,
route of administration, rate of excretion, drug combination and the severity of the particular
disease undergoing prevention or therapy.

Although this invention focuses on the use of the compounds disclosed herein
for preventing and treating JL-1-mediated diseases, the compounds of this invention can also

25 be used as inhibitory agents for other cysteine proicases.

The compounds of this invention are also useful as cornmercial reagents which
effectively bind to the 1CE/ced-3 family of cysteine protease or other cysteine proteases. As
commercial reagents, the compounds of this invention, and their derivatives, may be used to
block proteolysis of a target peptide or may be derivatized to bind to a stable resin as a tethered
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._~ Table 2A (Ki < 0.0! ~ AssayExanpl e No.m CE3-8, 10-12, 15-16, 33-34, 152
46, 49, 55-57, 78-79, 82, 93, 95, t03- AssayExanp)e No. m CE3- 8, t4- 13 DEC ZUUZ
15- 16, I 35, 40) 42-43, 45-49, 55-61, 63-64, 66,7 1-82,
84, 89, ]g?‘@g“%?oz 110BCPF323- 13, 15-19) 29-35, 37-38) 40- g?@éz’%ﬂg
55-61 ) 64-66, 72, 76,103-104, 106MCl 3-23-7, 10-13, 15-16, 18-19, 28- 35
"37- 43, 45 53, 55- 66 72-75, 78,83-84, 91- 95 102- 108,

110A-110BMCH- 53-8, 10-t3) |S-16,18-19, 28-35) 37-43, 45-66, 72) 74-79,
81-84)89-95, 102-1 LOB | S ~ ~ Furtll~xra~ore, representative conpounds
having a Ki of less than 0.01 EcMir~elude the foll o~oveng ~o~ao~urds
listed Fd DRes

108|\/CI—I§‘]£§}“ Tég)'gséﬁyfz’mﬁ% ﬁﬁgﬁy g’?iwé%"s Theb B o vé “E%T‘Llé%%]%gg%s) 33- 34,
38, 42echimereill- osltﬂx,ne protéaSe inbibitors ¥il) Fevidedt 16 Shos8 8f ordhaBiskilPin, the 48- 104,

| 06-108. 110A-1 10B The follow ng_ are exarrpl es of co%nds of the
i nventi on. EXAvVARmprder ghay thipinvention be mre fully mge(xgmples

| Rapl Ve ot A el ga%%?%%%a%o@%#ﬁ&a%wyx Igopmgg o 10

k) aehitisg tsmwmeemwmanmnm 10.8 mmol) in CHZCIT (10 ni) at OC (ice

bat h) under n|tro en was added dropvm se a solution of nethyl oxalyl
chloride (1.0 rTLlnI& ®llowing) Examplesipobten NMRrispectrdlveare phisinadidt 500OMHz S

conpl et e, m Xt use to come to roomtenperature and stirred
for 1 Wm‘%fg‘%aﬁ%Pﬁdga‘ﬁg‘a%%g%é'ﬁ 3teipmethylsiiaRe-r esi due partiti oned

bet ween Et OAc- 5% KHSO~. The organi ¢ phase was washed with 5% KHSO~ and
saturated NaCl solutions, dried over anhydrous Na=SO 15 and evaporated to
a pi~st)c solid. Recrystatl|izRREBARANTION crude product from tol uene-hexane
gave the N-(lyl~a~nic xid nethyl ester (2.066 g, 9EY'/0) as a pink
crystalline solid. TLC(Et QAc haca~re? Rf = O G The nethyl ester (.97 g,
8.6 mmvl) was taken up in dioxanc (10 nL O%?%g treated with 1.0 N Li OH
solution (10 nL, 10 mol ) and stirred réom tenperature for 1 hr. 20 The

m xture was acidified wt “SHCl afd extracted with Et OAc. The extract
was washed

) .
10 H
Preparation of
" (3S)-Amino-4-Oxobutanoic Acid (tert)-Butyl Ester -
Semicarbazone, p-Toluenesulfonate Salt
Part A: N-(Benzyloxycarbonyl)-L-(N'-Methyl-N'-Methoxy)aspartamide 3-(tert-Butyl)
15 Ester

“To a solution of N-(benzyloxycarbonyl)-L-aspartic acid-f-(tert-butyl) ester
(14.65 g, 45.3 mmol, Bachem) in CHCl2 (150 mL) at 0°C (ice bath) under 2 nitrogen
atmospbere was added 1-hydroxybenzotriazole hydrate (7.29 g, 47.6 mmol, Aldrich) followed
by 1-ethyl-3-(3',3"-dimethyl-1"-aminopropyl)carbodiimide hydrochloride (9.55 g, 49.8 mmol,

20 Sigma). After stirring at 0°C for 15 min.; N,O-dimethylhydroxylamine hydrochloride (5.10 g, ~ -~ ~——— -

52.3 mmol, Aldrich} and N-methylmorpholine (5.8 mL, 53 mmol, Aldrich) were added. The
mixture was allowed to warm to room temperature over 3 hours then stirred at room
temperature for 16 hours. The solution was concentrated under vacuum and the residue

partitioned between ethyl acetate-5% KHSO4 (200 mL each). The organic phase was washed
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sotution, dried over anhydrous Na2S04 and evaporated to a pink sofi . DEC. 2002

Recrystal |ization of the crude product from Et OAc-hexane gave the title

conpound WO Q /01666 o 859% as a pink crystalline solid. TLC(N—EWS%@FU—IZO z;
1:20)Rf =0.06. . ... _ . ,. ooy .

~. a ~' 5 DEC 2002 WO oo 0~SSS Pcr~593nso a 43 Part

B: (383 [(N— Benzyl oxycar rbanyl ) Leuci nyl ~Ani no- 4- Oxobut anoi e Acid (tert~

Butyl Ester Sem carbazone To a sol ut3on of (N-benzyl oxycarbonyl)teucine

N-hydroxysucci ni nde ester (1.81 g, 5.0 nml) in CHda (30 nL) at room
terrperature n e was added, (3 5 _ani no- 4- oxobut a 0|c ci.d
(f eet ) 1B 5P %e{’ @%ﬁar"ﬁ% ,socﬂ‘g‘f'%‘ﬁ?é'?&“éﬁl ansh, sptwrated, | sediu °'§)d° ~. 4

nrol ) f0h, m@%g% Ll stlrring
at roomterrpéra?alure far mt}%e mé;tg‘tﬁ gva&as concentrat)gﬁe and

r esi dugrysalized AL Hexané wwem%kwamo ghe7%yiad) 45 P TR Wik V\Was hed
with 5% KHSO-, saturated NaHCO3 and . saturated NaCl solutions, dried over

anhydr mﬂmzsdiﬂ-éﬁ&@%(bm&@diﬂﬂﬂfﬁpmmm) &FHW%onpound (2.798 g) as

6L1~2 c?naal) !A%Wn](c)o}‘m .T'bfft QF?SF cl dmftg'ff))agfgﬁt ﬁ%réégt é‘ﬁb?rgl ﬁnofS) ’io a
sol uti 10:/0ar86nyl )3 asiabht: REABYLADEBA RO ol G kﬂ%‘ afwl 52 ut anoi c

acid (tent)-butyl "ester sem car bazone (2 798 g, ca. sol ute

Et OH ( #izld) othatille pductdded | O% Pd-C (0.40 g) and resultl ng mxture stirred
undtra hydrogen atnosphere (balton) for I.5 hrs. The mcture was filtered
though Celite araslvng the fllter cake with CHzClz and the conbi ned

filtrapgsgevapora 'lté}wg—ﬂ Cl2 (2?C 20

) to=grve the
TLC( MeOH CHzCl z; s&m&)nb%om 0.23. 20 Part D: ~3s~3-
- (I - Na~ht hyl x~ carryT) Leuci nyl | Am no- 4- xobut anoi ¢ Acid (tort)-Butyl Ester
Sert0car bazone ToTa solati osolytiony. (- of aaab‘l'ﬁbmlly amnn‘d-&db{'-metJGBNb, 0. 44
mrol ) an S) - 0|c | t ent |, ester
seni cavﬁﬁy%ﬁa%@ g HE LS by et 18 50 8 B BrrD 3 ey bl Fher e L
ML ~GHZGRE tiedbati) kndkdr aQfitrdgefi Gtndbktre wmacdurbﬁ\ﬁ?ﬂ@fb ARG MR dn of LiAlHY
in ether (22.0 mL, 22.0 mmol, Aldrich) at such a rate as to keep the reaction solution

u

temperature between 0-5°C (addition time 15-20 min). After the addition of the lithium

15 aluminum hydride reagent was complete, the mixture was stirred at 0-5°C for 1 hr, then

quenched by the dropwise addition of 0.3 N KHSO4 solution (100 mL). The resultant mixture

was transferred to a separatory funncl adding sufficient 5%_ KHSO4 solution (75 mL) to

dissolve the solids. The organic phase was separated and the combined aqueous washes back-

U extracted with ether (100 mL). The combined ether extracts were washed with saturated NaCl

20 solution, dried over anhydrous sodium sulfate and concentrated in_vacuo with minimal

heating. TLC (ethyl acetate): streaky spot (UV and PMA) Rf=0.48. TLC (metlmnol/methylenc
chloride, 1:9) major spot (UV and PMA): Rf=0.75. e

The crude aldehyde was immediately taken up in aqueous ethanol (45 mL

water/105 mL alcohol), placed in an ice bath and treated with sodium acetate (3.82 g, 46.6

25 mmol) and semicarbazide hydrochloride (5.20 g, 46.6 mmol, Aldrich). The mixture was stirred

at 0°C (ice bath) under a nitrogen atmosphere for 3 hrs, allowed to warm to room temperature,

and stirred overnight (16 hrs). Most of the ethanol was removed under vacuum and the residue

partitioned between ethyl acetate and water (100 mL each). The organic phase was washed

sequentially with 5% KHSO4, saturated sodium bicarbonate and saturated sodium chloride



25 hydroxybanotri azal x hydrate (0.100 g) foll owed by

ltthyl -3-(3"',3" -dinethyl-1" am nopropyncar bodii m de hydrochl ori de (0.5 @Fggzm]z
0. 52 nmol Aft er stirring at OC for 2 hrs and at roomtenperature for

hrs, the WPBPAME6as partiti oned betwern Et OAc-water. The BEHNEI¥IWAkse was
washed with water) 5% KHSO,, saturated NaHCO3 and saturated NaCl sol utions,
dried over anhydrous NazSO and evapozated to a solid. The solid residue

was , . WO 00101666 PCT/ US99/ 15074 44 triturated with EtZOto give the

title conpound (0.231 g, .97% as an 3%f white solid. TLC(MeOH CHzCl z; 5:95)
Rf = 0.32. Part E SSSI ~~3-

;rlgla; géﬂgﬁ ?vcr LCUC \él!; | l@ﬁ‘& mq c&%(o(r)att)c ttg ol %ss e crudeproduct
39) - 3- Q¥ hh %c@&ln
Et e)nt ) OE?F{'/ ﬁagé(gne?gﬁmg%bazonea J()%M%: é%ﬂﬂ):)r 0. 39 ﬁsﬁ%?‘r?bé‘%ﬁﬂa% %Plaé(:ééﬁo ~.?

ani sol &(@625% of-)N- zﬂmﬁbm;ﬂhﬂﬁrmthﬂd&m@akyﬁmnmﬂ&ﬁqmm ester)
trifluoroacetic acid (2.0 nL). The resulting clear solution was stirred at
room t é\efbr atdF25f 8r 93 mmel) @vap@m eembiped) pyaducts werg perifiedd by flash

AN R S T a2 U L KL

1: 1: 20 hcdfbneméinyibne dhidride(0.5:8 755 v& Pre title product (27.73 g, 78. 5%) as a colorless,

(N -(1-N-hthyi ~tarn_yl)Leuci nyl ~Am no- 4- Oxobut arwi ¢ Aci d A suspensi on of

(35} - 31¢aw. (TL.C (McOBLHIGD, IR asinglé $pob(EV md AMA), RE=0451. oxobut anoi ¢ aci d

sem car baznne (0.173 g, 0.36 mol) in 37% aqueous formal dehyde( 1.0 ntL) 15

acetic acid(1.0 nL)-rnethanol (3.0 nL) was stirred at room tenperature under

nitrogentor 18 .(ag).Ami ater and the
Qesultmmlte PTECI ' ith water. The
conbi ned aqueous 'Folmeﬁﬁomsmuact ed W th Et OAC The extract was washed

with water and saturated NaCl _sol ution, dried over anhydrous . NaZSO, and
evalforated to a dioadssolutips QfM@M¥%WWIIHW’MMQWM|@N e il tered

20 2044 iPe AERNRHIHGE U000 & 340l LW CHE Ran LA SR WA L QG | e and

evapora ness. de pl’ Ct was puri SSO I'ng t he
r esi dupdion¢i 30~ AldicR) Rfdethi ResuRtingtgixWiré Btirred under & hﬁobﬁ*w(of hytiogeheci pitate
was collectedhf/suctlonto ive the title conmpound (0.129 g, - . - . 84/.)
as a wihalleoyap jaride; 1:9) indigatedxpmplrfe congungppion pES) f or

0 00! B7EE8 m&m@g&aﬁ“ ! A 3 gl o By R ERY ik e

( 3RS~3piodités ldan Béomémbad 1R Mo Wi Gilitied dhough\TL e afd &zfa&aedéo inppent anoi ¢
Aci d Part A. (3RS. 4RSZ- 3- ((N-BcnzSr | oxyoar bonyl ?Leuci nyl | Am no- S- Ft uoro-4

Hy dr ox Fheoil mas chased with nwdmmsehlyndﬂ@v'e Smig tl&nsvothmﬂbyiﬂwf chloride/toluene

3RS, 4 o- f d t t 0. 230
. 1007 S e o S smik ok MR roppleanth TLE ERALBERRE 56031 0
9696) heofithia; do2ads: 1)sirgle SITFMAS RED 241 Nfe: rlh%?%ﬁs%ﬁén, f

()(ANbenzyI oxycarborryl)Kuci ne, hydr oxysueci ni nie est er 4 1 mol).

fter evdrreduced ptodunomﬂltmewam@a‘idy béléwHhe desithé pmduttuRHM/MVapor at ed
tozc‘i)ryness and the residue purified by

only).

(] 6

The crude amine was taken up in CH3CN (60 mL) and treated with a solution
of p-toluenesulfonic acid monohydrate (7.22 g, 38.0 mmol) in acetonitrile (60 mL). The
crystalline precipitate was collected, washed with acetonitrile and ether, and air-dried to give
the title compound (13.95 g, 92% yield) as a white, crystalline solid.

25 The optical purity of this ‘material was chiscked by conversion to the
corresponding Mosher amide [1.05 equiv (R)-(-}-a-methoxy-e~{trifluoromethyl)phenylacetyl
chloride, 2.1 equivalents of i-PraNEt in CH2Cl2, room tempesiiire, 30 min]. The desired
product has a doublet at 7.13 ppm (1H, d, J=2.4 Hz, CH=N) while #he corresponding signal for



- flash chromat ography an silica gel eluting with Et QAc-hexane ( | 2), to-
give the title conpound (0.332 g, 66B/e) as a colorless, viscous oi k S“DEC
TLC(Et OAc- hexane; 2:1) Rf = 0.51. IS Part B 2002
(3RS, 4RS~3-ﬁ Leuci nyl ~Am nn-~-~| uor o- 4- Hydr oxypent anoi e Aci d tert tyl
Ester) ~MOP¥¥§6%ulfonate Salt To a solution of bEtsSorisors
(3RS, 4RS. } ~3- (( N- benzyl oxycar bonyl ) | euci nyl ] ammo- 5f | uor o- 4- bydr oxyi xnt anoi ¢
acid) tent-butyl ester (0.332 g, 0.734 mol) in MeCOH ( 100 nL) was added
p-tol uenesuf sufonic acid hydrate (0.140 g, 0.737 moi) and 10'/o0 Pd-C
(0.033 g) acrd 20 resulting mxture3dtirred under a hydrogen atnosphere
(ball oon) for 2 hrs. The m xture was filtered through Celite washing the
filter.c Wi t and Q ates aporated to d;
yss . RSSOt S 41 G0 O o5t the b sSmpemp R B Rbe (o3
0) as @psvelédedse i @311y>98@ 00101666 r Part C ~ 5 '~ D~~ 2002
PCT/ US99I 15074 ~46 RS, 4RS) - 3- (N- (N - (
1- Napht hyl ) dxanyl ) Leuci nyl | Am no- 5- Fl uor o- 4Hydr oxypent anoi ¢ Aci d, ,

_tent-Butyl Ester To a soluti onﬁ%ﬁm@t hyl ) oxam ¢ aci d (0 | 61 g, 0.749
‘ol , see Exanmple | , Part A) | pyrrolidaome( 1° m_~CH~Cl z(
1.5 rrL) at roomtenperature 5 under nitrogen was added
O (7-azabcnzotriazol-1-yl)-N, N, N , N -tetranet hyl uroni um hexaf | uor ophat e
(0.313 g, 0.823 n7rnol). After sticogmg for 0.5 hrs, the mxture was
treated with a solution of O
(3RS, 4RS~3- (| euci nyl ) am no- §i- f | Ror o44- hydr o
ester, p-toluenesulfonateQSalN (0371 g, O
di i sopropyl et hyl g & (0. 39 , 2325 mol

()m_} CHCIl(2.0 my. MTs
m xture was parti tTON
with water, 5% KHSO, ,

pcndanoice,Aci d, tcrt-butyt

$) noM) and

IN- met hyl pyrrolidone(2.0
stirring &H rodom t€énperature 10 for 16 hrs, the
The organi ¢ phase was washed
rat ed and saturated NaCl solutions, dried
over anhydrous Naz SO. d evapos~ated'to dryness. The residue was purified
by 5l ash chromat ography”on silica gel eluting with Et OAc-hexane (I1:1) to
give the title conpound (0.213 g, 55% as a colorless foam

TLC( Et 20- CHZC r hexane; 2:1:2, 2 developnents) Rf = 0.12. |5 Part D
(3RS~-3-(N-f N - (1- Napht hyl )O<an?re)phmbhroyl I Am' no- 5- Fl uoro 40xoneat anoi ¢
Acid, tent-Hutyl Ester a solution of

(3RS, 4RS}-3-[ N- Gwlﬂwmﬂm‘rmcmpmgﬁawmﬁno-c Acld
5f | 163 g, 0.315
ol ) i Cp OB B aRoLACL B Bl Bibory ERUE Y, 127 0 0

peri odi nane (0.160 g, 0.378 rrrml) ARer stirring at 20 roomtenperature for
0.5 hrs, the mxture was diluted with Et OAC and vvashed wth dilute ... .
Na2Si CBart As gt ur atield’-QktButoxycarbonyl)Aminecthy! gidsM Esterover '
anhydr ous Nai SOoand eva !; 005, e ed by
flgl?h chr omat ogr alghy 0 gﬁ%gﬁl?%fén%m}@ E?Cﬂul ﬁogn‘g%fﬂ ')“ to give
t he ti glyedimeikploraiantdt 655119 at &5,96 tefiperaturdbrider fitlogéh was added di-tert-butyl

OLC( Etz4-G ~I 2(~-beacne; 2:1:2, 2 drvelapntnts) Rf = 0.35. MY ESl)earf '
CnH-~, FMMMZ&%Q%SWD mwgmwm@aﬂm&s@ Part E:
3RS~, 3-f Na<ht hy~ | | 4 Aci d
To o o8 é«@@ﬂm%%&kﬁ”@ﬁ% A D LGRS PRI | wor o
-4- Riol | terpdsritire 16Ti&e) 2i8Y sHWACLZ( -1 0"
m?xgﬁ?gﬂ(o D/ Afler sliftink abitbid st ~F~(‘%~]163ﬁF‘CT/ A1 T0Ee) 218 sKada L2

) tem]Sermmammmatﬂ:ﬂgmnwﬂs{kﬁd@éﬁ):ndia‘deumdmmdmhﬁh(rdm&cmye ?he -..
restdt~c~g _clear solution was stirred at rogmtenperature for 1 hr,

evapor @@ al: 81 gmelkand epsiymcoachontie (&7 #nl4 Bmebriecrepgdedo Afier pyming fier Fesi due
was tr ;%mheﬂ‘ t agﬁﬁg (g % 0 g, ?6%
as a e soll gk :j Egé th‘g%rg %‘ﬁ r‘?%&%“j?ﬁﬁ‘ggﬁ ﬂ %2( MH\F)
= -~"1- phase washed succesively with water (3X), 5% potassium bisulfatc and “saturated NaCl’ T
solutions, dried over anhydrous Na,SO, and evaporated to dryness. Trituration of the residue
20 with hexane gave 15.87 g of a tan solid. Filtration of the crude product through a pad of silica

gel eluting with EtOAc-hexane (2:8) and crystallization from hexane gave the title compound
(14.75, 93%) as a white granular, crystalline solid. TLC (Et,O-toluene; 2:8) Rf = 0.53.
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5 negative 458(MH). EXAMPLE 3 O~ ~ OCO-l-i N~~-NF HO _=H O 10

(3R§~. 3-[N-(N -(1- Napi) bt h]}/l %C)(arryl )Vial I nyl ] bAm' In;) 5|— Fl u;)ro- 4- UXOpCPt@r.‘PinC 2002
Acid P 16d< 3RS, 4RS) ~3- 1V- Benzyl oxycar bonyl ) Val i ny 1 0= 5- Fl uoro-
I3ydzo>%c|;o%d;’l.ilgér?oi c Acid, tent-Hwt~ Ester . _ . To a sol utl’?c??pgo}?“&“

(N- benyl oxycar bonyl )valine (0.332 g, 1.32 nmol) in | S CHzZC1Z(7.0 nmL) at OC

(i ce bath) under nitrogen was added hydroxybenzotriazole hydrate (0.219 g)

foll owed by 1-ethyl-3-(3', 3" -di na}%’uyl -1' - am nopropyl xar bodi i m de

hydrochl oride (0.317 g, 1.65 nrr . ARer stirring at 0OC for 10 mn, the

m xture was treated wth (3RS, 4RS) - 3- an~no- 5f | uor o- 4- hydr oxypont anoi ¢ aci d)

tert phypyl est QKZ’(&ni%%ﬂ%ﬁhcﬂox@hé A&B,%ethﬂfb@er,rﬁgf%&ﬂaﬁﬂ | oned to warmto
roomtinperat w=e. €r StiTring at room tenperatu For— 24 20 hrs, the

m xture was paffoi4 isolwton bt [2MNA-bixtoRmarboayl}y ramifbeathyliphamoxyaqetiaseidyas washed
with water, Sy. KHSO_ , sa tagitcd Nat i CO, and saturated NaCl _sol utions)

dri emeByl estea (iR 5383 @é)“ v digrang 2k ot reamy temperstyee wasedded 49N puri fied by

flas y lﬁ!h g | % Er a :1) to give
t he Pﬁcgﬁaé%;’nggg?fgg(ﬁﬁﬁ g, aétf%m aePTolor] eiégslué’l tg.gsa g “1zd 2;
5 595witlRE,D, fhe précipatate collected, valshedARFodghi¥OV IR EQOGHA dried il R Ahé 48 Part B
(3RS~3 jN-(N - él- Napht hyl X?xanyl ) Val i nyl ~Am no- 5- Fl uor o- 4 opent anoi ¢ Acid
St ar titiyepmypiomnd (145852, 2d%) was 3 futle whije, owstelling seligh ) val i nyl Jami no- 5-f | uor o- 4
hydr oxypent anoi ¢ acid, tert-butyl ester and follow ng the nethods de~bed_
(n Exanple 2; 5 Parts B through E gave the title conpound as a white solid.
MS( Efn 01 CuHR R AG chbivE $omit Bbazih03irh i WeEAOBEMENR acebBALM 1) : Negati ve
444(VWFH). EXAVPCE™Z %@6 = %ftu N p;azL',(B?.U[ teedy B@aneﬂ:&@aﬂ“
(3Sr3-[ N-(N - (MetgkEster.~y| ) Oxanyl ) Val i nyl J

1 go-5-(2',6'-Diclti xl -4- i ¢ Aci
Am go-5- (2", 6 A sol?xti(tmI gfr t%)u%ﬁzcg O)t(cy 16.60 g(,)ggpxgxggl%ri]x? Idgmetﬁ)l'liqormamide (50

10 mlL) was added dropwise to a solution carbonyldiimidazole (8.10 g, 50 mmol) in

dimethylformamide (80 mL) over 40 min at room temperature under nitrogen. After stirring at
room temperature for an additional 30 min, 4-(2’-aminoethyl)phenoxyaecetic acid, methyl ester,
hydrochloride (12.3 g, 50 mmol) was added as a solid in one portion followed by a
tricthylamine (3.0 mL, 58 mmol) added dropwisc over 30 min. After stirring at room
15 temperature for 18 hws, the mixture was partitioned between EtOAc-water (300 ml. each). The
organic phase was washed succesively with water (3X), 5% potassium bisulfate, saturated
sodium bicarbonate, and saturated NaCl solutions, dried over anhydrous Na,SO, and
‘cvaporatcd to dryness. Crystallization of the residue from EtOAc-hexane gave the title
compound (15.50, 84%) as an off-white crystalline solid. TLC (MeOH-CH,Cl,; 1:9) Rf = 0.45.

20 PartD: 1-tert-Butoxycarbonyl-Semicarbazidyl-4-[2’-(4-Ethyl-Phenoxyacetic Acid)]
A solstion of l-tert-butoxycarbonyl-semicarbazidyl-4-[2’-(4-ethyl-
phenoxyacetic acid)] methy! ester (14.68 g, 40 mmol) in dioxane (50 mL) at room temperature

under nitrogen was added 1.0 N LiOH solution (50 mL). After stirring at room temperature for

~ —-——- 1 hr, the mixture was acidified with conc. HC} and extracted with EtOAc (100 mL). The

25 organic phase was washed with saturated NaCl solution, dried over anhydrous Na,SO, and
cvaporated to a2 white solid. Recrystallization of the crude product from THF-EtOAc-hexane
gave the title compound (13.44, 95%) as a white crystalline solid. TLC (AcOH-MeOH-CH,Cl;;
1:1:8) Rf=0.31.



Part A: E(N-Htnzl el oxycarbonyl)Valinyll Aspartic Acid, ~-tert-Butyl, .
a--Methyl Ester To a solution of (N-benzyloxycarbonyl )vaI I ne (2. 10,‘95‘@@62002
moi) in CHZCh(20 mL) at OC (ice bath) under nitrogen was added |
hydr ox Y2 pd/@)66¢ azol e hydrate (1.74 15 g) foll owed by PCT/US99/15074

| -ethyl-3-(3",3 -dinethyl-1'-am nop<opyl kar bodi i m de hydrochl oride (2.40 g,
12.5 mmolj. After stirsi~tg at OC for 10 mn, the mxture was treated with
aspartic acid, ~i-tert butyl, a nethyl ester hydrochloride (2.00 g) 8.34
mmol ) and N-nctthyl norpholine (1.1 »,,10 ntnot), and the reactor allowed to
warmto zoomtenperature. After stirring at sooau ternpaaturc for 2.5 hrs,
t he m xhae was concentrat ed and the reS|chu att|t|o ned betvveen 20

Et OA2uEE er . ' paid th X)ass

i S0 SﬁdNZv;'por afi}%t%‘%éf&? Ty e ?é %@vﬂvﬁ’g% Bt i te

sol i gnhaidryackiid WEidy) i (5143Vgl 3810t MshdNE i diEGxand I ﬁﬁ .stmxeaeml. Yatlioolf = O.48.
~. 5 DEC 2002 WO 001 01666 49 Part B: PCT/ U8991 5074 (Valinyl)Aspartic Acid,

~| -t mPcHnrytvyasadwt‘m/N Elmrdlwiie Ifemics Alfteostirting Satobm'licmpcramiedbn on of
( d53?””'@3 b N e o S TE et it it S et 2o B o ki
or 't Pl it &"”‘*’“wh@“rﬂkgté!}?‘s'é@%ﬁ’%%s% RS enflaPin ballo 60, T TS

m Xt dfeitl@ompbdrndgI 67 &,N0034Y W68 White ciyeilinagolidne filter cake with CHzCI = and
the conbined filtrates evaporated to dryness. The residue was chased with
CHzCl Z to gi ve the t|tIe proc~ct (3 8~ g, Quantitative) as a colorless
foa Part C. [l . Na ht.h'"~ ‘ . Aci d)

te ut yl ety Tt OOt 5H—6 PRy ~xam ¢ aci d
(0 683 g, 3. 18 By ]ggcrExarrpIe -I Part A |n in N-rrethyl pyrrolidone(7.0
m.~C~3ZC12(7. Oiﬁ'ﬁir_o'o‘mtenperature under 'nitrogen was added
00( 7- azaben~ot rleaaokoldtiopl pf NN fluotdnylmethpxyeatbigylk espatic hrgidefi-{teryr aphat e

ui oy s g e 8 o1 Ao f GpyhoRors g sl Bty O o

p-t Oh:h&rrf g&ﬁé 27500k S et hyl am ne
(1.6 gﬁgﬁ%ntr ﬁl}r@w%%%‘rﬁg?tl rdr'%n%&g%ﬁr oom}tdeﬁrrggzgitgraﬂ%r hrs; the
m xt followed dy Aaethylt3-GhE dirbahyloN-amimopropyljodrbodimizie . hyd@ivehlorida (9.20 g8se was

washed with water, 5% KHSO-, saturap. ed HCO3. and saturated NaCl col utions,
dri eBmelerAReTsHEg R 0% fog 35 ming NoO-irm ﬁ’(f'?ﬂ’ﬂ?'%@é‘g"cw e (463 Bue was
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TLC( Ei%lbeﬁaﬁwnﬂtaﬁm bier 2Thotiss thEastirreDat jooinltednpératpte for 16 hours. The
Napht hyI)C><arryI ?Vavt ~3~1] Aspartic Acid, -ttrt-Butyl Ester To a_sohrtion of
[ N ( felution wasconeemiras MY‘)R‘/’&M angithe raeé}&rnwwaeq berwpen atlpdl pcefte-§%, a- net hyl

est e{m(sﬁr 4 0, 95?) ( d I OH

sol ut1ond %908&%1 LO éag%f Per S s‘gﬁsg%&ccroorfggﬁp%%a@ﬂs% for 1 ~, -
(Ot he girrited Sodiam taéam«dlat-.d edmtémm&\ﬁ: éhidride solutidng) idried @verChniydrbusEt OAe.  The
extract was washed with saturated NaCl solution, dried over anhydrous Nai SO

20d sodaporsulfers and graperatedeto jan| eil.c ofysigatipn( of Al cypde Coraduct that flash) as a
Wit G Siaatography on Miich gel ehdtiig with BtOAG-hexane (30:70 then 35765) gave Beditle ~ = 7

product (17.75 g, 98% yield) as a colorless foam. TLC (EtOAc—hcxane; 1:1) Rf=0.35.

Part G: (3S)-(9-Fluorenylmethoxycabonyl)Amino-4-Oxobutanoic Acid (tert)-Butyl
Ester Semicarbazonyl-4-§2°-(4-Ethyl-Phenoxyacetic Acid)]
25 To a solution of N-(9-fluorenylmethoxycarbonyl)-L-(N'-methyl-N'-
methoxy)aspartamide-B-(tert-butyl) ester (13.20 g, 29 mmol) in anhydrous ether (250 mL) at
0°C (ice bath) under a nitrogen atmosphere was added dropwise to a 1.0 M solution of LiAlH4

in ether (14.5 mL, 14.5 mmol) at such a rate as to keep the reaction solution temperature
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1- Napht hyl )Q(iarryl )Val:cm[/l ),(Am n(() 5-Di ﬁZﬁ I4)C)<opc|n'; anf)l C iA;:l dtort- Qutyl dE 2002
Ester T ion o N- (N - (1- naphi hyl ) oxamnyl ) val i ny

~i - tcrt%égy@ J’g%ster (0.095 g, 0.20 moi) and N nethyl mar p%@ffegiesvtn’(sg

0.20 nmol) in tetrahydrofuran ~~~ , --y 5 (2.0 nL) at -10C (NaCII|ce bath)
undo nitngen was added isobutyl.~hiproformate (28 pL, 0.22 mml). After
stirring at -10C for 0.5 hrs, the resulting m xed anhydri de was treated

with excess di azonet hanel Et 20 sohr t3on (prepared fromO0.072 g, 0.49 mmol of
1-net hyl - 3-vitro- Inltrosoguanl dine, 1.0 nB. 40/. KOHI .0 m EtzO. After

stirri Y] n kil rated and
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white solid. TLC(Et OAc- hexane;
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t ent
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0C was added 48% aqueous HBr (30 uL, 0.27 nsnoi). Gas evol ution was

obser voobingdf ¢ther @rapts nwcre walshednwith mtmamiszﬂr salutionndritdbever @shydrous

Et QAe-sat ur ed HCO3, anl c ase s sat ur at ed

Nl SO (BRI AP GEPEARERIES SR e (A ¢ he ¢ 11 e

conpo 40°- 147 g, quantitati ve) as a V\/m te soI id. TLC(Et OAc- hexane; 2:1 )

Rf = 2. 20 Part G

(353 [N—(N (1- ma‘pbtdayla)dihmywés\da'hndﬂ)akdly\mkamuﬁn( etharpl(DHS MiL)wakp@3 o~r | oxy~- 4
O Oxapent anoi c Acid, tort But Ester To a sol ution_of

(38 - sd?ﬁ"e dr?fztan k) Pl jee\bath; and (reated with sestivip Wc(-'*zox. 39

g gxg%ﬁ{l or 0 gcn@%]?"ga%&u'? -T(%gﬂ}ﬁ}th‘?% xggdeilig caih] g?(gfrgcr e onnﬁ’t nrde (1.0

) Abnniol) "TReC kPG t wisCstitiad &t OPC ((ice Bath) \ua&raadd.edge%&uaespa&swm fhsjor i de
(0.031 g, 0S3 mml ). After stirring at roomtenperature for 16 hrs, the
m xt upltowedsto pyarmi toj trem temnerpbue, MdCisTedcavemnight {6 Maﬂrhe rphasse wass washed

bl it Pt o # TP BIh YRS a5t FSRRE s I W PRESs. The

r qgi dyge ﬁ@t&xﬂ%f&ﬁd i ¥acub 36 Bive 18.96 807 GhaR PYodatk 23 ial Wi saIfd. 'Iﬁl:%id@g with
Et OAc-hexane (I:1} to give the title conpound (0.0%4 g, 70% as viscous

oi | . podutef Enmactimmueconﬂnmﬁ vAth thatOof 721 smalle\SbalrOie 8166 66.3h g} stittings|  ( 3
S)-3= I
1) NapH“hyl ?Séanﬁl ) B8 | BRR 8 5. NAS-fworspyimethoxycarbrpy - QF mahd 5 o nt anoi ¢
Aci d | UsSdr) F 7 | -

(gIS) mct‘hox3 [ Ny)aspétaQE&N fan nagf]([‘hyllﬁlgarryl )) BRA 7 ApalPiched Ol Blwee Qthyl  acetate

val i nietrilepdrofierani(l (12 'and 5% EKHRISOq0Tbn exggbio phaseivasxwegsbed witto 5% KHBG4 apént butyl

emﬁa&mgs%ﬁaeo bigPer dBROa el d?ogs”‘é%rsﬁﬁéﬁ o< s evpabiedi he
re\e/;;or ted%ﬁaw{;ss ﬁgmﬁa'?eofwaﬁ% ne- u?g {l%g'll'hmrtm due

was t tershydrofocsi/itthylee cilotide (I: loe'mxba:otnbtxied modnwcmnhn(xﬁg faCidps wdke) as an
off white solid. MS5(ES) for C~, HZ ChN30, .(MN616.4y positive 638J640( l\/HrNa};
negat mmtsdmm jaggt recyystaflized frops csahvér avﬂzﬁg'o\mc tpure title product

Lort - 070)1e lpies 00kt el B G AeOH Bl pRLEHACH PP RFR 0" et s e

dcscribod in Exanple 4) Parts G through H, the conpoends shown bel ow in
Tabl e 3 were al so prepared: (dd, i, +~bbL (H W9 (zt~I+I~lt)bS9 :
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Assay for Inhibition of ICE/ced-3 Protease Family Activity

- i) e

A. Determination of ICs, Values
Fluorescence enzyme assays detecting the activity of the compounds of
5 Formula 1 utilizing the recombinant ICE and CPP32 enzymes arc performed essentially
according to Thomberry et al. (Nature, 356:768:774 (1992)) and Nicholson et al. (Nature,
376:37-43 (1995)) respectively, (herein incox;aorated by reference) in 96 well microtiter plates.
The substrate is Acetyl-Tyr-Val-Ala-Asp-amino-4-methylcoumarin (AMC) for the ICE assay
and Acetyl-Asp-Glu-Val-Asp-amino-4-methylcoumarin for the CPP32, Mch2, Mch3 and Mch5
10  assays. Enzyme reactions are nun in ICE buffer (25 mM HEPES, 1 mM EDTA, 0.1% CHAPS,
10% sucrose, pH 7.5) containing 2 mM DTT at room temperature in duplicate. The assays are
performed by mixing the following components:
50 pL ICE, Mch2, MchS, CPP32 (18.8, 38, 8.1 and 0.153 nM
concentrations, respectively) or Mch3 (1 umit) enzyme in ICE buffer
15 " comtaining either 8.0 (ICE, Mch2, Mch3, CPP32) or 20 (Mch5) mM DTT;
50 uL compound of Formula 1 or ICE buffer (control); and
100 uL of 20 pM substrate.
The enzyme and the compound of Formula I to be assayed are allowed to
preincubate in the microtitre plate wells for 30 minutes at room temperature prior to the
20 addition of substrate to mitiate the reaction. Fluorescent AMC product formation is monitored
for one hour at room temperature by measuring the fluorescence emission at 460 nm using an
excitation wavelength of 360 nm. The fluorescence change in duplicate (control) wells are
averaged and the mean values are plotted as a fimetion of inhibitor concentration to determine
" the inhibitor concentration producing 50% nhibition (ICs,). The results of this assay are set
25 forth below in Table 1. '
The reference compound for this assay was Cbz-ValAlaAsp-H and the values

are denoted in Table 1 as "Reference”.
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N~O\ I H~H~O ... .. .. 0.0 ‘ = 5 DEC 2002
(35~-3 Need 1- NaPbt byi ~xanyl ) Lenci ayt]
Am no- 5-( (ﬁpbse%yl pl ospbi syi oxy~4- Oxapent aaoi ¢ Acid 5 ParPtCTEsgj’“so“

N~- Benzyl oxycar bonyl ) Leuci nyl i Aspartic Acid) ~tert-Butyl, a-Methyl Ester
To a solution of (N-benzyloxycarbonyt)leucine, N hydroxysuccinimde ester
(4.54 g, 12.5 nmol) and aspartic acid, ~tert-butyl) a-methyl ester

hydrochl oride (3.00 g, 12.5 nmml)3Pn CHzCI= (20 m,) at room tenperature
under nitrogen was added Nmret hyl norpholine ( 1.65 nL, 15 mmol). After
stirring at roomtenperature fdfabdedrs, the 10 mixture was partitioned

bet ween Et OQAc-water. The organi c phase was washed with 5~0 KHS04, saturated

NaHCQ Cl_solutions dried over anhydrous Na2S0 erred
evapor e thucEtitlle arwpppund (MCIE2 9, | OMICHR3 3S MCH®OUB Oil .
TLC( Et DAc- hexane} 1. 1 ym rnec 10,48, .- - Lo saart B:
e AN e T oo R 2 W 0 e L e e

4xopenf anoi t Aci —treom:'IBut_I BEs00r St arFi.mg Wi it h Oésa - 0.179
[ (N-bepz ony eucinyrgsparjic d, F-1 oyt thyl ester
asxl| f Iln\iﬂx}r X réi‘ishndg dpqigghmi Ln igjﬁa e EF;J?artqoﬁth ugh F) gave
the ti}! acfencapojiad @ms4a whi t easol i d| TL&EC i I{ch-Btd O Hexarms;, 1 2:2) Rf =
0.32. Parv T (3S-3F (N (N -(I Naphthyl)yChcanylyTeuctnytrtAmTT0o-5 20

~hopshi nyl oxy~- 0- Oxapent anoi ¢ Acid, tent-Butyl Ester . _ . .. . . To a
soh~éi ozt of (3S}-3-[ N (N -f.. t-napht h,Y' anyl.) | etb ei nyl ] ans Qo- 5- brano- -
2 4- oxope> 1 L S an 1A TRl copsfantinol ) and

di phenyl phosphigiteveiivtk ibhibids 9. 0.2 noron ~ dnaxthylfartnamde (1.0 nl)
at room tenperatrure rtutder nitrogen was added potassiumfhto:~e (0.033 g,
0558 mMmol ). Af Ferthe frreversibly inbibition of kdGPeedd Family BroteaBe érizymetwith 25 m xt ure
was partitioned hetween Et QAc-water. The organi ¢ phase was washed with

vat diempspitive imeversibipymibitery ysipg shg pagelrseresspied %sgw fiormydps0 ) sat ur at ed
NaHCO03 and saturated NaCl solutions, dried over anhydrous Na2S04 and
evaporated to dryness. Theiéesi due vvasalEuri fied by flash chromatography on
silica gel eluting with -EtzO- hexadh® (1:Z:2) to give the title
conpound (0.114 £-BdA/ geas—e=whBE -suti o> TE Et OAc- hexane; 2:1 ) Rf =

0.26. _ ",." .. _ 5 Part D
(3S~-3-~"N-(N -(1-Napht hLr | x?xanyl ) Leuci nypAm no-5
K ks
E+S === ES§------ - E+ S

The prociuc’t formz.\tic;n at .time t may be expressed as:
10

1 =[E]T(—:1§]]—I%4) (—:f’-) Lo kot -](%]L a +[ksl))
s 3 = S

Equation 1
where E, 1, El and E-1 denote the active enzyme, inhibitor, non-covalent enzyme-inhibitos
15 complex and covalent enzyme-imhibitor adduct, respectively. The K; value is the overall
dissociation constant of the seversible binding steps, and k; is the irreversible rate constant.
The [S] and K, values are the substate concentration and dissociation constant of the substrate
bound to the enzyme, respectively. [E}’ is the total enzyme concentration.
The above cquabons were used to determine the K; and k; values of a given
20 inhibitor bound to a ICE/ced-3 family protease. Thus, a continuous assay was nun for sixty

minutes at various concentrations of the inhibitor and the substrate. The assay was formulated
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ester (OWQR0Q§6660. 16 nmol } in CHzG ~(1.0 tnL}-anisol e( 0.5 MEHUSAYHSODIM
tenperature under nitrogen was added trifluoroacetic 10 acid ( 1.0 nL). The
resuiting clear solution was stirred at roomtenperature for 1 hr,
evaporated to dryness and chased with toiuene-CHzCh (1:1). TIx residue was
triturated with Et ZO hexane to givegphe title conpound (0. Q@2 g, 59'/0) as
an off white solid. M5(ES) for C3,H-, N30aP (MW 6S7. 66) positive 680(M+Na) ;
negative 656(M . 15 EXAMPLES 16 19 Starting with (3S}-3-El gha'-(
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the appropiate a . henol . f.or Iorogé i C,ac Part G the
conpounds shown EJB%B Wgﬁﬁ"&“g Wé'?pé’mé‘*s é%sm bqimg 200 WO
001191666 rBohibiSAHpbaRE 4istE@inTABle@ A5 CO2H 0 0 a. _J~ . o ~, .

MS('ES) Ex. Rf BFor mat sSMApos. nes. 20( 2- Ph) PhCH~Q( 2- F- Ph) Cz, H~FN3U 535 53558( M+Na

) 534( M H) 21 ( 2- Ph) PhCH-OCO( 2, 6- Cnt | uCL1N30, 614. 446521 65461 21614

(M H) di - C - Ph) (M#K) 22( 2- Ph) PhCHz QP %g‘%}ggm P641 61664( M+Na) 640( M H) 680
( M+K) 23( 2- t - Bn) PhCHi O( 2- F- Ph) C~F 4

14( M H) 538( MNa) 554( MrK) 24( 2- 1 - Bu) PhCHi OPOPh= CuH~N30 P62I 63b44( M-Na) 620( M
H) 666( MrK) 25 —rrapht-ryEH-EHE 2356 ErH-F—NSOP5 7748600 (M 5264 M H) . .

_-~_F-Phy . }_ Assay. | ... .4adn( Ml@%ﬂpwmht hyl
CH:CHzOCO(Z =T, FZyCf=N30, 607, Z0B7ATH26{ NFNG) 600602
M H) di - O - Ph) GRoiCE42 1&4&(}0711115116,1849 28-35, 40, 42-43, 45-49, 55-61, 63-64, 66,
[

(M-TFA) 271 - ntr ht hyl - CHI GHiUPORPI=E33ERIN, QPEER, RAP52( M+Na) 628( M- H) §68( M+K)
CPP32 | 3-13,15-19, 29-35, 37-38, 40-43, 46-49, 52, 55-61, 64-66, 72, 76, '
103-104, 106

MCH-2 | 3-7,10-13, 15-16, 18-19, 28-35, 37-43, 45-53, 55-66, 72-75, T8,
83-84, 91-95, 102-108, 110A-110B

MCH-S | 38,1013, 15-16, 18-15, 28-35, 37-43, 45-66, 72, 74-79, 81-84,
89-95, 102-110B

5 7 Furthenmor, representative compounds having a Ki of less than 0.01 pM
include the following compounds listed in Table 2B:

Table 2A (Ki < 0.01 pM)

Assay Example No.
miCE 3-8, 10-12, 15-16, 33-34, 42, 46, 49, 55-57, 78-79, 82, 93, 95, 103-




(:.. 5 DEC 2002 WO 00/01666 PCTI US99/ 15074 57 EXAVMPLE 28 F O O CO-i
Part LAS DEC ZDUZ

F N

~~vN O F- p F (353 EN—(N' (1- Napbt byl met byl) Oxanyl ') Val i nyl J
Am go- 5- - Tetrat| aor opbenoay~4- O opentanoic Acid 5
[ (N-Benz 989({/"@5? bon Il YalinyllAspartic Acid, f~i-tert-Hut§FT ﬁ@?%”’f‘b

suspensi on of aspartie acid ~3-tert-butyl ester (3.784 g) 20 mmuol)
acetonitrile (200 nL) at roomtenprrture under nitrogen was added
bis(trinmethyisilyl)acrtamde (9.9 nm., 40 mol ). After stirring at
tenperature for 30 mn,
(N-benzyl oxycarbonyl)valine N 10 hydroxysuccinimde ester (6.97 g,

in

room
the resulti4dg clear solution was treated with

20

nmol ). After] stirring a@sroomterrperature for an additional 18 hrs
wat or

t he

m xXture was jcreated i (20l )V ) concontrated on -a rotovap

partitioned lbety, Qen
5% KHSQO, an Mﬁﬁ

evapor at ed tjo ag@HsNes
conmpound (8.

B-7, 0L 11/ E5A16, 38, 33434]13 874293 /¥ 49) 5553y ed, TR ETS] i t
37 g, 99'/jo) as a white 'solid. i 5 TLC( Et OAc- hrxane I
= 0.06. Part} H ~3S~3-} 78-79, 82, 92-93, 95, 103-104, 106-108. 110A-110B

ﬁg\%\/\@iﬂ 45'§Ige64)lj&an| ¢ phase was washed wi
d&él—sei—m—&ns——thmﬁv&—ﬁ%hydﬁus—ﬁl&r—se—

hnd t hen
h wat er,
and
e

I ) Rf

- Henzyl oxycar bonyl') Val i nyl | Ar ni-no- 5- Br onp- 4- O(Opentﬁi e .
Ester A sohriioa of [(N benzyl oxycarbonyl)valinyl]aspartic acid,
~i-tert-butyl ester (8.37 g,
32 mmol) in tetrahydnfuran ( 100 20 ni) at
ni trogen was tr dat éalloshirpane oamplies bf ¢omgloudds lof tielinventias.nate -- - -
29.8 nrnol}.-After stirring at -10C for 20 mn,
(sinctered gl ass)
cake with additional tetrahyd
was treated with excess diazo

50 gmol of -1-methyl-3-nitro- 1 25 nitrosoguani dine) 40 m .
Et 20) at OC (ice bath) ung nltrogen After ©I0At | Ng - ~~ 5.,
Zooz WO 001 01666 58 PCTFUSSP/ 1 74 folf 15 mn and at
for 30 mn, the reacti g Kt ur in

48' /o0 HHr (10 L, 60
mn and at room tenpe
Et OAc- wat er .

r t

(3S)-3-[N-(N’-(1-Naphthyl)Oxamyl)Leucinyl] Amino-4-Oxobutanoic Acid

Part A: N-(1-Naphthy)Oxamic Acid

To a solution of 1-aminonaphthylene (1.43 g, I(S mmol) and triethylamine (1.5
mL, 10.8 mmol) in CH,Cl; (10 mL) at O°C (ice bath) under nitrogen was added dropwise a
solution of methyl oxalyl chloride (1.0 mL, 10.9 mmol) in CH,Cl, (5 mL). When the addition
was complete, the mixture was allowed to come to room temperature and stirred for 1 hr. The
mixture was concentrated and the residue partitioned between EtOAc-5% KHSO,. The organic
phase was washed with 5% KHSO, and saturated NaCl solutions, dried over anhydrous Na;SO,
and evaporated to 2 pink solid. Recrystallization of the crude product from toluene-hexane
gave theN-(l-mpbthyl)oxamac acid methyl ester (2.066 g, 90%) as a pink crystalline solid.

| TLC(EtOAc-hexane) Rf = 0.6.
The methyl ester (1.97 g, 8.6 mmol) was taken up in dioxane (10 mL) and
treated with 1.0 N LiOH solution (10 mL, 10 mmol) and stirred at room temperature for 1 hr.
20 The mixture was acidified with conc. HCl and extracted with EtOAc. The extract was washed

15

fter stirring at 0OC for
e moxture was partitioned between

Acid tent- $ut Zr |

19.9 mnol) and N-rrnthyhnorpholine (3.50 ni,
-10C (NaC | hce bat hs under
(3.87 nl)
the m xture was filtered
into a pry-cool ed, secei ver (|ce bat h) washing the fslter
Mprox 30 nL). The conbined filtrate
~0O solution (prepared from?7.32 g,
40' /o KOH 65 m

aEC~

r oom t enperature
olgfd to OC and treated with

15



The organi ¢ phase was washed withH water, saturated NaHC03, and ssriwfed -
~TaCl solutions 5 dried over anhydrous Na=SO,, and evaporated to a@gr@sg
Trituration with hexane gave the crude title compound (9.71 g, 98% 2002
white sol Et OAc- hexane; 1:1 ) Rf = 0.63. Part C

(39) - 3-(”@%’(’3&% oxycar bonyl)Valinyll Amno-S-(2',3,S ,6' T%Mﬁgﬂép"dphr noxy

) - 4- Oxopcntanoi ¢ Acid tent-Hu~tyl Ester To a sol ution of

(3S3-[ (N-benzyl oxycar bonyl ) val i nyl ] am no- 5- br ano- 410 oxapentanoi c acid tent
butyl ester (9.7?1 g, 19.4 mmol) and 2, 3,5, 6-tetrafl uoraphenol (3.65 g) 22
mol) ire tetrahydrofutan (20 nL) at42room tenperature under nitrogen was
added potassium fluoride (2.91 g, 50 mmol ). After stirring at room

terrtperat ot ] ¢t i pRt.gx. 100
rh))  neaBeRbedRact Bhiton; B0 bk MR GRS NESOL B bt S ahBPRfE 0 0 er
anhy dr Recrystallifation ofitli ctndeyaodice ffoinEIOAChyLune Favel ihe tifle soepemaqs.7ppi fied 15
by flash chromatography on silica gel ehrting with EtOAc-hexane ( 1:3) to
give t ﬁé%iﬁﬁquw&@ﬁ’gzw@ HLRCl 11203 Bf+Q.06f ter trituration
with Eti O hexane.. TLC(Et OAchexane; .l .:1.) Rf_=_0.70..Part .D..(3S _4RS~-3- . .
~, ~N-Benzyl oxycar bonyl ) Val i nyl | Ami no-S8-(2',3!.,.5', 6' T&traf.l.Gor aphenoxy) - 4- Hyd
roxypentanoie Acid tort-Butyl Ester 20 To a sohtticm of
(3S3- E( N- benzyl oxycar bonyl )val i nyl ]am no-5-(2',3",5",6'tetraf heaaphenoxy} ~4
-oxa~M-Ctoic acid tort-butyl ester (9.19 g, 15.7 nmmol) in MOH(200
mLyt et rah~rdrofuran(200 aiL) at O C under nitrogen was added sodi um
barohydride (0.594 g, 15.7 nno~ol). After sting at OC for 1 hr, the mxture
was concentrated and the residue partitioned between Et QAe-hal f sahuat dd
NH~Cl sol ution. The organi c phase was washed with "25 saturated NzHCO- and
Osatur ated NaCl solutions, dried over anhydrous NazSO- and evaporated to a
dryness. The residue was pe~ified by flash chromatography on silica gel
eluting with Et OAc-hexane (1:3) to give the title conpound (7.99 g, 87% as
a white solid. TLC(Et CAchexane; 1:1 ) Rf = 0.54. ~ 5 DEC 2002 WO 001 01666
Part E: 59 PCT/US99/ 15074
~3S, 4RS~3-(Vvalinyl)Am no-S-(2',3',S ,6' -Tetraf | uor ophenoxy) - 4Hydr oxypent ano
ic Acid tent-Hutyl Ester To a sohriion of
(3S, 4RS}. 3-[ (N-benzyl oxycar bonyl )val i nyl jam no-$(2',3',5",6' -tetrafl uoraphe
noxy} - 4- hydr oxypent as<oic acid tort-butyl ester (7.99 g, 13.6 mol) _ ~ .
5in MOH (130 nm.) was added 1O /e Pd-C (0.%$0 g) and resulting m xture
stirred under a hydrogen atnosphere (balloon) for 2 hrs. The m xture was
filtered through Celite washing the filter cake with CHI Clz and the
conmbi ned fihrates evaporated to dryness. The residue purified by flash
-.chromat.ography on silica gel eluting with.Et.OAc-hexane.(--|..:3).then. ... . .
met hanol to give the title conpound (5.13 g, 83'/e) as a viscous oil.
TLC( Et OAc- hexane; | : I ) Rf = 0.07. ZO Part F: (3S,4RS~3-(N-(N -(_I-N-a
ht hy~etttyl ) Qxanyl)
Val i nyl ) Ami no-S(2',3',S",6'-Tetral | uorophenoxy~4- H~~dr oxypent anoi ¢ Aci d
tent-Butyl Ester To a soh~tiom of N-(1-naphthyl nethyl)oxam c acid (0.0S1 g,
0.22 mml, S prepared.from 1-napht hyhbet hyl am ne by the nethod descri bed
in Exanple |, Part A) in in N nethylpyrrolidone( 1.0 nL~CHzCII( 1.0 mL) at
room tenperature under nitrogen was added O 1 S (7-azabenzotriazol -1
y1 ~N, N, N, N -tetranet hyl uroni um hexaf | uorophate (0.092 g; 024 mmol). After
stirring for 15 mn, the mxture was treated with
. . (3S,-4RS~3-.(val i nyl )am no- S . .- e e e e :
(2,3 ,S,6"'-tetrafl uo~rophenoxy~4-hydr oxypent anoi ¢ acid tent-butyl -ester
(0.100 g, 0.22 mol ) and diisopropylethylamne (I 1S pL, 0.66 nmnol). After
stirring at roomtenperature for 16 hrs, the m xture was partitioned
- bet ween--Et OAc-wat er. The-organi c “phase was ‘washed wi th water, - 20 ~S% KHSO-,
“Trwaruratred NaHCOT and sat Uurated NaCl 861 Ut i ons) T dT Ted over anhiydr ous NazZSO~
and evaporated to give the crude titte conpound (0.157 g, 100'!'0) as a
viscous oil. TLC(Et OAc hexane; 1:1) Rf= 0.44.




Par t G (3S)-3- -(N-f

| - NaDht hyt et hyl x?xant yl ) Val i nyl | Ani no- S—(2 3'LS ~6' Tett afl ~pheno>@g—54-0%b09
ent ano gg s¢ €Nt -Hutyl Ester 2S To a sol ution of PCTIUS99/15074: 002
(38,-4Rg0 ?N (N - (1-napht hyl net hyl ~xamnyl ~al i nyl j

amno-S-(2',3,S,6' -tetrafl uoropl tc~wxy~4- hydt oxypent anoi ¢ acid tent-butyl
tster (O. 157 g, ca 0.22 mmol ) mdinet hyl sul foxide (S nL) at room

tenperat ire under nitrogen was addid DessMartin Prriodir~ane (0.600 g, 1.42
mol ). After stirring at roomtenperature for 16 hrs, the m xture was

par Ei ti oned between Et QAc-wattr. The organi C phase was washed with

saturat ed ~ 60 NaHC03 and

satu NaCl : GF 20 3 2 elvporated to a
dryness. The r@i!ﬂlﬁt,(-gednza'}b&)myvas purlfled by flash chmmat ogr aphy on
silica gel elutlngwl C-hexane (3:7) to glvethetltle corrpound(O 11
| g) 77/.) as h“‘ﬁ LS RAEne N- 5 - - 5
Part H (3 Si- ?‘[ E)ﬁhﬁl? of QN &5{ 57)] e h))d}oxywccmm%e Erer -

1- Naiphg hy 510 kel Gx@HCE) (80! snDY bil réonnemperdtire ubder Mitrdyod Sizs added (BSP L noxy~4 Ox
opnntanoic Acid To a sohction’ of

( 35 aminopd-oxgbutanein agin (tex)-brtyliesier-searigaragenc; mqlqcam}fgna@v( s_zit (3588,64 -tetrafluo
orr cred) toreea R Bkt Sl d Bl 6 el A P Ao Under |

Ni {1 QelRieraRe 3016 U e mnkruqvae%ﬁémea@& lafld h.% feside parmﬁ.e& etiebh N Cl ear

solution was stirred at roomtenperature for 2 hr, evaporated to dryness
and Et(a‘mﬁl%vKHSOLdﬂwmﬂﬁﬁ& was wathed, witlh 6% KIS Qi satwrated NaHODs abdd Wi t h Et 20

tC: %#ave thiqtltl ,corrp u 0 092“"%‘281%%3&&‘%8 a \Ahle%\e/@sg&l?ml\/&(ES) for
I(E@éwg@“é& V‘Qs%%?{&hﬂﬁ%mgm?m TLCéMeg “tet agfbgfzgﬁgnoxy} 4hydr oxypent ano
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Table 6 were alswed.

(Hi11) OLS(~N+HI ) b6S8b" i LS~O~1 vt~ 3~H~0~d( OEH3" Z) Sb( H- | w89( ~N+Y~Z99b9' 69~CEt
~t ~d" H E~q~. , ~TeY)a, $ohution 3lof | chuié) 35)fENNGon2ASxyCcirbonyljidubitPilRine a5 ~ON ~t H-O
~d(oH ~-2) b(~~| +i ~ZZL (HHT)809 (~Ntf~Z9 5b' 609 ~CEt Ul ~~H~~ ~" 3~-27)

Zb ( ~eipbutagoic pgd (tcrt)-bntyl ester semicarbazone (2.798 g, ca.5.0 mmol) in absolute EtOH (40

¥ nds shown bel ow in

15 mlL) was added 10% Pd-C (0.40 g) and resulting mixture stired undera hydrogen atmosphere
(ballon) for 1.5 hrs. The mixture was filtered through Celite washing the filter cake with
CH,C, and the combined filtrates evaporated to dryness. The residue was chased with CH,Ch
(2X 20 mL) to give the title product (2.113 g) as a colorless foam. TLC(MeOH-CH,Cl,; 1:9)‘
Rf=0.23.

20 PamD: {35)-3-[N-(N’-(1-Naphthy])Oxamyl)L eucinyl]Amino-4-Oxobutanoic Acid
(tert)-Butyl Ester Semicarbazone

To a solution of N-(1-naphthyl)oxamic acid (0.095 g, 0.44 mmol) and (3S)-3-
(leucinyl)amino-4-oxobutanoic acid (tert)-butyl ester semicarbazone (0.180 g, ca 0.41 mmol)
in N-methylpyrrolidone(1.0 mL)-CH,Cl(1.0 mL) at 0°C (ice bath) under nitrogen was added
" 25 hydroxybenzotriazole hydrate (0.100 g) followed by l-ethyl-3-(3',3"-dimethyl-1-
aminopropyl)carbodiimide hydrochloride (0.100 g, 0.52 mmol). After stirring at 0°C for 2 hrs
and at room temperature for 16 hrs, the mixture was partitioned between EtOAc-water. The
organic phase was washed with water, 5% KHSO,, saturated NaHCO; and saturated NaCl
solutions, dried over anhydrous Na,SO, and evaporated to a solid. The solid residue was
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Part E: (38)-3-[N-(N’-(1-NaphthyDOxamyDL eucinyl}Amino-4-Oxobutanoic Acid
Semicarbazone n e

To a suspension of (3S)-3-[N-(N’-(1-naphthyl)oxamyl)leucinyllamino-4-
oxobutanoic acid (tert)-butyl ester semicarbazone (0.212 g, 0.39 mmol) in CH;C1,(2.0 mL)-
anisole(0.5 mL) at room temperature under nitrogen was added trifluoroacetic acid (2.0 mlL).
The resulting clear solution was stirred at room temperature for 3 hrs, evaporated to dryness
and chased with toluene-CH,Cl, (1:1). The residue was triturated with Et,O to give the title
compound (0.181 g, 95%) as an off-white solid. TL(?(AcOH—MeOH-CHzClz; 1:1:20) Rf =
0.16.

Part F. (35)-3-[N-(N’-(1-NaphthyDOxamyL eucinyl]Amino-4-Oxobutanoic Acid

A suspension of (3S)-3-[N-(N’-(I-naphthyl)oxamyl)leucinyl]amino-4-
oxobutanoic acid semicarbazone (0.173 g, 0.36 mmol) in 37% aqueous formaldehyde(1.0 mL)-
acetic acid(1.0 mL)-methanol(3.0 mL) was stirred at room temperature under nitrogen for 18

his.™ Theé resulting clear solution was diluted with water and the resulting white precipitate

collected by suction and washed with water. The combined aqueous filtrate was extracted with
EtOAc. The extract was washed with water and saturated NaCl solution, dried over anhydrous
Na,SO, and evaporated to a glass. This was combined with the solid which was filtered from
the aqueous mixture, taken up in CH,Cl,, filtered through Celite and evaporated to dryness.
The crude product was purified by dissolving the residue in CH,Cl; and precipitating with

_ Et;O-hexane. The precipitate was collected by suction to give the title compound (0.129 g,

84%) as a white solid. TLC(AcOH-McOH-CH,Cl;; 1:1:20) Rf = 0.22. MS(ES) for C;H,sN,05

(MW 427.46): positive 450(M+Na); negative 426(M-H).
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wo oololsss - . ~ ~ 5 DEC 2002 PCT/US99/ 15074 r EXAMPLE 75 ' F C021-/ F/ O
O\ @aRtA - ~ [3RS4RS)-3=[(N-Benzyloxycarbonyhl eucinyl]Amino-5-Fléato-4-

Hydroxypentanoic Acid, tert-Butyl Ester

To a solution of (3RS,4RS)-3-amino-5-fluoro-4-hydroxypentanoic acid, tert-

butyl ester (0.230 g, 1.1 mmol, prepared as described in Tetrahedron Letters 1994,35, 9693-

10 9696) in CHCl, (20 mL) at room temperature under nitrogen was added (N-

benzyloxycarbonyl)leucine, N-hydroxysuccinimde ester (0.402 g, 1.1 mmol). After stirring at

room temperature for 16 hrs, the mixture was evaporated to dryness and the residue purified by

flash chromatography on silica gel eluting with EtOAc-hexane (1:2) to give the title compound
(0.332 g, 66%) as a colorless, viscous oil. TLC(EtOAc-hexane; 2:1) Rf = 0.51.

15 PartB: (3RS,4RS)-3-(LeucinylAmino-5-Fluoro-4-Hydroxypentanoic Acid, tert-Butyl
Ester, p-Toluenesulfonate Salt

To a sohtion of (3RS,4RS8)-3-[(N-benzyloxycarbonyl)leucinylJamino-5-
fluoro-4-hydroxypentanoic acid, tert-butyt ester (0.332 g,_0.734 mmol) in MeOH (100 mL) was
added p-toluenesulsufonic acid hydrate (0.140 g, 0.737 mmol) and 10% Pd-C (0.033 g) and

20 resulting mixture stirred under a hydrogen atmosphere (balloon) for 2 hrs. The mixture was
filtered through Celite washing the filter cake with CH,Cl, and the combined filtrates
" evaporated to dryness. The residue was chased with CH,Cl, to give the title product (0.371 g)

as a colorless foam.



MS( ES) Ez. R For nul aMApos. neg. 67(2-F-4-Z)PhC |, H , Fsl N30~685. 34686( I\/@%D%M H

) 708( M+Na) 720( M+Cl ) 724( M+K) 68( 2, 3, 4, 5- C~H, 9Fs| V307613. d1614( I\/H\l)( & CF2002

Ph636( MtNa) 726

( M+TFA) 6530MA688 ( 2, 3, 4, 6- C=, H, 9FaN34r 6t 3. 41614( M-H) 612( M HceiEsar5yRn636( M

+Na) 726( M+TFA) 652( M+K) 70( 2, 3, S, 6- Cz, , H, 9C1 ~F~I WU, 679. 23700/ 7021704( M+Na) 67

6/ 6781680 (M H)tetra-Cl)Ph716/ 718/ 720( M+K) 790/ 792/ 794

(M+TFA) 71( 2, 3, 4, 5, 6- pent a- C=, H, ~F~Oy631. 40654( M+Na) 630( M H) F) Ph670( M+K) 666(

M+Cl ) 22PhzNC~oH=, F, N~O~632. 57633( M+H),631( M H) 655( M-Na) 745( M-TFA) 73PHCHi ( Ph)

NC3, H3oF, N. , 0?646. 59647(MH-|) 645( M H) 669( M-Na) 681

Egl\)/g)Gl)G K) 74P I 4 4qu2m§HAmn'éL?§14&M+TFA)

Am ~S-(2', 3 5 Gm&eﬁy@hiaﬂaemidngM}m@(opent anoi c ACI d Part A:

[ (N-Br azyI oxycar bonyl ~['aninYl') Aspartic Acid, ~i-tert-Butyl Ester To a

suspensi on of aspgpt] %oﬁﬁanﬂ oﬁqi(frnapmn)&arsﬁt #did ((8:168%,9.740 nithdl] Led I

di et hyI farmarai de (154 room tenperture under nitrogen was added

~. ~5 ' Exiple-],0=n mmmmwmowu@m}mab(l 5 mL) at room temperature

bis(trinethylsilyl~trifluoroacet . After stirring

at r dontRdShp SHUREER & WSy 345“’&1 8‘ ?ﬁé‘qﬁé‘mﬁzﬂnbgb‘ﬂg& %’P‘BﬁhﬂHgn’PP’eat ed

WI t h ( I e n g, 20
) RSO3 R A AN R Y %S“a“&"%ﬁ%‘ﬁ g

m' xt ur €a ws:,dnraqsnsl4ns}jxavﬂ£@l)aﬁﬁ€b-sdﬂ)mmsuy&a@pénMc ddid, e batlestdpen . 5

partitioned betweeen Et OAel water. The o@ganl c phase was washed wi t h wat er,
5% KHSCp-telvrpespifonatersait! (031 gs 817491 wmel) andi disoprepylethmlagineo (3MNmES@,25and

evapor at ed,.t.0 es T d ve d extract ed

o LI ot e S e e B s T e
coaq@nt fh6 frslihemiRiiet Wasi fartitioned BetwRed EIONc-waEe ThE ﬁgﬁ.ﬁ@c\xas%héﬁas hed
with saturated NaCl sol ution, dried over anhydrous S04 and evaporated to
a gi ve wih whter, 5% KHSOMMMCQZ&@ saturated W2l eolbriens dried over anhydrous

TLC( Et QAc- hexane AcOH; 70: 30: = 0. 50. rt H .
(3g( 4ARS\2:8 ‘)“’3\ M "‘o"d"ﬁ waBP“"I‘ggrbé(fd:ﬁ‘bFHBWéﬁmmhmmyyent an

0i C AcCi ?E{ms { :W‘&Mﬂ 0.213 g, 55%

[(N—bergz P‘%&/ear bo Ef anlhgy)tl}’ Sparti ce %%’7‘%?‘“‘?& ter % fE;u%)ysaecso{oe]rcssl S and
fol | ow fogmt ncm;mmmemnz;m@mm)m ®#2.ts B though E gave the
title conpound as a colorless, viscous oil. TLC(EtOAc-hexane; 1:1 ) Rf =

0. 065 _partD: RS)-3-[N-(Re(1 N;phthyl)Oxamyl)LcucmyjAmmo-S Fluoro-4-
(3S, 4RS’7-3-(N-(N ~2-tcrt-Butyl phen anmyl) Alani nyll Am no-S 2' (
,3',5', 6" - Tet r af | YEoRSRIABNE ACIC q‘-m.-sf gFxypent anoi ¢ Acid tent-Hutyl Ester To

. a sohrtpon ~-of - N 2--t est ~ butpy] henyl ) oxam c acid_ (0.041 0.19 mmol, 20
pr epar ed from 2- t 59 @-seiytion oh{(3RS -Wr@*'n@mahthu’é@emvgwm Wl ewinept-e 1,

Ef/l (rjﬁ oé) iV Z (i %gxéfgggﬂ‘mé ?’t ‘?& %6%{ (015'8 o 85 ﬁﬁ?%fgid@ﬂzdz (3.0 mL) at

. ethyl - %ﬁtﬂﬁpﬂﬂlﬂ%@ﬂdﬂD&WﬂfWﬁlwﬂmb@ﬂlommm»dmhktﬁﬁhgjﬁ (0. 050

“h, 0.26 mol). After stirrir~at OC for 10 min, the m xture was treated
Twit 10 %ommm fion 02 dyls,~Abe moix@ire was diluted with EtOAc and washed with dilute

5 o7 o B S A, L W )

After Sivabirhied ) ik GEERRle Had phrified byl flask®hrontatagraphy_on silica gel elutinfgh€
m xture was partl i oned bet ween E%Ac V\%t er. The or g"é"ﬁl c phase m%tg&mshed

Wi t-h waweh)mem-li&i& (1 3xttorgivee theNtifle Compovnd @50 gt eﬁ%NaQIa whiteitsobdis, dri ed
over anhydrous Nai SO and eva ratedt co ound
0 00 BLCERSy Cl tobamass 3113, develppmentB et B 25 MSCES) Tor EinbhFniy OAY!

25 515.57) posmve 538(M+Na), negative 514(M-H).

Part E: (3R$-3-[N—@i ~{1-NaphthyDOxamylLcucinyl]JAmino-5-Fluoro-4-
Onopentanoic Acid

To a solution of (3RS)-3-[N-(N’-(1-naphthyl)oxamyl)leucinyljamino-5-fluoro-
4-oxopentanoic Acid, tert-butyl ester (0.147 g, 0.285 mmol) in CH,Cl,(1.0 mL)-anisole(0.5



- 5 D. E~ ~DDZ WD 00l 01666 65 PCTI US99/ 15074 Part D:

(3S)-3-(N-(N -(2-tert-Butyl phenyl ) Oxanyl )AI ani nyl I Am no-5- (2", 5&&
fluoro 96? ¥e6 4- Oxo~entanoic Acid tent-Butyl Ester To aPéP/bHHI%'?‘tO!L 2002
(3S, 4RS} - N ( N -(2-tort-butyl phenyl ~xanyl ) al ani nyl ]

am no- 5-(2' 3,5 ,6"-tetraf |l uorophcnoxy) - 4- hydr oxypent anoi ¢ acid tort-butyl
ester (0.0.092 g, _y",r 5ca0.15mol) in CHZAA2 (6.5 nL) at room
tenperature under nitrogen was ad &d i odobenunc di acetate (0.188 g, 0.58
mol ) fol owed by a catal ytic amount’ of 2,2,6,6-tetramethyl -1 pi peridinyl oxy
free radical ('TEMPO 0.0046 g) 0.03 mmmol). After stirring at room

t enpthey £ fddnd @mphanie Sndet Jsxe Xhasadfedi@fudiedcktid ARG A RISt YRR C-wat er .
The organi ¢ phase was washed wi th saturated NaHCO3 and ‘sat urated NaCl

sol utdensolutibnived strred atanhydumnNaIGMhaMpdretedmmm axdl ¢hased withyness. The
resi due (0. 096 (gl;) was purified by preparative |ayer chromatography on

si | i doluenerCHaClr (T Y T Fesineinas mbirated with EpD-beyang ‘9@“’&#‘?&' titjoqompedp ound

L Ol RSk Exnhs RIS, MDA e bl 00, *

Tesra.i £ative FSIIMAAYX Y ~4- Oxo~r nt anoi ¢ Acid 15 To a solution of

(3Sr3-[N(N -(2-tent-butyl phenyl ) ~xanyl ) al ani nyl ] am no-5

(2,3 ,5 ,6"-tetrafl voropl srnoxy~4- oxopent anoi e acid, tent-butyl ester
(0.071 g, 0.11 mMmot) in %CIM} a~svl ~(0.05 a~L) at room
terr~perature under nitrogen rifluoroacetic acid (1.5 nL). The
resulting clear soh:tion was stirred at room_tenperature for 1 hr,
evaporated to dryness Ch (1:1). The resi due
(0.061 g) was -~ 20 e | ayer chronat ography on silica
gel eluting with MeC ’ N itle oo~nmpound (0.044 g,
69a) as a colorless . (ES) fog CiHh~FIIN30~ (MW 569.51): positive
5?0( M+l 17; negati ve HAMH . EXAVPEES 76-87Y25 Starting with

(3S, 4RS~- 3- (al ani nyl )am no-5-(2',3',5",6"' -tetrafl uorophenoxy}

4- hydroxyptntanoic acid tert-butyl ester (see Exanple 75, Part B) and
follow ng the nethods described in Exanple 75, Parts C through E, the

Sppounds shoun bel e el AR BVRRIFS - - YO 001 D1ces

" Amino-5-Fluore-4-Oxopentanoic Acid

Part A: (3RS,4RS)-3-[(N-Benzyloxycarbonyl)ValinylJAmino-5-Fluoro-4-
Hydroxypentanoic Acid, tert-Butyl Ester RN

-To a solution of (N-bcnzyloxycarbonyl)valme (0.332 g, 1.32 mmol) in

15 CH,CL(7.0 mL) at 0°C (ice bath) under nitrogen was added hydroxybenzoMazole hydratc
(0.219 g) followed by 1-ethyl-3-(3',3'-dimethyl-1'-aminopropyl)carbodiimide hydrochlondc
(0.317 g, 1.65 mmol). Afier stiring at 0°C for 10 min, the mixture was treated with
(3RS,4RS)-3-amino-5-fluoro-4-hydroxypentanoic acid, tert-butyl ester (0.228 g, 1.1 mmol) and =
the reacton al!owcd to warm to room temperature. After stirring at room temperature for 24

20 hrs, the mixture was partitioned between EtOAc-water. The organic phase was washed with
water, 5% KHSO.., saturated NaHCO; and saturated NaCl solutions, dried over anhydrous
Na,S0, and evaporated to dryness. The residue was purified by flash clnmatogmphy ehmng S
with BtOAc~haane (1:1) to give the title compound (0.423 g, 87%) as coloriess glass.
TLC(MeOH-CH,Cl;; 5:95) Rf = 0.17.
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X. R~For muhMApos. neg. 76( 2- CFs) PhC~, H' F~N30~581 . 40604( M+Na) 580( M H) 77 ‘fﬂ%@ﬂﬂz
C~H, ~F, N~OT1589. 50612( M+Na) 588( M H} 78( 2- PhCHI ) PhC~H=sF, N30T603. 53604"(

(M H) 790 sddgdeh CZaHnF, N30, b05. 50628( MrNa) ~604( M H) 80( 3- Pe@iishérsgia F. N~O, 60
5.50628( M+Na) 604(M H) 81 5, 6, 7, 8-t et vahydr o-

| - napht hyl C~HuF, , Nl Oy567. 49590( M+Na) 566( M H) 821 - napht hyl C~l'i z, F, N301563. 465
86( M+-Na)

648( MrK) 562( M+ H) 83PhC~H, ~, F, N30~5l 28 40552( MrK) SI 2( M H) 84( 2, 6- di - F) PhCul | s?F
6N307549. 38572(M+Na} 548(MH) 662(IVH§'FA) 85(4- Ph) PhGi , H~F, N30?2589. 50

~588( 6(4- Ve ¥+ ) 8hZCHC~HvF N30~603. 5
3642( 42( M H . : : %

Co-t F [/ . Oxopentanoic Acid 0 ~ . . 0~a - ~o0

(3S)-3-(N-(N - (2' Pbenoxypbenyt)0<arryl ) Cycl obexyl ataninyl] 5

AN no-S-(2', 3", Starfing WAt GRSURSIDIGNBRY oy carblilald/Ma Gorbat A

(3S}- 3- N-Benzyl oxycar bon?lu)sAmrs%oJ'gnBronoﬁz &opeﬁ?ano?@oﬁﬁpd tert Butyl

Est er hydroxypentangic sfrd,(mbwtyﬁm@ddbm )hss‘paht!dscﬂ_mbdﬁ mﬁxﬂmﬂt 2but yl ester

15r aﬁg’?ﬁ‘ éf'gf"ééy?fé b QLFWETB‘XTB L‘égﬁﬁgﬁf}"ﬁ P% was

treatgggglg)o%%m%;ug&%%ﬁ) ?‘3’8%‘# g.hl oroformate (1.1 n, 8.5

nr aol ) ter stirring at he m xture was filtered
(sinctered glass) into a pre-cooled receiver (ice bath) washing the filter
cake with additional tetrahydrofuran (approx.1Onil.). The conbi ned
filtrate was treated with excess di azomet hanel Et zO sol uti on (prepared from
3.10 g, 21 nmol of 1-nmethyl-3-EXAMPIEA5 nitrosoguanidiae) 20 nL 40'/e

KOH 10 ml Et20) at OC (ice bath) under nitrogen. After stirring at 0C for
15 thin and at roomjenperature for 30 m the reaction m xture was again
cooled to OC and tygatyed Wt h 48/ .0OHBr m., 2 m@l )l acetic acid(2.0 nl).
After stirring at or 1b mif anli at Leflperdture for 15 nin, the

m xture was partg et N r.o”lh ani ¢ phase was washed
W th water, sat J NaFiC03 d%‘sa ur afged NaCl ions 20 - -dried over
anhydrous NazSO affd evaporatedto~a dryness. OF T DYWFation with hexane gave
the crude title conpound (3.32 g) as a yellow oil. TLC(Et OAc- hexane; 1:1)

R0= 0,20, (1nter medl 348 ARk E B omaaVaimyy V0 001 01668

Amnine-5-(2°,6’-Dichlorobenzoyloxy)-4-Oxopentanoic Acid

599415074 ~ 5 F OO

~

Part A: fON-Benzyloxycarbonyl)Valinyl]Aspartic Acid, B-tert-Butyl, a-Methyl Ester
To a solution of (N-bmzyloxycarbonyl)val}ne (2.10 g, 836 mmol) in
CH,CL(20 mL) at 0°C (ice bath) under nitrogen was added hydroxybenzotriazole hydrate (1.74
15 g) followed by 1-ethyl-3-(3',3'-dimethyl-1'-aminopropyl)carbodiimide hydrochloride (2.40 g,
125 mmol). After stirring at 0°C for 10 mm, the mixture was treated with aspartic acid, -tert-
butyl, a-methyl ester hydrochloride (2.00 g, 8.34 rumol) and N-methylmorpholine (1.1 mL, 10
mol),andthereactonaﬂowedtowmtoroom tcmpenturc Aﬁcrstxmngat room
temperature for 2.5 hrs, the mixture was concentrated and the residue pamnoncd bctween
20 EtOAc~wat¢r The organic phase was washed thh water 5% K.HSO., saturated NaHCO, and
saturatcd NaC] solutions, dried over mhydrous NazSO. and evapora;edwt(; gx\—r; at;e»;x;l.e
compound (3.55 g, 97%) as a white solid after tituration with Et;0-hexane. TLC(EtOAc-

hexane; 1:1) Rf = 0.48.



68 Part B: -

(3S, 4RS) - 3- (N-Bcnzyl oxycar bonyl ) Am no-5-(2',3' LS, 6' Tetrafl uor ophenc!?qg -DE-CHZUGZ
ydroxypentanoic Acid tent-Hutyl Ester To a solutio~n of

(39) - 3- WO beeIsed oxycar bonyl ) am no- 5- br onp- 4- oxopent anoi ¢ RETAISIAIS074Hut y|

ester (0.857 g, 2.14 mol) and 2, 3,5, 6-tetrafl uorophenol (0. QL0 g, 2.45

nmmol) 5 in dinmethylformam de (5.0 nlL) at room tenperature under nitrogen

was added, potassiumfluoride (0.40 g, 6.9 mol). After stirring at room
tenperature for 16 hrs, the mxtureigwas diluted with Et OAc) washed with
saturated NaHCO3 and saturated NaCl solutions, dried over anhydrous Nai SO4

and evaporated to a to give the crude tetrafl uorophenoxyrret hyl ketone (
1.08 FarlBoy as M&M&&Q&Mﬂl rt ' M&&B&Mmﬁmﬂsﬂ! = 0.57.
10 To a solutio qu I} in
et hanol ( 10 m_;lr %&E ?\tggﬁ 9 wa@?vaé#el? ﬁcr'ﬁ? or?“ﬁé‘gw%e (0. 057

9) |. SnémPl dster 8.581, Stlllrrﬁrhél%nﬁMc@Q mo L) vas 5daedq;x@aﬁ§e¢gdmmmagent was
di scharged by treatnent with acetone ( 1.0 rnL), the m xture concentrated

and t Hardrm(kﬁﬁeg.p&tl mmobrand 108 R&En(020QEcandaresulting: wixiurg ostiked Gindeiod ut i on.

Sl it IRAE %m%“”tﬁaﬁ&?ﬁﬁﬁ%m B Rl SRR R U8 VoA ncss. The

resi d tc%§keowmtgfé][10 d IS maqnaategsmteeno%&@ ’ﬁﬁ'reﬁh bag with

Et CAc- hexane e title conpound ( g, 94% as a
col or |chased evith. CHLCL i the Htleproduct (3.85 g, qintitatiBc)48 a chﬂEssGoamBS 4RS~- 3-
i N-9- Fl uor enyl net hoxyear bonyl ~ycl ohexyl al ani nyl | Am no-5(2',3',5
f6' - Tetrafl uorophenoxy) - 4- Hydroxypent anoic Acid tcrt-Butyl Ester 20 To a
sol uti f R

™) (38, 4 (Nbé%%%ﬁcwﬂﬂ-&%%@%%%her coxy~4-h
ydr oxypent anoi ¢ gdidyd tent-butyl ester ( 2.0 2 g, 2.08 mol) in MeOH (25
m.) was added Z 0 7. Pd-C (0.30 and resulting mxture stirred under a
hyd ogrn at rmsph'qusqth'nIO‘éUr()- myb)omcaqlﬁéﬂﬁﬁ?mg 3¢ 18 mmol, seq Exampde t hr ough

cvaporatat oy S BreiEnam oty S g R o] fort T ihe et o |

TL( | Cl ZyasS: 950aa&y lazabert£dtrfazSI01 - Vi) N NP IN"-tetramethy]
(N QNﬁ uogrgrilnyl met hoxycar bony%@gyz/acl ohexyl al ani ne (’5q783 “ée ’i.‘“g"i““Fn"m ) in

CHz Ch (hefafluojophite (X329 g; 8.4B anriol). fde stiming fapd 6 mincthe anixtert wasdorextedoeitlr ot ri azol e
hydr at 0. 282 fall

et ﬁﬁ ‘5311{'8‘ : ﬂP%é-tﬁ'W%”inﬁﬂfb‘%matB‘BHFF‘H@&@“’hi?HrGa‘?P&n%ES(o 447 g,
2. f r eat ed

2, 1% bl and il filhe .66 01 153 bingll At sty B el gy =0 01,056
t 69 I?6FI‘2 Hﬁ@%hﬁﬁ%wmmmm EtOAsevatert The ongamit phaserwasuwashed\f t er

stirrin room.tenperatu 3.hrs ture artitioned between
Et OAc- ‘@? er, 1% M‘S’E ‘b‘{é%‘g(? dmﬁ&d%ﬁ ‘Y’\'/?%(? YRS ot ur at ed

- glsggraaggg‘ %’ot ﬁag%smh%é?jggﬁ %@ﬁ%ﬁ%ﬁf?ﬁd%‘ﬁ ?‘ﬁmﬁ Hégﬁ?gﬁa%ggpgphy

{, ) el uti gl Wutifg EHWQAc-'hexaﬁe (1:1) tb ghwextheaitié cibmﬁbmxﬂqlgsseg, UB%)tastal whitonpound (
1.028 g) 73% as yellow foam TLC(Et OAc-hexane; 1:2) Rf 0.20. Part D
(320 4R@2'd31'¥ Mm%hkﬁyﬂfﬁm no-S-(2',3,5, 6 “Tet raf | uor ophenoxy) 4Hy
dr ox-ypent anoi e ACI d tent- HutyI Ester A mxture of (3S, 4RS) - 3-

(N- 9- fHagd:cny| (t-Nap momy ) ViadiyilAsihaa sifl,) 6
am no-5-(2',3 ,5,6' -tetrafl uor ophenoxy} 4 hydr oxypentanoi c acid tert-butyl
ester ( 1. 028 g T&aW)ofMQ%@W)oﬁm&Mhﬂp&}h;ﬁaﬁum(ﬁmﬁB 0 ni)

was stirred at roomt erat ure under nltrogen for 2 hrs. The m xture was

di | ut dutyki etmethykcster (QA%0He P9 mmol)incdionang (ZArmlhwas added b@3NHIOH | on,

s ooaiggm T s i AR Sl oofy RmUARRY e ol bR wad

| S9pr g 3-\%2 ﬂ%%&?ﬂm&mﬂhmmmémmw&mmmcdm% as a
white solid. MeOH CH2C z; 5:95) Rf = 0.43. Part E

(3S, 4RGCl 3elutior, dtiéd o(&h&ﬁhemﬁyﬁ@mﬂlcy@mgd to\givecthe sitle edrapoumd|(0.4841i no5- (2",
3,5 ,6" -Tet rafI uor ophenaxy~4 %L&entg % Acid tent-Butyl Ester To a
sol ut |E®ﬁ“@P“NY'( 5”@” Wﬁh Ml;ég'; i R?ﬁ B84 g, 0.25 mmol, 20 prepared
from 2- pht noxyani|'rae by the nethod described in Exaanple 1, Par t A) and
(3S, 4RS~

3- (cycl ohexyl ai ani nyl j am no-5-(2',3",5",6" -tetrafl uorophenoxy) - 4- hydr oxypen
tanoic Acid tertbutyl ester (0.124 g, 0.245 nmmol) in CHZCl =(5.0 nL) at~ 0OC
(i ce bath) under nitrogen was added hydroxybenzatriazolc hydrate (0.051 g)
followed by I-ethyl-3-(3",3 -dinmethyl-1"am nopropyt)carbodii m de

hydrochl oride (0.061 g, 0.32 mmol). After stirring at 0OC for 10




25 mn and at roamtenperattue for 18 hrs) the m xture was partition_e%®D
bet ween Et OAc-wal e;. The organi ¢ phase was washed with water, 59~. kH ,«EC 2002
sat urat ed NaHC03 and saturated NaCl solutions, dried over anhydrous Na~SQ,
and. evaper@iorét o gi ve the crude title conpound (0.194 g)PCRUSMWVISOT f 0am
TLC( Et OAc- hexane; 1:2) Rf = 0.40. 5 DFC 2.DQ WD 001 01666 PC f/US99115074
.70 Part F:
(3S)-3-(N-(N -(Z -Phenoxyphenyl ) Oxanyl ) Cyel ohexyl al ani nyl | - Am no-5(2',3",5'

, 6' - Tetraf | uor ophenoxy) - 4- Oxoxypcntggnoi ¢ Acid tert-Butyl Ester To a
sol ution of crude (38 4RS) 3- [N—(N (2 phenoxyphenyl ~xarry|)
cyclotﬁé)ﬂal ani N A g;,{ ! abbjell oxypent an
oic a ort ,n: : g, ' ' Z rril) at
room tenperature [ trogen was added Dess-Martin Peri odi nane
(0.150 g, 0.35 fToml s))lutléli béﬂﬂ-@ﬂﬁ-ﬂmaplghplbonawnnlmuﬁespatturamd‘, BrterRbltyl, t he

m xture was diluted with EtOAc, was w th | M Na, Si 03, _sat urated NaHCO-
and s &eter Q083 eng 2P '%'B?‘h%ﬁs’m'b?/ 8% (220l %P~“"N&DS® tetrabyydrofisdbr at ed to

VO i bl S ONROE B53 0°

g 0" /) 022 nimdlp Adict Qififing i-36°T for OIS hrs, eGeRiIEMEmRE @iy dride w9 trddted-with 50. Part
( 3S) - Bxqeps disgomethane/E:D sedption (wmereﬁémrr?mz ey 81 mme) phl-methy)-Bmitrerino- S(2' , 3

(5 SRS AR BB DR BE R B gy Ve °° 001

amte f piiHed) b RidRiafpfp [ t - butyl
ester qt"%’“ﬁ‘%’?g?“ gmgu?h%g%ﬂldr‘y&l:mz@ 0 n)ft)] a? roomte?rypg’?éqgﬁ?tegeﬂnder

ni 10r oglnngvaish EHglElHEt,OFHelxarer (3 223t to giva chedtitie dontponid) (0.06R g, 62%)dsta whjtec| ear
solution was stirred at roomttnrperature for 0.5 hr, evaporated to dryness

and cRelYedLEERACHE R DRET 9681 1) to give the title conpound (0.123 g,
93% as a white foam I\/S(ES for -~ 20 Cy, H33F N30 (MN687 64) _positive
688( MeetF: 714 ( MASB-(NG aphthyBEa mE{ Amigo-5-B pentap

89-91 Starting Nert-Butyl Ester

(3S,4RS)-3-[cyc | ]am no-5-(2',3 ,5 ,6'-tetrafluoro- . -- 25 ~
~ ph 4-h 8, Fart D
eI & PSR RSO SeRS I AL AN EI AR SRS RRRS, Fort D
the ce SOID WR-TRRY Qétet (0. T30L, 0. 565\¥aine1)dh S€raRy dofarand(3.0 mE)-atto°@EC 2002,

WO 00/ 0166G PCT/ US99/ 15074 71 Table 8
was added 48% aqueous HBr (30 pL, 0.27 mmol). Gas evolution was observed. After 15 min,

the mixture was partitioned between EtOAc-saturated NaHCO,, the organic phase washed with S e
saturated NaCl solution, dried over amhydrous Na,SO, and evaporated to give the title
compound (0.147 g, quantitative) as a white solid. TLC(EtOAc-hexane; 2:1) Rf = 0.72.

20 PartG: (38)-3-IN-(N’-(1-Naphthyl)Oxamyl)Valinyl}Amino-5-(2’,6’-
Dichlorobenzoyloxy)-4-Oxopentanoic Acid, tert-Butyl Ester

To a solution of (3S)-3-[N-(N’-(l-naph'thyl)oxamyl) valinyljJamino-5-bromo-
. 4-oxopentanoic acid tert-butyl ester (0.100 g, 0.18 mmol) and 2,6-dichlorobenzoic acid (0.037
g, 0.20 mmol) in dimethylformamide (1.0 mL) at room temperature under nitrogen was added
25  potassium fluoride (0.031 g, 0.53 mmol). After stiring at room temperature for 16 hrs, the
mixture was partitioned between EtOAc-water. The organic phase was washed with water, 5%
KHSO,, saturated NaHCO, and saturated NaCl solutions, dried over anhydrous Na,SO, and
evaporated to dryness. The residue was purified by flash chromatography on silica gel eluting
with EtOAc-hexane (1:1) to give the title compound (0.084 g, 70%) as viscous oil.

30 TLC(EtOAc-hexane; 2:1) Rf=0.71.
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EXAMPLES 5-14

Starting  with  (3S)-3-[N-(N’-(1-naphthyl)oxamyl)valinyl}amino-5-bromo-4-
oxopentanoic acid tert-butyl ester (see Example 4, Part F) and following the methods described
in Example 4, Parts G through H, the compounds shown below in Table 3 were also prepared:
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..\0 .. 0.0_. " Fl y~. COzli ' " I NHF
(38) 3-]Nr (N - (1-Napht hyi ) Oxany! ) Honoprol i oyl] r~ Anino-5-(2+,3", 5, kSﬂEE]
6'-Tetr oxy~-4- Oxopentanoi ¢ Acid 5 Part Al [N (
1- Napht Ia‘rwglrog%(ﬁg?ryl)l—larmpr oline To a solution of N-(1- naphf /U§?(9é1r%og4 aci d
(0.108 g, 0.50 mol, see Exanple 1, Part A) in in N-nethyl pyrrolldone( 1.0
m)-CH2Ch( | .0 nlL) at roomterrperature under nitrogen was added
O (7-azabénzotriazol -1-yl ~N, N, N , N -t et ranmet hyl ur oni um hexaf | uor ophat e
(0.209 g, 0.55 Mol ). After stirrinﬁ’for 20 min, the mxture was treated
wi th 10 homoproline nethyl ester (0.072 g, 0.50 nmol) and
di i sopropyl ethyl am ne (0.26 nmL)EXAMPUBS) . Af3a stirring at room
tenperature for 4 hrs) the mxture was partitioned between Et OAc-water. The
organi ¢ phase was wggked with water, 5% , Ssat ygsted NaHCO3 and
saturated NaCl sol i ov a ydrous i and evaporated to
give crude [ N-( lpey ‘ ch 0. B588g, 792% as a colorless
gl ass. TLC (Et OA§ H L 12 Rf = Of 70.9T® a sol ution of. the crude

x )-watcr (0.25 nL) _was

ptirring at nom

nmet hyl ester (O
1.0 N HO and

3 - : n dpoxane(
added 1.0 N LiOH sOlution (0.5° WS mol ) . Afg

tenperature for 1 hr, the mxture s acidified

extracted with Et OAc. The extract was washed with saturated NaCl sol ution,

dri ed over anhydrous | S6 nd..r or d~.tq give the title conpound

(0.105 g, 70% as a ﬁ%ﬁ&ﬂ'@#@i’?’%?%%‘mﬂmh Etio r . -~ ~ ~E~
zooa~ WO 00/ 0166cAmisprNEEEpEanyiphosphikyldiy)-4-O3opentanoic Acid

~3S,4RS) - 3-fN- (N - (1- Naphthyl)C)<arryI)HormpraI|nyI)Am no-5-(2',3 ,5 ,6' Tetra

f 1 upr gRepoxy) - %@%ﬁ lmtl on of

N ( Imapht hyl T

RI— m(et hyl pyrr 0I>/| Zﬂ’me(sohﬁoumﬁM@u(oxmml)latc“@mthydmywccm@éﬂm added
O ( azabe zotrlazo N,N_,N-tetra th oni

s a TR 8ol ? ) PR vl Btk PyY, Rispetiy st idregmiope Gt 125 o

M Xt Urgmigs {&1 ng hmi‘,) SQ' YodnP e under mtmﬁcn was added N- _
(3S, 4RS~3- am no- 5" 6 -tetrafl rophenaxy 4- hydr oxypent anoi ¢ acid

t ent - bodthyimespheline( Q. 65461.,915 moH4 mlspmem Emaﬂpémpeﬁiurchar 18 Bs, the CH~C1Z
(4.0 nL) followed by diiso | et hyl ami ne (0.50 Hfter

st 10 ¢ imRynog “@tPPBW%e% Pgma%u%@ B ABr PR, PRASF eS| BaPS Wit St ur
was 1(}(@ e }Bhﬂfx@ hed with
wat er klk—g‘gg saturate %lggg’&rg?ed %%? sol ut | ons ri ed over

anhy drevassordieltoGivearhiel title Woaﬁcﬁci.m, @9y essHscobldil. f TOOEOAc-hyxahé; alsn
chr-omat ogr&ghy on silica gel eluting with Et OAc- hexane (1:2) gave the.title

conpoddF 94868 g, 27% as a tan foam TLC (Et OAc-hexane; 1:1) Rf = 0.39. 15
Part C
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fl uoropt ~eno~cy} 4 h x er g” |¥| r 0. 38
mmol ) in CHzC = ) R\Yr ooh%{i&%aerfﬁ’é‘bﬁk& LPM? ?m r%“‘wg‘ét%?clfﬁed

Dess- Yaéthyl RstéCandYoil6wing Akeméthodé Qisceibedlin 4 ampRd Cﬁiprgawmeat room
tenperature for 30 mn, the m xture was di | ut ed vmth Et washed with-1.0

M NaZ&EIB&pmpmdaaawiwmlﬁonﬁfﬁﬂz&tﬁl&hwd\léamskﬂwﬁbns dried over
anhyctrous Na2S04 and evaporated to a dryness. The residue was purif.ied by
f | ash rRr@mat ogr(aspquuqlmfpanggbmhﬂmcﬁqnmmaﬂm -Eti O hexane ( 1:2:2)
t hen Et OAchcxane ( : e tltTe o) I bO g, 649 as a
wht¢ e foam !—-“ Py tanpic-Acs '
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(55 - Fiepimoics e B S F10% 0487 it by mbosphinic scid (0.0

(2,3 zg 0.21 GnmdlPin’ dnkMPHQREMITR (YD mE) QX RRANEBPGhttreamdér ii@oden Mkl Widedst er
(015 g, 0.23 mml) In

potassium fluoride (0.033 g, 0.58 mmol). After stirring at room temperature for 48 hrs, the

25 mixture was partitioned between EtOAc-water. The organic phase was washed with water, 5%



,.-.5 DE,C 2002. wo 00~0~sss I 76 PCTJUS99/ 15074 CH Clz(1.0 nlL)-ani sgg(gEé
mL) at room tenperature under nitrogen was added trifluoroacetic acid 2002
m.). The resultlng clear solution was stirred at roomtenperature for 1 hr,
evapor at¥ 966 yness and chased with tol uene-CH-Ch ( | : RCY/USNESO7ds| due

was triturated with hexane to give the title conpound (0.103 g) 74% as an

off white solid. TLG MeOHCH-Ch; | :9) Rf = ~"' 5 0.33. M5(ES) for

C2yHZ5~4N307 | " 603.53): positive 626(M-Tla); negat'-ive 602(MH) . EJf AVPLE

i ~ ,~'- OFNO~F\ OOO~%1| / CO2H N

(3S~-3-[N-(N -(I- Nap6thy|)0<arny|)|ndollnc ~2- Carbonyl] 10 . Amno-5-{2',3
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was adwisfiCH, O -Esohetiny |(Tizi2htdlgize ke t(tle mpound (.114 1E185%) A & shiteisblid.i ng at OC
for 1.5 hrs and 15 at roomtenperature for 0.5 hrcs,
( S~i ndBIG(EQAR-hexanso %)) RE= 0264 d ethyl ester hydrochloride {1.25 g) 5.5 rrr~|)

and diiscrpropylethylamne {I.l nL,.6.4 mol) was added. “After stirring at
roofn .RartI: errpera!_&bm-@ﬂSN#pMMl]mods-l uted with Et OAc) washed
. 9% 3C0~ and saturated NaCl

sol utions, dried=+d% ERieylony -4l = raporated to dryness. The crude
product was puri |edb flas S|I|ca gel 20 eluting with
CH-Ch- Et, Ohexari‘té’ @ |5° ? 3%3&*?‘? ﬁggi‘g’{“v SRR ukiycmpllaminoy- 2208 as
a pal ' DEC 2002
oo PR i i S 808an st 94" 0.0 Bl i

(353- [am,Chir-a ﬁl}hﬁ&&&(&ﬁhﬂ&aﬂw tebpératuce ihdEianitiogeyl walatded thflatoactic S5' |
entanoi ¢ Acid Starting from{N-(

6' - Tetraf | uor ophenoxy)
1- h%pwsﬁﬂs’m!an%]rmémcker %@Pmm@ ahFqosn tsppgtatuse fox 1 hr, evaperated)| | owi ng
the et ho05. dEPGALASHa BREXECRIG, A03) TRAFL S RS Qi Eiio bbb comPound

to give the title compound (0.062 g, 59%) as an off-white solid. MS(ES) for C;H3N;O,P
(MW 657.66): positive 680(M+Na); negative 656(M-H).

PSIORY

15 EXAMPLES 16-19
Starting with (3S)-3-[N-(N’-(1-naphthyl)oxamyl)leucinyljamino-5-bromo-4-
oxopentanoic acid tert-butyl ester (see Example 15, Part B) and following the methods
described in Example 15, Parts C through D, the compounds shown below in Table 4 were also
prepared:



"~ 5 was also prtpared. MS(ES) for C3zH23F, N30, (MW 637.54): p05|t|ve
660( MtNa) , 676( MHK) ; negative 636( M H), 672(M-d ), 750( MtTFA) . t EXAWPEEDE(DZ[}[]Z
FCOHFONOi I N~OFHO-~OF 10 (3S}-3-
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EXAMPLES 20-27

5 Following the general methods described in Example 4, Parts A through H
.- - -— substituting (N-benzyloxycarbonyl)zlanine for (N-benzyloxycarbemyl)valine in Part A, the
" appropiate oxamic acid for N-(1-naphthyl)oxamic acid in Part C, and the appropiate acid or

phenol for 2,6-dichlorobenzoic acid in Part G, the compounds shown below in Table 5 were
\_) also prepared:



chramat ography eluting with Et OAc-hexane (1:2) to give the t|tIe cor np~Dund

(0.121 g, 45% as a white solid. TLC(IVEO—I—CH:Ch 5:95) Rf =-0.38. Pari'&DEC 200;

(3S, 4RSiwudilibes N - ( PCT/US99/15074
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(3S~, <1RS -3- (N - §(1- Napht hy} ) Oxanyl ) [Cycl dhayey L;g)l yC|r | I Am no- St

(~2~3 J —fetrafftuoropher oypentgnorcAcTd Fo—a—sott I;)n of
(3S3- (Rt @I‘"B(')f nap ny PBh¢ g’})iﬁl (M 62°(M‘H)
amnoib-(2' . 3" 5 . @& -tetraflyiorophenody)-4- I anoile acid tentqbutyl

JO(28,35,6 | JT,BHESHO,L .| 7138 {e00Meap ( 0. I576M-1pt r oo
|tr_g%§)m s--added- tri-f | Yorepmeldti ¢ 4cid (1.0 nL}. The

sl.stirred 4t raod tenperatiyre for 30 n,

est er | 69 | Dinghiayi-cat,
t enpe der.
resul Hi

evapo o6 h CHNOy 1602140 4603/625-ABING) (f6ahr6b2 (M-HY hel r esi due
was 1b PRt 20 f o give thHe ri tjbad/eanaONd7147104H+THA) 699 as an
of f W AC CHS 3 Ll exb 6 - (I:b) or

C3, Hz %Egﬁ S bE%}l\%lﬁﬁM‘t% at i \Zﬁg‘ggﬁ )
EXAMPL Starti Ay from-

(3S, 4RS~3-am no-5-(2',3",5 b -tetrafl uorophenoxy~4- hydroxy pentanoic acid
tent-butyl ester (see Exarrpl e 88, Part C) and follow ng the general nethods
descri bed in Exanpk 102, Parts A through E, the conpounds shown bel ow in
Table 10 were



al so prepared: - .- 5 D-C- ZzOD2 WO 00/01666 PCTI US99/ 15074 80 Table 10 i
aFC2HFO_ .. = _~~.~" _ H~0600 : = 5 DEC 2002
VS( ES) Ei . AFor nul aMApos. neg. | 03nor | euci neC~HnF, N30 )

' 605. 54BBIKMAEES) 604( M H) 644( MFK) 640( M-Cl ) 718( MFTFA) | 04( t -BRfYF%GP9t neC~HnF
4Na0605. 54606( M+H) 604( M H) 628( M+Na) 640( M+Cl ) 644( M+K) 718( MFTFA) 1 05( t - but yI bl
“ani MCi oH~F, N30619. 57620( M+H) 618( M H) 642( M+Na) 732( M+TFA) 658( M+K) 106pheayl gl y
ci neC~, H~F, N30625. 53626( M+H) 624( M H) 648( M+-Na) 660( M+Cl ) 664 ( MtK) 738( M+TFA) | 07
phenyl al aai neC3ZHUF4T130639. 56640( MHH) 638( M H) 662( M+Na) 674( M+Cl ) 678( MrK) 712
(Mt TFA) 108homaphenyl al ani neC33F1~?F, N30653. 59654( MtH) 652( M H) ~676( MtNa) 688
(M-d ) 692( M+K) 766( MFTFA) | 091 - arEXRAMPIF 2t aueC~. , Hu, F, N30603. 53626( M+Na) 602
(M H) carboxylic aci d~642( M+K) 5 DEC 2002.' WD 00101666 81 EXAWMPLE 110 F O
OCO2HF N~~f~OH'" HOOF 1 ~So F

(3S).-3-[N-(N -(I-Napht hy~OxaaQyl ) Met h' roni nyl (Sul f pxide)] Am no-S-(2', 3",

5', G -Tetranoopemenoxy~4- xopent anoi c 15074 5 Part A
‘ hyg~xamy! ) Net hi
g N

~, 3S, 4RS~3- - (

1AM no-5-(2',3 ) né %npic Aci d
tert-Butyl Ester i ngHf r o ( N=9- flfor ghyl net hoxycar bonyl ) et hi oni ne
and following th ods des€ripedin Exdple 102,FParts A through C the
title conpound was al so prepared. TLC(Et QAc-hexane; 1:2) Rf = 0.39. 10 Part
B: ~3S~-3-(N- (N -(I-Napht hyl X)xanyl ) Met hi oni nyl (Sul f oxi de ) Am no-5
(2',3",5", 6" - Tet r aQ3s)S-DpMEAINIphibyDoethyDOxampl) ¥akimyl)d tert - Butyl Ester

Amino-5-(2°,3°,5%,6’-Tetrafluorephenoxy)-4-Oxopentanoic Acid

ni n

—’) 5 PartA: [(N-Benzyloxycarbonyl)ValinylJAspartic Acid, B-tert-Butyl Ester

To a suspension of aspartic acid P-tert-butyl ester (3.784 g, 20 mmol) in
acetonitrile (200 wml) at room temperture under nitrogen was added
bis(trimethylsilylacetamide (9.9 mL, 40 mmol). After stiring at room temperature for 30
min, the resulting clear solution was treated with (N-benzyloxycarbonyl)valine N-

10 hydroxysuccinimide ester (6.97 g, 20 mmol). After stirming at room temperature for an
additional 18 hrs, the mixture was treated with water (20 mL), concentrated on a rotovap and
then partitioned betweeen EtOAc/water. The organic phase was washed with water, 5%
KHSO, and saturated NaCl solutions, dried over anhydrous Na,SO, and evaporated to a
dryness. Trituration with Et;O-hexane gave the title compound‘(8.37 £, 99%) as a white solid.

. ) 15 TLC(EtOAc-hexane; 1:1) Rf= 0.06.
Part B: (3S)-3-[(N-Benzyloxycarbonyl)Valinyl}Amino-5-Bromo-4-Oxopentanoic
. Acid tert-Butyl Ester

A solution of [(N-benzyloxycarbonyl)valinyljaspartic acid, P-tert-butyl ester

(337 g, 19.9 mmol) and N-methylmorpholine (3.50 mL, 32 mmol) in tetrahydrofuran (100

20 mlL) at -10°C (NaClice bath) under nitrogen was treated dropwise with isobutyl chloroformate
- (3.87 mL, 29.8 mmol).” After stirring at -10°C for 20 min, the mixture was filtered (sinctered
glass) into a pre-cooled receiver (ice bath) washing the filter cake with additional
tetrahydrofuran (approx.30 ml). The combined filtrate was treated with excess
diazomethane/Et,0 solution (prepared from 7.32 g, 50 mmol of 1-methyl-3-nitro-1-

25 nitrosoguanidine, 40 mL 40% KOH/65 ml Et,0) at 0°C (ice bath) under nitrogen. After stirring



To a solution of (3S,41tS)-3-[N-(N -(1-napht hyI )oxanyl)rrethl oni nyI kali BEESZUUZ
“(2',3,5,6'-tetrafl uor ophenoxy) - 4- hydr oxypent anoi ¢ aci d tent-butyl
ester (0 251 g, 0.37 mot) ~ CH2Cl =(4.0 nlL) at r.oom tenperature under

ni t rogenyw@godgsied Dess-Martin Periodi nane 15 (0.203 g) O. #@HI .4 After
stirring at roomtenperature for 1 hr, the m xture was di Ipétq‘(/a[5 W|t5P14EtOAc)

washed with 1.0 M NazZSz03, saturated NaHC1)3 and saturated NaCl sol utions,
dried over anhydrous NaZSOs and evaporated to a dryness. The residue was
purlfled by flash chmmat ogrzphy on silica gel eluting with Et OAc- hexane (I
:2 then 1:1-) followed by MaOHCHzCl I58(5 95 then 1:9) to give a m xture of
tvvo I soneric sul foxides (0.225 g); TLC(McOH 20 CHzZCL1:;1:9) Rf s 0.48 and

0.43. IhedMoX |4 At foBmGéth Gorc90%in, Me Ehdtiof thiftle vads'ahdiR Bodted fo
| sopropan0i -CHZCI 2 (2.5%t0 5% to 10% to give sul foxid~ rsoner A (|ess

pol ar, 08C @ﬁcltrgn)e,d with 489kl-me(103rdmsﬂ nindlYasete qeai(H pLD. ABEG syjringrad 02C orxt ur e of

I soners_A and B (0.040 g oth I, sqgner,s have virtual dentlcal mass
spect r 43 TNSERE) rqom te or R minsthe AKEE Va5 SFHtipRed; l’E?IWFé"

negat ' ftie %&%ﬁ&"p‘r&m waszm\ w@@c@ sgt\x&?cd NaH&;PErQ &Q\Q&:R E‘:P%gtllgnﬁcwd' Par t

(3854R&xe£o&eNaﬂNdrdulm§smtdaale)@omd:Weirﬂeml’I‘mln(aﬁoﬂ itk indRane AV theS( 2", 3", 5
, 6" - Tet raf | uoropheno %) 4- Oxoypentanoic Acid f~ x - 1 To a solution of

(38) 3cquiie tiNg commpormd (B Hyg, 988 gwmsph%?ﬂ-ﬁgﬁt@émhﬁmcde)))llf 0.63.

am no-5-(2',3 ,5,6'-tetrafl uorophenoxy)-4-oxopentanoi c acid tert-butyl

es~(i sBaeC: A 0. Q3E}35[(G-Bdﬁzﬂ6'xwmbbr)yﬂvmn@ﬂmlﬁﬂ-w XP5%56Ri sol e(0. | L) at

room t enper at ur e J 0 was adde\d acetic acid (1.0 nl).
The resulting cl es= oA i s%ﬁeraturefor 30 rnin,
evaporated to dryness and ch S t ol uene- éwb The resi due
Owas triturated w Ph“EPé@"He? §§¥gﬂ é4 -brazyioycyr YQ"%‘ et A (0.034
g, 0 g, {5 = 0. 20.
1@ Q?r25§@~§@p§é3p4%%%§3é%kgg7@§§% . ‘5“'7;;@ A%’?siu Ry gﬁﬂ“&"pﬂmg% 63"

640( I\/Hﬁ minfol) ividiahy drffan{20) mLy sigad Mperaﬁ('d\ﬁﬂd)n; mﬁ‘&g’éﬁ Watkdded poddtimt he sane
condi tions_ sul foxide isoner S§‘0 08l 12 nmol ) ave the'title conpound,

i somer fippride @93 gy SO7mupl). fter Sfirrng at E%’&HWS qr 3 thesrpixturg yedst j ve

0% W O o g o Sl Ao il

_ . . _solutions, dried over- an%‘ousﬂtﬁd). ¥ cpdpotated s amﬁés)sl‘ﬂimhﬁhd ﬂﬂd purified _ ..
A>~sa~4- Oxobut aaoic Acid Part A ~ SSSJIIﬂIEI-(N ( 1

Napht Ry %thblohrﬁﬂanﬂl rriting KO EIQAfoheane. (L:3). to give the -~ -

20 Acid (ter y ter Sem n

E2V- (| %‘é%‘ﬁ'f‘&&?% nlyz?ﬁ Shdpro i’%@‘i ?@é%ﬂn‘k"‘?g“%@%‘?ﬁ%ﬂ“&e %100y -
Part Apexahe;@HZREZ0(7.0 L) at OC under nitrogen was added was added

hydr oxybr nzotriazol e hydrate (0.058 g) foll owed by

|- et hybardpk 3 . 3' (55 AR BenzyiSnyelibor B9 Bliny INGALS 9265 &> BCT/ US99/ 15074 83~
K) Tetrafluorophenoxy)-4-Hydroxypentanoic Acid tert-Butyl Ester

13016

20 To a solution of (3S)-3-[(N-benzyloxycarbonyl)valinyl}jamino-5-(2°,3°,5°,6’-
tetrafluorophenoxy)-4-oxopentanoic acid tert-butyl ester (9.19 g, 15.7 mmol) in MeOH(200
mL )/tetrabydrofuran(200 mL) at O°C under nitrogen was added sodium borohydride (0.594 g,
15.7 mmol). Afier stirring at 0°C for 1 hr, the mixture was concentrated and the residue
partitioned between EtOAc-half saturated NH,C) solution. The organic phase was washed with

25 saturated NaHCO; and sanuated NaCl solutions, dried over anhydrous Na,SO, and evaporated
to a dryness. The residue was purified by flash chromatography on silica gel eluting with
EtOAc-hexane (1:3) to give the title compound (7.99 g, 87%) as a white solid. TLC(EtOAc-
hexane; 1:1) Rf = 0.54.



am nopr opyl xar bodi i m de hydrochl oride (0.91 g, 0.47 mol}. After sti riim
at' 0C for 10 mn, the mxture was treated wth (3S~am no- 4- oxobut ardi i 4002
(tert)-butyl ester sem carbazone, p-toluenesul fonate salt (0.127 g, 0.32
mol ) a0 Y6y | nor phol i ne (42 y~L, 0.38 mmol ). After SRGT/PFM45A74 OC f or

2 hrs, the mxture was concentrated and the residue partitioned .."", _ 5
"bet ween Et QAc-5% KHS04. The organi ¢ phase was washed with 5% KHSO, ,

sat urat ed \NaHC03 and saturated NaCl solutions, dried over anhydrous NazS04
and evaporated to give the crude ti3l e conpound (0.119 g, 70% as a

colorless glass. Part B: (3S)-3-fN- (N -(1-Napht hyl ~x

nmyl ) HopapE:ol i ny| (38MRSP34VikeDAMMS-(2° ALS (K’ JeirhMkdbhémsxe)-40 To a sol ution of
(39) - 3-TN-(N - (1-napht hyT )axar]XTWlom)prol I nyl | am no-4oxobut anoi ¢ aci d

seni car bazone t eHydroxypentanoic Acid fe-Bup Ester 9 21” npl ) in CH2C12(2.0 nl)

ani sol e(0.05 nL)-water(0.05 nL) at roomtenperature under nitrogen was

added trifl uoroabetiac spdytgn( of32(35IRS)-FHEN-bangyloxycatponyvatinylidneing-6n was

stirred, ,Loom e ratu for 18 .hrs) e rat.ed t n and, chased _
o B SR Bl e BRRB Se UOEES o S
. give tieMtol! @36 HMYOMRthdd PP Fi-C (640 pJSnd riithng Mfkkdr€ stirred vRdérlta C
(3S3-(N- (N -(1-Napht hyl ) Oxanyl ) Honmopr ol't nyl | Am no- 4- Oxobutanoic .. _
. _.hydrogen atmosphérei (Yalldom)far2ins The mixture was filtered through Celite washing the

(3S)73-TN- (N -(1- napht hyl ~xamy! )h linylJanino-4 :y J but anoi i d

o < illsh st vt 0 thr ool rares cxammEiie 16 et o Th Fetiite PUTBER rrir 20
ti i 1 . g i J t

o or oy Aash tromatoBlanty il SRR Qe cidirdd yil) EWAR 1R (£3) Blen MBI IDALE" W1

vat er tBagtddosipoiml (S8 EIBA)aE & discuns oil 'TICIEAc-hexane; 1:1) Riie oaopueous sol uti on
Owas then frozen and |yophilized. Tlie residue was taken up in nethanol,

--10 -Faiig:ered t@gangps.felnia. ineiyDOR a8y VAR Pning 501 yness.
Trituratron of tNe residue w ~O-"="~ . gave tne titre conpound (0.037
g, 53/.) as a wiel&,38[-] Nexophenoxyind-Hydrexypenta Agid tert-Butyl Bster/ 05 44) :
positive 448(M ~Na); negative 424(MH). _ . . . . -

D 5 D~ 2p02, WI®Del htes fN ImetyNoxancOeid (0.05NgH 02 0mmel, N ~tH '
NN (35 I NN (230 Rer 2200, B KAMPISM A QEBUNEL THA ) n .
methylpyrrolidone(1.0 mL)-CH,Cl1,(1.0 mL) at room temperature under nitrogen was added O-
15 (7-azabenzotriazol-1-yl)-N,N,N’ N’-tetramethyluronium hexafluorophate (0.092 g, 024
mmol). After stirring for 15 min, the mixture was treated with (3S,4RS)-3-(valinyl)amino-5-
(2°,3°,5’,6’-tetrafluorophenoxy)-4-hydroxypentanoic acid tert-butyl ester (0.100 g, 0.22 mmol)
and diisopropylethylamine (115 pL, 0.66 mmol). After stirring at room temperature for 16 hrs,
, ) the mixture was partitioned between EtOAc-water. The organic phase was washed with water,
"~ 20 5% KHSO,, saturated NaHCO, and saturated NaCl solutions, dried over anhydrous Na,SO, and
evaporated to give the crude title compound (0.157 g, 100%) as a viscous oil. TLC(EtOAc-

hexane; 1:1) Rf= 0.44.

Part G: (3S)-3-[N-(N’-(1-Naphthylmethyl)Oxamyl) Valinyl}Amino-5-(2°,3°,5°,6’~
Tetrafluorophenoxy)-4-Oxopentanoic Acid tert-Butyl Ester

25 To a solution of (3S,4RS)-3-[N-(N’-(1-naphthylmethyl)oxamyl)valinyl]-
amino-5-(2°,3’,5°,6 -tetrafluorophenoxy)-4-hydroxypentanoic acid tert-butyl ester (0.157 g, ca
0.22 mmol) in dimethylsulfoxide (5 mL) at room temperature under nitrogen was added Dess-
Martim Periodinane (0.600 g, 1.42 mmol). Afier stirring at room temperature for 16 hrs, the
mixture was partitioned between EtOAc-water. The organic phase was washed with saturated



5 Part A: 2-(1'-Phenyl ntt hyI 5'-Tetrazolyl)Aniline Hydr ochl ori de :

PC f1US99/ 1507A A sol ution of 2-cyano-acetanilide (0.801 g, 5.0 mﬁl5 Bﬁﬁi]ﬂﬂz
tri-n-butyltin a2ide (2.05 nL, 7.5 mml) in anhydrous tol uene (IOrTL) was
heat ed for 48 hrs. The m xture was allowed to c

temeraﬁ?gﬁéh treated with 2.0 NHCO in EtiO (5.0 nL). @ﬁt’utrsg?s/& t|ng
preci pate was col |l ected by suction, washed with hexane and dried in vacuo
to 10 give 2-(1Htetrazol -5-yl)acetanilide (0.917 g, 90%9 as a white solid.
To a suspénsion of 2-(1lHtetrazol - Ogg/l)acetanl lide (0.203 g, 1.0 nmol) in
tetrahydrofurarr (2.0 nt) at OC un nitrogen was added triethyl am ne
(0.170 m.) 1.2 mmol} ~ - and benzyl bromide (0.125 nL, 1.05 nmol). After
SUI T 1IN, B8 SRkt NaE1 SIGHAS, GRAToYer HRRY bW ﬂa,ker ahd eb{p%rat&r'f‘o gi xture
was partiti ’oned bet ween Et OAC-water. The or gani ¢ phase =, was washed
Wi th siryressa Thelrebidbd (03 75 )i waspurifictidy {lasihrembtofiaphyson silidagsdi auﬁig ﬁﬁhydr ous
Na2S04 and evaporat ed to a dryness. The residue was triturated wi th hexane

to gi \Féoéc(he&mf) TP Ebicre vtk cmwaémwl)aaawmme iR TLEROALAY) as a

whi te | ndi cates that the product is gsingle segl oi somer .
A55| gn n rcgl ochem stry shoul d be considered tent at| ve. ~H NVR(CDC13}:
2 R : . : 7.40 20
(6I—? aimy r3=(2 . 10.58
(1H, bs) - A mM@,M}LoM@%m&mI - -tet razol yl )acet anil i de
{0.216 g, 0.74 -~ mmol) and T10/. aqueous HC (3 0 nL) was refluxed for 18
h

hrs. The m xt urq-ov\gssom,pq;fqggjj}?-g qﬁg,;nm%ﬁ}s]ﬁ,gﬁ?g%gﬁﬁ%gat ed wit

EtiOto give the title conmpound

00/ 0l gB@’)5° Eaemm@mmméxmmﬂymmmhmysmmnaa @l §1¥ Hnasly in Oxam c
Acid 5 DEC 2002 PCT/ US99/ 15074 To a sol ution

2- (1 Fheh@helgnisgeOdemlivaier003ml) Ak ,m r'mF d!@dfromiwe'gwaa 615

, di iRt ?x! n rn| ne
(0 19 aﬁ%d &l Hﬁ))( bd“&EgoQg ?Q%ng‘g %l@m( ?‘v(?g %‘r{‘ﬁ) t;,‘}él’er ni trogen
was addﬁ;drmmé For 12 10, erbporated 1 toﬁrﬁhkmiddhzs(:ﬁﬂnmhblu&e@lmsﬁm )N). Thé REideé i rring at
0OC for 2 hrs, the mxture was allowed to cone to roomtenperature, stirred

for 18van frifurated “ﬂﬁeﬁ’fz%&’r!’ﬁ%ﬁ@l compoynd (0-898,8.100%) rs muibite solid. MK(ES) ¢ phase

anhydrous Na2S0, and
evapo Q-f: %I*dﬁg) jiniie'si %QMilb?ﬂ? ne§?twe%{)8(\@89 ca 0.615 mmol)
was taken up i n di oxane (2 0 t 10 nL) and treated vmth 1 O N Li OH sol ution
(0.68 nL, 0.68 mmol ) and stirred at roomtenperature for I hr. The m xture
was acidified with 1.0 N HO and extracted with Et OAc. The extract was
waghed wi.th saturated NaCl sS@EXAMPLESZO-P4l over anhydrous NazZSO , and
evaporated to dryness. Trituration of the crude product w-th hexane gave -
the title conpogustidgdwitk (Bsmﬁa-(wmﬁmwm(nea'so,mdm ox§)-4-
(3S~. 3- fN—(N (2- (1" -Phenyl methyl -5'-T~trazolyl ) Phenyl ) Oxanyl ) Val i n~I |
Ani no-hudr mmmmmd ret-bptdcasicr &%a@@mh‘t %&’tP-aBLﬁ)ymdF_@{@YmB tymgtheds ut i on of

N-[2 enyl ne ra yi ~henyl cid 0. 20 mol)
in Cngﬁﬁ‘ff'%radn ¥%8§ﬁ§&|§g “gﬁﬁ'lll”% %oﬁn a y‘at"b&%gégﬂf?éf °zok

hydr a?pq,g,gde? g) followed by 1-et hyI 3-(3 ,3 d| met hyl - 1' - am nopr opyl ~

~' -~ 20 carbodiimdc hydrochloride (0.058 g) 0.30 mml). After stirring at
OC for 10 mn) the mxture was treated with

(3S3-(val i nyl)am no-4-oxobutanoie acid (tert)-butyl ester sem carbazone -
(0.066 g) 0.20 mmol, prepared by the nmethod descn' bed for the correspondi ng
| euci ne anal ogue in Exanple I, Parts B and C) and N net hyl norphol i ne (26
pL, 0.24 mmol ). After stirring at roomtcnperatuse for 16 hrs) the m xture
was partitioned between Et OAc-water. The organic 25 phase was washed with
wat er, 5% KHS04, saturated NaHCO3 and saturated NaCl solutions, dried over
aaahydrous N-SO, and evaporated to give the crude title corrpound (0.-090 g,
"62% as ‘a colorless glass.



~ p~C 2002.' ,. WD 00701366 PCT/US99/15074 r . 86 Part D « 9 DEC 2002
~S~3-[N-(N -(2-(1'H 5" -Tetrazol yl ) Phenyl ) Oxanyl ) Val i nyl ) Am nqg- 40xobut anoi ¢
Acid Sem C%RIB? gne tent-Butyl Ester To a solution of crude

(3S) - 3- [ ¥ % (1'-phenyl nethyl -5' tetrazol yl)phenyl) PCT/USI9NS074

oxanyl ) val i nyl ] am no- 4- oxobut anoi c aci d sem carbazone tent-butyl ester 5
(0.089 g, ca.0.14 nmol) in MeOH (I .0 nL) was added 10% Pd-C (009" g) arid
resulting m xture stirred under a hydrogen atnosphere (balloon) for 48 hrs.
The mixture was fiitcrcd through Celéilte washing the filter cake with CHZCl z
and the conbined filtrates evaporated to dryness. Tht residue was
triturated with Et20 to give the title product (0.060 g, 79% as a white
solid. , , 10 Part EE ~ S-3-[N(Nable@® ! H 5 - Tetrazol yl ~Phenyl ) Oxanyl )V
al i nyl | Ammo- 40xobut anoi ¢ Aci d Senmi car bazone To a sohrtion of
(35)-3-[N-(N-(2-(1'H 5" -tetrazol yl ~henyl) oxanyl rraiinyl ]

am no- 4- oxobut anoic acid tcrt-butyl ester (O. OSEF, 0.11 mmol) in CH Ch(l.0
mL~ani sol e(0.05 nL) at room tenperat ur g ¢ nifrogen was added 6.0 M
HCVACOH (I .0 nmL). The Qesultin® 15 ol uti e stirred at room
tenperature for 18 hrs, vapﬁ' t hased "with tol uene- CH2Ch
(1 : 1 ). The resmﬂ:reras ritara ' : dgtve the title conmpound
(0.048 g) 92'/0) as a thi t \s/(?'\(;. artgF: (3S)-B-[N-(N-(2-(1'H

5' -Tetrazol yl ) Phenyl x?xanyl’) i Try

0 : . :
| ~Am no- 40xobut anoi ¢ Acid 20 A solution
of (3 §-3-[N(N-(2-( I"H 5" -tetrazolyl ~henyl ~xanyl)valinyl]
am no- 4- oxobut ari oi ¢ acid sem car bazane (0.048 9, 0. 10 mml) in 37% aqueous

fornral et O—2—1t= fLL"IL, acTat P mp)~=met et 2—b—was—sttmnred at
roomt enperature under{nitraogen thr 18lhrs. The ré‘gﬁﬁ’ﬂ]a clear solljution
3. was diested w wh wat ef arekniiaxt Uf MW Hcentwa‘.ed ony a rot@égvap. THe aqueous
soi uti W e TTOZ€ 1 tyop resT L up in
met han DE? M’ered t hr )@d’ﬁ}Mt 3#[&32 égm eva to dryngss.
Tritur SJ_LQL;Lni the resfdue with Ff=04g 91’I1’| compound (0 045 g, 59%
as a Whido elpaOHi)l.  V5( ER)eH, N0, ~H|Bmdas92(MaANd)3l 41)|sesmasti)t i ve 454{M-Na) :
ﬁgatol ZS 4%}1 HHL. B Iv 33&%}}?2 @3_’5& %‘gﬁﬁﬂ, 1 < |7 EXAMPLE
(3S~- 3} BA-{PN - (1- Adama ﬁ;&hﬂ;&(amﬁh)w 564y Na)Am no-|8400Meiut anoi ¢ Acid 5
Part A  sraorl - ( 9- F Vallny 10 Z-0Oxobyt anoi ¢
Aci d (tért- u yhl) Este él’%%f%a }gﬁy QQ%MM Eth g‘sﬁh}%xyacet 1)1
34 |(2-PhCH,)Ph CsHF N3O, 631.58 |654(M+Na) 630(M-H)
35 |(3-PhO)Ph CaoHpFN;0s  |633.55 [634(M+H) 632(M-H)
656(M+Na)
36 |4-Cl-1-raphthyl Cal CIFN;O, [625.96 |648/650 (M+Na)  }624/626 (M-H)
37 |2-anthryl CaH2FN3Oy 641.57 [642(M+H) 640(M-H)
) 38 |2-benzimidazolyl  |CpsHnFN,O;  |581.48 [582(M+H) 580(M-H)
604(M-+Na)
39 |1-adamantany! CuHi FN;0,  [599.58 {600(M+H) 598(M-H)
40 [(2-F)Ph CaHpF N0, 559.45 |582(M+Na) 558(M-H)
' 672(M+TFA)
41 [(a-F)Ph CoH FiN;O;,  |559.45 |582(M+Na) 558(M-H)
672(M+TFA)
42 [2-CFy)Ph CuHnF:N;0,  |609.45 [632(M+Na) §08(M-H)
722(M+TFA)
43 [(2-t-Bu)Ph [CuHyFNO;  [597.56 [620(M+Na) 596(M-H)
710(M+TFA)
44 |(4-n-heptyl)Ph CyH;FN,0,  1639.64 [662(M+Na) 638(M-H)
45 {(2-CH,O)Ph CasHasFWN,Oy  [571.48 {594(M+Na) 570(M-H)




o

, _ Am nonet hyl pol ystrene Am nonet hyl pol ystryene resin ( 10.0 g, |

mesh, 0.71 neq/g) was placed in a 200 nL filter tube equipped with

stopcock and glass frit and washed 10 successively with CHZCh(50

mL~ci meVenRbEsfan de(50 m),
m_) / di met hyl f or mam de(30 i),
tetrahydrofuran (30 ni).

di i sopropyl et hyl am ne(5
di et hyl formam de (2 X 50 nmL) and
The resin was suspended in tetrahydrofuran(20

PCT/US99/15074

mL) / N- met hyl pyrolidi none(20 nL) with nitrogen agitation through the bottom

of the frit and treated with diiosgsopylethylamne ( 1.9 ni,

0.9 mmol) and

(353-(9-fl uorenyi net hoxycabonyl ) am no- 4- oxobut anoi ¢ acid (tcrt 15 butyl)

00 2%k o2

ester['Senp carbazonyT -4-12" - (4- et hyl - phenoxyacct ias?ﬁéd” (Z- 24 7,] 3.56
mm|) Afht er a1l an olved (gnm )10 nin)r thd m xture
was tirEmtied wi Rl py oFermao| | MRW-1ris pbstdl n J ho howegum hexdf | uoro h
hat e Z PP 0! portron. jAfter
m Xi g‘% ﬁl‘f{)?ogen ag %ﬂ’{bﬁ n1or 6?# saﬁhe superr ?') s renoved by
sucti d-the resi-nluashed-suebasi-v L\)I Wi-I-h- tanJ ['Jl vran JQ X SO n“L))
20 “di g1 h-méphybim de {&WOWL) 58hit N2 X SCWH)Unr eact ed am ne
groougs Dy Xkir € of annydride( 10 ni)/
di nmet hﬁwggﬁ !ﬁe%(b ﬁ_”}g’?' b b:)y#';est hyﬁm ﬁ I %Qﬁ%kﬁ Afta m |ng by
nitr gen :\nl :\ oR—f-at— r, the ; SUper naf abt-tlwas-remved h\l sucti on
and t[hes ré—suﬁtyl/vashed {EsEmFahOet high ,mwmm X 506400-H)25 The rdsin was
treatfe N eridi ~ m de and m xéd by
nitrdg N 'prm fo E%ég“&'_' gﬁl{@t Yhon ﬁw_by_suw.on and t he
resirf faghppndmyl h di mWﬂbOnanP SRMEINL) andb4t@-Hhydrof urgn (50 ni).
- .k [ 07488 eSSt n was|suspended
I n tet?zarman %0 rﬁ?p{ﬁ% ;g);;?ro |%1F2)ne(20 k}{ﬁﬁeat ed w qh
[\I_(g f! a fhnvu :abcﬂ\ i \vﬁl noL G2 |n 7 m! l
di i sqp¥oq wam ne ((zﬁlm?ﬂrgj 3243743nﬁ1ﬂ1)1+1é)nd pyBGﬂl’(wHiM g, 16. rrm)l) and
m xed PRYTTIWETS 20955l I supe was renpved by
suctio%yt E'ﬁg&?m n vvacﬁeé'? §&succe5| Mﬂlﬁe Egﬁé mde ¢3 X 40 niL)
and ¢H-C ﬁ? 40 m), nethanol pg and _tl 40 nmL}. The
r esi wag—eti-et—A—vapto—to—giv t. L.t're“"odm, 5 12 69—g—gudnitati ve).
Based ¥ |CHPSf ar t i ngl@eeClER O é?aéﬁwihﬁﬁ"a? esiIHM-HY was ¢al cul at ed
as af pf@*dz@?r%' y 0. 28|d1mg) E‘aﬁs Bi4/642 (M+Na) 620/618(M-H) _
~35~3 (1 Adajrant anyl’)o'C)(larryl) al i n-yl | Am paa 3mh-pj\5an0| Acid 10
An alfr of—tte—Pat ATestr 0085t bd in a G
ni L. S{} *ﬁzdlﬂ' fitral GoublgF 15 el: a{%"ﬁﬂ‘ﬂ a 20f i’%et hyl enelfrit,
treatled Mith piperidihedi nethylf] K10 nL ¥) “and i xed on an
“or brtjads 462 or 1 ,,szfhso,su TRt aml(mfm reno ,ﬁqmm suction 4&nd the
resi § waghed with di npt hyl for manji de (j4 X 1.0 nl) feooM3HERY = (3 Xj1.0 nl).
The f€ red S5M NFITET Ny, | dgrmome—10. 40 15
L, c.§o Gﬁ%ﬁf*’“ﬁ %ﬁﬁﬁ% 6%%0 Y U”*’ 0.02435 1 mol ) |and 0. 25M
O (7 }azalpenzotri azol yl)-N, N, N ﬁ r»flf t hyl u xafl uojophate in
Nrret lpydpyrolidinone (040 ol n_1ﬂj’ttm e xiur Mag mynd n an
or bi t}a80 5imkieyl under JCyHZFN,O;  [581.52 604(M+Na) 580(M-H)
620(M+K) 694(M+TFA)
61 |(3.4,5-tr- CaHyFN;Op  [645.56 [646(M+H) 644(M-H)
Meom.cn, 668(M+Na)
SRR DRI . 684(M+K)
62 |methyl CiuHuFiNyO;  [479.38 [502(M+Na) 478(M-H)
592(M+TFA)
63 |n-heptyl rC:sH»FJ*:(); 563.55 {586(M+Na) 562(M-H)
~—p 602(M+K) 676(M+TFA)
64 |t-octyl ICuH;,EN;O; 577.57 {600(M+Na) S76(M-H)
65 |cyclo-hexy) [CobinB N0, [547.50 [s80M+3) 546(M-H)
570(M+Na) 660(M+TFA)
586(M+K)
66 |5-Ph-3-pyrazolyl |CpHF\NsO,  [607.52 |630(M+Na) 606(M-H)
646(M+K)




an nitrogen atnmosphere far 16 hors. The supernatant was renoved by sugmé‘n
and the rosin t~ ~ washed succesively with ‘dincthyl formam de (3 X 1¥0 é) 2002
and CHzC1zZz (3 X 1.0 nmL), nethanol i 20 (2 x 1.0 nm.) and ~t20 (2 x |.0 m)
The resi nWR8UMM6ERt ed with 1.0 nL of CHZCI = and al | owed to PEUHS®NISToOr
m'n. The sol vent was renoved by suction and the resin treated with
trifluoroacetic acidCHCh-anisole (1.0 m., 4:3:1 v/vlv). After mxing on an
orbital shaker under nitrogen for 5.5 hrs, the supernatant was renoved by

15

suction and the resin washed with CHd3 x (4 X 1.0 mL).

treated with 37% adueous fornal dehyde-acetic

25 The resin was

aci d-tetfrahydrofutantriffuoroacetid acid (1.0 niL, 1,,]&{30 025 v/vivijv) and
m xed on—a# urbHaJ. Shakpr—ahRaer—aHtF-ogaa—For—4—b—hr-3- ..m superratqnt was
. col | ect g%y suct ROn, thp r%m'ﬁmsw i t h tResr ahyd]of ur arpeg3 X 0.3 ).
The contdi ped,,f tes W g u itroge resi due Was
taken up ?ﬁ ﬁeﬁh‘#}g&}gl ﬁ%’f‘?’m\w ggr/yigé %I i ed egsmy toa 3fnm |
. Supel coTf" WO 00l 01666 B9. 5 pE(, 2004712%4@ 99115\)7d LC-18 rever ge_phase
ext r act i jep—tHube—wh+ebh—heap—been e-reotetoned d
successi|vel J@4h 3 nl efehbdy 00| SBAM [SHOEHD 3006 MMﬁDer 60% | .
MeOH- watler 4%eR-BBbs MeOH fat er . The |pr odye36NBYR ai ni n@zﬁfﬁtﬁﬁins (TLE) were
conbi ned_and evaporated fo d 'ryneds to [?M®he title compound (0.0114 g,
77% as |asLPardess gl ask, HEENGC OHsilvBOHsMAHCh; 1! LgRf = 0. 231 M5(ES)
for C=, HS, .40): positie 44463giNNNa) 460( w +TRRgat i ve
420(M H) ) MPLES 11 4-127 |8baudx)ng Wi th
(39)- ?‘[ LITRX Ldut&zéj{é’ég[l l% arm n(,\-g gxuum gaurt—eci d
_(tent-bl 1% 4 gg(gﬁg ﬂ
m nonetlhyl pOTY (ske FExanplel113 O(Mr‘ﬁ) bt hods
‘descri bgqd7ii n2BR3Epeatal 13|, BaFiN,®, {émR.40 mmd;; showe3tet-ayv in Tabl ¢ 11
were al 4o piepered: t MO 001 01666 ~- 3%91()2002 Pless(MS2y1| 5474 9b Tabl e
11 r O H= H = =
VS( ES) Eil. B #3¥ul amos.ﬁaﬁjﬁ‘fﬁhc iﬁ’ngggg 37386 D2( MK) 1
| 5PhCHX( ) 3764 MH) )-zC, | 47 M+Na)
390( M 14i ThE)ENG,2- (R85 PIHGTM+D F31V30 430( M H
)118( 2-t 669(M+Na)
Bu) PhCx,|HNNf06419. 48442(jMiNa) 418( M{H) SEAMAKD 32 ( M+ T A)I 19( 2- Ph) PhCk3l i xsN3
06439. 47452 438(MH $4 %%égg 2- Ph , » IXx~N30p453. 494
76( M+-Na) 3?2 292 MrK) gg’gf{l\?%@A) 2| %(g Cx3Hx mﬁﬁﬁ 47478( M+Na) 45
4( M H) 44 K568 {M-TFRAHIR2 2 —Aapt sk -6 Vi H) 452(

M+K) 526( M+TFA) 1231 - napht hyl Cx, Hx~06413. 43436( M+Na). 412( M H) 452( MtK). 526( MFTEA
) 1244-TCI - 1- napht hyl Cxl HxxC1N306447. 87470/ 472 ( M+Na) 446/ 448 (M H) 4861488
(M+K) 125a6, 7, 8-t etrahydro-1- G, H N306417. 46440( MtNa) 416( M H) y1456( MtK) 530( M
+TFA) 1261 , 2, 3, 4- ~ydr o- EXAMPLE 75

1- C=, Hx~N30s4l 7. 46440( MeNa) 416( M H) y 1456( MHK) 530( MFTFA) 127(

, rénnapht hyl ~I xCuHxsN306427. 46450( MrNa) 426( M H) 466( MEK) 540( MFTFA) Al t hough
.the invention has bern described with reference to|the exanples 5 provided
above,

it should be
Wi t hout departing f

A5 N LC
!l
invention is Iin‘itei@

_ (3S)3-IN-(IN’-(2-tert-Butylpheny)Oxamyl)Alaninyl]
Amine-5-(2°,3°,5°,6’-Tetrafluorophenoxy)-4-Oxopentanoic Acid

[(N-Benzyloxycarbonyl)Alaninyl]Aspartic Acid, B-tert-Butyl Ester

To a suspension of aspartic acid B-tert-butyl ester (3.784 g, 20 mmol) in

dimethylformamide (150 mL) at room temperture under nitrogen was added
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bis(trimethylsilyl)-trifluoroacetamide (10.6 mL, 40 mmol). After stirring at room temperature

for 30 min, the resulting clear solution was treated with (N-benzyloxycarbonyl)alanine N-

' hydroxysuccinimide ester (6.406 g, 20 mmol). After stirring at romm temperature for an

" additional 48 hrs, the mixture was treated with water (20 mL), stirred for 15 min and then

partitioned betweeen EtOAc/water. The organic phase was washed with water, 5% KHSO, and
saturated NaCl solutions, dried over anhydrous Na,SO, and evaporated 10 a dryness. The

residue was dissolved in Et;O and extracted with saturated NaHCO;. The aqueous extract was _

acidified (pH 2.0) with concentrated HCl and extracted with EtOAc. The EtOAc extract was
washed with saturated NaCl solution, dried over anhydrous Na,SO, and evaporated to a give
the title compound (6.463 g, 82%) as a white foam. TLC(EtOAc-hexane-AcOH; 70:30:2) Rf =
0.50.

Part B: (3S,4RS)-3-(Alaninyl)Amino-5-(2°.3°,5°,6’- Tetrafluorophenoxy)-4-
Hydroxypentanoic Acid tert-Butyl Ester

Starting with [(IN-benzyloxycarbonyl)alaninyl]aspartic acid, B-tert-butyl ester
and following the methods described in Example 28, Parts B through E gave the title
compound as a colorless, viscous oil. TLC(EtOAc-hexane; 1:1) Rf = 0.06.

Part C: (38,4RS)-3-IN-(N’-(2-tert-ButylphenylYOxamyl) AlaninylJAmino-5-
(2’,3°,5’,6’-Tetrafluorophenoxy)-4-Hydroxypentanoic Acid tert-Butyl Ester

To a solution of N-(2-tert-butylphenyl)oxamic acid (0.041 g, 0.19 mmol,
prepared from 2-tert-butylaniline by the method described in Example 1, Part A) in CH,C1,(6.0
mL) at 0°C under nitrogen was added hydroiyt;motrigzole hydrate (0.030 g) followed by 1-
cthyl-3-(3',3'-dimethyl-1"-aminopropyl)- carbodiimide hydrochloride (0.050 g, 0.26 mmol).
After stirring at 0°C for 10 min, the mixture was treated with (3S,4RS)-3-(alaninyl)amino-5-
(2’,3’,5°,6’-tetrafluorophenoxy)-4-hydroxypentanoic acid tcrt—butyl ester (0.079 g, 0.19 mmol)
and N-methylmorpboline (22 L, 0.20 mmol). After stirring at room temperature for 16 hrs,
the mixture was partitioned between EtOAc-water. The organic phase was washed with water,
5% KHSO,, saturated NaHCO, and saturated NaCl solutions, dried over anhydrous Na,SO, and
cvaporated to give the crude title compound (0.090 g, 77%) as a viscous oil. TLC(EtOAc-
hexane; 1:1) Rf = 0.70.

"Ais a



His-a hydrogtn atom a deuteriumatom alkyl, cycloal kyl, phenyl,

substituted phenyl) naphthyl, substituted naphthyl, 2benzoxazolyl, -lﬂggc 2Dﬂ2
substi {yg &!‘. és0xazol yl, (CH=~cycl oal kyl) (CHi ~, phenyl, (QﬂhﬁéﬁHQ&H t

phenyl ), 6(30 ~, (I or 2-naphthyl), (CH2~,(substituted I - or

2-naphthyl),"" " ~lilj"(hcteroaryl), (CH2~(substituted heteroaryl),

hal omethyl) COGR z, CONK'R'', CHZZR s, CH OC((aryl), CHZOCO hetetoaryl),

or CHi OPQ(R ~R') where 2 is an oxygen ar a sulfur atom or His a group of
the Formula Illa-c: Illa 1l 92~ OC’R20 Y~ R-8 YR IIIb -Clllc RO R is

al kyl) cycl oal kyl ststltuted phenyl)

phen cyl, sdd (N2 tent-Bytviphe ’ P IQIARO Rapht hyl, (1 or
2 napht hyl }aI ky;lemm;@ %r%ﬂ %Hngm,ﬁg t@ﬁ-tiﬁxﬁg%%} (heteroaryl)al kyl,
substituted (h : R~ i s hydrogen,

Lover, ol oxel 92Lilhen (Y ELOBOY hebiialer bopophemopamybateii®"
naphiiio.s-@UBSS |6 eRthudiaghehdny)-4-Hybrorypeatanéip h&iaydcitztb{yylestep (0. ouﬁzngl tuted (1
or 2 naphthyl)al kyl ; ~— W~ and R b

e e et e ity P
sub;s1 1“?%?‘%30{1&%}%&;18'0 ? l?xﬁa%t%ﬁ alyyig, jpmo bggl#'gd{é& tramg R'Sbr{l/g

0l 666
g?:'l?'/ E%%%chrer}g&? eter oar‘;)/klg)‘%t b???‘?‘é‘ﬁry%éf"%'& or subgﬁ‘gﬁt@%d

( het mmarm wmtm mﬁmﬁimupbﬁwzeoﬁﬂmtwﬁr Therghti phase vais viveked be

hydro e 1S a|ky| cycl oal kyl (Cycloalkyl)alkyl phenyl, substituted
' g‘b HrEGD: ap ‘kﬁ““’&ﬁ?b%’? selutipng dried; pyer Ankygrous Naa%m

nap fégafekﬁ J-)ﬁm?seroa { g{(?%olf de&ﬁ teroar@ lﬁ%q?m[*g?zfg :J; :?kgll, O(r)r

S ubs¢lirbubtegragiyche silica/ héladhlﬁﬂg wﬁi’x BtOAEhHME(3:3) toy kive A hﬂa|cl§ihbomﬂheny| ,
substituted phenyl, (CHz~z~ (~z~COR ~ (CHz) ~N(C=~~z~ (~z) nCOzRz~
(0429007@]2'»77"/@)@42)60108%5,8( herane; 20-BH=BBR&ny| , (CHz~, (substituted
phenyl), (CHz)"(1 or 2-naphthyl) or (CHz)"(hcteroaryl), wherein hcteroaryl
i ncl PatE: pyri d(&s,Bg[hﬁ-MZ Mﬂhcﬁﬂmw]%lanmyﬂﬂmmxwﬁpﬂﬁzoI yl, .

i soxazol \ yl, P ; yl, tetrazolyl, and indol yI R
S hydrogen or —fre en together are (CH-~- where d is

alg Inttrger f r?. ;unon 'of I%S)—3- E}Q’e&ytel‘t-b *%?xcny )lc;J):'Eta(;x(ajylﬁtpamw};'k]amgncolj-~  phenyl)
(2°,3°,5,6’-tetrafluorophenoxy)-4-oxopentanoic acid, tert-butyl ester (0.071 g, 0.1_1 rr_lr.no_l) m
CHzClz(ZS ;ni.)-amsole(OOS ml) at room temperature under nitrogen was added

30

trifluoroacetic acid (1.5 mL). The resulting clear solution was stirred at room temperature for 1
hr, evaporated to dryness and chased with toluene-CH,Cl; (1:1). The residue (0.061 g) was

N ) 20 purified by preparative layer chromatography on silica gel eluting with MeOH-CH,Cl, (1:9) to

give the title compound (0.044 g, 69%) as a colorless glass. MS(ES) for C;sH,F N0, (MW
569.51): positive 570(M+H); negative 568(M-H).

EXAMPLES 76-87

25 Starting with (3S,4RS)-3-(alaninyl)amino-5-(2°,3’,5°,6’-tetrafluorophenoxy)- '
4-hydroxypentanoic acid tert-butyl ester (see Example 75, Part B) and following the methods
described in Example 75, Parts C through E, the compounds shown below in Table 7 were also

prepared:



(O

~" cycl oal kyl, or txnzofused cycloal kyl; Rs is
hydr ogen, |ower al kyl, cycl oal kyl, phenyl, substituted phenyl, 516
(CH=~ cycloal k I, (CHz) "phenyl, (CHz)"(substituted phenyl or (CHz), 01
2- napht‘ﬁ?lof i s hydrogen, fluorine, oxo, |ower alkyl )1?» VUF??&SQZ/{ 2002
phenyl , substituted phenyl, naphthyl, (CHz~cycl oal kyl, (CHz), phenyl,
(CHs~, (substi tuted phenyl), (CHz~,( 1 or 2-naphthyl), OR, SR' or NHCOR ;
R is hydrogen, oxo, |ower alkyl, cycloal kyl, phenyl, substituted phenyl,
napht hyl , (CHz~, cycl oal kyl, (CHz~46phenyl, (CHz)"(substituted phtnyl), or
(CHz)"( 1 or 2-naphthyl); 1 - ; 5 DEC 2002 - WO 00/01666 PCTI US99115074

94 Rs is |ower alkyl,

(CHx~, (substituted phenyl) (CHx)"( 1 or 2-naphthyl), or COR ;
hydrogtn, |ower alkyl, cycloal kyl, phenyl, substltuted -

napht hyl ) (CHx~cycl oal kyl, (CHz~, Pheeélzy &CHX (substl tuted -

_ phenyl), (CHx~, (1 2- nap hyI . z, R'R~ - . R

| ower al kyl, cycl oal ky}, S bstltuten enyl , naphthyl

(CHx) "cycl oal kyl , , ﬂ ST TRETP=¥ ) - "m ( 2).

2- nappht hyl); R’ RS al xyl) cyc oal kyl) henyl,

napht hyl ,  (CHx~, cycl oal K1 , '('CHx) phnyl , ~ (CHK) " (substituted phenyl),

, (substituted phenyl),

cycl oal kmﬁb]@q-lx) eycl oal kyl) (CHx~, phenyl)

R
phenyl ,

is

|s hydrogen

(1 or

substi t ut ed phenyl,

or

(CH ~( 1 or 2- napht hyI ) Rxis |ower a~r| cycl oal kyI (CHx) "cycl oal kyl ,
( CHzp Tyt CCHz ) (substTquted pheny{ ), or [( CHZ=, é;r Z-naght hyl ) ; R
IS L{/dr gen, ~l~wr alkyl) dycloalkyl tnhenyll suh ed__P=N~ ~Ph~VYI.
~cd jmppt hyl, (CHg'-, cycl oal Lyl Io(xﬂu' ~ bhB.IWI (GHs) . ( ;ubﬂﬂg.PheryI ), or
(CH¢~x.(1 1 or 2-naphthyl); - R is hyjrogen or low ~falkyl; .} or R3 and
R~ tiZ] T stner rorma fti vep ﬂ‘q{gb rG%i )g%ﬁ’l or
het ZJr‘\SP /af(ig&%i d)—such a;-udtx.%ms&% 3? N Jbsutut H 4 . - _
- |RFs| (2PhpPRY] , substi t ut eq GaliahdhOr NnHPIANy || 6124MIHND)I 6&8&!—3) .

. _ fmapp eteroaryl, ( % (Fxm(ezb9 i D 4. (CHx~(1
m 2. aﬁ%‘b}iﬂw—gdﬁz{:ﬁ&) (LEEK :L‘g‘%‘ﬁp ,'3553’1‘1 adently | over
al kyjl 79 cerahOpithkkyl , phenyl, ¢@hdkFdN@ed] gy | ,ﬁlﬁﬁﬁpﬂt)h/lmpﬁﬁnyl al kyl ,
subgft enylal Kyl , or Ky zd k!l ; VD 4 5 . ~DEc
g R A AT SSHEERE0Y| s8] SN, 688i‘:"oﬂi;’gcr) al kyl |
pheny&l) 5,6,2,8{vtahytdert- Boappthd ny I} CodtiesFiPQrp h  B7149 W*’Qﬁuaééﬁ%ﬁ)ed phenyl)) or
R a gpd R en together af 5'3_4?2 IsgstV N0 Psmah Kyl phenyl,
subdtit UFE?L enyl) _ ‘?:,,'HQ. TE~p Y6h ~7 36% k) )t it eciwphenygl );

83 | Ph CH, F N0, 513.40 | 552(M+K) 512(M-H)

84 | (2,6-di-F)Ph CHyFeN2O, 549.38 ] 572(M+Na) | 548(M-H) e

662(M+TFA)

85 | (4-Ph)Ph CisH2FN;O4 589.50 |- 588(M-H)

86 | (4-MeO)Ph CpH;FN;O4 543.43 | 582(M+K) 542(M-H)

87 | Ph,CH CoHasFyNO, 603.53 | 642(M+K) 602(M-H)




RZ', "Rn and Rz~ are independently hydrogen, o: alkyl; Xis CH) (t:"Hh
(CHZ)3 or S ,. Y isOor NR; Y- is CHz, O or NR~; ais 0 or Sﬂiﬁ
is 1 oP"'Q?o"EP@\/l ded that when a is 1 then b is 1; c is RCBRSIVISNGV] 02
that "when c is 1 then ais O and bis 1; mis 1 or 2; and _

e ... . - _.nis |, 230r4 . .
~ . or a phar rnaceertically accept abI e saI t thereof 1~
t 2. The ¢ corrpound of cIa|m1V\he6’B|nA|sR3 .. . . _R3a _ .. _ . - -
O -- I Ia
3. “The corrpound “of claim?2 vmmmnwss- V\D 00/0166b PCT/ US99/ 15074 96 R3 i s
| oner al kyl, cycloal kyl, phenyl, substituted phenyl . - (~X~x. ~
(~x~OR , (CHx}" SR*, ~ (CHx) "cycl oal kyl, (CHi) "p‘_henyl (CH| - (substltut ed

phenyl)) or (G2~ ( 1 or 2-naphthyl); and R3
4. The conmpound of~<|

IS hydrogen - . -
paNI b 5. The corrpound of
i(CHz) ", phenYl ,

k phgnyl , titpted phe

‘(G=x~;(subst i t ut éd_phe QY f- , 6. The conpound
of claim1 whereit AES ~§§i. 6 I} 7. Theoco ot of “cl ai m 6 wherein R6
I s hydrogen, Worone, cwcl (o} ptenyl, sulfstituted phenyl, naphthyl,
(CHx), cycl oal ] (CHx~phenyl, (dHx~(jsubstituted phenyl), (CHz~, (1 or 2
napht hyl ), ®r SR'. WO 00/Q1686 97 * - 5 DEC 2002 PCT/ US99/ 15074 8.
The conpound of claim1 wherein Ais . . _ . . . _Rr xO0lle 9. The

conpound of claim8 wherein

(3S)-3-[N-(N’-(2’-Phenoxyphenyl)Oxamyl)Cyclohexylalaninyl}
5 Amino-5-(2°,3’,5,6’-Tetrafluorophenoxy)-4-Oxopentanoic Acid

Part A: (3S)-3-(N-Benzyloxycarbonyl)Amino-5-Bromo-4-Oxopentanoic Acid tert-
Butyl Ester

A solution of {(N-benzyloxycarbonyl)aspartic acid, P-tert-butyl ester (2.28 g,
7.06 mmol) and N-methylmorpholine (0.85 mL, 7.7 mmol) in tetrahydrofuran (40 mL) at -

10 10°C (NaCllice bath) under nitrogen was treated dropwise via syringe with isobutyl
" “chloroformate (1.1 mL, 8.5 mmel). After stirring at -10°C for 20 min, the mixture was filtered
(sinctered glass) into a pre-cooled receiver (ice bath) washing the filter cake with additional
tetrahydrofuran (approx.10 ml). The combined filtrate was treated with excess
diazomethane/Et,O solution (prepared from 3.10 g, 21 mmol of 1-methyl-3-nitro-1-
15 nitrosoguanidine, 20 mL 40% KOH/10 ml Et,0) at 0°C (ice bath) under nitrogen. After stirring
at 0°C for 15 min and at room temperature for 30 min, the reaction mixture was again cooled to
0°C and treated with 48% HBr(2.0 mL, 12 mmol)/acetic acid(2.0 mL). After stirring at 0°C for
15 min and at room temperature for 15 min, the mixture was partitioned between EtOAc-water.
The organic phasc was washed with water, saturated NaHCO,, and saturated NaCl solutions
""20° ‘“dried over anhydrous Na,SO, and evaporated to a dryness. Trituration with hexane gave the
crude title compound (3.32 g) as a yellow oil. TLC(EtOAc-hexane; 1:1) Rf =

(intermediate diazoketone Rf = 0.52).



R is hydrogen, oxo, cycloal kyl, phenyl, substituted phenyl or napht hyl
and x = ~z. (CHz)z. (~z)3~or S. r -J: 10 The conpound of clal m-15 D'EC 2002
wherein Ais ... O

__11'h H3y®oo/016840 O 00/ 01666 r ' -"r1 i1 13. The corrpound of mxl:ﬁvm9hsvfﬂﬂ ein B
is-cz~.-c; ~oRRe Rz R R' ,~ ~R __lllalllbllic R~ 14. The
conpound of cI aim 13 wherein R and R 9 are indcpendtntly hydrogen, alkyl,
or phenyl or wherein Rs aid R' taken together are -(CH=CHz-. i - - - 15,
The corrpound of claim1 wherein Rgg.is phenyl) substituted phenyl,
phenyl al kyl , substituted phenylalkyl, napht hyl , substituted naphthyl, (1 or
2 nappj gl ~I kyl 30 18k ychBEL hylszhkylg g . 16. The compound of

cl ai erein yclohexylnethyl t
butyl) cyclohexirtmluombmnvinHycﬁo@ﬁata@&QAa@Tmm@rEsmm 9811. The
compound of claim 10 wherein a is 0. 12. The conpound of claim1 wherein B
i s hydrogen, 2- iFeazehaaify3s)-35@bbdnzylokyearbanylyamding-§ brordabiosentarbie OCO( ar yl)
or CH OPQ(R ~R", and wherein Z is an oxygen or a sulfur atom H ~

2002 m teot-oyitd @gerp(g-ﬁpbgg‘g)qu}j and 2,3, 5 ,6-tetrafluorophenol (0 410 g, 2.45 mmol)

5 in dimethylformamide (5.0 mL) at room temperaturc under mtrogen was added potassium

fluoride (0.40 g, 6.9 mmol). After stirring at room temperature for 16 hrs, the mixture was
diluted with EtOAc, washed with saturated NaHCO, and saturated NaCl solutions, dried over
anhydrous Na,SO, and cvaporated to a to give the crude tetrafluorophenoxymethyl ketone
(1.08 g, 98%) as a yellow, viscous oil. TLC(EtOAc-hexane; 1:1) Rf = 0.57.

10 To a solution of the above crude ketone (1.08 g, ca 2.14 mmol) in ethanol (10
mL) at O°C under nitrogen was added sodium borohydride (0.057 g, 1.5 mmol). After stirring
at 0°C for ] hr, the excess reducing agent was discharged by treatment with acetone (1.0 mL),
the mixture concentrated and the residue partitioned between EtOAc-half saturated NH,Cl
solution. The organic phase was washed with saturated NaHCO; and saturated NaCl solutions,

15 dried over anhydrous Na,SO, and evaporated to a dryness. The residue was purified by flash
chromatography on silica gel eluting with EtOAc-hexane (1:3) to give the title compound
(1.012 g, 94%) as a colorless oil. TLC(EtOAc-hexane; 1:1) Rf = 0.48,

Part C: (3S,4RS)-3-[(N-9-Fluorenylmethoxycarbonyl)Cyclohexylalaninyl]Amino-5-
(2°,3",5’,6’-Tetrafluorophenoxy)-4-Hydroxypentanoic Acid tert-Butyl Ester

20 To a solution of (3S,4RS)-3-(N-benzyloxycarbonyl)amino-5-(2°,3°,5°,6’-
tetrafluorophenoxy)-4-hydroxypentanoic acid tert-butyl ester (1.012 g, 2.08 mmol) in MeOH
(25 mL) was added 10%. Pd-C (0.30 g) and resulting mixture stirred under a hydrogen
atmosphere (balloon) for 4 hrs. The mixture was filtered through Celite washing the filter cake
with CH,Cl; and the combined filtrates evaporated to give the crude amine (0.682 g, 93%) as a
25 viscous oil. TLC(McOH-CH,CL); 5:95) Rf = 0.21.

. To a solution of (N-9-fluorenylmethoxycarbonyl) cyclohexylalanine (0.763 g,
194 mmol) in CHCl(10 mL) at 0°C (ice bath) under nitrogen was added
hydroxybenzotriazole hydrate (0.282 g) followed by 1-ethyl-3-(3',3'-dimethyl-1'-
aminopropyl)carbodiimide hydrochloride (0.447 g, 2.33 mmol). After stirring at 0°C for 10

30 min, the mixture was treated with the above crude amine (0.682 g, ca 1.93 mmol) and the



~99 17. The corpound of claim 16 wherein B is -
CH-(( 2, 3,5, 6t etrafl uorophenyl). 18. The conpound of claim1 wherein R
1- napTi f b ﬂ c~ Ais valine. ,_ 19. The conpound of claiml whrrein R
1- napht hyl C4W& i s cH20(2, 3,5, B-tctraf | uorophenyl ). . 20PCKUS99/15074
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dryness. The residue was purified by flash chromatography eluting with isopropanol-CH,Cl,
(7:93) to give the title compound (0.561 g, 78%) as a white solid. TLC(MeOH-CH,Cl,; 5:95)
Rf=0.43.

Pant E: (3S,4RS)-3-[N-(N’-(2’-Phenoxyphenyl)Oxamy)Cyclohexylalaninyl}-Amino-
5-(2°,3°,5°,6’-Tetrafluorophenoxy)-4-Hydroxypentanoic Acid tert-Butyl Ester

To a solution of N~(2-phenoxyphenyloxamic acid (0.064 g, 0.25 mmol,
prepared from 2-phenoxyaniline by the method described in Example 1, Part A) and (3S,4RS)-
3-[cyclohexylalaninylJamino-5-(2°,3°,5°,6 -tetrafluorophenoxy)-4-hydroxypentanoic Acid tert-
butyl ester (0.124 g, 0.245 mmol) in CH,;Cl;(5.0 mL) at 0°C (ice bath) under nitrogen was
added hydroxybenzotriazole hydrate (0.051 g) followed by 1-ethyl-3-(3',3'-dimethyl-1'-
amimopropyl)carbodiimide hydrochloride (0.061 g, 0.32 mmol). After stirring at 0°C for 10
min and at room temperature for 18 hrs, the mixture was partitioned between EtOAc-water.
The organic phase was washed with water, 5% KHSO,, saturated NaHCO; and saturated NaCl
solutions, dried over anhydrous Na,SO, and evaporated to give the crude title compound
(0.194 g) as yellow foam. TLC(EtOAc-hexane; 1:2) Rf = 0.40.



R3 R3a ~N H Formula Ila ~B is hydrogen, hal onethyl, CH2ZRis.wherein Z-i.s

oxygen. '~ CH20POR~6R~~; 15 R is alkyl, cycloal kyl, * 5 DEC

(cycl an?ﬂ”Pb@Ryl phenyl, substituted phenyl, phenyl al kPCT/USINA5Q7ut ed
phenyl al kyl , naphthyl, substi tuted napht hyl, (1 or 2 naphthyl }al kyl,

het eroaryl, substituted heteroaryl, (heteroaryl)al kyl, substituted
(heteroarnyl)al kyl or R-$(RL~N;, Rya and R 6 are phenyl; 20 R2 is hydrogen;
R3 is Cl~ lower alkyl; R3a is hydibgen; Ris is substituted phenyl; and 5
DEC 2002 . 10z R16 and R~~ are independently |ower al kyl or phenyl or
a plmftraceut i i qab)-3-pape’ &lhbﬁo:@p}hehylf)diﬂmojcycIbhcxylaTdﬁﬁlyl]Qnﬁmu-rSd of claim 30
wherein R is hensyl, 32. . The co 0 Whe

substituted p Tggafl h { U2 Y SRy is

2- hal ophenyl . 34. The corrpound of cl a| m 33 wher ein R is 2 fl uor ophenyl

35. The compodkd f salutignm of3 cder §15ARE)-3-BN-ON @i-pheapryshgyogsnyrhe conpound

fclg b h d of cl 33
ohe ARSI e 36 *%1”8@«%&33%&3 DERERGS 6o @horein R s
45 P e 0.19438) ca 61235 HERBNLH TH,CY, (5 b)) 31 138m %ﬁs&'ﬁd& fitrdgld way ophenyl .

40. The conpound of clai m38 wherein I s 4-chl orophenyl . "41.. The conpound
of @bdddripe3gMakter Rarivdifiane (0.150 g &aﬁmmyhﬁeﬂﬁxmipa roamempechtioé f@l2ai m 38
wherein R, is 4-iqodophenyl. | éﬁe e co ound of claim32 wherein R is
2. 6% ey i Yeciote T 2 RDI I W Shesorried NGy Py | <

O NRRGons, “Biea her SARRNENNOLA BBt S0 8 ByRss. Fre

residue was purified by flash chromatography on silica gel eluting with EtOAc-hexane (1:3) to
10 give the title compound (0.142 g, 80%) as a colorless, viscous oil. TLC(EtOAc-hexane; 1:2) Rf

=0.50.
Part G: (3S)-3-IN-(N’-{2’-Phenoxypheny)Oxamyl)Cyclohexylalaninyl]- Amino-5-
(2°,3°,5°,6°-Tetrafluorophenoxy}-4-Oxoxypentanoic Acid
To a solution of (38)-3-[N-(N’-(2-
15 phenoxyphenyl)oxamyl)cyclohexylalaninyl] amino-5-(2’,3’,5°,6 -tetrafluorophenoxy)-4-

oxopentanoic acid, tert-butyl ester (0.142 g, 0.19 mmol) in CH;Cl(2.0 mL) at room
temperature ﬁdet nitrogen was added trifluoroacetic acid (1.0 mL). The resulting- cl;a;r" T
solution was stirred at room temperature for 0.5 hr, evaporated to dryness and chased with
toluene-CH,Cl, (1:1) to give the title compound (0.123 g, 93%) as a white foam. MS(ES) for

20 CyHyFN;Oy (MW 687.64): positive 688(M+H), 710(M+Na), 726(M+K); negative 686(M-H),

SO0(M+TFA).

TLTTITTL . WDl - . Exan"wssg_gl ) Lo, I T T T

Starting with (3S,4RS)-3-[cyclohexylalaninyijamino-5-(2°,3’,5’,6 -tetrafluoro-

- —— P VYN U

725" phenoxy)-4-hydsoxypentanoic acid tert-butyl ester (see Example 88, Part D) and following the.

methods described in Example 88, Parts E through G, the compounds shown below in Table 8
were also prepared:



46. The conpound of claim 32 wherein Rt is 2,3,5,6tetrachl orophenyl. 5 47.

Thé conpound of claim32 wherein R is 2trifluoronethyl phenyl. e 2
conpound“ggm&hg%n132 wherein Rl is 3trifluoronethyl phenyl. 49 The cbngdyﬂa 02
of claim ein R is 2-nethoxyphenyl. 10 50. The conﬂ’&m&s%fmyf'a

wherein R
3, 4- di et hoxybenzyl .
3,4, 5-trimet hoxyphenyl .
2- phenyl phenyl . 54. The conpound of'fclai m 32 wherein R
15 55. The conpound of claim 32 wherein R .
Z002 56. The conpound of claim 3Pable8in RZ is 2,5-di-tert-butyl phenyl.

i s 4-met hoxyphenyl .

51. The conpound of claim 32 wherein R

52. The conpound of claim 32 wherein R

53. The co

| 04 57. The conpound of claim 32 wherein R is

2-tert-butyl - 5acet am nophenyl. 58. The conpound: of claim 32 wherein R
2- (2nmet hyl phenyl ) phenyl .

2- (2met hoxyphenyl ~henyl » 60. Thg)co 32 wherein R

3- (3net hoxyphenyl ) phenyfj. 64. Tije c ound of m 32 wherein R is 3-(410
nethoxyphenyl)pheQ#L; . _ § rein R

2- (3net hyl phenyl ) p ed§|. 3. Xhe nd of clfaim32 wherein R is 2-(4

nmet hyl phenyl ) phenyl .
2- phenoxyphenyl .
4- (n- heptyl ) phenyl .
2- (1- napht hyl ) phenyl .

15 6Q. T

65. The conp

66. The conps
c ~5 .aEC 200z 67. The conpound of claim 30 wherein

5 59. The co

np
ovpotéhd of cl &i m 32 wherein R
claim 32 wherein R is

ound_ of

ound of claim32 wherein R

!ain132 wherein R is

e of claim32 Wherein R

i s 2-benzyl phenyl .
is 2-tert-butyl phenyl.

R is naphthyl. ~~' ~5 DEC | ppgr 1 os 68. The conpound of claim 67
wherein R is 1-naphthyl. L
() MS(ES)
Ex. R’ Formula MW pos. neg.
89 |(2-Ph)Ph CiH33FN; O 671.64 672(M+H) 670(M-H)
694(M+Na) 784(M+TFA)
90 |(2-PhCH)Ph CasH3sFN;04 685.67 703(M+Na) 684(M-H)
798(M+TFA)
91 1-naphthyl Ci;H31FaN;0 645.61 668(M+Na) 644(M-H)
758(M+TFA)
5 PLE 92

(3S)-3-IN-(N’-(5,6,7,8-Tetrahydro-1-Naphthyl)Oxamyl)-Cyclohexylalaninyl]
Amino-5-(2°,6°-Dichlorobenzoyloxy)-4-Oxopentanoic Acid

10 PartA: Aspartic Acid, B-tert-Butyl, a-Methyl Ester p-Toluenesulfonate Salt

To a solution of N-(benzyloxycarbonyl)-L-aspartic acid, P-tert-butyl ester
(10.57 g, 32.7 mmol) in methanol(20 mL)-CH,Cl,(30 mL) at 0°C (ice bath) was added

portionwise 2 2.0 M solution of (trimethylsilyl)diazomethane in hexanes (20 mL, 40 mmeol).
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69. The conpound of claim67 wherein R is 2-naphthyl. 70. The conpound. of
cl-aim 30 wherein Rl is substituted naphthyl: 71. The conpound of clai g\ BE
wherein R is 1-(4-chloro)naphthyl. .,-~ 5 72. The conpound of "cl ai m 30 C 2002
wher ei n RIwWO90/pte66y| al kyl . 73. The conpound of clai m 72 wheperrusav/1564
benzyl. 74. The conpound of claim72 wherein R is -(CH2~phenyl. 75. The
conpound of claim30 wherein R is substituted phenylal kyl. 76. The
conmpound of ,claim 75 wherein Rl is 2-tert-butyl benzyl. 10 77. The conpound
of claim75 wherein R is 3,4,5-trinmgthoxybenzyl. 78. The conpound of claim
75 wherein R is -CH2CH2( 2f | uorophenyl) 79. The conpound of claim 30
wherein R is cycloal kyl. 80. The conpound of claim 79 wherein cycloal kyl

is a biAdipr stircing ﬁh@fc .fLOTS5811ma thtfhéceé%mhﬁ’abﬂuwpﬁ witlg formirezcad 1.0 Imd.)bi cyclic

1 1t o VORI e s bl e B0
1- (5,6 e. 83. The conpound of claim 79 wherein
cyE: oafiapﬁmrte%%g? $IP%|3%?84 The corrpo{md of cl al m 83 wherein the

tricyclic ring i S’h&&rﬁﬁiﬁﬁﬁmm €anyi. g,aa-32 7&hmol)hveascalen méthadodi(n0B3
V\,herel n_the tri c%m_l c ri n s parti unsat ur at ed. The conpound of
cl aiPm Bd-)trratediwi tO?W%‘ op¥ic 3c1d mene %3‘%(‘1(% g, 3.6 mmelkandolBeBe€ @15 cl ai m 86

vvhere Bb‘i Ey 0, rein R
is - i ‘L’mﬁetd J'ﬁ%' 3% eLcoF%ou @n % ff& gbnme’}'g%"gﬁ&gsgﬁt%e‘fer oaryl .
90. Thau&@mmumnetmcdcaﬁm&sgmﬁamcamﬁﬂsamtdwm(%68 ghe conpound of
claim89 wherein R is 2-pyrazinyl. 92. The conpound of claim 30 wherein Rl

is R apRigN. 15 1o QCIRRAPIC R oHek AR | A4S IaRid B tert- ogen. 94. The
_,.Sorrpou IS f1at Omet : L~ .~~~ 20~
L a-Mcth 1 Ester
10 To a sohution of (N—benzyloxyﬁarbony])—cyc]ohexylalanine dicyclohexylamine

salt (0.866 g, 1.77 mmol) in CH,CHL(10 mL) at 0°C (ice bath) under nitrogen was added
hydroxybenzotriazole hydrate (0.100 g) followed by 1-ethyl-3-(3',3'-dimethyl-1'-
aminopropyl)carbodiimide hydrochloride (0.41 g, 2.14 mmol). After stirring at 0°C for 10 min,
the mixture was treated with aspartic acid, B-tert-butyl, a-methyl ester p-toluenesulfonate salt
15 (0.665 g, 1.77 mmol) and N-methyhmorpholine (0.2 mL, 1.8 mmol), and the reacton allowed to
~ warm to room temperature. After stirring at room temperature for 2.5 hrs, the mixture was
concentrated and the residue partitioned between EtOAc-water. The organic phase was washed
with water, 5% KHSO,, saturated NaHCO; and saturated NaCl sc;lutions, dried over anhydrous
') Na,SO, and evaporated to an oil. Purification by flash chromatography on silica gel eluting
20 with EtOAc-hexane (1:3) gave the title compound (0.764 g, 88%) as a viscous oil.
TLC(EtOAc-hexane; l:?)_ Rf=0.46.
Part C: (38)-3-[N-(N’-(5.6,7,8-Tetrahydro-1-Naphthy] )Oxamyl)-

Cyclohexylalaninyl]JAmino-5-(2’.6’-Dichlorobenzoyloxy)-4-Oxopentanoic
Acid

25 .. Starting with [(N-benzyloxycarbonyl)cyclohexyl-alaninyl]aspartic acid, p-tert-
butyl, a-methyl ester and following the general methods described in Example 4, Parts B
through H, gave the title compound as a white solid. MS(ES) for C;3H;3,Cl,N,05 (MW 674.58):
positive 696/698(M+Na); negative 672/674(M-H), 786/788(M+TFA).



107 95. The compound of claim 94 wherein B is -CH2F 96. The conpound %f .
clairm 30 wherein B is -CH2ZR s. 97. The conpound of claim 96 wherein QEG Jﬂﬂl
phenyl su i with one or nore hal ogen atons. 5 98. T of
cl ai m 97 %%Pée,?{r?g% s is 2,6-di hal ophenyl. ~ ~~ 99. The co%gzﬂ%glgggﬁ aim
97 wherein Rs is 2,4,6-trihal ophenyl. 100. The conpound of claim 97
wherein Rs is 2,3,5, 6tetrahal ophenyl. 101. The conpound of claim 96
wherein R s'is phenyl substituted with 10 one or nore fluorine atons.
The conmpound of claim 101 wherein RS is 2,6-difluor ophenyl. 103. The
conmpound of cl aim 101 wherein 5 S : i é 4, S-tri fl uorophenyl . 104. The
conpound of claiml10l1 wherein PLE ,9 ',9 , 6t etrafl uorophenyl. 15 105. The
conpound of claim30 wherein B is CH20POR 6R ~. 106. The conpound of claim
105 wherein R 6 iStariing wih [(Ngenzylopyearbombeyglohexyl-alanigyaspastic opidrfeten-R 6 i s

phenyl = , _ h |, ai rein R~ is
phenyl P“t{log.mel“@ggsctg %@3 mg’% %?gﬁnnéiS%dmyggﬁgzchﬂ %rﬁec m The

" CONPOURghnifle 8| FAHYBIRroWEIEH Sthé\cdRipolidsBhdW beloblin!Table Dhfers A1 edf claim30

wherein is isopropyl. °~ - ~ 5 112. The conpound of gl

) | aim 30 wherein R3

is-isobutyl. 113. The conpound of claim30 wherein R3 is tert-butyl. 114. A

conposition conprising a conpound of claim30 in conbination with a

pharmaceutically acceptable carrier. 10 1 I5. The conpound of claim 30

wherein the conpound is: (3 9S) 3*%&\%(2 Benzyl phenyl ) Oxanyl ) V

alinyl]Am no-5(2',3",5 ,6"-Tetraf henoxy~4- Oxopent anoi ¢ Acid; (3

S~3-[N-(N -( I -Naphthyl)Oxanyl)V alinyl] Am Q?Oé—](zl , 3",

5',6" Tetrafl uor ophenoxy~l - Oxgpent anqgi-@ Aci ¢¢

353-[N- (N - (Benzyl ) Oxanyl ) V4] i nyH] Am}ho-5§(2', 3,5, 6" Tetrafl uorophenoxy) -

{ 3-ocopentanoic Acid; (39~ w Bnyl ) Oxany! ) Val i nyl | Ami no-5

(2,3 ,5,6'-Tetrafl uor phénoxy - 4- Xopeyt ang} ¢ Aci d;

(353[ N- (N - (I-Napht hyl et hyl ) O@nyl JRéal jryl ] A no- 520

(2,3 ,5 ,6"-Te~krat| uorophenoxy}- 4- Ox

S~3-[ N (N - (4-Chl oro-1- Napht hyl ) Oxany!l

alinyl] Am no-5(2',3",5",6"'-Tetrafl uor ophehoxy) - 4- Oxopent anoi ¢ Aci d;

(3S)-3-[N-(N -(2-Ant hryl ) Oxanyl ) Val i nyl ] Ami no-5-(2',3",5'", 6

102.

gy deslii

anoic Acid; (3

MS(ES)
Ex. R B Formula MW pos. neg.
93 5,6,7.8- CH,0(2,3,5,6- CyH3sFN;O | 649.64 | 672(M+Na) | 648(M-H)
TGV T tetrahydro-1- tetra-F-Ph) 7
naphthyl
94 |5,6,78- CH,OPO{(Me)Ph | C;sHoN;OgP | 639.68 | 662(M+Na) | 638(M-H)
tetrahydro- - 752(M+TFA)
¢ ) naphthyl
- 95 | 5678 CH,OPOPh, CuHuNOP | 701.75 | 724(M+Na) | 700(M+H)
tetrahydro-1- 740(M+K)
naphthyl .
96 | (2-PhCH;)Ph CH;OPO(Mc)Ph | C3H;N;O4P | 675.72 | 698(M+Na) | 674(M-H)
N TI4M+K) | 788QM+TFA)
97 | (2-PhCH)Ph CH,0POPh, CaHuN;OP | 737.79 | 760(M+Na) | 736(M-H)
776(M+K) | 850M+TFA)
98 | (2-Pnph CH,OPO(Me)Ph | CoHoN,OP | 661.68 | 684(M+Na) | 660(M-H)
T00(M+K) | 774(M+TFA)
99 | 2-PhyPh CH;OPOP, CaHN:OP | 723.75 | 746(M¥Na) | 7220M-H)
762(M+K) | 836(M+TFA)




Tet r af | uor ophenoxy) - 4- Oxopent anoi ¢ Aci d; -~5 DEC Z002. 109 (3 S)-@_ 5 DEQ;ZDBZ

(N-(N - (Phenet hyl ) Oxanyl ) val i nyl ] Am no-5-(2*,3",5", 6’
Tetraf | uor ophenoxy) - 4- Oxopent anoi ¢ Aci d;
(3S) - 3- [ N-YR00/p36 nyI ) Oxanyl ) Val i nyl ] Ami no-5-(2', 3,5 ,6 PCT/USI9/15074
Tetr af | uor ophenoxy) - 4- Oxopent anoi ¢ Acid; 5
(3S3-[N-(N -(2-Phenyl phenyl } Oxanyl ) Val i nyI ] Am no-5
(2',3,5,6'-Tetraf |l uor ophenoxy) - 4- Oxopent anoi ¢ Aci d;
(3S)-3-[N-(N -(4-n-Heptyl phenyl } Oxa@¥! ) Val i nyl ] Am no-5
(2',3,5,6"-Tetrafl uor ophenoxy) - 4- Oxopent anoi ¢ Aci d;
(353-[N-(N -(5,6,7,8-Tetrahydr EXAMPRE!189] ) Oxanyl ) | O
Val i nyl j Ami no-5-(2',3",5",6"'-Tetrafl uorophenoxy) - 4- Oxopent anoi ¢ Acid; (3
S)-3-[N(N -( I -Adamant anyl ) Oxanyl)-V alinyl]Am no-5
(2,3 ,5,6"-Tetrat | uorophe - 4- Oxopent anoi ¢ FAci d;
(38} 3 [ NN(N -(4-Fl uorophen arry)Valnyb]Am 05F
(2',3,5,6"-Tetrafl uor ophenuxy) no ya; 15 (3
S) - 3 [N-(N' (2- Naphth'l')(a<arry 5V|ny$.]Am no- 3,5..6
Tet r af | uor ophenoxy) @‘ aoi ¢ AC|\e[?0?rg]§
S)-3-[N-(N -(2-Met K phenyl,) Oxanyl )V a yl ] Am mo- 5
(2,3 ,5,6"-Tetraf g Xy) - 4- Oxopent anoi ¢ 'Aci d;
(3S)-3-[N-(N -(N'-N"' henyl am no) Oxanyl ) Val i nyI]Arri no 20
5-(2',3,5,6"-Tetraf ophenoxy) - 4- Oxopent anoi ¢ Aci d;
(39)-3-[N-(N -(4- Pyr| d| nyI ) Oxanyl ) Val i nyI]Am' no-5-(2',3 ,5 ,6'
Tetraf | uor ophenoxy~4 entangoi c Acid
%53 [N-(N -(2-Pyr a@ﬁhw GiafNaraby BOFmybpmeproliayl: 5 6

trafluor Ophem%w-s-‘tz@(@?eﬂmmmo ko 4-0xopentanoic Acid
(35)-3-[N-(N - (I, etrahydro 1- Napht hyl ) Oxanyl)
Val i nyl j Am no- 5- 6' Tet rafl ugr ophenoxy) - 4- Oxopent anoi ¢ Aci d;
(3Sp- 3P - (3N phttyOxarayiiiomopreling 5 1y | ) val i nyl ] Ani no
5-(2',3,5,6' “Tetraf | uor ophe - 4- Oxopent anoi ¢ Aci d;

To a solution of El)‘l—( -napx yDoxamic acld (0.108 g, 0.50 mmol, see Example

N

1, Part A) m in N-mcthylpyrmlidone(l.o mL)-CH,Cl,(1.0 mL) at room temperature under

nitrogen was added O-(7-azabenzotriazol-1-y1)-N,N,N’ N’-tetramethyluronium

hexafluorophate (0.209 g, 0.55 mmol). After stirring for 20 min, the mixture was treated with

10 homoproline methyl ester (0.072 g, 0.50 mmol) and diisopropylethylamine (0.26 mL, 1.5

. mmol). After stirring at room tcmperann'e for 4 hrs, the mixture was partitioned between

EtOAc-water. The organic phase was washed with water, 5% KHSO,, saturated NaHCO,; and

_ saturated NaCl solutions, dried over anhydrous Na,SO, and evaporated to give crude [N-(1-

) naphthyl)oxamyljhomoproline (0.156 g, 92%) as a colorless glass. TLC (EtOAc-hexane; 1:1)
15 Rf=0.70.

To a solution of the crude methyl ester (0.156 g, ca 0.46 mmol) in
dioxane(0.75 mL)-water(0.25 mL) was added 1.0 N LiOH solution (0.5 mL, 0.5 mmol). After
stirring at room temperature for 1 hr, the mixture was acidified with 1.0 N HC] and extracted
with EtOAc. The extract was washed with saturated NaCl solution, dried over anhydrous

20 Na,SO, and evaporated to give the title compound (0.105 g, 70%) as a white solid after
trituration with Et,0.
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, (38) 3-[N-(N - (Benzhydryl) Oxanyl ) Val i nyl ] Amf no-S-(2',3", S, 6
Tetr af | uoro(;))henoxy) 4- Oxopent anoi ¢ Acid; (3

S) - 3- [N—(
(2,3 ,S ,6" -Tetrafl uor ophenoxy) - 4- Oxopent anoi ¢ Acid; (3
S)-3-[N-(N -(2-tert-Butyl phenyl) Oxanyl Val i nyl ] Am no-S
(2',3,S,6'-Tetrafl uor ophenoxy) - 4- Oxopent anoi ¢ Aci d;
(353-[N-(N -(2-Pyridinyl)Oanyl Val i @§l'] Am no-S-(2',3",S ,6'

Tetr af | uorophenoxy~4 Oxopentanoic Acid; -~-~ (3
S~3- [ NPaB: ( 2, 3, SSHRSI3[A dNJdllMhthﬁl)Oxamyl)HomoprolmyllAmmo-s (2°,3°,5°,6-
Pyri di nyl )Q<anyl iyl m nQ- S rtohenoxy) 4

Oxopent anoi ¢ Aci &% Kypsitandic Acid Jerfh Fy1 ] Ani no- S

2',3,S ,6 -Tetrafl h Qcopent
(s~3 [N-(N - (2, 6- %%s&@%%ﬁa&%ﬁﬁ?m m&iﬁﬂuﬁ%&ﬁw@ési ggl.48 mmol) in

(s P THERORA BV i dip g s 00

S- (3, Zabénzotbiazol-2iyl )@ﬁMTNpia&mmﬁlmfbnmnmna&@pmA? 6175 2 178 mmol).
(3S~3 N- (N - (S-I'ndanyl ) Oxanyl Val i nyl ] Am no- 5-( 2'
Tet r af Adier stisting) fox\20- muoﬂvpmmhemm trested; witipa solution of (3S 4RS)—3 amino-5-

(Tg tSI)’ a]?’ r%gﬂ é‘%’%{ﬁt hxﬂk%gé’ kg?la ac:d%er{ %utylgcsier (0. ?40 g, 1.54 mmol,

(39) - 3se'e"1=¥an(a e 26, tiy CRs€ 4. b’ah, rmldvAH\b?%éoﬁr@pyi&uyla?mnﬁ (0.50 mL, 2.9

Tetr af | uor ophenoxy) - 4- Oxopent anoi ¢ Aci d
~3- [ Nmfrnil)- (Afeer lsmﬁxg)at 9‘@(&1!3& rglandgt I]OAm tempSatule fod'16 Firs, Ghe RAkture was

trafl uor oph noxy) 0- Oxopent anoi ¢ Aci d
3. spgrigneg Ef 1RAG e Ihg oI BaFANaR Jrashadowitly watsr, §% KHSO,,

Tet r af h_ AR l&é MH F

o P M1 it . o
to dryness. Purification by flash chromatography on silica gel eluting with EtOAc-hexane
(1:2) gave the title compound (0.268 g, 27%) as a tan foam. TLC (EtOAc-hexane; 1:1) Rf =
0.39.

15 PartC: (38)-3-[N-(N’-(1-Naphthyl)OxamyDHomoprolinylJAmino-5-(2°,3°,5°,6°-
Tetrafluorophenoxy)-4-Oxoypentanoic Acid tert-Butyl Ester

'I’o a soluhon of (3é 4RS)-3 N-(N’ -(l-naphthyl)oxamyl)homoprolmyl]axmno—
5-(2°,3°,5%,6’-tetrafluorophenoxy)-4-hydroxypentanoic acid tert-butyl ester (0.251 g, 0.38

. mmol) in CH,;Cl, (4 mL) at room temperature under nitrogen was added Dess-Martin
U 20 Periodinane (0.201 g, 0.475 mmol). After stirring at room temperature for 30 min, the mixture
was diluted with EtOAc, washed with 1.0 M Na,S,0;, saturated NaHCO,; and saturated NaCl

solutions, dried over anhydrous Na,SO, and evaporated toa dryness. The residue was purified

by flash chromatography on silica gel eluting with CH,Cl,-Et;O-hexane (1:2:2) then EtOAc-

hexane (1:2) to give the title compound (0.160 g, 64%) as a white foam. TLC(EtOAc-hexane;

25 L1)Rf=057. .

Pant D: (3S.4RS)-3-IN-(N’-(1-Naphthyl)OxamyDHomoprolinyl JAmino-5-(2°,3°,5°.6°-
Tetrafluorophenoxy)-4-Oxoypentanoic Acid

To a solution of (3S)-3-[N-(N’-(1-naphthyl)oxamyl)homoprolinyljamino-5-
(2,3%,5%,6’-tetrafluorophenoxy)-4-oxopentanoic acid tert-butyl ester (0.152 g, 0.23 mmol) in

w § DEC 2002,
pOlIBSa noxy| phenyl } Oxanyl ) Val i nyl ] Ani no- S PCT/US99/15074



(2',3,S,6"-Tetrafl uor ophenoxy) - 4- Oxopent anoi ¢ Aci d; -, =~ DEC.Z(BOQEQIZ{]UZ
(39)-3-[N(N-(2,3,4,5 Tetrafl uorophenyl ) Oxanyl Val i nyI]Am no- 5-(2'
Tetraf | uor ophenoxy) - 4- Oxopent anoic Acid; (3 S-3-[N-(IV-(2,3,4,6 5
Tetraf | uor PPEUPSYOKany| vV al i nyl ] Ami no-5-(2',3',5', 6 PCT/US99/15074
Tetr af | uor ophenoxy~4- Qxopent anoi ¢ Acid; (3 S~3- [ N- ( N-(2,3,56

Tet rachl orophenyl ) Oxanyl Val i nyl ] Am no-5-(2',3",5 ,6" ~ r-)

Tet raf | uor ophenoxy~4- Oxopent anoi ¢ Acid; 10 (3 S~3-[N-(1V -(2,3,4,5,6

Pent af | uor ophenyl ) Oxanyl Val i nyl ] Ami n@65-(2',3 ,5", 6’

Tetraf | uor ophenoxy} - 4- Oxopent anoi ¢ Aci d;

(39) - 3 Benz azql yl ) Oxanyl ) Val i nyl ]. Ami no-5 . .

(2 %ﬁéméﬁﬂmﬂﬂf?@gﬂﬁﬁa%y@f SRR ke s 304 prifluegpeastipn. -
1- Napht I I (W TaTdtayalstoTol ROE noi c
Aci d; (%)g)l IQ(?IQ (ﬂ)N}!r&u%g c]heé%ﬂﬁ'&(ﬁ gﬁilstnr%g aﬁ\{‘/)l Am9no SSRWI‘ ' ,g&gka

Tri f | uoteadriness myd-e¢hatedowith talmae-CHACL,d1:1). The rcmdue was tnturated with hexane to

353-IN-(N 1- Napht hyl ) Ox Val Al -
By S hengive i AP aw&magé%y@}x%sol@s@@dm@ﬂz% 19) Rf =

E I\N/z\? t h%k%%%a g?fhél %%%@Ws esa} gﬂ%nve 6&8%+N58,r negative 602(M-H)

(3RS~-3 [N-(N -(1-Napht hyl ) Oxanyl ) Val i nyl ] Am no- 5- Fl uor o-4 Oxopent anoi c
Acid. 25 1 16. The conpound of claim 30 wherein the conpound is: (3
S}-3-[N-(N - (Phenyl ) Oxanyl ) Al ani nyl ] Am no-5-(2',3",5",6'

Tet raf | uor ophenoxy) - 4- Oxopent an@EXARFLE 101

o F
H
N\/u\/o F
o o =
ﬁ/go \C02H F

NH

)

A

(3S)-3-[N-(N’-(1-Naphthy)Oxamyl)Indoline-2-Carbonyl}
10 . Amino-5-(2°,3°, 5, 6’>-Tetrafluorophenoxy)-4-Oxopentanoic Acid - R

Part A: [N-(1-Naphthy!)Oxamyl]Indoline-2-Carboxylic Acid Ethyl Ester

. ) To a solution of N-(1-naphthyl)oxamic acid (2.37 g, 11 mmol, see Example 1,
‘ Part A) in in N-methylpyrrolidone(7.0 mL)-CH,CL(40 mL) at 0°C (ice bath) under nitrogen
was added 1,1’-carbonyldiimidazole (1.96 g, 12.1 mmol).After stirring at O°C for 1.5 hrs and
15 at room temperature for 0.5 hrs, (S)-indoline-2-carboxylic. acid ethyl ester hydrochloride (1.25
g, 5.5 mmol) and diisopropylethylamine (1.1 mL, 6.4 mmol) was added. Afier stirring at room
temperature for 18 hrs, the mixture was diluted with EtOAc, washed successively with 5%
KHSO,, saturated NaHCO; and saturated NaCl solutions, dried over anhydrous N2,SO, and - -
evaporated to dryness. The crude product was purified by flash chromatography on silica gel
20 eluting with CH,Cl;-Et;0O-hexane (1:1:3) to give the title compound (0.472 g, 22%) as a pale

yellow oil. TLC(CH,Cl,-Et,O-hexane; 1:1:3) Rf = 0.48.
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(39) - 3-[ N- WO ot/beBe 7, 8- Tet rahydro- 1- Napht hyl ) Oxanyl ) Al ani nyld*¥i86013p44L + 3’
,5',6"'-Tetrafl uorophenoxy) - 4- Oxopent anoi ¢ Acid; (3
S)-3-[N-(N - (2-Phenyl phenyl ) Oxanyl ) Al ani nyl ] Am no- 55
(2,3 ,5,6' -Tetrafl uorophenoxy) - 4- Oxopent anoi ¢ Aci d;

(38) 3 (N— (N - (2- Henzyl phenyl )Q<arryl )ﬁ\l ani nyl ] Am no- 5
(2,3 5 , 6' - Tet raf | uor ophenoxy) - 4 Q(Opent anoic Acid; (353
Egk(gl rt apht hy | eI A LD S atbomlAgino-5-(23", 5,

(353-HI V- (N - ( 2- PMQM@#@H&ki@@wéﬂcﬁdaa@mm] Ami no-5(2',3",5",6"-Tetraflu
or ophenoxy) - 4- Oxopent anol ¢ Aci d,

S) - 3-[N-(N - (3- Phesoiag RRRNIN- llQﬁ?Hﬁ&lb&laﬂﬁl]ﬁMbﬂn‘éfﬂ-m&l?c Adid-ethyl @ster] €L r af | uo
rophenoxy) - 4- Oxopent anoi ¢ Aci d

(8)2 33[ hg(ﬁ%dl@#:???ﬁ&h@gﬁ?&wﬁaﬁ%l%ﬂrﬁm g:natfgbﬁ) the tltle- compound -

S) - 37[ I\I—WC'?\P sQ BERYRY dﬂ%ﬁ%rﬁ;ﬂ %’miﬁ? ﬁ% B?"'Eﬁ"’eé%%‘*}é‘)»ﬁ@“ﬂﬂ uor ophen
4-

?)?ig - 3- %?ﬁ%wgﬁ)enﬁ phe l% P?(& ﬁ))AI ani nyl ] Am no- 5- (2'

Fl uor ophenoxy) - 4- Oxopent anoi ¢ Acid; ~ 20 (3
S)-3-[N-(N -(2-tert-Butyl phenyl )O<arryl ) Al ani nyl ] Am no-5(2' - Fl uor ophenoxyr 4-
Oxopent anoi ¢ Acid; (353-[N-(N -(2-Phenyl phenyl ) Oxanyl ) Al ani nyl ] Am no-5
(D phenyl phosphi nyl oxy) - 4- OxopeBXAMPLEAD2d; or (3 S)-3-[N-(N -(
Napht hyl et hyl ) Oxanyl ) Al ani nyl ] Am no- S25
'.¢Di phenyl phosphi nyl oxy) - 4- Oxopent anoi ¢ Aci d | 17. dhe conpound of clai m 30
wherein the conmpound is: (3 §)-3- [N—(N (

g no-5- (25, 4', CO
0| Amg !5 DECZO 3(3 S)-3-[N(N -(
y)_ opetanglc |d (3 S)-3-[N-(N -(

Feuci nyI]Q\m
(2,3 ,5,6 Tetrafluorophenoxy) opentan0|c ACId, S (3 9-3-[N(N-(
1- Naphthyl)0<arryl)(tert Butyl } Al aQiayl ] Am no

5-(2',3 ,5,6"-Tetrafl uorophenoxy) - 4- Oxopentanoic Acid; (3 S)-3-[N(N -(
1- Napht hyl ) Oxaxnyl ) Leuci nyl ] Am no-5
(2' 18", 5", 6' - Tet raﬂswn{aﬁ%’ﬂmpmmq@emaﬁwmmﬂnm

(35)-3-[N-(N= “ V ’)Qé 'tﬁﬂf WJEJ A;?%fdﬂntﬂldicAcid Tt

(Met hyl phenyl pho opent @nol ¢
Part A: QS,4RS)-3-[(N-9-Fluorenleethoxycarbonyl)Cj;clohcxylgMimgI]Amino-5-
b ) T (2°,3°,5°,6’-Tetraflucrophenoxy)-4-Hydroxypentanoic Acid tert-Butyl Ester

To a solution of (N-9-fluorenylmethoxycarbonyl) cyclohexylglycine (0.514 g,

15 1.35 mmol) and (3S,4RS)-3-amino-5-(2’,3°,5°,6’-tetrafluorophenoxy)-4-hydroxypentanoic acid
tert-butyl ester (0.479 g, 1.36 mmol, see Example 88, Part C) in CH,Cl,(10 mL) at 0°C (ice
bath) under nitrogen was added O-(7-azabenzotriazol-1-yl)-N,N,N’,N’-tetramethyluronium
hexafluorophate (0.619 g, 1.62 mmol) and diisopropylethylamine (0.47 mL, 2.7 mmol). After
stirring at 0°C for 3 hrs, the reaction was allowed to warm to room temperature. After stirring

20  at room temperature for 16 hrs, the mixture was partitioned between EtOAc-water. The organic
phase was washed with water, 5% KHSO,, saturated NaHCO, and saturated NaCl solutions,
dried over anhydrous Na,SO, and evaporated to dryness. The residue was purified by flash



1

(3RS~3-[ N- (N - (1- Napht hyl ) Oxanyl ) Leuci nyl ] Am no- 5- Fl uoro 4- O(Op_elq.t snBEe 2002
Acid; or (3 S)-3-%N—(N' -( I -Napht hyl) Oxanyl ) Leuci nyl ] Am no-5

(17?i phenyl PHBIYMEES| oxy) - 4- Oxopentanoic Acid. IS 1 18. The cB&FOISIN1sAT4

cl aim 30 wherein the conpound is: (3S)-3-EN-(N -(2-(1H Tetrazol -5

yl) Phenyl ) Oxanyl ) Val i nyl ] Am no- 4- Oxobutanoic Acid; (3 S)-3-[N-(N -(

1- Adamant anyl ) Phenyl ) Oxanyl )V al i nyl ] Am no 20 4- Oxobut anoic Acid; (3
S)-3-[N-(N - (Phenyl ) Oxanyl ) Val i nyl ] Am8-no- 4- Oxobut anoi ¢ Aci d;

(3S)-3-(N-(N -(Benzyl ~xamyl ) Val i nyl ] Am no- 4- Oxobut anoi ¢ Acid; 25 (353- f

N- (N - (Phenet hyl anyl). I.n Am no-4 Oxohut anoi c Aci d. o

5571 v pRemassERb OB ks (2 in 'F iR cameRen{ Rz, s e

114 (3S) whitk %h?lNl‘Lé('Et(b\R@ e 1 X ppxl)gyal i nyl ] Am no- 40xobut anoi ¢ Aci d;
(35)-3-TN-(N - ( 2- Napht hyl ) Oxany §Va| | nyl ] Ami no- 40xobut anoi ¢ Acid; 5 (3

) 3 [Nl (4 OV e NP0 DAMh oL A i , SBRYL B0 © A1 &
Napht hyl ) Oxany| ) VallytixigeftghdsioAdid @rDBulybRsrc Aci d; (3 Sjesa3- [-1V- (N - ( |
,2,3,4-Tetrahydro-1 I O Napht hyl ) Oxanyl ) Val i nyl JAm no- 4- Oxobut anoi ¢ Aci d;
(3S35[N-(N - (1 Napt hyl met hyl y&ueary! ) Val i nyl b no- 40xobapesks-fieiél; or
(3S~-3-[1V-(N - (I Naphthyl) Oxanyl) Leuci nyl ] Am no- 40xobut anoi ¢ Acid. 1S 119.
The confiearenyimétholysarborgicydrbexyiglydimd] c oapivoite(2i,3°,5°,6’-tetrafluorophenoxy)-4-

(3S)- 3- N - (2- Fl uoro- 4-1 qdophenyl ~ | )Val ji.nyl ] Amd no-5-(2',3 S ,6" -Tet
ot | uor BERRBRIROAS TP A (AT . OTo Bhtoou BPeadarthiz

wher ei : m‘i}ﬁ'n . .

&3S) - S?TLN?}%" - 2 9 orlgeglz"igny )w&%‘nnxﬁd)a{ygwlo?xntg/rﬁveﬂrt]uﬁou_nggr&v?%qn, fg; l %‘- -Iihect xaf | uor

*ophenoxmjxnderoap dilttad oith EOA¢] . washed with water and saturated NaCl solution, dried over

10  anhydrous anhydrous Na,SO, and evaporated to dryness. The residue was purified by flash
chromatography eluting with EtOAc-hexane (1:2) to give the title compound (0.121 g, 45%) as
a white solid. TLC(MeOH-CH,Cl,; 5:95) Rf = 0.38.

Part C: (3S,4RS)-3-N-(N’-(1-Naphthy)Oxamyl)Cyclohexylglyeinyl]Amino-5-
(2'.3°.5,6’-Tetrafluorophenoxy)-4-Hydroxypentanoie Acid tert-Butyl Ester

15 To a solution of N-(1-naphthyl)oxamic acid (0.088 g, 0.41 mmol, see Example

1, Part A) and (3S,4RS)-3-(cyclohexylglycinyl)amino-5-(2°,3°,5",6'-tetrafluorophenoxy)-4- -
hydroxypentanoic acid tert-butyl ester (0.110 g, 0.27 mmol) in N-methylpyrrolidone(0.5 mL)-
CH;CL(3.0 mL) at 0°C under nitrogen was added O-(7-azabenzotriazol-1-y1)-N,N,N’,N’-
i,) tetramethyluronium hexafluorophate (0.125 g, 0.32 mmol) and diisopropylethylamine (90 uL,
20 0.54 mmol). After stirring at 0°C for 3 hrs and at room temperature for 16 hrs, the mixture was
partitioned between EtOAc-water. The organic phase was washed with water, 5% KHSO,,
saturated NaHCO; and saturated NaCl solutions, dried over anhydrous Na,SO, and evaporated
to dyness. The residue was purified by flash chromatography on silica gel eluting with EtOAc-
hexane (1:2) to give the title compound (0.094 g, 50%) as a white foam. TLC(EtOAc-hexane;

- 25 1:H)Rf=050. R

Part D: (3S)-3-[N-(N’-{1-Naphthy]YOxamyl)Cyclohexylglycinyl]Amino-5-
(2°,3’,5°,6-Tetrafluorophenoxy)-4-Oxoypentanoic Acid tert-Butyl Ester

To a solution of (3S,4RS)-3-[N-(N’-(1-naphthyl)oxamyl)cyclohexylglycinyl]
amino-5-(2',3°,5°,6 -tetrafluorophenoxy)-4-hydroxypentanoic acid tert-butyl ester (0.082 g,



121. The conpound of claim 30 wherein the conpound is (3S)-3-[N25 J DEC 2002,
(N - (2- Br owepdainsss) O<anyl ) Val i nyl ] Ami no-5-(2',3", S, 6" - Tet r gidra0ds9R5830XY) -
40xopentanoic Aeid. .- 5 DEC ~00~ h 11S 122. The corrpound of claim 30
wherein the conmpound is
(3S)-3-[N(N - (2-Fluorophenyl)Oxanyl)ValinyljAmno-S-(2',3",5,6'-Tetrafl uor
ophenoxy) - 40xopent anoi ¢ Acid. 5 123.,,The conpound of claim 30 wherein the
conmpound is (3S)-3-[N(N -(2-Trifluoranethyl phenyl) Oxanyl )V
alinyl]Amno-S-(2',3,S , 6" Tetrafl uorophenoxy) ~4- Oxopent anoi ¢ Acid. 124.
The conpi2imgelf irc UE,OI&@OmIA)’-IEHMZt ﬁl!’.)-DMﬁﬂmnde? at 369m Jethpethture under

(N -(1-Anthryl )Q(QQ/I ) Val i nyl ] Am no- S—(l S',6'-Tetrafl uorophenoxy) - 40xo
" pent andliEoge| was agl D‘ﬁﬁé"‘% GU?FH"@F ©N43 & Q@‘“vml@PBi Aftengtirdngrgb e | s

(3S)- 3- 2 Uy hen nyl no= S- 6'-Tetra
_fluor op%‘é’ggw& Eﬁg %k?b P‘%“ Oi c CI %gy‘rm %)ﬁf) %‘ bg’%%l ?ﬁi&o wherein
t he ConpRkIEd NSHCO, and saturated NaCl solutions, dried over anhydrous Na,SO, and evaporated
(3S)-3-[N(N -(2-Trifluorornethyl phenyl ) Oxanyl } Al ani Nyl Re-5-(2',3",S , 6
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20 Starting from (3S,4RS)-3-amino-5-(2°,3°,5°,6’-tetrafluorophenoxy)-4-hydroxy-
pentanoic acid tert-butyl ester (see Example 88, Part C) and following the general methods
described in Example 102, Parts A through E, the compounds shown below in Table 10 were

also prepared:
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5 g, 0.07 mmol) in CH,;C1;(2.0 mL)-anisole(0.1 mL) at room temperature under nitrogen was

added trifluoroacetic acid (1.0 mL). The resulting clear solution was stirred at room

temperature for 30 min, evaporated to dryness and chased with toluene-CH,Cl, (1:1). The
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f“) an off-white solid. TLC(McOH-AcOH-CH,Cl;; 11 :32) Rf = 0.20. MS(ES) for C,sH,5F4N;05S
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Under the same conditions sulfoxide isomer B (0.081 g, 0.12 mmol) gave the title compound,

isomer B (0.055 g, 74%). MS(ES) for CouHasFiN;OS (MW  639.57): positive
640(M+H),662(M+Na),678(M+K); negative 638(M-H),674(M+Cl), 752(M+TFA).
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" TT(38)-3-IN-(N’-(1-NaphthyOxamyl)Homoprolinyl]
Amine-4-Oxobutanoic Acid

Part A: - (38)-3-[N-(N’-{1-NaphthyhOxamyl)Homoprolinyl}Amino-4-Oxobutanoi¢ ~ - ~~---—~--—~ °
20 Acid (tert)-Butyl Ester Semicarbazone

To a solution of [N-(1-naphthyl)oxamylJhomoproline (0.103 g, 0.32 mmol, see
Example 100, Part A) in CH,C); (3.0 mL) at 0°C under nitrogen was added was added
hydroxybenzotriazole hydrate (0.058 g) followed by 1-ethyl-3-(3',3'-dimethyl-1'"-
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Part C: (3S)-3-IN-(N’-(1-NaphthyYOxamyl)HomoprolinylJAmino-4-Oxobutanoic n e
Acid

A suspension of (38)—3-[N-(N’-(1-naphthyl)ox‘amyl)homoprolinyl]amino—4—
) oxobutanoic acid semicarbazone (0.079 g, 0.16 mmol) in 37% aqueous formaldehyde(0.6 mL)-
20 acetic acid(0.6 mL)-methanol(1.8 mL) was stirred at room temperature under nitrogen for 18

hrs. The resulting clear solution was diluted with water and mixture concentrated on a rotovap. .- .

The aqueous solution was then frozen and lyophilized. The residue was taken up in methanol, ---.

filtered through Celite and filtrate evaporated to dryness. Trituration of the residue with Et;0 -
gave the title compound (0.037 g, 53%) as a white solid. MS(ES) for C,,Hy;3N;06 (MW

. 25 425.44): positive 448(M+Na); negative 424(M-H). - - - : e
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a] cal] ca] ca] c*a] cal] ca] cal] ca] ca
mixture was allowed to cool to room temperature and treated with 2.0 N HC1 in Et,0 (5.0 mL).
The rcsuhmg precipate was collected by suction, washed with hexane and dried in vacuo to
10 give 2-(1H-tetrazol-5-yl)acetanilide (0.917 g, 90%) as a white solid.

To a suspension of 2-(1H-tetrazol-5-yl)acetanilide (0.203 g, 1.0 mmol) in
tetrahydrofuran (2.0 mL) at 0°C under nitrogen was added triethylamine (0.170 mL, 1.2 mmol)
and benzyl bromide (0.125 mL, 1.05 mmol). After stirring at 0°C for 3 hrs and at room
temperature for 16 hrs, the mixture was partitioned between EtOAc-water. The organic phase

. _) 15 was washed with saturated NaHCO; and saturated NaCl solutions, dried over anhydrous
Na,SO, and evaperated to a dryness. The residue was triturated with hexane to give 2-(1’-
phenylmethyl-5’-tetrazotyl)acetanilide (0.218 g, 74%) as a white solid. "H-NMR indicates that
the product is a single regioisomer. Assignment of regiochemistry should be considered
tentative. "H-NMR(CDCL,): § 2.22 ppm (3H,s), 5.84 (2H,5), 7.16 (1H, dt, J = 7.8, 1.5 Hz), 7.40

20 (6H,m), 8.19 (14, dd, J= 7.8, 1.5 Hz), 8.63 (1H, d, J = 8.4 Hz), 10.58 (1H, bs). '

A mixture of 2-(1’-phenylmethyl-5’-tetrazolyl)acetanilide (0.216 g, 0.74
mmol) and 10% aqueous HCl (3.0 mL) was refluxed for 18 hrs. The mixture was evaporated to
dryness and the residue triturated with Et;O to give the title compound (0.187 g, 88%) as a

white solid.
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20 carbodiimide hydrochlondc (0.058 g, 0.30 mmol). After stirring at 0°C for 10 min, the mixture
was treated with (3S)-3-(valinyl)amino-4-oxobutanoic acid (tert)-butyl ester semicarbazone
(0.066 g, 0.20 mmol, prepared by the method described for the corresponding leucine analogue
in Example 1, Parts B and C) and N-methylmorpholine (26 pL, 0.24 mmol). After stirring at
room temperature for 16 hrs, the mixture was partitioned between EtOAc-water. The organic
25 phase was washed with water, 5% KHSO,, saturated NaHCO; and saturated NaCl solutions,
dried over anhydrous Na,SO, and evaporated to give the crude title compound (0.090 g, 62%)

as a colorless glass.
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(3SB-[N-(N -(2-(1'H-5 -Tctrazolyl)Phenyl)Oxamyl)Valmyl]Ammo—4—
. ) Oxobutanoic Acid
T 20 A solution of (3S)-3-[N-(N’-(2-(1’H-5’-tetrazolyl)phenyl)oxamyl)valinyl]

amino-4-oxobutanoic acid semicarbazone (0.048 g, 0.10 mmol) in 37% aqueous
formaldehyde(0.4 mL)-acetic acid(0.4 mL)-methanol(1.2 mL) was stirred at room temperature
under nitrogen for 18 hrs. The rcsxxlﬁng clear solution was diluted with water and mixture
concentrated on a rototvap. The aqueous solution was then frozen and lyophilized. The residue

25  was taken up in methanol, filtered through Celite and filtrate evaporated to dryness. Trituration
of the residue with Et,0 gave the title compound (0.025 g, 59%) as a white solid. MS(ES) for
CiiH;) N0 (MW 431.41): positive 454(M+Na); negative 430(M-H).
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. quanitative). Based on the starting semicarbazone-acid, the resin loading was calculated as

approximately 0.28 meg/g.
(j Part B: (3S)-3-[N-(N’-(1-Adamantanyl)Oxamyl)ValinylJAmino-4-Oxobutanoic Acid
10 An aliquot of the Part A resin (0.125 g, ca 0.035 mmol) was placed ina 6 mL

Supelco™ fitration tube cquipped with a 20um polyethylene frit, treated with piperidine-

dimethylformamide (1.0 mL, 1:4 v/v) and mixed on an orbital shaker for 1 hr. The supematant

was removed by suction and the resin washed with dimethylformamide (4 X 1.0 mL) and

CH,Cl; (3 X 1.0 mL). The reésin was treated with 0.5M iPr,NEt in N-methylpyrolidinone (0.40

15 mL, 0.20 mmol), (1-adamantanyl)oxamic acid (0.0246 g, 0.11 mmol) and 0.25M O-(7-

azabenzotriazol-1-yI)-N,N,N’ N’-tetramethyluronium hexafluorophate in N-

methylpyrolidinene (0.40 mL, 0.10 mmol). The mixture was mixed on an orbital shaker under

an nitrogen atmosphere for 16 hrs. The supernatant was removed by suction and the resin

4') washed succesively with dimethylformamide (3 X 1.0 mL) and CH,Cl; (3 X 1.0 mL), methanol
20 (2X 1.0mL)and Et,O (2 X 1.0 mL).

The resin was treated with 1.0 mL of CH,C], and allowed to re-swell for 15
min. The solvent was removed by suction and the resin treated with trifluoroacetic acid-
CH,Cl-anisole (1.0 mL, 4:3:1 v/v/v). After mixing on an orbital shaker under nitrogen for 5.5
hrs, the supernatant was removed by suction and the resin washed with CH,Cl, (4 X 1.0 mL).

25 The resin was treated with 37% aqueous formaldehyde-acetic acid-tetrahydrofuran-
trifluoroacetic acid (1.0 mL, 1:1:5:0.025 v/v/v/v) and mixed on an orbitali sl;aker under
nitrogen for 4.5 hrs. The supemnatant was collected by suction, the resin washed with
tetrahydrofuran (3 X 0.5 mL). The combined filtrates were blown down under nitrogen. The
residue was taken up in methanol (0.5 mL), filtered and applied directly to a 3 mL Supelco™
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81095+ gﬂe(%lz,l\blzgm Rf = 0.23. MS(ES) for C3H;N;O4 ( 421.49): positive 444(M+Na),

460(M-+K); negative 420(M-H), 534(M+TFA).

[+]

EXAMPLES 114-127

! Starting with (3S)-3-[N-(9-fluorenylmethoxycabonyl)valinylJamino-4-

10 oxobutanoic acid (tert-butyl) ester  semicarbazonyl-4-[2’-(4-ethyl-phenoxyacetyl)]
aminomethylpolystrene (see Example 113, Part A) and following the methods described in
Example 113, Part B, the compounds shown below in Table 11 were also prepared:



& ()-M& 3 &10% + & ()-M 3 &10% + & () - M&O R-Z-[-\----pXe8 BDEC 2002
& (WONMD@1686810% + & ()-MD 3 &10% + & () - MD& 3 &109% + PET(YSMAS®4

& ()-MD----. .!. .sW8 3 &10% + & ()-M 3 &10% + & () - M& 3

-MD_. " .c...... XX@B& 3

&10% +°
&10% +°
&10% +°
&10% +°

&10% +°
&10% +°
&10% +°
&10% +°
&10% +°
&10% +°

& ()-M) 3 &10% + & ()-M& 3 &10% + & ()

& ()-MD 3 &10% + & ()-MD& 3 &10% + & ()-M 3

& ()-M& .' [ (/)I\I]/™ pX<8 3 830% + & ()-M& 3 &10% + & ()-M 3

& ()-MD& 3 &10% + & ()-M 3 &10% + & ()-M™ /[ Jalllllx\<8 3

& ()-M 3 &10% + & () - M&
& ()- M/ / OLOMDNOOOXX@B& 3
& ()-M 3 &10% + & () - MV&00000000pX=010" +°

TARAL 0

()-MD 37&10% + & ()-M& 3
“MD 3 &10% + & ()- MD& 3
3 &10% + & ()-M& 3

COoH
o) 0 2
e o A L
N 2 H
0 - O sl -~ -
MS(ES)
Ex. R' Formula MW pos. neg.
114 Ph Cr]Hz.NaO‘ 363.37 386(M+Na) 362(M-H)
402(M+K)
115 | PhCH; C1sH23N104 377.40 400(M+Na) 376(M-H)
116 | Ph(CHy), CioHasN:Og | 391.42 414(M+Na) 390(M-H)
. 430(M+K) 504(M+TFA)
117 | (2-CF;)Ph CiaHxoF3NyO4 | 431.37 454(M+Na) 430(M-H)
118 | (2-+Bu)Ph CoHpeNaOp | 419.48 442(M+Na) 418(M-H)
458(M+K) 532(M+TFA)
119 | (2-Ph)Ph C3H,sN5O, 439.47 462(M+Na) 438(M-H)
478(M+K) 552(M+TFA)
120 | (2-PhCH,)Ph CaH13N3 Oy 453.49 476(M+Na) 452(M-H)
492(M+K) 566(M+TFA)
121 (2-PhO)Ph CsHasN.Oy 45547 478(M+Na) 454(M-H)
494(M+K) 568(M+TFA)
122 | 2-naphthyl CH23N;04 413.43 436(M+Na) 412(M-H)
452(M+K) 526(M+TFA)
123 | 1-naphthyl CuHuN.Os | 413.43 436(M+Na) 412(M-H)
452(M+K) 526(M+TFA)
124 | 4-Cl-1-naphthyl CuHCINO, | 447.87 | 470/472 (M+Na) | 446/448 (M-H)
486/488 (M+K)
125 | 5,6,7,8-tetrahydro-1- CuHnN,04 41746 440(M+Na) 416M-H)
paphthy] 456(M+K) 530(M+TFA)
126 1,2,3,4-tetrahydso-1- C11H7N>O, 417.46 440{(M+Na) 416(M-B)
naphthy! 456(M+K) S30(M+TFA)
127 | (1-naphthyDCH, C2HasN1 Oy 427.46 450(M+Na) 426(M-H)
466(M+K) S40(M+TFA)

Although the invention has been described with reference to the examples

5 provided above, it should be understood that various modifications can be made without

claims.

departing from the spirit of the invention. Accordingly, the invention is limited only by the
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O3(10% & ()-' 3(10%., L& ()- OB(10% & {)-556666666| [ NA4110, 10, 10,
10% & ()- 1810% & ()- |Y110% & ()-: | ¥1109%*& ()-:
| YI1109X&' () -: 6666678|[: NA4110 3 &10%,&' ()- 3 &10%,& ()- "10%,& ()- 10%
L& ()- 10%, & ()- H@L0%D, , O& ()-89:; G==>|[: NA4110 +! 10% , & ()- & %d0%t;
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& ()- 0110%,& ()- yS/ 10%,& ()-5CoaEaadAvVUAL  109%+-& ()- 0s109%& ()-
H@3® 100W&ickimri0; , 10;, 10, ,;#10% , & ()- 9110% , & ()- AAKAA) BuBB| [ : vUA1
3'10%& ()-G 3' 1098' ' 3& ()-CGH !10%& ()- & 10%-& ()- | !10%& ()-

109%+& () -B5CC; . DDDE| [ : vU4L...! 109%& () =- S| 1096& () - H a&10%5-& ()-Z
\1 Y&L10%&' ()-Z ! 10%+& ()- 3'10%' & ()-CGEE/ FFGG H| [:vWal ,,!10%& ()-
& Y0%& ()-3H & Wi 0%-&compGunddf 1eYeiwing formuld:#10%6-& ()- Y
109%& ()-tH al1JiJJ|[:vW4l S910%-& ()- 710%-& ()- H L6& 10%& ()-
SY4s! 10% *& ()-3 2S10%& ()- /L' 10% +& () - JJJJJJJJJVé%j.R’RO%)a, 9& () -
fY: 1099a, 9& ()-M | 10904, 9& () - @31Q0a, 9& () - 1040+ ;
-10%& () - JKWKKL' LM Z9vU41  Y&L09®ajo& ()- ! DY&ldugq& ()- L !10%9a, 9& ()-G
Y&1099a, 9&' ()- Y 10983, 9&' ()- SH104Ba, 9& () - MCN FOPUP%[ vl | f
@0%&'()- W +10% & ()- f ﬂp% 1099a, 9& () -
~¥&10%Zh" Z& ()- PQLQQ RR#S| [TV 9- - &109®' 9& () -
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T110%& () - wikre@or& ()- OSH10%& ()~ SH10% + & ()- s, !10%& ()- XX

A is a natural or unnatural amino acid of Formula lla-i;

é R o 3 7‘ o RS
~
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() R* . . N/Ra
ORI
Lt L L
114 IXe I1f
] ﬂ o H (CH2).
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2 _N i N (CHah, g N _ACHyY,
° I11g 3 ¢ IIh é ° IIi g
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1810% & ()-G 1 &10% & ()-G 9! 10% & () - 921 10% & ()- F

"10%h, h& () - Y dyefgghii|[:-410,J & S&10% & ()-: p& S&10%p, p& () -
& S&10% & ()-: & S&10% , | & ( B-is aghydropen tog&a(thmwseﬂqrop/al&ylg )cycloalkyl

i bA410, J 110 o M &
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10% , & ()- 10%, & ()- 1 o( ?9?5 m-tlo,,lo,,lo,,&?m%)d ,9,(1?&?&.‘8{@1)

, & () SAtttuvj v|[ leO(CHi)ﬂ@Gbsn&t(t) hetetontyl),, w@ethﬁ#mm”& QONRPRM10%

i o, 5 ()Lt e OB o ol

zz{|[:vU410 9, , Y0% & (v})chZ(xscr&l&%nﬁm(a)sulf&&tdxﬂ% i¥a(gro up%?&ﬂ@%m&ia() z

9#810% & () -z F3"#10%, & ()-{gl| 'Y} ~~~~|NA41010;, 10;,10;, 38#10%,& ()-Z
384#10%:,' & ()-Z 9L6! 108a-® ()- 94810%,& ()- 6 F1#10%
pz()-~ ~Og-bm] | [ : NA41010 110%, & ()- '10%, & () - |10% & ()- #10%

()- 10%, & ()- 10% (g YI 7| [ NAG 010H;*10%f&() & () -

*1099 & ()- 19" 10%, g—ro\ 100/#,,#&( )—EQ. 100 & ( -$'k(|3 5 410:.
Y&910% , & ()- s 7! 10% ‘ '

. 0% 109%AA& () - - bA410:
109€BY%&& ()-S 2, 100N, T8
IO, & ()- f&LON, & () -
f &100M, & () - 2X(Q [: 41059 () -
*000%6: $6& ()- (3109&NTR& ()T - T0VEN && ()- l[NA41010&N &108N,R108N, &
9109%&N, &&' ()- 8 10%&N, &’ ()- &B63109%&N, &&' () - R™®| 4109&N, &&’ () -

ITlIa IIIb IlIc

R’ is alkyl, cycloalkyl, (cycloalkyl)alkyl, phenyl, substituted
phenyl, phenylalkyl, substituted phcnylallq-yl, r-naphthyl,' substituted
naphthyl, (1 or 2 naphthyl)alkyl, heteroaryl, substituted heteroaryl,
(heteroaryl)alky), substituted (heteroaryl)alkyl, R*(R'™N, or R*0O;

and

14

R? is hydrogen, lower alkyl, cycloalkyl, (cycloalkyl)alkyl,
phenyl substituted phenyl, phenylalkyl, substituted phenylalkyl,
»_gzgphtbyl, substituted naphthyl, (1 or 2 n_aphthyl)alkyl, or
substituted (1 or 2 naphthyl)atkyl;

T P G ) e e e e e e e e

R" and R"™ are independently hydrogen, alkyl, cycloalkyl,
(cycloalkyl)alkyl, phenyl, substituted phenyl, phenylalkyl, substituted
phenylalkyl, naphthyl, substituted naphthyl, (1 or 2 naphthyl)alkyl,
substituted (1 or 2 naphthyl)alkyl, heteroaryl, substituted



At
T .

2@L0%N, &&' ()-y|[: NA41010 F&L0%& ()- L 10%& ()- #10%-& ()- ,10%W& OFC 5
Y10%-& () - woteafes& ()-f/|[; NA41010 kI y#10%+>& () -

| y#10%+&'
F. #10% &
& ()-mé&
L8@ 0% &
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m&* 1094 &
03 +10%
10% C- N &

- 109%& () -

10%-& () -

()- 1&10% ||

10%& ()-:!"#3$2] 0bU410 (&10%& ()-10+10+10+ Fl: #10%-& ()-

()-' &710%& () -

S5210%-& () -@MJ @[:bU410 R3 +10% & ()-m 3

()-m-* 3 +10%& ()-m3 +I0% & & ()-m 0& 10YR+RE& () -

()-@%&[[:b

& ()-mjr3  +1

()- &10%& ()
* F10%& ()-
&Q | [: vU410

| . @O%& () O% & ()- YB+& () -
F @0,%{

‘18 a]kyl cycloalky] (cycloalkyl)alkyl, phenyl, substituted
phenyl, phenylalkyl, substituted phenylalkyl,” naphthy!,- substituted
naphthyl, (1 or 2 naphthyl)alkyl, substituted (1 or 2 naphthyl)alkyl,
heteroary], substituted heteroaryl, (heteroaryl)alkyl, or substituted

(heteroaryl)alkyl;

R’ is C,. lower alkyl, cycloalkyl, phenyl, substituted pheny?,
(CH;).NH,, (CH;),NHCOR’, (CH),N(C=NH)NH,, (CH,)nCO:R’,
(CH,).OR", (CH,).SR",(CH,),cycloalkyl,(CH,),phenyl,
(CH,),(substituted  phenyl), (CH;).(1 or 2-naphthyl) or
(CH,)u(heteroaryl), wherein heteroaryl includes pyridyl, thienyl, furyl,
thiazolyl, imidazolyl, pyrazolyl, isoxazolyl, pyrazinyl, pyrimidyl,
triazinyl, tetrazolyl, and indolyl;

R™® is hydrogen or methyl, or R’ and R* taken together are —
(CH,)¢ where d is an interger from 2 to 6;

R' is phenyl, substitwted phenyl, (CH,).phenyl,
(CH;)m(substituted phenyl), cycloalkyl, or benzofused cycloalkyl;

R’ is hydrogen, lower alkyl, cycloalkyl, phenyl, substituted
pheny), (CH).cycloalkyl, (CH;)phenyl, (CH,),(substituted phenyl),
or (CH,),(1 or 2-naphthyl);

R® is hydrogen, fluorine, oxo, lower alkyl, cycloalkyl, phenyl,
substituted phenyl, naphthyl, (CH,),cycloalkyl, (CH;),phenyl,
(CH,)(substituted phenyl), (CH,),(1 or 2-naphthyl), ORY, SR" or
NHCOR’;

R’ is hydrogen, oxo, lower alkyl, cycloalkyl, phenyl,
substituted phenyl, naphthyl, (CH,).cycloalkyl, (CH,),phenyl,
(CH,).(substituted phenyl), or (CH,),(1 or 2-naphthyl);

) > | y# 10(V°"&Pé'}‘/US99/15074
& ()-° 1810%W +v & ()-° |1&10%& ()- Sh|[: NA41010
(Y- mMF. #10% & ()- F.#10%1& ()- }f)g&l0% + & ()-m f)g&l0% +;

2002

0 +10% F109N &
oyt iR bl stont bt helora By sy <. ™
tﬁéﬁtﬂaﬁbﬂiﬂi’*dﬁ@@?&&nﬁ&’o&ﬁe hZ&xQ;é@,& O-m: vU410
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Y*&lOO%& ()- Wr+&10%, 78 () - eY*&lO%E E& () -vno& (3| 0bUA10 o

Izlgz(ﬁgfycff; I&l?()% 8@(1)cl_|PhS‘%%l/ (MWW . L6109%6*& () - L610% & () -°

L610% & ()-° F+10% & ()- “F+10% +& ()-I[iov|[:bU410 H h )Ylo%& ()-F
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_ R is lower alky), cycloalkyl, (CH,),cycloalkyl, (CH,),phenyl,
{CH,)n(substituted phenyl), or (CH)n(1 or 2-naphthyl);

R” is hydrogen, bower alkyl, cycloalkyl, phenyl, substituted
phcnyl, naphthyl, sibstituted  naphthyl, (CHycycloalkyl,
(CH;).pheny] (CH.).(substimted phenyl), or (CH,),(1 or 2-naphthyl);

R" is hydrogen or lower alkyl;

) or R and R™ taken together form a five to seven membered
carbocyclic or heterocyclic ring, such as morpholine, or N-substituted

“pi ine;

R is phenyl, substituted phenyl, naphthyl, substituted
naphthyl, heteroaryl, (CH)),phenyl, (CH;),(substituted phenyl),
.. (CHa)(1 or 2-naphthyl), or (CH;)u(heteroaryl);

R'S and R are independently lower alkyl, cycloalkyl, phenyl,
substituted phenyl, naphthyl, phenylalkyl, substituted phenylalkyl, or
(cycloalkyl)alkyl;
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83" +109&& ()-3 !10%, & ()- ,!10%, & ()- 5110%1,&'()- |&10%1,&'()-G
| 810%, & ()~ CK|[:vUA10 - @10%, & (ys f,,310%, & ()- OY*10%, & ()-
(110%, & ()- & 110%, & ()° 3"+10%, & () 3\j kI m [ NA41010) 10) 10) {4%10%& () -
. 494.0% 3#10% , & fs!
10°/<9a(9 8 &l 100/§éa 95&)()E é@%‘ ‘8&’{‘?‘4""%&@%§* %}-’m(’,%i‘oo RAED -
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MA0%9a, 9& () -G #|[: vU410 & ml0%® +9& ()-m 0%9a 9&' ()- ys!10%a, 9& () -

? , 109%a, 9& ()- !10%a, 9& () - 3 10%®a, 9& ()-#& P|[:vU410 y2109%a, 9& () -
y31! 10%a, 9& ()- s3109%9a, 9& (5 B, o1, 9&' ()- y(! 10%a, 9& () -
*109%0a, 9& () - PT| obU410 "F10% & ()-109a, 9109a, 9109a, 9 y9! 109®a, 9& ()-?
y8! 1099a, 9& () - y" 6! 10%9a, 95 0)or 14nd DR %r I8hrbviadithiriild 105 1 Bersb RA%0 & () -

c is 1 or 2, provided that whencis 1 thenaisOand bis 1;
m s 1 or 2; and
e o i e o e = -nis1,2,30r4; N B L T e e I

or a pharmaceutically acceptable salt thereof.

2. The compound of claim 1 wherein A is

R3

o e
ITa

3. The compound of claim 2 wherein
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YR(&10% & ()- @' !10% &in@) - @B 10% & ()-? “##10% & ()- , S 10% & () -
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5 The compound of claim 4 wherein R’ is phenyl, substituted phenyl,

(CH;)mphenyl, (CH,)n(substituted phenyl), cycloalkyl, e 2-indanyl.

PN
’
H

) ) 6. The compound of claim 1 wherein A is
A R'

IId

7. The compound of claim 6 wherein R® is hydrogen, fluorine,
cycloalkyl, phenyl, substituted phenyl, naphthyl, (CH,),cycloalkyl, (CH,),phenyl,
(CH,)u(substituted phenyl), (CH,),(1 or 2-naphthyl), OR'®, or SRY.
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14.  The compound of cleim 13 wherein R' and R' are independently
hydrogen, alkyl, or phenyl, or wherein R'® and R" taken together are -(CH=CH),-.

- .- 15. The ‘compound of claim 1 wherein R’ is phenyl, substituted phenyl,
phenylalkyl, substituted phenylalkyl, naphthyl, substituted naphthyl, (1 or 2 naphthyl)alkyl,
heteroaryl, or (heteroaryl)alkyl.

16.  The compound of claim 3 wherein R’ is methyl, isopropyl, isobutyl,
cyclohexylmethyl, t-butyl, cyclohexyl or phenyl.
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18.  The compound of claini 1 wherein R’ is 1-napfithy! and A is valine.

19. The compound of claim 1 wherein R' is 1-naphthyl and B is
CH,0(2,3,5,6-tetrafluorophenyl). -

20. A pharmaceutical composition comprising a compound of claim 1 in

combination with a pharmaceutically acceptable carrier.

21. A method for treating an autoimmune disease, comprising
administering an effective amount of the pharmaceutical composition of claim 20 to a patient
'in need thereof. - S s -

{

A ) 22. A method of freating an inflammatory discase, comprising
administering an effective amount of the pharmaceutical composition of claim 20 to a patient
in need thereof.

23. A method of treating a neurodegenerative disease, comprising
administering an effective amount of the pharmaceutical composition of claim 20 to a patient
in need thereof.
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27. A method of prolonging the viability of an organ that has been
removed from a donor or isolated cells derived from an organ for the purpose of a future
transplantation procedure, comprising applying an effective amount of the pharmaceutical

""composition of claim 20 to the organ or isolated cells to prolong the viability of the same as’
compared to untreated organ or isolated cells.

28. The method of claim 27 wherein the organ is an intact organ.

29. The method of claim 27 wherein the isolated cells are pancreatic islet
cells, dopaminergic neurons, blood cells, or hematopoietic cells.
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-~110% & () - ~! 109B &is )hydiigen, aﬂcﬂﬂﬁl@l,()CHiZ!ﬂ%&hér):m #HEREADxy Y0 & () - SW >=!

~1 10%& -~ 19%,,&() Z110% & ()-~! 10% & () - &5?KR\ e_?45~1 ~1 10% & () - ~! 10% &
" 9y - ~1 16PR@PORR004 & () - ~! 10% & () -~! 10% & () - ef ghi j kvZ>45~~1 10% & () - ~! 1

O & 15 SR M st S ol DU AR 2. 10O

810% & phengllkyl,3 sabafied ( phenyldiol Raphthyl0%ubstituted * nafhiiayd ((1- opl b7 K5
& 10% & TU#10% & ()-40 110%& ()- L110% & ()- !10% &
491 10% @p%x}h yDalkx), | -heteraarsh o pplsstifuted &' (bptegoarglallds &5 titufed/

10% & ( 13 & ()-w vU4 V&I0%C- C& ()- S#10% & () -f 10- 10- 10-
L #10% & i Séd%ﬂ)é%&lé}f*) (ﬁ%%% & ()-d|[:vU4s V Yg#10% & ()- f!110% & () -
SI10% & () - S@ 10/%&nd R* aré pRSyE () - 10% & ()-* [[:vU4 V A &10%-. & ()-
20 R? is hydrogen;
R? is Cy. lower alkyl;

R*is hydrogen;
RY is substituted phenyl; and



> &10% k) & ()- 1 &10% & ()- G &10%t-4& ()- >&10% ' & ()- @10%&5(95[:\29@
L10% & ()- 10% & ()- 10% & ()- ? ,10%- & ()-Y108-8108-8108-8
v K, &1098-8&' ()- ~& [:vU4 {&F"10%*P& ()- 0 :'10%B)3& ()- ' 10%%& ()-?
109K K& ()-  z10% &' () - !'10%&'()-&2|[:vu4 L$! 10% & ()- "#10% & () -
1110% & ()-? Y'10% & ()- L*10% & () - 10% & ()-2J|[:vU4 Y.10% & () -
,110% & ()- *#10% & ()-? S)llo%%;( '110% & ()- 9% 10% & ()- NOPQ {vW4
$10% & ()- 0&310% & () - 10-10-10% 5110% & ()- 34#10% & () -
S010% & ()-{}+%[:vU4 8810% & ()-- &10% & ()-- .S 110% & ()-2? @10% & ()-
10% & () - 3910% & ()M qbik ,{dem,/qd%v&mwpi@nﬂ +MLO% & ()-? &&10% & () -
$M0% & ()- R and R' are ndepe
$10% & ()-_/ bUs/ KarP al £ tgcgl%&céﬁtabi{asalt)@@f&of) #{110% & ()-#{!10% & ()-#{!10
% & ()-# oraph
dDbU5/ Kar Pga! {! 10% & () -#{!10% & ()-#{!10% & () - #{110%& ()-#{!110% & ()-#{!
10% & () - #() 56xX<bUB/ Kar Pq{ ! 10% & &% FohekOReREiE phedyt 1006 &' () - #{! 10% & () - #{
110% & () - #/ Karfiga! GFhe *} /3&() #{110% & ()-#{!10% & ()-#{!10% &
()-#{110% & ()-#{!110% & ()-#{!10% & () - #Yprq{|xX<+5{l10‘%{'10%&() #{110%
& ()-#{110% & () - #{110%& ()- #{110%& % r Raabstigiedphendbs & () - #{1 10% &
()-#{110% & ()-# '10{‘}1% 1oy /e& ()-#{!10% & () - #xX<+5{! 10%
110% & () - #{! 1098& () #{110% & () #{llo%& () #{|10%& () - #/ Kar Pga! gK+5{! 10
% & ()-#{110% & ()-#{110% & ()-#{!10% & () - # %g‘f, 110%&() #{110% &
() - #xx<+5{1100/({110%& (3 %ﬁ@@&@ammw %/ 0% & ()-#{!10% & () - #
/Ka Pgal!
" K9r5{|10%&() #{llo%&() #{llo%&() #{110% & ()-#{110% & () -#{! 10% &
() #{110% & () - #& 2; erein R! is 2-fluorophenyl.
OVt T4+5{110% & 8% #{me%mpcwd#f?‘%?i ()-#{110% & ()-#{!10% & () - #/ Kar Pga
TVYZ[ es}sS3+5{! 10% & () - #{! 10% & ()-#{! 10% & ()-#{! 10% & ()-#/ Kar Pqa! {!10%
& ()-#) IL05{|10%& ()- #{llo%& () #{|10% 43 40BrofheIV#{ 1 10% & ()-#{! 1
0% & ()-#{!10% & §!§§?¢ w3 Wi E iz() #{110% & ()-#{!10% & ()-#/
Kaqua!{!lO%&'() %& () #{110%& ()- #{110%& ()-# Kar Pqa! {! 10% &
"()-#{110% & ()-# 05305{|10%&() #{110% & () rP %he;@[)/e&() #{110% &
()-#{110% & ()-#".78?@MNgG+ wg éﬁﬁa#@h&m%&lé?%?’ﬁﬁ % & ()-#{110% & () -
#{110% & ()-#{! 1096.& (Fbegam! %) #NZ[ A j vsWI+5{! 10{! 10% & ()-#{!10% & ()
-#/ Kar Pgal {110% & ()-#{!10% & ()-#{!10% & () - #v oe+5{{1100/f&() #/ Kar Pga! P{
110% & ()-#{!10% & ()-#{!10% & ()-# % bothietoin RYIGS{OAOPPE () - #{110% & () - #
{110% & ()-#{! 10% 5() mlcmw&u%‘)f iPt'F‘ % & ()-#{!10% & () - #X<+5{110% ! 10%
& ()- #/Kaqua'{'l%/e& ()-#{110% & () - #{110%& () #{110% & ()-#_/ +5/ Kar Pga! {
110% & ()-#{!10% & () - #{110%& ()-#{!10% 1131 Q%afphenyd$/ 8DI MID+5/ Kar Pq
al {110% & ()-#{! 10%& (@ %&ofglmﬂ{ﬂm #{I 1006 & ()-#{!110% & () -#M
Nan§ T4+5/ {1 10% &%) - # % () - #{llo%&() #{llo%&() #{110% & () - #/ Kar
Pga! sS3+5/{! 10% & () - #{110%&() #{110% & ()-#{110% & (- rP ga! {! 10% & (
)-#1 LO5/ {1 10% & () - #{! 10% éxéo ! Q%&%)wﬁd%%% f‘)’ é{’ Y% & () -#{110% &
"()-#{!10% & () - #s53805/ {The§9 "(]{d#{llo%&() #{110% & () - #{llo%&() #/ Kar
Pga) {! 10% & () - #SWI05/ {! 10% & () - #{!110% & () - #{! 10% & () ff’/Ka\qual{l 10% & (
) #{110% & ()-#| a@5/ 9- 10% %~ g wherein R is 4-chloropne
& ()-s{!10% & () - #! arpmmdmm@i‘j‘a‘#}h %& ()-#{110% & ()-# ),>|[: 05/
3s=10%N, & ()- 38109%N,'& ()-! 3Y510M, & ()- p9- 10%S)f& ()-s 39- 10%&& ()-s(
+9- 100, & ()-S>IM] |vZ [ #! 10N, & () 38w§xerem@ h & A-bromepBedyLON, 10N,

339?109\, & ()-m 3'f, Cloﬁi?%%r}’o wEd o laim
=109\, & () -ij kIl mw & () -3/ Kvdp! #! 100N, & ()-" 3#! 1000, & () 3#! 1

0%\|,&'()-‘3#!10%\|&() "3/ vZ: [ KVdp! " #1 109, & () ' 3#L1000 &4 () -~ 3#1 109, &
()-" 3# 1098\, & () - 3#! 10%\1&() TQ’LEJ AW h-‘érm%\]ll&""(’? |10%\1&() * 3#!
1098, & () - 3#! 1098, &%) - 3#1 1000, & () - 3t X<vZz: / KVd#! 109N, & ()
-‘3#!10%\1,&'()-‘3#!10%\|&() 341 109N, & () - 3#! 10N, & () - 3/KVS£'tT4vZ/#'1
09N, & ()-° 3#! 109N, & ()-° 3#! 10N, & () - 3#'[{}2]@@%1(311&’
| (sS3vZ: / #1 10N, & () - 3#|;@ Sptund S AIAIMK| 3/ KVdp! # 109, & () -~ 3#! 10
W, & ()15 3(49<|Tos3\7‘%/#l O, & ()-3#! 100, & () -3/ KVdp! #! 1098, & () - 3#! 1
0%\1,&'()-‘3#!10%\|,&() “3TUVX\ ] £ X<VZ: /#1100, & () - 3/ KVdp! #1 109, & () - 3#! 1
00N, & ()-"3#! 100N, & ()-"3#! 100N, & ()-"3f pw /vZ: / Kvdp! #! 100N, & () -° #|10%\|&
Y()- " 3# 1098, & () - 3#! 1098, & () - 3#! 1098, & () - 3t XvZ: / Kvdp! #! 100\, & () -

!10%\I,&'()-‘3%#!10‘%6\I,&'()-‘3#!10%\I,&'()-‘3#!10%\I,&'()-‘3#!10%\I,&'()-‘3pP0vZ
L1 # 109N, & () - 3#! 109N, & () - 3#! 109, & () - 3#! 109, & () - 3#! 109, & () - 3/ KV
dp! SWIvZ: / #1 100N, & () - 3#! 100N, & () - 3#! 100N, & () - 3#! 100N, & ()- "3/ Kvdp! #!
109N, & ()- 3sSTvZ: [ #! 109N, & () - 3#! 109, & () - 3#! 109, & () - 3/ KVdp! #! 1090, &

3% 109N, & ()- 3
$xX8vZ/#'lO%\I&() “3#1 100N, & () - 3/ KVdp! #1 100N, & () - 3#1 100N, & () - 3#1 10%

NN NNy ~ M A A NA AL A NA AL



|[:bUA ) %M0%&-& ()- L'1109%&-& ()- $ 10% & ()- F"#10%-& ()- QC
. 109%8- Q8 ()-y( mLO%&-& ()-8hwi~|[:bU4/ ,8110%&-& ()- s6! 10%&- & ()-L 5 DEC 2002
4#10%- & ()- 22109 ()- .10%-& ()-( S, !10%&- & ()-~uT3/ % 910% & () -

109%- & ()- 109%-& ()-!#)10% ( (& ()-|10& 10& 10& (

9:109%&- & ()-j N. 301 109 & ()-y0! 10% & ()-y-0! 10% & () -y0! 109% & ()-y0! 10% & ()
-y [91099 & () -: ( 69

4910%& & () - $S3. 30! 109 & () -y0! 189 & ()-y0! 109 & () -y0! 10% & () - y/ KY

Y/ 1(0!'10% & ()-yo0S3.30! 10% & ()-yO0! 109 & () -y/ KY

Y/ 10! 10% & ()-yO0! 3999 &The corfipckiddoficlaim 32 Where@R' 3,4 afhBrdphenylKY
Y/10110% & ()-y0! 1099 & ()-y0! 10% & ()-y0! 109 & ()-y@ W fop. /. 3/ KY
Y/10110% & ()-yO0! 109 & ()-y0! 109% & ()-y0! 109 & ()-y0! 109% & () - ypsdD. 3/ KY

Y/ 10! 109 & yO' { y0! 109 & () -y
t T4, 3/01/010%(3& () - Z} ulg’&é“)& %?P@%@fg%}g??W%%fﬁ‘?d@@%é@o-y/ KY
Y/ 1sS3.3/0!10% & ()-y0! 109 & ()-yO0! 10% & ()-y0! 10% & () -y/ KY
Y/ 1/0!110% & ()-y 0<sS3. 3/0! 10%& ()-y0!l 109 & ()-y0! 109 & () -y/ KY
Y/ 1 0! 10%& () - y0! 469 &Tke - % glaim 13% &whyrein0! ROWIR' @2)3,3:6KY
Y/ 10! 109 g 8%&() yoI 10%&() yery /.3/KY
Y/ 10! 10 ‘%‘%‘% 0% & ()-y0! 10% & ()-y0!10% & () -y0! 10% & () -ydD. 3/ KY
Y/ 1 0! 10%& ()-y0! 109 & ()-yO0! 10% & ()-y0! 109 & ()-yO0! 104 & ()-y0! 10% & () -y
tT4.3/0! 109 & ()-y0!10% & ()-y0! 109 & () -y0! 109 & ()-yO0! 1094 & () -y/ KY
Y/ ! s83. 3/ 0! 10%&@ yOTlld)%@‘n(p)ouy'D' 1604 &laim- yBRY wherein R' s 2-
Y/ 100! 1 @&l 0 & ()-y' (125?2sW. 3/0I 10%& ()-y0! 109 & ()-y/ KY
N//y 0! 1086 0(‘) '()-y0! 109 & () -y?KR[ dehCB. 3/ 0! 109 & () -y/ KY
Y/1 YO! 10% & () - yO' 109 & ()-yO0! 10% & ()-y0! 109 & ()-yhny /. 3/ KY
Y/10!109 & () -y0! 1099 & ()-y0! 109 & () - y0! 109 & () -y0! 109 & () - ygH KY
Y/ ! @y10% & ()- 1484 & The , komypenid - of0, cledn 32 wherein R' is  3-
10, *3@&% gthFOI 109 & ()-y}#I\ =gH KY Y 10% & ()- M10% & () -
AO| * 109 ‘(’é‘ L 10% (& ()-0 y: 10% (& () - mtyl 0" AgH KY
Y& s! 10% & () - F+S#10%& ()- 00) $10%9, 0&' () - Y&&s! 10% & () -
df #) 10% & ()-9!'s! 10% & ()-Pevk ?/KY Y )" 3 10%, & ()-F" 10, 10,
49 The compound of claim 32 wherein R! is 2-methoxyphcnyl

10 50.  The compound of claim 32 wherein R’ is 4-methoxyphenyl.
51.  The compound of claim 32 wherein R! is 3,4-dimethoxybenzyl.
_ ) 52.  The compound of claim 32 wherein R is 3,4,5-trimethoxyphenyl.
53.  The compound of claim 32 wherein R! is 2-phenylphenyl.
54.  The compound of claim 32 wherein R’ is 2-benzylphenyl.
15 55. The compound of claim 32 wherein R is 2-ferr-butylphenyl.

56.  The compound of claim 32 wherein R' is 2,5-di-fert-butylphenyl.



10,:86s! 10% & () - x2)10%R&' ()-90"110% & ()-& /110% & ()-x]|-|[: k> 2/ KY
M ' %0%Z+s& ()-( ) 3' 10%& ()-F" 3 "3'10W¥& ()-F") A 3' 10%*& (3-F'DEE 2002
“3'10%\*\ & ()-F" Y3' 3" 10% & ()-F'-T| obU4/ x&LOYB& ()- 10X, 10X, 10X,
TR0 & ()-) MO & ()- Y0 ()- ' %0%K & ()-4cDbU4/ x&10

110%@ & ()-!110%@ & ()-Y '10%@ & ()-1"10%@ & ()-&10%@ & () -

@L0% & ()-K2_@U4 x&Sz#10%@ & () - 19%9%40% @ | & ()-Z

it!110% @ (& ()-10%@ & ()-0 #10%@ & ()- d #10%@ & ()-:; AbU4/

X&+#10%@ & ()- ) %W 0%Q@ Q% () -

Ry& ! 109D@ D& () - 53$10%d S cnpouidl O v otAifn) -321 Gotiddedn (R: ERUTEH-bIHICE-
A(310%@ & () - FLI10%@ & ()-7! 10%@ & ()-5! 10%@ & () - 34#10%@ & ()- -!10%@ & ()
- NOdE4/ agggminophenyk' ()- | yT#10% & ()-s 10% & ()- [ #10%)& ()-

C#10% & ()-10@ 10@ & ?E4/ 10@ (10% & ()-- 10% & ()-yfz10% & () -

<L$10%, <& ()-G L$10% & ()-G 10% & ()-3;|]<E4/ 10 (

2y) 10%& () -s0410%8&’ (he +1ddHduhd - Jf( YR &2() wheRInl OREL {s) - 2-(2-

S)109%&8&' ()-#789:dfi A 10 &10%X & ()-YY:10%K & ()- 'L 10%K & ()-° 10, 10,
10, 7109g&tgyiplenylpheayl ) - i gf J. AC 10%X, & ()-. C 109 & ()-. C 10% & ()-. C
109, & ()-. - 1°s109%, & ()-y s10%b&y& ()-yl0%, & ()-sS3. AC 109, & ()-. C
109, & ()-. C 10%K, & ()-. /KkV C 10% & ()-. C 10%X & ()-. 0S3.AC

1095& ()-. C 109%9& (Yhe /dokipoithd 1QHX, daim - -32C WA R!- . isC 3Q9X & () -.
_?.ACC 10%, & ()-. C 10%K & ()-. C 10%, & ()-. C 10%K & ()-. C 10% & ()-.
C 10%X, aethoxyphemyDphensle 109X, & ()-. C 10%, & ()-. C 10% & ()-. C
109, & ()-. C 109 & ()-.

3

60. The compound of claim 32 wherein R' is 3-(3-
methoxyphenyl)phenyl.

61. The compound of claim 32 wherein R' is 3-(4-
10  methoxyphenyl)phenyl.

62. The compound of claim 32 wherein R' s 2-(3-
methylphenyl)phenyl.

63. The compound of claim 32 wherein R! is 2-(4-
i ) methylphenyl)phenyl.

15 64.  The compound of claim 32 wherein R' is 2-phenoxyphenyl.
65.  The compound of claim 32 wherein R’ is 4-(n-heptyl)phenyl.
66.  The compound of claim 32 wherein R is 2-(1-naphthyl)phenyl.

67.  The compound of claim 30 wherein R! is naphthyl.



% KkV : CNOR] ksS3. AC 109, & ()-. C 109 & ()-. C 10% & ()-. /KkV 0C
. 10%K, & ()-. C 10% & ()-. kr|O4 AC 109%, & ()-. /KkV C 109, & ()-. & 3 DEC 2pp9
10%(,&'()-. 010%<,&'()-. C 109 & ()-. |[:.AC "1110%-& ()-V

f ,)*10%9-& ()-4 ~,)*109%% ()-4 0‘,)*10%&'()-4. 19%610% - & () -
“19%40% - & ()-L: |[NA410|-10| 10| V ;1109 -& ()- " :110%9-& ()-
f8410% - & () - L610% - & () - 3 3 1?% & ()- s|[ NA410 T, @0%,9& ()-V
T, 110%y, g& () "@!10%, 9& () - g, 9& () - " S10%g, 9& () -

10%, g& () - GO [ : NA410 ‘9#10%g,g& () VY 5, #10% & ()- *:10%j, g& () -
,Y110%y, 9& ()-. 68#10%8@e G&hﬁdmd‘ofclhﬁi’/@?@&efe)nlgiﬁ%r[\d hdwl0 ~+#10%g, 9& () -V
F ) %09 Mg ()-Z " & 10%, g& ()- ) F$& 10%), 0& ()-.  &@H#10%), g& ()-

1 10%, 0& ()96 |[:-4109, g ~ 910%, 9& ()-V "8! 10% g& ()- " L6110%, 9& ()-

el 8% 07 ;3581 L8k Bng o pARUBy Ve ﬁ?ﬂg"#, 1pog

|,10% & ()-10g, g10g, gl nv| *DA410g, g * ; !10%- d& () ; 110%d-d& ()- $
Yl 10%d-d& ()- SIYI10% & ()- f10% & () - 510%5 p: A410g, g5W60! :
1 10%l- d&' ()-0; ! 180a- d&h¢ 90mpdu1!df¢ﬁcld&l § whetei ahsaﬁbs(ti)utgsd naphthyl.

| 10%- d& () - _?A410g, g5; | 10%-d& ()-; 110%-d& ()-; |10%-d& ()-

| 10%]- d&' ()-; ! 10%I-d& ()-; ! 10%l- d& ()-nM Ad: | 10%i- d& () - |10%1 d& ()-:
110%l- d& ()-; !10%¢- d&hd nﬁ;\%ﬂh &ﬁﬂx{dod&e&}nR‘M ~chick ol

| 10%}- d& () - 5W6o! ; | 10%- R | 10%- d& () - e % %ty 48 1) 00A4;
5W60! ; | 10%-d& ()-; ! 10%I-d& ()-: ! 10%- d& ()- 105 d& (

| 10%)- d& ()-) *345678pTRA; . | 1004 | 109 ool e
2y owﬁ-d&-ﬁg-? !10%-8&§P$¢ /aggl&s‘%?"w“f"fﬁb ‘8&“%‘)1‘ EQ de*z(s?
| 10%- d& ()-: !10%-d& ()-: !10%l-d& ()-: !10%l-d& ()-

| 10%}- d& () - 5V60! dnwxymMI8: | 10%l- d& () - 1109 d& ()-; ! 10%- d& ()-5W6o! ;

| 10%- d& ()-: ! 109- d&me)commmdofﬂm@mw&ex@mls\mbmzyl 109%- d&' () -

| 10%- d& () -+ ! 10%-d& ()-; !10%-d& ()-0S8 !: !10%l-d& (); ! 10%I-d& ()-:
| 10%]- d& () -+ ! 10%-d& ()-: ! 10%-d& ()-(: |10%I-d& ()-(; !10%i-d& ()-jJ*8:
1 10%I- d&' ()-: ! 1094 d

| 10%l- d& 8 5W60! nf/nsgq#e)l% AR 'H%fg&"{ ?L%Wélé%%}%lgg(dﬂ&? k(- 5V60! ;

1 10%- d& ()-: ! 10%i- d& ()-V: 8: !; ) Lovi de ()-5V6o! ; 1 10%: d& ()

| 10%]- d& ()-: ! 10%- d& ()-: 1| 10%; d %1 d& ()-:
!10%1-d&'8 : !10@-d§‘“§%‘5°?“ﬁ°fﬁ%f‘ga“‘ﬁq?vg?’i% ‘8&1'(‘)4%(‘ ‘fgb}‘% () ! ;()
G J°8; | 10%1-d& ()-; !10%L d&' ()-; ! 10%) d& () | 100- 0& ()-

1 10%l- d& () - 5Ws0! CMWWKYZNBS8; ; | 10%d- d& () -; 0%l- d& () -
1 10%l- d&' () - 5W6o! 76.! 10%?-@&11:(0)1:1& of qlmtlmh@ema le@qermfb@ty,lbenzyl
1 10%l- d& () - 5W6o! ; ! 10%l- d& ()-; !10%l-d& ()-; !10%l-d& ()-

| 10%- d&' ()-t_28:: 1: 110%l-d& ()-: !10%l-d& ()-: !10%l-d& ()-
' 10%0l- d& () -; ! 10%1 d&l”!(e)cmnﬂom&’dfd&n( ’)5 wza&n Rl s bﬁ@@uﬂé@x&ybenzy}

| 10%I- d& ()-; ! 10%-d& ()-; | 10%-d& ()- gl- d&' ()

1 )0%i- d& ()-; ! 10%l-d& ()-; !10%-d& ()- 5V\60' I100/@| d& () '100/@I-d&' ()-

178 110%l- d& () | 109%l- d& ( 0%k ¢ 110%l- d&' () -

| 10%- d& () - #pps'?‘}/\ﬁlo%’ o‘&“{%"“%d 2’5 &hé‘?”‘fo% d& (‘?‘%&%21%%1-(1&' ()-:
| 10%- ftdebpenB0%- 9 () -5 1 10%- 0 () #$ o DKnN. 8; ! 10%l- d& () -

| 10%- d& ()-; [10%-d& ()-; !10%-d& ()-; !10%}-d& ()-5Véo! KU"_‘ abn68:

| 10%- d&; ()-; | 10%)-d& (). 110%.d& (). 5WBol - 1109 d& ()

| 10%l- d& () - bcdmyz{ R7>* 10d. d & (

| 109%- d& () - : llo'Za d&“t")mmn" /a‘/‘ﬂ%!“t%é%"{‘%‘& dsayc @;ﬂ;@ﬂ 10%& ()-

10% & ()- 10%& ()- 110%& ()-) s' Y10% & () - z10d- d10d- d4r | [ : ALOd- d
10% & ()- 10%& ()- 3 10%,-& ()-g .3 10%) & ()-g L10% & ()- dL10%o%& ()-
|[: ALOd-d 9, 10% &Q.) - F@dtQkhnd &f ¢him 79 Wheteift dybloakGL B 10%eliv &ing) -

"110% & ()- F110% & ()-M \s|[:AL0d-d 6GLO% & ()- 4#10% & ()- s3!10% & ()-
1110% & ()- /110% & ()-3 Y. 10% & ()-suvwx5vUa0d-d 940%, & ()- 3

TP LYo ot O oA )

unsaturated,
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92.  The compound of claim 30 wherein R' is R"*(R'")N,
15 93.  The compound of claim 30 wherein B is hydrogen.

94.  The compound of claim 30 wherein B is halomethyl.
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101. The compound of claim 96 wherein R"* is phenyl substituted with

10  one or more fluorine atoms.
102. The compound of claim 101 wherein R'® is 2,6-difluorophenyl.
) 103. The compound of claim 101 wherein R" is 2,4,6-trifluorophenyl.

104. The compound of claim 101 wherein RY is 2,3,5,6-
tetrafluorophenyl.

15 105. The compound of claim 30 wherein B is CH,OPOR'®R"’.
106. The compound of claim 105 wherein R'® is methyl.

107. The compound of claim 105 wherein R'® is phenyl.
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Tetrafluorophenoxy)-4-Oxopentanoic Acid;
(38)-3-[N~(N'-(2-Phenoxyphenyl)Oxamyl)Valinyl]JAmino-5-
(2',3',5',6'-Tetrafluorophenoxy)-4-Oxopentanoic Acid;
(3S)-3[N-(N'-(1-Naphthylmethyl)Oxamy!)ValinylJAmino-5-
20 (2',3',5',6"-Tetrafluorophenoxy)-4-Oxopentanoic Acid;
(3S)-3-[N-(N'-(4-Chloro-1-Naphthyl)Oxamyl)Valinyl] Amino-5-
(2',3',5',6"-Tetrafluorophenoxy)-4-Oxopentanoic Acid;
(3S)-3-[N-(N'-(2-Anthryl)Oxamyl)Valinyl}JAmino-5-(2',3',5',6'-
Tetrafluorophenoxy)-4-Oxopentanoic Acid,;
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(3S)-3-[N- (N'-(2 Pyrazmyl)Oxamyl)Valmyl]AJmno 5-(2',3',5',6'-
Tetrafluorophenoxy)-4-Oxopentanoic Acid,;
25 (35)-3-[N-(N'-(1,2,3,4-Tetrahydro-1-Naphthyl)Oxamyl)-
ValinylJAmine-5-(2',3',5',6"-Tetrafluorophenoxy)-4-Oxopentanoic Acid;
(3S)-3-[N-(N'-(3,4,5-Trimethoxybenzyl)Oxamyl)Valinyl] Amino-
5-(2',3',5',6"- Tetrafluorophenoxy)-4-Oxopentanoic Acid;
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Pyridinyl)OxamylValinylJAmino-5-(2',3',5',6'- Tetrafluorophenoxy)-4-
Oxopentanoic Acid;
(3S)-3-[N-(N'-(2-Iodophenyl)OxamylValinyl]JAmino-5-
(2',3',5",6"-Tetrafluorophenoxy)-4-Oxopentanoic Acid;
(3S)-3-[N-(N'-(2,6-Difluorophenyl)Oxamyl Valinyl]Amino-5-
(2',3",5",6'-Tetrafluorophenoxy)-4-Oxopentanoic Acid;
(38)-3-[N-(N'-(2,5-Di-tert-Butylphenyl)OxamylValinyl ] Amino-
5-(2',3',5',6'-Tetrafluorophenoxy)-4-Oxopentanoic Acid;
(3S)-3-[N-(N'-(5-Indanyl)OxamylValinyl]Amino-5-(2",3",5".6'-
Tetrafluorophenoxy)-4-Oxopentanoic Acid;
(3S)-3-[N-(N'-(Methyl)OxamylValinyl] Amino-5-(2',3',5',6'-
Tetrafluorophenoxy)-4-Oxopentanoic Acid;
(38)-3-[N-(N'-(n-Heptyl)OxamylValinylJAmino-5-(2',3',5',6'-
Tetrafluorophenoxy)-4-Oxopentanoic Acid;
(3S)-3-[N-(N'-(tert-Octyl)OxamylValinyl] Amino-5-(2',3',5',6'-
Tetrafluorophenoxy)-4-Oxopentanoic Acid;
(35)-3-[N-(N'-(Cyclohexyl)Oxamyl ValinylJAmino-5-(2',3',5',6'-
Tetrafluorophenoxy)-4-Oxopentanoic Acid;
G S)—3-[N-(N'—(S-Pheny1-3-Pyrazolyl)OxamylValinyl]Amino-S'-
(2',3',5',6'-Tetrafluorophenoxy)-4-Oxopentanoic Acid;
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116. The compound of claim 30 wherein the compound is:
(3S)-3-[N-(N'-(Phenyl)Oxamyl)Alaninyl ] Amino-5-(2',3',5',6'-
Tetrafluorophenoxy)-4-Oxopentanoic Acid;
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Fluorophenoxy)-4-Oxopentanoic Acid;
) 20 (3S)-3-[N-(N'-(2-tert-Butylphenyl)Oxamyl) Alaninyl ] Amino-5-

(2'-Fluorophenoxy)-4-Oxopentanoic Acid;
(38)-3-[N-(N'-(2-Phenylphenyl)Oxamy!) Alaninyl] Amino-5-

(Diphenylphosphinyloxy)-4-Oxopentanoic Acid; or
(3S)-3-[N-(N'-(1-Naphthylmethyl)Oxamyl) Alaninyl] Amino-5-

25 (Diphenylphosphinyloxy)-4-Oxopentanoic Acid.

117. The compound of claim 30 wherein the compound is:
(3S)-3-[N-(N'-(1-Naphthyl)Oxamyl)Leucinyl]Amino-5-(2',4',6'-
Trifluorophenoxy)-4-Oxopentanoic Acid;
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: ) 20 4-Oxobutanoic Acid;
(3S)-3-[N-(N'-(Phenyl)Oxamyl)Valinyl] Amino-4-Oxobutanoic
Acid;
(3S)-3-[N-(N'-(Benzyl)Oxamyl)Valinyl]Amino-4-Oxobutanoic
Acid;
25 (3S)-3-[N-(N'-(Phenethyl)Oxamy!)Valinyl] Amino-4-
Oxobutanoic Acid;

(3S)-3-[N-(N'-(2-Phenoxyphenyl)Oxamyl)Valinyl ] Amino-4-
Oxobutanoic Acid;
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(3S)-3-[N-(N'-(1-Naphthyl)Oxamyl)Valinyl]Amino-4-
Oxobutanoic Acid;
(38)-3-[N-(N'-(2-Naphthyl)Oxamyl)ValinylJAmino-4-
Oxobutanoic Acid;
5 (35)-3-[N-(N'-(4-Chloro-1-Naphthyl)Oxamyl)Valinyl ] Amino-4-
Oxobutanoic Acid;
(38)-3-[N-(N'-(5,6,7,8-Tetrahydro-1-
Naphthyl)Oxamyl)Valinyl]Amino-4-Oxobutanoic Acid;
(38)-3-[N-(N'-(1,2,3,4-Tetrahydro-1-
10 Naphthyl)Oxamyl)Valinyl]Amino-4-Oxobutanoic Acid;
(3S)-3-[N-(N'-(1-Napthylmethyl)Oxamyl)Valinyl JAmino-4-
Oxobutanoic Acid; or
(3S)-3-[N-(N'-(1-Naphthyl)Oxamyl)Leucinyl]Amino-4-
Oxobutanoic Acid.

)

15
119. The compound of claim 30 wherein the compound is (3S)-3-[N-

(N'-(2-Fluoro-4-lodophenyl)Oxamyl)Valinyl] Amino-5-(2',3',5',6'- Tetrafluorophenoxy)-
4-Oxopentanoic Acid.

) 20 120. The compound of claim 30 wherein the compound is (3S)-3-[N-
(N'-(2-Chlorophenyl)Oxamyl)ValinylJAmino-5-(2',3',5',6"-Tetrafluorophenoxy)-4-
Oxopentanoic Acid.

121.  The compound of claim 30 wherein the compound is (3S)-3-[N-
25  (N'-(2-Bromophenyl)Oxamyl)Valinyl]JAmino-5-(2',3',5',6'-Tetrafluorophenoxy)-4-
Oxopentanoic Acid.
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122. The compound of claim 30 wherein the compound is (3S)-3-[N-
(N'-(2-Fluorophenyl)Oxamyl)ValinylJAmino-5-(2',3',5',6'- Tetrafluorophenoxy)-4-
Oxopentanoic Acid.

123. The compound of claim 30 wherein the compound is (3S)-3-[N-
(N'-(2-Trifluoromethylphenyl)Oxamyl)ValinylJAmino-5-(2',3',5',6'-
Tetrafluorophenoxy)-4-Oxopentanoic Acid.

124. The compound of claim 30 wherein the compound is (3S)-3-[N-
(N'-(1-Anthryl)Oxamyl)Valinyl]JAmino-5-(2',3',5',6'- Tetrafluorophenoxy)-4-
Oxopentanoic Acid.

125. The compound of claim 30 wherein the compound is (35)-3-[N-
'-(2-tert-Butylphenyl)Oxamyl)AlaninylJAmino-5-(2',3',5',6'- Tetrafluorophenoxy)-4-
Oxopentanoic Acid.

126. The compound of claim 30 wherein the compound is (38)-3-[N-
(N'-(2-Trifluoromethylphenyl)Oxamyl)Alaninyl] Amino-5-(2',3',5',6'-
Tetrafluorophenoxy)-4-Oxopentanoic Acid.

127. The compound of claim 30 wherein the compound is (3S)-3-[N-
(N'-(2,6-Difluorophenyl)Oxamyl)AlaninylJAmino-5-(2',3',5',6'- Tetrafluorophenoxy)-4-
Oxopentanoic Acid.

128. The compound of claim 30 wherein the compound is (3S)-3-[N-
(N'-(1-Naphthyl)Oxamyl)Alaninyl]Amino-5-(2',3',5',6'- Tetrafluorophenoxy)-4-
Oxopentanoic Acid.
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129. The compound of claim 30 wherein the compound is (3S)-3-[N-
(N'-(4-Methoxyphenyl)Oxamyl)AlaninylJAmino-5-(2',3',5',6'- Tetrafluorophenoxy)-4-

Oxopentanoic Acid.

130. The compound of claim 30 wherein the compound is (3S)-3-[N-
(N'-(2-Trifluoromethylphenyl)Oxamyl)Valinyl] Amino-4-Oxobutanoic Acid.

131. The compound of claim 30 wherein the compound is (3S)-3-[N-
(N'-(2-tert-Butylmethylphenyl)Oxamyl)Valinyl]Amino-4-Oxobutanoic Acid.

132. The compound of claim 30 wherein the compound is (3S)-3-[N-
(N'-(2-Benzylphenyl)Oxamyl)Valinyl]Amino-4-Oxobutanoic Acid. -

133. The compound of claim 30 wherein the compound is‘(3S)-3-[N-
(N'-(2-Phenylphenyl)Oxamyl)Valinyl]Amino-4-Oxobutanoic Acid.
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