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(54) Title: C-TERMINAL MODIFIED OXAMYL DIPEPTIDES AS INHIBITORS OF THE ICE/ced-3 FAMILY OF CYSTEINE
PROTEASES

(57) Abstract _ , . : . e b e

This invention is directed to novel oxamyl depeptide ICE/ced-3 family inhibitor compounds. The invention is also directed to
pharmaceutical compositions containing these compounds, as well as to the use of such compositions in the treatment of patients suffering
inflammatory, autoimmune and neurodegenerative diseases, for the prevention of ischemic injury, and for the preservation of organs that
are to undergo a transplantation procedure.




25 particularly its honol ogues, al so appear to be i.nvolved in t he

regul ati on ofywe@bhicggath or apoptosis. Yuan, J. et al., Cell, 1Z ;9'\@;4
(1993); Mura, M et al., Cell, 75:653-660 (1993); Nett - G or da I'si,

al., J. Cell Biochem, 17B: 1_17_(1993). In particular, |ICE or | CE/ ced- 3
~honol ogues are thought to be associated with the regul ation of apoptosis in
nelr ogenerati vé 2. diseases, such as @I zheiner's and Parkinson's

di sease. Marx, J. and M Baringa, Science, 259:760-762 (1993); Gagliardini,
V. et al., Science, 263:826-828 (1994) Thus, disease states in which

inhibitors of the ICE/ c Rfﬁ'lf(ﬂﬂi Iﬁ%ﬁ gmay be useful as

t herapeutic agents incl E(ge I'nf'ecti ous di séases, su@aﬁ?? meningitis 5 and
sdl pingitis; septic shock ASNHBI’]?QRSQFTHESI@E/&@&?, FAMIL¥mmat ory condi tions,
such as arthriti s, cholangitis tis, endocerolitis,
hepatitis, pancreatitis and repgff%y§&gﬁ\mrﬁéfgxg# chem c di seases such as

t He nyocardi al infarction, -stroke -and-i schen ¢ -ki dney di sease; i mune- based
di seases, such as hypersen5| tivity;.auto-i mune di seases..asuch as nultiple

scl erosi s; ﬂ,ggﬁ %ﬁfsgses and certain ‘neur odegener ative di seases, such as

Al zhei ner’ ar ki nson' s di sease. Such inhibitors are al so useful
for the 5epopul ation nfe prEt GpRNesH elned b nbwdl | IkeRJof BERBounaR dviialiaad | On
therapy and for prolonging organ viability for use in transplantation.

| CE/ ced- 3 iiAbibers of §lt¢f k@sl&wonmmgam apd nﬁﬁ%d@t@wf(umﬁ/cnd 3 femityoof r ol
of the above- tI i st ege easeﬂg &%ﬁgt}l de and pepti d}/ nhi bitors of_ |CE
have been deEEFFBEEF2E L : 3 SRPRISHOP °c BngdRTTe comPRuRds gnd
characteri ZtS%embdb'Bﬂﬁanrsééiﬁm%@éd&éﬁ@&rﬁ?dsihoﬁi opert|es such as poor oral
absorption, poor stability and rapid netabolism Plattner, U J. and '

D. W Norbeck, in Drug Discovery Technologies, CR dark and WH. Mbos, '

Eds. "(Ellis.
( Background of the Invention

10 , Interleukin 1 ("IL-1") is a major pro-inflammatory and immunoregulatory - -
protein that stimulates fibroblast differentiation and 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 mvolved in the pathogenesis of chronic and acute
15 mﬂammatory and autoimmune dlseases IL-1 is predominantly produced by peripheral blood

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-1PB is synthesized as a biologically inactive precursor, prolL-18. ProlL-18
is cleaved by a cysteine protease called interleukin-1f converting enzyme ("ICE") between
20  Asp-116 and Ala-117 to producé -thé_bilél-géibaily -acti've_ C-ténninal frégment found in human

serum and synovial fluid. Sleath, P.R. et ai., 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

bfbmﬁtihg the ﬁfd—inﬂaminatory and irﬂfﬂunoregﬁlatory properties of I‘i.-.l-[g, ICE, and

o 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



Hor wood, Chi chester, England, 1990), pp. 92-<126.;. These -undesirable
properties have hanpered their devel opnent into effective drugs. 20

Accor di ngMP 0/HE66need exi sts for conpounds that can effectiREI/YSIHEIMi t t her
action of the ICE/ced-3 fam |y of proteases, for use as agents for -
preventing unwant ed apoptosis, and for treating chronic and acute forns of-

I L-1 medi ated di seases such as inflammtory, autoi mune or he
neur odegenerative di seases. The preseéht invention satisfies this need and.
provi des further related advantages. 25 Summary of the Invention In

general ,;.th ou .of ,thisyipvention inc orate (N .

subst it ﬁifsga&%c‘»%gcr% S ‘gfrjzg%%e?sangs Igﬁr.gg% N dE e |a§’." J‘Ia'ﬁ'éd %’S%I_Wﬁﬁcé@ﬁ%ounds _
exhi bi t 259p600nR¢1 93y [Rplidr8Hhi, Ve kedll Sdedce, 263&26-88 ptobal. c counterparts, for
exanpl e, such as inproved cell "penetration or inproved absorption and

met abol i ¢ st abi | i fThus; disedse istatpsiin vdvidhainbibitors of 3he KCKfendal fanityl off gysteini s
application clai g)s pr.j oriﬂgéI/ fromU. S. Prdoyi.s' onal lication No. . -
60/ 001, BEPSSESiTiaY be yartyl 25 thefapeptic agepfs ipkudei infectiodt diskistRSucgs MPpngis, 1| od
Cct oker . ¥ T, . ' r ef ein
t hei ?eeﬁlt%??agt% : ’%&g&%&%ﬁ%?ﬁens%’gﬁg@ﬁ% t%ﬁﬁfisgs’? & a%oa?r%gﬁ%ds of
t he For shdlangitis, &olitis, encephalitis, endocerolitis, hepatitis, pancreatitis and reperfilsivhndjugy, |
wherein A B R and R2 are as defined below, as well as pharmaceutically
accept alfchemig disgases, sycbogs. the, myacandial infagstien. siwoke 9ad jischemict kignyedisqassy is a

phar maceut | ca ORPOS] L ONRLLSL e A, £ 1h ve Farnula | and
a phar ngrg&elﬁ 5¢ %%I &;E%g'%:ses cab%ei{%zglfsr%'?sg%@’ SRR Uisesslf, flR mﬁ{l&g
sclerosis; bone diseases; and certain neurodegenerative diseases, such as Alzheimer's and

10 Parkinson's disease. Such inhibitors are also useful for the repopulation of hematopoietic cells
following chemo- and radiation therapy and for prolonging organ viability for use in
‘transplantation.

ICE/ced-3 inhibitors represent a class of compounds useful for the control of
thé: above-hsted disease states. Peptide and peptidyl inhibitors of ICE have been described.

15 However, such inhibitors have been typically characterized by undesirable pharmacologic
properties, such as poor oral absorption, poor stability and rapid metabolism. Plattner, J.J. and

-~ D.W. 'Nor-beck, in Drug Discovery Technologies, C.R. Clark and W.H. Moos, Eds. (Ellis~

Horwood, Chichester, England, 1990), pp. 92-126. These-undesirable properties have
hampered their development into effective drugs. _

20 Accordingly, the need exists for compounds that can effectively inhibit the

action of thé 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

o inﬂann—naégry, autoimmune or neurodegenerative diseases. The present invention satisfies this

need and provides further related advantages.

~-25 --Summary of the Invention -

In general, the compounds of this invention incorporate a (N-
substituted)oxamyl group as a dipeptide mimetic. The resulting compounds exhibit improved
" properties relative to their peptidic counterparts, for example, such as improved cell

penetration or improved absorption and metabolic stability reéulting in enhanced



10 therefor. Another aspect of this invention involves a nethod for

treati ng amnv@od/oisggrune di sease conpri sing adm ni stering an efpteaisosresoadrount

of. a pharnmaceutical conposition discussed above to a patient in need of _
such treatnent. Yet another aspect of the instant invention is a nethod for
treating an 15 inflammtory disease conprising adm nistering an effective
agount of a pharnmaceutical conposition,di scussed above to a patient in need -
‘of such treatnent. A fiurther aspect oP the instant invention is a method

for treating a neurodegenerative disease conprising adm ni stering an

ef f ect i véicamglabilitof Ehiphaplirateutclaims peioripofom §iS.dProvisiopald Aapliseon doa

patient in n of such_t tment ., 20 .. . A er aspe of the -
Fnst ant i@@@ﬁgg%ﬁﬁ‘?ds}] ?reﬁaquar@f%ﬁr g‘PBIFﬁaF‘?bePSQ:%Qr??Ségi HF’B :&Ft"tbﬁr 22’32?% ent
sufferin el | ! J ; herebj) Ur'Y coONpri sing

adm ni st %tﬁ%f%ﬁc@%@?%?ﬁ%@%ﬁﬁcﬁ%gg Wte{?gc%ﬁgtrﬁggﬁw J(:al conposition o
di scussed above t 0 Gnepgpdceot the Mnstancitvetios istie dofpatm®B R the Fortiflh N0/ 01666
PCT/ US99/ 15074 4 A further aspect of the.instant invent+e® is-a nmethod for =7
expandi ng of hematopoi etic cell popul ations and/ or enl&g(‘%mg their survival
by contacting the cells with an effegtive anmount of Phar maceut i cal
conposi tion di scussed above. Cell polul ations inclpuded in the nethod of the
i nvention include (but are not limtgd to) granul ocytes, 5 nonocytes,
erthrocytes, |ynphocytes and pj at or és_e_' cell ?ansfusions. An
alternate aspect of the instaht iElk/enti ' aﬂ‘ret hodjjof prol onging the

o) o)

5 "Formula I

wherein A, B R! and R? are as ldeﬁned below, as well as pharmaceutically acceptable salts
thereof.

A further aspect of the instant invention is a pharmaceutical composition
comprising a compound of the above Formula I and a pharmaceutically-acceptable cam'er-

10 therefor.

Another aspect of this invention involves a method for treating an autoimmune
disease cbmpris_ihé édminisfeﬁng T- an .e?f-f.ect'iw./e..:'amoum of a pharmaceutical composition
discussed above to a patient in need of such treatment. i

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

15  inflammatory disease comprising adnﬁnisteﬁné an effective amount of a pharmaceutical
composition discussed above to a patient in need of such treatment.

A further aspec¥ 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 instant invention is a method of preventing ischemic
injury to a p_atie.nt_ sﬁfféring from é diséase associated with ischemic injury comprising
administering an effective amount of the pharmaceutical composition discussed above to a

patient in need of such treatment.



viability of an organ that has been renoved+*fromthe donor for the purpose °
of a future transplantati on procedure, which conprises applying an
effective X@0MI6St t he pharmaceutical conposition di scusse®CINSIYISW4t he ~
organ, thereby prolonging the viability of 10 the organ as conpared to an
untreated organ. The organ nmay be an intact organ, or isolated cells

derived froman organ (e.g., isolated pancreatic islet cells, isolated
dopam nergi ¢ neurons, blood or hematoppietic cells). These and ot her
aspects of this invention will be evident upon reference to the follow ng

detail ed descriptign.., 15 Detajl ed, Descrjption of the | t|on nti oned
above, one aspect %f ﬁf’ﬁ@ T AL R q’%\)‘é’%ﬂ‘i ﬁwe’i‘%" 0t Ke? C‘Eﬁ‘h?g ‘@’f?e”feiorrml a
I For m’h@mﬁ uﬁmﬁfc%ﬁ'p ations d/or enhancing their survwal by conﬁ@t éth@ cBH Wiihn OF

unnat ur al acid of Formu a Ha-1:." rogen atom a

deut eri uaffectmrm anstlulity bf they' phhmkgdupalph&nppkmom lﬂikbﬁﬂstdjfabdvepl‘@llybopuld’iﬁﬁht hyl,
substituted naphthyl, 2- benzoxazolyl, substituted 2-oxazolyl, .
(CH2) . Cyg}cgqgequ thE( @qﬂ)odppfe |mvgmon mclude (but are not limited t?)g;mgyle%t i tuted

(o) 5 habEbBhe oty A Hoie e gty P MRS et 1 VPP O00R 2,
CoNR 3R14, CH2ZR 5anGitdeiate ﬁeﬁ/x{:)of the 1HGRNRANEEO A ¥ Inlethddr of GRMRENR the R 7,

where Z is an oxygen or a s atorn, or Bis a group of the Formula
fa-c: viability of an organ that has been removed ‘from the donor for the purpose of a. future

transplantation procedure, which compnses applying an effective amount of the

pharmaceutlcal 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 hematopoietic .cell s).

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, one aspect of the instant invention is the compounds of

the Formula I;

CO,R?

Formula I
wherein:

20 A is a natural or unnatural amino acid of Formula Ia-i: . ..o oo e *



R isfalkyl, cycloal kyl, (cycloakkyl)alkyi, phenyl, substituted phenyl,
phenyl al kyl , j tuted phenyl al kyl, naphthyl, substituted naphthyl 1 or
2 _naphl t hyl )gﬁ@ﬁﬁ&ﬁ&ubsti tuted (I or 2 naphthyl)al kyl, 5 P%T/US)Q9/150(74 _
het eroaryl, substituted heteroaryl, (heteroaryl)alkyl, substituted
(heteroaryl)alkyl, Ra(Rib)N, or RICO and R2 is hydrogen, |ower alkyl,
-cycl oal kyl, (cycl oal kyl)al kyl, phenyl, substituted phenyl, phenylalkyl,
substituted phenyl al kyl, naphthyl, substSituted naphthyl, (1 or 2
napht hyl ) al kyl , or substituted (I 10 o or 2
napht hyl ) al kyl ; and whgrein: R a and R b are independe
cycl oal kyl, (cycl oal kil )&54<y|_ , phenle4 sub&x it ut ed .phetiyl ,
substituted phényl al k napht hyl , sdbstit t ed napht hyl},

napht hyl ) al kyl ™5 //,N su (tgted (1 apht hyl ) al kyl ,
het er oaryl , substiﬂuted eteroaryd” (heteroaryd)al k Ltut ed
(‘heteroaryl)al kyl, with fhe proviso.-that R' ahd- R b- e

hydrogen; R c is al l.’f?['a ycl oal kyl , . (cx&.oal kyl)al kyl , Qyl; substituted
- phenyl, phenyl al kyI,” substituted phenylal kyl, napht , substituted 20
naphthyl, (1 or 2 naphtlyl)alkyl, substituted (1 or 2 naphthyl)alkyl,

en, al kyl,

het eroaryl, substitu heteroaryl, (heg}jeroaryl)alkyl, o bspifut ed
(heteroaryl)al kyl ; s Cl.6 | ' cycl oal kyl , FﬁEEEhN substituted
phenyl , :
: N
| N— é/// _
~ i %
o} o} O é
IId Ile ITEf

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

phenyl, substituted phenyl, naphthyl, substituted naphthyl, 2-

benzoxazolyl, substituted 2-oxazolyl, (CHz)cycloalkyl, (CH,)phenyl,

5 (CHz)n(Sl_letifl'lte(.il .phe_nyl), (CH;),,(I or 2-naphthyl), (CHa).(substituted
1 or 2-naphthyl), (CH,)u(heteroaryl), (CHp)u(substituted heteroaryl),

halomethy, COR®, CONR®R™, CH,ZR®, CH,0CO(aryl),

_ CH,0CO(hetercaryl), or CH,OPOR')R”, where Z is an oxygenora

sulfur atom, or B is a group of the Formula Ia-c:



(CH2) ANHR, (CH2) INHCOR9, (CHR)nN(C=NH)NHR2, (@H2)neRR2, 25 - ST

( CH2) mMOR Owo(o@Migss SR', (CH2) . cycl oal kyl, (CH2). phenyl, 7 PCT/US99/15074

(CH2) n(substituted phenyl), (CH2)a(l or 2-naphthyl) or : -
(CH2) . (heteroaryl), wherein heteroaryl includes pyridyl, thienyl, furyl,

t hi azol yl, i m dazol yl', pyrazolyl, isoxazolyl, pyrazinyl, pyrimdyl,

triazinyl, tet razol yl, and indol yI 56 - R3'" is «

hydrogén or nethyl, or R3 and 3a t aken t oget her are -(CH2)d- where d is an
interger from2 to 6;, R4n, is phenyl H4bsti t ut ed ph yl,

(CH2) nphenyl (CHZ) 1( -crb@t\l tuted phen%l-j—c\c cl oal kyl , enzof used

cycl oal kyl ; Rs Is hy ogeno | oner al kylI | oal kyl , henyl subst Ituted 10
phenyl , (CHZ) cycl oal n(skdnst i t uREd )

(CH2)n(1 or 2-naphthyl) hydr ogen ne, o

~cycl oal kyl, - phenyl , subsf{|i phenyl |, (CH2)ncycl gal kyl ,

(-CH2) nphenyl (CHZ).@ S th, heg A(l- or 2- yl), OR'"", )
-SR--or-- 15~ : - NH . R7]is hydrogenm oxo (©.e., = 0),

| ower “al kyl, cycl oal kyl, phenyl, substi t ut eRl® phenyl, napht hyl,
(CH2) ncycl 6ak-kyl , (CHZ) phegy!l . (CH2), (syhsty tuted phenytiF cOor (CH2) n(l or

2-naphthyl): R 1s lower al kﬁ/l is alky?lcc})'gllo:fl ll (c(ygllgg?kgﬁalgloglllenyl subst?t:%e)d Phenyt
phenyl, phenylalkyl, substituted phenylalkyl, naphthyl, substituted
naphthyl, (1 or 2 napflﬂ'myl)alkyl, substituted (1 or 2 naphthyl)alkyl,
5 _ heteroaryl, substituted heteroaryl, (heteroaryl)alkyl, substituted
(heteroaryalkyl, R*(R"™)N, or R'*O; and
R’ is hydrogen, lower alkyl, cycloalkyl, (cycloalkyDalkyl,
phenyl, substituted phenyl, phenylalkyl, substituted phenylalkyl,
_ _ _ naphthyl, substituted naphthyl, (1 or 2 naphthyl)alkyl, or subéﬁtuted (1 |
10 : or 2 naphthyl)alkyl;
and wherein: . ,
R™ and R™ are independently hydrogen, alkyl, cycloalkyl, = = =~~~ 727
(cycloalkyDalkyl, phenyl, substituted phenyl, phénylalkyl, substituted ‘
phenylalkyl, naphthyl, substituted napl;thyl, (1 or 2 naphthyl)alkyl,
5 o substituted (1 or 2 naphthyl)alkyl, heteroaryl, substituted heteroaryl,
- (heteroaryDalkyl, or substituted (heteroaryl)alkyl, with the proviso that
S R' and R"™ cannot both be hydrogen;
N R* ié alkyl, cycloalkyl, (cycloalkyl)alkyl, phenyl, substituted ~ -~ 777
S phenyl, phenylalkyl, substituted phenylalkyl, naphthyl, substituted
20 - o - naphthyl, (1 or 2 naphthyl)alkyl, substituted (1 or 2 naphthylalkyl,

R 'heteroaryl, substituted heteroaryl, (heteroaryl)alkyl, or substituted ""';*%';:—"“"
(heteroaryl)alkyl; _
R? is Cy¢ lower alkyl, cycloalkyl, phenyl, substituted phenyl,
(CH;).NH,, (CH);NHCOR’, (CH,).N(C=NH)NH;, (CH,),CO.R?
25 (CH,)mOR'%, (CH,)nSR", (CH,) cycloalkyl, (CH,).phenyl,



20 ¢ (CH2) a¢substituted phenyl), (CH2)n(1l or

2-napht hyl ) w@bedfeb®; RO i s hydrogen, [ower alkyl, cycloalkylpcpbesyisors
sybstituted phenyl, naphthyl, (CH2)ncycloal kyl, (CH2)nphenyl,

(CH2) (substituted phenyl), (CHZ) .(1 or 2-naphthyl), OR 2, or NR 3R24; R10
I's hydrogen, |ower alkyl, cycloal kyl, phenyl, substituted 25 .
pbenyl , naphthyl, (CH2), cycl oal kyl , (CI?_) "phenyl, (CH2).(substituted
phenyl), or (CH2)n(1 or 2-naphthyl); R" is lower alkyl, cycloal kyl, phenyl,
substituted phenyl, naphthyl, (CH2).cycloal kyl, (CH2).phenyl,

(CH2) . (substituted phenyl(ﬁHzMsx(l(styte(dl p(hlenﬂ)na(ﬁitli‘h{(l) or 2-gaphthyily drowner

Ikyl, cycl oal kyl, (CH2 A
al kyl, cycloal kyl, ( )I(fﬁ é'}le‘?}?h te%néll] fmdfs pygidyl; thiepy)yfinden,

(€H2) . (substituted pheny
! ower. al kyl , cycl oal kyl, t%?_és@i ﬁ] I' %a%glyphﬁgﬂzolyl nﬁﬂ'gﬁnyll ' pyrimidyl,
cycl oal

substituted - naphthyl,

(CH2) . phenyl .- (CH2) . (subahaﬁnyﬂedrap&ipln;dd)mdmy} (€H2) . (1 or 2- napht hyl); R'4 -
i's hydrogen or |ower alkyl; ,R 3 .and Rl4 taken tq h-e;lthfma five to
seven rfenbered carbocyclic or %etsé”fyét"ﬁé‘! PE mefhyly °f§ﬁc“ﬁ‘da% dvep Hegsthes arepr

N-substituted piperazine; R'5 is phenyl,
substituted phenyl, napht Flé?z)d Wh 3 ‘ls[ ntmtgrgn g?ﬂlf%ﬁ 6 het er oaryl ,

(CH2) nphenyl , (CH2) n(substit Utled me%ﬂyl, substituted  phenyl, (CH,).phenyl,
(CH,).(substituted phenyl}, cycloalkyl, or benzofused cycloalkyl;
R’ is hydrogen, lower alkyl, cycloalkyl, phenyl, substituted
10 phenyl, (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, (CHZ),,phenyl,
(CH,)(substituted phenyl), (CHa),(1 or 2-naphthyl), OR', SR" or

15 | NHCOR®;
R’ is hydrogen, oxo (i.e., = O), lower alkyl, cycloalkyl, phenyl,
" substituted ~ phenyl, naphthyl, " (CH,),cycloalkyl,  (CH,),phenyl,
(CH;),(substituted phenyl), or (CH;),.( 1 or 2-naphthyl);
. R® is lower alkyl, cycloalkyl, (CH,),cycloalkyl, (CH,),phenyl,
20 (CH,)u(substituted phenyl), (CH,).(1 or 2-naphthyl), or COR’;

R’ is hydrogen, lower alkyl, cycloalkyl, phenyl, substituted
phenyl, naphthyl, (CH,),cycloalkyl, (CH;),phenyl, (CHy),(substituted
phenyl), (CH;)o(1 or 2-naphthyl), OR'?, or NRPRY; =

R"Y is hydrogen, lower alkyl, cycloalkyl, phenyl, substituted

25 o phenyl, naphthyl, (CHy),cycloalkyl, (CH,),phenyl, (CH;),(substituted
. e phenyl), or (CH,),(1 or 2-naphthyl);- - -~~~
R" is lower alkyl, cycloalkyl, phenyl, substituted phenyl,
naphthyl, (CH;),cycloalkyl, (CH,),phenyl, (CH,),(substituted phenyl),
or (CH,),(1 or Z-ﬁaphthyl);



(CH2)n(l or 2-naphthyl), or (CH2)A(heteroaiyl);-R'6 and R 7 are

I ndepend wer aIkyI cycl oal kyl , phenyl, substltute

napht hyl %&%’Zﬂﬁoal kyl , substit ut ed phenyl al kyl , or dpg%g%}]m” i
(cycl oal kyl )al kyl; R s and R19 are independently hydr ogen, al kyl, phenyl
substituted phen‘yl , (CH2).phenyl, (CH2)A(substituted phenyl), or R 8 and
R 9 taken together are -(CH-CH2-; R2° is hydrogen, alkyl, phenyl,
substituted phenyl, 20 8 (CH2) . phenyl
(CH2) . (substituted phenyl); R21, R-2 and R2e are |ndependently hydrogen or
alkyl; Xis CH, (CH2)2, (@) I .
aisOor and bis | or 2, prﬁ?/vrégggé% ﬁg‘goﬁégﬂhﬂ"&f%mﬁg%cHgﬁmf cis |’
or 2, provided that- V\/f(l@liz)ﬂsubstlthteﬂbhﬁny@ oxs(CH;)e(rlabrb—na}ﬂztﬂyl),m | s 1 or 2; and
nis 1,2,3o0r4; or a pharnaceyfically acceptable salt there used

hﬁr ein, the term"al kyl" n&ant hydeqges; ’QWPT #hvly cuciealiads @eni’la s@%‘“@ﬁr bon
I n, h hyl | b
e The term M onor PFRDY " bR D\ ianicO- BB, NS} ol :gec&

carlon chain, such as (oRpknyl, k) euGme AR, OO, J,{160r 2irteBhthy1);
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
piperazine; N
10 R is phenyl, substituted phenyl, naphthyl, substituted
naphthyl, heteroaryl, (CH).phenyl, (CH,),(substituted phenyl),
(CH,)«(1 or 2-naphthyl), or (CH,).(heteroaryl),
R'® and R" are independently lower alkyl, cycloalkyl, phenyl,
. o substituted phenyl, naphthyl, phenylalkyl, substituted phenylalkyl, or
15 (cycloalkyDalkyl; |
R™ and R¥ are independently hydrogen, alkyl, phenyl,

e vpirm e mm—nbetituted ‘phenyl, (CHy)ophenyl, (CHy)i(substituted phenyl), or R®
..and R" taken together are -(CH=CH),-;
o N | R® is hydrogen, alkyl, phenyl, substituted phenyl, .
20 . (CHy)phenyl, (CHy)x(substituted phenyl);
R, R® and R® are independently hydrogen, or alkyl;
evmvenee =X i§ CHy, (CHa)a, (CHp)sy0r S; © | ‘
“¥'is O or NRZ; - o S
Y is CH,, O, or NR%,; T
25 ST aisOor 1 and bis 1 or2, provided that when ais 1 thenbis I;
e g i L 0T 2, provided that whenc is 1 thenaisOand bis 1;” =

mis1or2; and
nisl,2,30r4;

or a pharmaceutically acceptable salt thereof.

) N




5 The term "cycl oal kyl" nmeans a nono-, bi-, or tricyclic
ring that iwoeomtses fully saturated or partially unsaturat edpcExissgrisest of
such a ring include cycl opropyl, cyclobutyl, cyclopentyl, cyclohexyl,

cycl oheptyl, adamantyl, cyclooctyl, cis- or trans decalin,
bicyclo[2.2.1]hept-2-ene, cycl ohex-1-enyl, cycl opent-1-enyl,

15 4-cycl ooct adi enyl, and the like. Thegterm " (cycl oal kyl)al kyl" means the
above-defined al kyl group substituted 10 wth one of the above cycl oal kyl
rings. Exanples of such a group include (cyclohexyl)nethy

3- (cycl opropyl ) - n- p’?*-‘b\éﬁf he”’im(»QVGF%@MWW&?FMI@WEH@M@QI}‘h@rxﬁrbmhnd t he
i ke. The,term. sub d “ Mt ed
W th one %lramh%lrc Iéas ?S)[fs1 %{h@ tte{gcrbc o’sI 3‘?’?@?7’1; h&?‘b&gﬁﬁ g%d%t%'?p‘r%‘g 19'2:

hydr oxy, GeaEe strdight Eihin b brindhed ORI hrboREHaY, sucalals axthyl, 8yl isoFopyDuNd

car boxy, protected carboxy, carboxynethyl, 15 protect ed car boxymet hyl ,
hydr oxynethéilike. prot ected hydroxynnet hyl, am no, protected am no,

bstituted ' , bsti.t uf. ' ' .
(i SubSt 1 ut ec) am nERe e ety Gleant,p 1oBts By & BERS PEY RSk (Y
al kyl) caraxad %aﬂ%@tﬁgémteh" (éxfa res %!r Qéh)acﬁﬂgb%ﬁﬁl Bfctopro, %&Lweﬁr

al kyl ) car boxam de, (T owner ) sul fonyl )am no

N- ( pheny | eyulopenty) )@niohmymr dyylohe;mdbsadahmntghl oyclam@thbs:hs—t ot ettahaleydlingr oup,
such that .in the 20 |atter_ case a biphenyl or_naphthyl (group results, or

wher ei n tRigyelod3- éé@ﬁ@t-%msywm remdle prclopgit-irenel, d drryelopeirdienyp gatite like.ng
t aken t oget her forrri.h% % iﬁl,’liaﬂﬁ'%'J’FL"}q %’Ig‘%‘ﬁ%ny ueal 1%& hs)égs[" napht hyl

or indanyl. Exanples o nono- ,
di -, 101 -with 6elofthe@b \fee@ten»é | 9ageh ERxthpled oTehk 1&1 lmx thyl
4- chi oropvrlllenyl 266 (él chl origghenyl 25p2 5-dich or%?c eﬁcﬁco yhmethyl,

3, 4- di chibteypihprmpyl)-n-propsl, Seeyclonsntylybexyb fyedamantyl)sxy em)qhhéhgxl
----.-3-chloro-4-flyorophgen uor o

2.4 o111 1 Uor ophel et Sulstisued by} apoctlise gy Foum Pubshiied with ane o

2, 3 4 S- trﬁ&%agﬁﬁé%eﬁbeawsen 2ﬁ'§n4h§o§enpeﬁvdﬁfxg'u%&9&€dqﬁydr&9d dyBo, | hiks; a
nono or .di (hydroxy)phenyl group suc 3., or 4-hydroxyphenyl,

2, 4-di hyctnﬂugrphethyll alkyhealRoxyt ecyledeﬁyxy axgboxlﬁrpwtatted/earbbnenmrh‘oxymdhﬂhe

Iike; a nitrophen grouP such as
15 protected car oxymethy hydroxymethyl protecfed hydroxymethy] amino, protected amino,

{monosubstituted)amino, protected {monosubstituted)amino, (disubstituted)amino,

* carboxamide, protected carboxamide, N-(lower alkyl)carboxamide, protected N-(lower =
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 phenyl ring taken together form a cycloalkyl to yield, for example,
tetrahydronaphthyl or indanyl.

_ Examples of the term "substituted pheny;l'f includes a mono-, di-, tri-, tefra-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-chloro-4-fluorophenyl, 2-,- -3- or - 4-fluorophenyl, - 24 6-triflucrophenyl, 2,3,5,6- ~ 7 7
tetrafluorophenyl, 2,3,4,5-tetrafluorophenyl, 2,3,4,5,6-pentafluorophenyl, and the like; a mono
or dithydroxy)phenyl group such as 2-, 3-, or 4-hydroxyphenyl, 2,4-dihydroxyphenyl, the
protected-hydroxy derivatives thereof and the like; a nitrophenyl group such as 2-, 3-, or

30 4-nitrophenyl; a cyanophenyl group, .for example, 2-,3- or 4-cyanophenyl; a mono- or
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30 4-nitrophenyl; a cyanophenyl group, for exanple, 2-,3- or - ' ~Te

4- cyanoph@nybeo1gggono- or 10" di (al kyl ) phenyl group suc : , or

4-nethy|pheny(,aé,4-dinethylphenyl, 2-, 3- or 4-(iso-propy?fgﬁgﬁﬁ??ﬁg-, 3-, -

or 4-ethyiphenyl, 2-, 3- or 4-(n-propy|)pheny| and the like; a nono or '

‘di (al koxy) phenyl group, for exanple , 6- di met hoxyphenyl, 2-, 3- or

4- (1 so-propoxy) phenyl, 2-, 3- or 4- (iobutoxy)phenyl e

3- et hoxy- 4- met hoxyphenyl and the lik - or 5 4-trifluoromethyl phenyl ;

a nono- or dicarboxyphenyl or (protected carboxy)phenyl group such as 2-,

3- or 4dﬂﬂkﬁWﬂhegryhp QﬁchZ adt @ ( p¥, adretinettlylphenph) x3;3-dincetiylipheayli®r03- o

di (hydroxynet hyl ) hen¥ prot ect ed hydroxynet hyl)phenyl such as 2-, 3-
yhe

or 4- (pﬂdtséﬂml)ﬂiﬂﬁﬂ@ P‘)h]blﬁbﬂw 2up- ‘342(11111"(115{981?@63(%?5 e lilepmEeyP: a

nnno- r h 2-
o0 e BT TR S 2 B, P SRS 2
mDﬂO- op., di3( Nof N Mt&&bﬂh@@l' ALktA6Xy) PRERMypBaAGh &1 ahe 3Lk, 2-, 3- or o
4- (N- (et hyl sul fonyl am no))phenyl A'so, the term -suwbsti-tuted phenyl -

<r:| e P ][ és eﬂttsﬂtfahremﬂhﬂphwbd rrphemrldxcgr@mbmﬂm(emtpct&ﬂe&b%éphmm@o@ wrk
ifferen or, exa

3- chl or 8% 42nydr ofY gﬁéﬁ’gbr’xyp eny)) ﬁ@gﬁ %(%@g %ﬁllfg)ﬁgyhenyl a mono- or
4-ethyl g ﬁh}i&‘ yﬂ%ﬁ@ﬁﬁﬁ%&r} ons(p{:ﬁf&ﬁéaxﬁ&dfbxﬁhétﬁﬂ%h&ﬂy |such2asrwd§-0&'>’4-'€pr61|%t9& ophenyl ,

and the term enyl al kyl " neans one of the

above phﬁdtykyxgsﬂ@ﬂl)phe@l bﬁ&hémhydmmethymphbm aamonee orldigammindreethyl)phehyl @r oups,
and the term "substituted ph \gcél al kyI nmeans that either the phenyl or the
al kyl , @rotsetedh aminomethybakanylisuch a8 3-h3vpletGaminpmethyiphemd o ed-grrasteded

b
2+ oty FErRoRise PR o+ ey SF TN AR BRI heny! syeh a5 243,95 0y
phenyl ) ﬂéﬂ%@thylsglf&r@lanﬁﬁ@%ﬂmﬁyl MEAREX Wi exy ) Fbub&ﬁxte@e?ﬁeﬁid“ represents

y

3 (2", i met hyl phenyl ) n-propyl, 4- chi or o- 3- am nobenz
6- (4' - méishiostipytdsle rpblelryl3-groups wherein the substituents are dlfferent for example,

3-methyl-4-hydroxyphenyl, -chloro-4-hydroxyphenyl, 2-methoxy-4-bromophenyl,
4-ethyl-2-hydroxyphenyl, 3-hydroxy-4-nitrophenyl, 2-hydroxy-4-chlorophenyl, and the like.
15 The term "phenylalkyl” means one of the above pheriyl groups attached to dne
of the above-described alkyl groups, and the term “substituted phenylalkyl” means that either
the phenyl or the alkyl, or both, are “substituted with one or more of the ,above-de-ﬁ'ned' T
substituents. Examples of such groups include 2-pheny]-1-chloroethy1, 2-(4'-
methoxyphenylethyl, 4-(2',6'-dihydroxy phenyln-hexyl, 2-(5'-cyano-3’-methoxyphenyl)n-
20 pentyl, 3-(2',6-dimethylphenyDn-propyl, 4-chloro-3-aminobenzyl, 6-(4'-methoxyphenyl)-3-
carboxy(n-hexyl), 5-(4'-aminomethylphenyl)-3-(aminomethyl)n-pentyl, 5-phenyl-3-oxo-n-
pent-1-yl, (4-hydroxynapth-2-yl)methyl, and the like. o
The term “substituted naphthyl” means a naphthyl group sustituted with one or -+ -2
more of the above-identified subtituents, and the term “(1 or 2 naphthyl)alkyl” means a ' o
25 naphthyl (1 or 2) attached to one of the above-described alkyl groups. | |
" The termis "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.



ear boxy(n-hexyl), 5-(4'-am nonet hyl phenyl) - 3- (an1nonethy|)n pentyl
5-pheny| 3- Q¥8o0m1degNt - 1- yI (4- hydr oxynapt h- 2-yl ) nmet hyl , andpbﬁrﬁjsbg,,mﬂ The
term’ substltute napht hyl " means a napht hyl group sustituted with one or
nore of the above-identified subtituents, and the term"(1 or 2
napht hyl )al kyl * means a 25 naphthyl (I or 2) attached to one of the
above-descri béd al kyl groups. The termms, "hal 0" and ' hal ogen" refer to the
fluoro, chloro,- brono or i6do groups. ese terns nay al so be used to
descri be one or nore hal ogens, which are the sane or different. Preferred
haI ogens in the cont Thd tepth "hdiérsaryl \demdtésaoptiaally shbstitedoardmbtic) fiveemerhbered er m
"aryl" refers to aromatic five and six nenbered carbocyclic rings. 30 Six
menber ed rorrRsmgmberpd beterpeyghic rings that haed tp dihsteraatomsy igh ¢ exypem iy and/or

optlonally ubst it ut ed tic fi e I clic
rings t hat MR%&& o8 mzpaﬁclftu g?glgto Tt g’ﬁgﬂgﬁ;&)a@r?’gﬁ& “e“?“é‘ ur andP’grg ogen
atons;- i-n @gmé.i-cul ar nitrogen, either alone or in conjunction wth suI fur

or oxygen ring atonms.- 5 .The foll ow ng<+=e8g systens are - -
represeftative ex arrpllhts fqlrowrtxennge%tewwm mpreﬁmatnfalegamelns)pgdlebbettrn@ctier m.

"h | ", b b h f
oot i el E S R Y R By sy b bt
oxadi azol yjym, o‘iﬁt ﬁﬁmidmyl lmla%lpx A2k, @i&ﬁﬁﬁ' aﬁm.a»ﬁmyl %aﬁydzyx I?éﬁfahéﬂndw

pyrazi nyl , pyrlda2|ny oxazinyl, triazinyl, thiadiazinyl tetrazol

1,5-[Db] pyrﬂldamzalyl mchapolyl ryyhdylaSpymmhdyl aﬁyrhmmzlp-p&ummmebxaz&tyl veﬁzmjrlor 10
exarrpl e, benzoxazol benzot hi azol i/ +benzj m dazol yl and i ndol yl .
Subst i t uenthiadignyk ¥ az&lﬁb\}é Bppridaran] ?ﬂ‘%%@b" ep el a8 pefl derivatiss.afor f r om
one
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example, benzoxazolyl, benzothiazolyl, benzimidazolyl and indolyl.

Substituents for the above optionally substituted heteroaryl rings are from one

to three halo, trihalomethyl, amino, protected amino, amino salts, mono-substituted amino,

di-substituted amino, carboxy, protected carboxy, carboxylate salts, hydroxy,. protected

hydroxy, salts of a hydroxy group, lower alkoxy, lower alkylthio, lower alkyl, substituted lower

15 alkyl, cycloalkyl, substituted cycloalkyl, (cycloalkyl)alkyl, substituted (cycloalkyl)alkyl,
phenyl, substituted phenyl, phenylalkyl, and substituted phenylalkyl groups.

| Substituents for the heteroaryl group are as defined above, or as set forth 7
below Asused in conjunctlon with the above substituents for heteroaryl rings, "tnhalomethyl"
can be trifluoromethyl, trichloromethyl, tribromomethyl or triiodomethyl, "lower alkoxy"

20 means a C, to C4 alkoxy group, similarly, "lower alkylthio” means a C, to C, alkylthio group.
The term "substituted lower alkyl" means the above-defined lower alkyl group substituted from
one to three times by a hydroxy, protected hydroxy, amino, protected amino, cyano, halo,

* trifluoromethyl, mono-substituted amino, di-substituted amino, lower alkoxy, lower alkylthio,
carboxy, protected carboxy, or a carboxy, amino, and/or hydroxy salt.

25 As used in conjunction with the substituents for the heteroaryl rings, the terms B

"substituted_. (cycloalkyl)alkyl” 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 C;

30 alkenyl, C, to C, substituted alkenyl, C, to C; alkynyl, C; to C;¢ alkylaryl, C; to Cy4 su};sti’mted



3 vt

to three halo, trihal orrethyl, ami no, protect'ed am no, amino salts, : e
nono- subst I&éhﬁ% no, -substituted am no, carboxy, protected car boxy, .
car boxyl at g hydroxy, protected hydroxy, salts of a hy’(’nﬁ:"c-ﬂ(I GFde, -
| ower al koxy, |lower alkylthio, |ower alkyl, substituted |ower 15 alkyl, '
cycl oal kyl, substituted.cycloal kyl, (cycloalkyl)alkyl, substituted

(cycl oal kyl') al kyl, phenyl, substituted phenyl, phenyl aI kyl, and substituted=~
phenyl al kyl gr.oups. Substituents for fhe heteroaryl group are as defined
above, or as set forth' below As used in conjunction with the above
substitu r in . e n I t hyl
trichl or%%%lqndt ri régﬂo 0’? g(ﬁ;er (ﬁofﬂl’gggéonet 35%'“’ &gm%@één&%xyﬁé%%pneans

a Q0 to @himkprotegting group as eucambasddyqy thé tewa " pratekted (inomsubyetute])amifo." tThe C4

al kylthio gr oup The term "substituted | ower, al kyl" peans the above-defined

| over al K Yigibstitatgdamine]] tr%fﬁrsftPcﬂW‘B?l&"t‘Bs tithetva pubsiifugsys shagemy figmy the

protecte L eci hyl,
Pono. SubSLp dpiifing Sef, AbGRGE AlagfLilgr s ALY 16 O s VT
al kyl t:hl alkeﬁﬁ,rda,qzs)Q amtyaylec; eﬂcgambqafyx Ptto @,scabamyd amyuhman@na/maryhydr oXy

salt. used in conjunction with the substituents for
t he het erTbart\w sybistityents camebet the iseme or different. Ehepterm t"h@t@fdarylﬁslkyl&i d«lyte;ankyl "

d b t ed f d..abqv b tituted - th
e ~or alsgh Bt pf dret e steEelR R RR R Bl B, el o, '

" (monosulsgiut ed) ami no” refers to an am no group w th one substituent
chosen fromthe group consisting of phenyl, substituted phenyl, alkyl,
substituted al kyl , Fiugrerrhor8(Gheadtogapptionp iy substitutiod ﬁive-ntmtiemdl kesiyimenibered |
substituted 12 al kyl aryl _and heteroaryl group

( rono¥ub deteroaychis rings: r?é‘d ché abeysi riclorliy| yndsa 6 aPi‘“’o??r]ibh ae ﬁl“%ﬂie'é’t ? PRBuUp as
enconpas %sgen%éreh rb? érﬁérﬁ%er&ir :%Ieé}t l?egerswnﬁfé’]%{eh{ u %WQ)&HEHEO the Jﬁk@ can be

optionally fused to an aromatic 5-membered or 6-membered ring system such as a pyridine or a

triazole system, and preferably to a benzene ring.
The term "pharmaceutically-acceptable salt" encompasses those salts that form
15  with the carboxylate anions and includes salts formed with the organic and inorganic cations
such as those chosen from the alkali and alkaline earth metals, (for example, lithium, sodium,
potassium, magnesium, barium and calcium); and ammonium ion; and the organic cations (for
example, dibenzylammonium, benzylammonium, 2-hydroxyethjllammonimn, bis(2-
hydroxyethyl)ammonium, phenylethylbenzyl-ammonium, dibenzylethylenediammbnimn, and
20 like cations.) Other cations encompassed by the above term include the protonated form of
procaine, quinine and N-rpethylg]ucosamine, the protonated forms of basic amino acids such as
glycine, ornithine, 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 parboxylate anion is the sodium cation. Furthermore,
25 the term includes salts that form by standard acid-base reactions with basic groups (such as
- s aming” groups) ‘and includes organic orinorganic acids. “Such acids include’ hydrochloric,
sulfuric, phosphoric, acetic, succinic, citric, lactic, maleic, fumaric, palmitic, cholic, pamoic,
mucic, D-glutamic, D-camphoric, glutaric, phthalic, tartaric, lauric, stearic, salicyclic,

methanesulfonic, benzenesulfonic, sorbic, picric, benzoic, cinnamic, and the like acids.



t-erm " (di substituted)amnm no" refers to amno groups with two substituents
chosen fromvwdnergisegp consi sting of phenyl, substituted phenylpcTaishyiso74
substituted alkyl, C, to C, acyl, C to C7 5 alkenyl, C to C7 alkynyl, C .
to C16 al kylaryl, C7 to C 6 substituted al kylaryl and heteroaryl. The two
substituents can be the sanme or different. The term "heteroaryl (al kyl)"
denotes an al kyl group as defined abovey, substituted at any position by a
het eroaryl group, as above defined. Furthernore, the above optionally
substituted five-nmenbered or six-nmenbered 10 heterocyclic rings, and the
above cycl oal ky ri ngehe compowyds iof Radnhuta bmaﬁ'ulsectxtsmsasmddly&amﬂﬁhmed or

6- menbered aryl or heteroar ; rin yste For , the rings, ca
apt i onal | YheSEEBPUBAS TR, FT Wﬁgﬁg ‘ﬁg&g’é‘f“% Fi°RY r} such
as a pyrigi B& Qe eledEEF rﬁol§é{§<{s%ﬂhealﬂgth£}r lﬁﬁ.lgrr RJelt. t’ltqh%db%g%{m;.‘%at of 1he

t erm "pharmaceuti cally-acceptable salt™ enconpasses ose sa orm
15 with tshich cdfipbaidg bittiscladed withirbthel séope ofithésinwatiors forned with the organic -
and-i norgani ¢ cati-ons such as those chosen fromthe al kel and al kal i ne '

earth netals, (for cBharigme carboryrPIARgCting gToyR) aﬁd&f@@é@fﬁwfeﬁ%@r@su #heebtqtu um

d cal d th
b L IR R e
hydr oxyet Ryid) gomP W8 reRRERY Lr@t&yrhéaeazty o1 TP Rinéfdnal groups on the compound.

di benzyl et hyl enedi armoni um and 20 |ike cations.) O'her cations :
enconpass ditaipples g aiobvarboaylm jancll px:beecmhg gougsoimaludel thartyh @fnipoteozil,néd,

qui ni ne and N-net h osam he p nated forns qQf basic am no acids
such as gl%}?"i’% %Wi ﬁé ‘{‘ H’W 5?79’13 hao q‘%ﬁhﬁ’é‘/be%@j %81 ni ne.
Furt heygmor, tt d

car boxquchqrgg anﬁéﬂr%%\écgﬁ%{r’oug is rgr?eeﬂrlile hl rs]get%é{rl}%mi pirgef erred

cation fordlmétﬁo;@aftjalpnw 4t-ginftoRntrityd, Riphemdsiopyn) ﬁﬁﬁdtl@kﬂyﬁtﬁﬁdﬂﬁdlmﬂ@lsﬂﬂ5 t he
termincludes salts that form by standard aci d-base reactions with basic

groups (swbenagy, afd.Adrichioroethy) mxmqﬂmlsybrasthﬂr gﬁ-lﬁ(ihﬁn outyDmetbylgihiletyhcpds -
Su ol obAELE TSt P b S ST, PUOSRRRRL . BRuSmPHERLf) o
propenyl and like moieties. The species of carboxy-protectmg group employed is not critical
15  so long as the derivatized carboxylic acid is stable to the conditions of subsequent reaction(s)
and can bé removed at the appropriate point without disrupting the remainder of the molecule.
" Further examples of these groups are found in C.B. Reese and E. Haslam, "Protective Groups
in Organic Chemistry," J.G.W. McOmie, Ed., Plenum Press, New York, NY, 1973, Chapter 5,
respectively, and T.W. Greene and P.GM. Wauts, "Protective Groups in Organic Synthesis,"
20 2nd ed., John Wiley and Sons, New York, NY, 1991, Chapter 5, each of which is incorporated
herein by reference. A related term is "protected carboxy," which refers to a carboxy group
substituted with one of the above carboxy-protecting groups.
The term "hydroxy-protecting group"' refers to readily cleavable groups
bonded to - hydroxyl -groups, -such as the tetrahydropyranyl, 2-methoxyprop-2-yl,
25  1-ethoxyeth-1-yl, methoxymethyl, B-methoxyethoxymethyl, methylthiomethyl, t-butyl, t-amyl,
“trityl,”  4-methoxytrityl, ~ 4,4'-dimethoxytrityl, 4,4',4"-trimethoxytrityl, . benzyl, allyl,
trimethylsilyl, (t-butyl)dimethylsilyl, 2,2,2-trichloroethoxycarbonyl, and the like.
Further examples of hydroxy-protecting groups are described by C.B. Reese
and E. Haslam, "Protecﬁve 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.



mueci c, D-glutamc, D-canphoric, glutaric, phthalic, tartaric, lauric,
stearic, SaW(Wt%lisge nmet hanesul foni c, benzenesul fonic, sorbic, 1pi cric,
benzoic, cinnamc, and the |ike acids. -13 The conpounds SCTAEPHEF0I4) .
may al so exi st as solvates and hydrates. Thus, these conpounds may '
crystallize with, for exanple, waters of hydration, or one, a nunber of, or

any fraction thereof of nolecules of the nother |iquor solvent. The -
sol vates and hydrates of such conpoundd4are included within the scope of '
this invention. 5 The term "car boxy-protecting group” as

used her eihg oh@icti#eGRIEs AlOrkhfic SHBLIINLHRBMER, R yflgf CARRY NG, aci d

group comonly enployed to bl 6¢ck or protect the car acid dgroup while
react i onsYeake Narifp s (Cloptersol amt BerA praferted digdroxygproteptingOgroth 65 e tRObRg:

Exanpl es of su carboxylic acid protecting groups include t-butyl,

4-ni t r obe$ToWR- The fe??é?%‘ﬁi\%? befﬁmeg higdraxyy; depqtesa y\groupsbandef] teeanigfyiwenzy| |
2,4, 6-tri 50t N . 2, - 10 trinethyl benzyl, pentanethylbenzyl,

3, 4- et hyﬁnggﬁéx entjgfltfr%gf‘%“gsﬁzhydryl , -4, 4" - di met hoxydar i t-yl ,

4,4', 45-trimet hoxyt The tétm "@niR6-profécEing Bivtp” ds nbedBHertitl fferd/fo substituents of the
t-butyl di met hyl silyl, phenacyl, 2,2,2-trichloroethyl, :
P- (tri met9Wing igrapp cemmpnly qraplgygdl (o blogk gt protsttith¢ aming | fimetibndlity phile reacting

| e tyPs O e BRERTY. Theert leStor bimopasboingpBEtaients
car boxy- héte § dn AnIpRHRLFTRbRYGARE oh@lbshfutel iaﬁnﬂ'lgi 1131?0 i Qto#n. ng as the

derivatized carboxylic acid is stable,to the con of "subsequent
reaction(s) and canExsnplesnisech ahindpmtering gpupsdhcudecthe foritiyl (B giofp,Upt i Ng
t he r@miﬁgder of the npolecul e. Further exanples of these groups are- found
in C B ReeTuylgeprethe phthalipydo greup; e trichloreasesl grouptheiriflnercacatiegrup; the,

J.GW ) r.es r NY, 1973 .Chapter 5

respect :V\%%(?acgﬁ g b?rﬁfg@glér@ elg%%gﬂg?%’%?’ %l%ag c-BPpp f)‘%éégw glg’u@' Sehasity

Organi ¢ unbdbkgsdrbonyl ("Boc™), 2-(4-biphenylyl)propyl-2-oxycarbony! ("Bpoc"), 2-
) phenylpropyl-2-oxycarbonyl ("Poc"), 2-(4-xenyl)isopropoxycarbonyl, l,l-diphez_lylethyl-l-

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-
(methylsulfonyl)ethoxycarbonyl, 2-(triphenylphosphino)-ethoxycarbonyl, 9-fluorenyl-
.. methoxycarbonyl  ("Fmoc"), 2-(trimethylsilyl)ethoxycarbonyl,  allyloxycarbonyl, 1-
_20 (trimethylsilylmethyl)prop-1-enyloxycarbonyl, 5-benzisoxalylmethoxycarbonyl, 4-
acetoxybenzyl-oxycarbonyl, 2,2,2-trichloroethoxycarbonyl, 2-ethynyl-2-propoxycarbonyl,
cyclopropylmethoxycarbonyl, isobornyloxycarbonyl,  1-piperidyloxycarbonyl, benzyl-
.. oxycarbonyl ("Cbz"), 4-phenylbenzyloxycarbonyl, 2;methylbehzyloxycafbonyl, a-2,4.5,-
7ot tetramethylbenzyl-oxycarbonyl  ("Tmz"), 4-methoxybenzyloxy¢arbonyl,  4-fluorobenzyl-
o 25 __oxycarbonyl, 4-chlorobenzyloxycarbonyl, 3-chloroben2yloxycarbonyl,. | 2-chlorobenzyloxy-
I — carbonyl, 2,4-dichlorobenzyloxycarbonyl, 4-bromobenzyloxycarbonyl, ~3-bromobenzyloxy-
carbonyl, 4-nitrobenzyloxycarbonyl, 4-cyanobenzyloxycarbonyl, 4-(decyloxy)benzyloxy-

carbonyl and the like; the benzoylmethylsulfonyl group, the 2,2,5,7,8-pentamethylchroman-6-

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

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



20 2hd ed., John WIley and Sons, New York, NY, 1991, Chapter 5, ‘each of -
whi ch is incgblopdsgd herein by reference. Arelated termis pprRisSsiffs
carboxy,” which refers to a carboxy group substituted with one of the above.
car boxy-protecting groups. The term "hydroxy-protecting group” refers to
readi |y cl eavabl e groups bonded to hydroxyl groups, such as the

t et rahydropyrdnyl, 2-nethoxyprop-2-yl, a; | - et hoxyet h-1-yl, nethoxynethyl,
P- net hoxyet hoxyrmet hyl , nethylthlonethyl t-butyl, t-amyl, trityl,

4- et hoxytrityl, . 4,4' di met hoxytrityl, 4,4 ,4"-trinethoxytrityl,

benzyl, adrhipb-prdtéctifi@ ighotipSentployed (i§ n&lﬁrgtilcéldéomﬁﬁﬁyd ghiel dekrivatized amino group is

2,2, 2- trlchloroethoxycarbonyl and the |ike. Further exanples of

hydr oxy- pr¥thle ta the crditions ofthe ﬂ@geéﬂﬂ‘?nb&?ﬂliﬂﬂ(%a@ cauchesemoved gt theiapprapgiate

"Protective. 0 |cCh Pl enum 30
Press, NeV\P% Hlpwmig‘f% g?r °§§’ é’%‘ée"ﬂle %%N%%& T geﬁ%ﬁ %r OV# eene
and P. G M Boc, b4 aMéitFnoc. &flﬁm&Céﬁamsle%p&aﬁlolppotéauagrgk&lp&éabﬁe@a By th eSSHbQé‘d
Edi tion, John Wley and Sons, New Yor NY, 1991, Chapt-ess 2-and 3

preferr £d ey ae el lknowe at orggmgsymthpsm mdtthnspep&detarﬂ:amﬂynte c@s«mbpd biffer cxaﬁrpieed
term "protected hydroxy" denotes a hydroxy groupg% ed t o one of the above

hydr o xy pr TG 575 agrll M Wats, "Protective Groups infQrgani %ﬁ’ﬁ"h%’dpﬁdog%}& WH

group" as 0 5t | a%zﬁ!;v nl y
enpl oyed t%l%b SQE\E‘%’#%{ t&;}tﬁgétlhe m r?o unct al |tc$%raﬁpgéteactyﬁﬁlgg§t her
functi onal 1syandipsd &fvxsédlEd.[;TBbﬁxﬁgﬂ'—UerlighNewef otk,"NY 01988 tadd 1993, and J.M. Stewart
(monosubsti t ut ed) am no nmeans there is-:an am no-protecting group on the

monosu bst i angtIdy &0 Solid P@g@ﬁe@xﬂgﬁwﬂ@ﬁﬁﬁnégd -oPiersg Shemiepheo-pReskéard, lhg
ot ha 10 t*‘ge%u%gﬂi R T e e S I
the IRL Press, Oxford, England (1989), each 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 bccui-rihg.arhino 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, omnithine 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, phenylglycirie, vinylalanine, propargyl—gylcine, RS

1,2,4-triazolo-3-alanine, thyronine, 6-hydroxytryptophan, S5-hydroxytryptophan, 3-hydroxy-

25 kynurenine, 3-aminotyrosine, trifluoromethylalanine, 2-thienylalanine,

(2-(4-pyridf1)ethyl)cysteine, 3,4-dimethoxy-phenylalanine, 3-(2'-thiazolyl)alanine, ibotenic

acid, 1-amino-1-cyclopentane-carboxylic acid, 1-amino-1-cyclohexanecarboxylic acid,

quisqualic acici, 3-(trifluoromethylphenyl)alanine, (cyclohexylglycine, thiohistidine,

3-methoxytyrosine, norleucine, norvaline, alloisoleucine, homoarginine, thioproline, dehydro-

30 proline, hydroxyproline, homoproline, indoline-2-carboxylic acid,



chl oroac
groups,
2-(4-bip
phenyl pr
1, 1-di ph
2-(3,5-d
2-(p-tol

etyl, brompacetyl, and iodoacetyl groups, 'urethane-typé protecting -«

henyl yl ) propyl - 2- oxycar bonyl ("Bpoc"), 2-
opyl - 2- oxycar bonyl ("Poc"), 2-(4-xenyl)isopropoxycarbonyl,

enyl ethyl -1- oxycarbonyl , 1, 1- di phenyl propyl - | - oxycar bonyl ,

I met hoxyphenyl ) propyl -2- 15 opgycarbonyl ("Ddz"),
uyl ) propyl - 2- oxycar bonyl , cyclopentanyloxycarbonyl 1-
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benzyl oxycar bonyl, 3- chlorobenz¥loxycarbon

|
ey Beite, B e DRSSy Fising  BF HORIELe. S-DHoBHROM DoARORT B sters of

'SuAMO 8801666 but oxycar bonyl ("Boc"), PCT/US99/15074

2- (triph
(" Froc™) ,subsimx(tédratm Stitos inleld, bepiiepysiaibd 6Ntk pheriyl |mdxay)6ﬁﬂaré}férafltwo of the?0
(trimet hyl silyl methyl)prop- | -enyl oxycarbonyl,
“"Brbenzi’ scfsaumvnmonm(y@a(ﬂndnﬂoalkyl m(Ca@Cdxlybma/halogepcm dawityd group, or
2,2, 2 rlc ethox rbon opoxy
“cyclo g%@? %hr ngl ! GEWEﬂﬁﬁ? I ?Wcé?ébﬁﬁé gq$ﬁgq%@PWHypéky€%}bonyl
benzyl e &%hﬂ%ﬁ 0
2- me%/hyl %éﬁg‘??lg%%%r%%%]anh“ ,%rﬁilﬁﬁ)ﬂnb%l t et&r@g?e%y? %2 lann|1e g' g/cardbonyl
(1 Trnezl), 24naphthyijaiapinen Orblbylgiedr devivytives doff berine ,otheeonytie- oQ&yrosmyc Sraliytuydd,

chlorobenzyloxy-

oS NI RIARE 3 R RRC S SRR o fmetane MRPce: 1 ne

benzow rratciay bstd | 610 Qh‘bsn&r OppethbritphabpBoris Acid- Bt am&:*&yxhghsgnamd&yr&ﬁkf onyl

PMC'), the dithiasuccinoyl ("Dts") group, the

2-(nit roﬁﬁnéﬁtyrbsm@lsfa@w}lb'mg%@n‘{bdﬁm-alky'l Ngmth)ne tAny ofi qun?‘bxphmsqgms meaychei de
t ect
F Goetbie  aT i R  DPA n  PeiGbencss SPomsitice of e aRRar zed

group,
am no- pr

am no gr

Q@&4Muk 8n the o-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

20

25

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

~"""form, which forms are included in the instant invention. In particular, compounds of Formulal

in which R? is a hydrogen atom (i.e., Formula Ia) may exist in the cyclic ketal or acetal form

Formula Ia’ shown below:

CO.H
0 o .
N ® — Ri N
ﬂ A N 'R N~ A
s o} 0

(Formula Ia) . {Formula Ia')

In addition, it should be understood that the equilibrium forms of the
compounds of this invention may include tautomeric forms. All such forms of these

compounds are expressly included in the present invention.



stabl& to the conditions of the subsequent reaction(s) and can be renoved
at the appwmapéog/mess poi nt w t hout disrupting the renmai nder ofpdtressonlsequl e.
Preferred am no-protecting groups are Boc, Cbz and Fnoc. Further exanples
of .am no-protecting groups enbraced by the above 5 termare well known in
organi c synthesis and the peptide art and are described by, for exanple,
T-W Geene and P.GM Wits, "Protect iiye Goups in Organic Synthesis,” 2nd
ed., John Wl ey and Sons, New York, NY, 1991, Chapter 7, M Bodanzsky,
"Principles of Peptide Synthesis,” 1st and 2nd revi sed. Ed. ,

Springer-\Verl ag, Ndhe Yomipouidd, of 98ds ainvientiod 3maynde Jmitlifisd etmr sppaeptiae. D. _
Young, "Soli.d Phase Peptide Synthesis," 2nd Ed., Pi ef[ce Chenm cal (Cq., '
Rockf or d functionakifies t39‘§¥$3’°°|§.31°2ﬂ"|’?2¥‘{16$1“§ﬂﬂ’?ﬁ7’€.3' pediiipations g ropmAa thepept i de

Synt hesi § yund L&A ' doRlr Press. Gt orel . Eagl 4980, €ach
of whi ch§|rt§jm @R(E%‘?%%?%t ehd&ﬁgérgiégggldg?g% Ee)rneﬁ?:heo.n%he g?vgrxatﬂgag"} zt;hgrs}gn ' p?e)t‘ﬁ’ect ed
am no" déldoddgmpliatia 8ystetn, érraPnevdus sy stant)e thevdasdoralvailabitity [irert e sologligr oup
di scussed above. The ternms "natural and uwnnatural am ne-eei d“-refers to

bot h the thallaw admipistraion by drieqtioncplishmetabalism andhalter srte ef exestionorlatadiiereni c

a-amno acids co nly utiljzed those in,t eptide chepistry arts when
oy epar | ngUPTPRERT B e lgrb T Hm PR ror il PR Fepfates Sl Bai ng o
and L f okgBpody BEMHE Phiitnthd the ASEIY bf the el STOn@Riolie of bfedbidéeRfioal PloRksdie,
val i ne, |eucine, isoleucine, serine, nethionine, threonine, phenylal ani ne,
t yr osi ne ontheyppi-dppaSomesxamelien ef prprdolg foans inclede kitalmcetal painte] andehyidchzone

aspar agi r}e, %I utam c_aci.d, glutam ne, é«g 20 carboxyglutam c_ acid, .

ar gi ni ne 1oT8¥ Rf FomROENds Yehigh copiain ketgng,op pldehyde suoupstcSPESIlY VHEE. thRX PRI dis
inclu j wioh £ I i ey i - anj kne,
(2 T O AgHRIR G AL ) RhrhlaCy on WP Rl BER BB MBI REMIE,
(t-butyl pepdupdendeed as "A't.- but yl ) gl yci ne, 4-hydroxyphenyl - gl yci ne,

am noal ani ne, phenyl gl yci ne, vinylal ani ne, propargyl-gyl cilne,

1, 2, 4-tri azol o- 3- aCampeunds ©of jhis inveationswith desprettie e erppn’R ™" in Formula [,

5- hydr oxyt oph .3- hydroxy- 25 Kkynurenine, 3-am not yr osi ne,
trifl yorm%ﬁ%ogﬁ‘gﬂqrﬂ'é‘, ~ 2-thienylalanine, (2-(4-pyridyl)ethyl)cysteine,
3, 4-di met hoxy- pheny| al aR REsheryl( dibstitiie@ pREMA, REQUIBR; subBRhRA benylalkyl,

15 naphthyl, substituted naphthyl, (1 or 2 naphthyl)alkyl, heteroaryl, - or
(heteroaryDalkyl.
More typically, the compounds of this invention with respect to the group “R™
include those wherein: _
R! is phenyl, substituted phenyl, phenylalkyl, substituted phenylalkyl,
20 naphthyl, substituted naphthyl, or (1 or 2 naphthyl)alkyl.

Compounds of this invention with respect to the group “A” in Formula I,
include thdse of Formula Ha wherein:

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

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



acid, 1-am no-I-cyclopentane-carboxylic acid,

| -am no- | -cycl ohexanecar boxylic acid, quisqualic ~acid,
3-(trifluorv¥@edBieéphenyl ) al ani ne, (cycl ohexyl)glycine, thiBOTASYHAISHT,
3- met hoxyt yrosi ne, norleuci ne, norvaline, alloisoleucine, honoarginine,
t ht oprol i ne, dehydro- 30 proline, hydr oxyprol i ne, honmopr ol i ne,
i ndol i ne- 2-car boxylic aci d, 16 .

1, 2, 3, 4-t et rahydr oi soqui nol i ne-3-carbowylic acid,

1, 2, 3, 4-tetrahydroqui nol i ne-2-carboxylic acid, a-am no-n-butyric acid,

2t “the ortho. mota, or  pls b RO bR, Gtioelkel pheihl s HORERy DR SSRERr {wo-
of the follow ng gr : &ﬂﬁl I | ogen
or a nitro group, O@Eﬁ%‘%@éﬁ, t(%‘gé) 0 é’gﬁvgz%ﬁu%%dﬁ@ %X@gf%)ﬁfgﬂ% f3-2-
and 3-t hi nyl al ani nepaphfhyB;anand 3-furanyl al ani ne; f3-2-, 3- and

4-pyridyl al ani ne; P-(benzot hi enyl -2- and 3-yl)al anine; ,3-(1- and -
" 2- napht hy'I”)"a'I"éi'r'i'i”;ﬁé';*' 0- al RylldAtamd mEdiopdti ves of seri newhreeni ne or
tyrosine; S-al kyl'ated cystei .S-al kyl.ated ho steipe,. the ul f at e,
o phosg;)hat e and O cg?%%?%‘f‘gﬁéé’{‘@?‘?%‘@i TPRSE} tgg@/%g(psﬁ f'B;P?’W‘g% ?’r‘?is?

3- ( car boxyoihderthesk BEFormdlPIowRk&ant yrosi ne, the 4-net hane-sulfonic 10 .acid
ester of tyrosine, 4-methanephosphonic acid ester of tyrosine,

3, 5-di i odot yrosi ne, 3-ni Rt &t phengl, rsebstioutenl fhenyly (CHg)plenyl, (E€H})a(sabiskisnted
ornithine. Any of these a-anin? aci.ds may be substituted with a nethyl
group at the al pha R§8YR:csoally ’rPélzdﬁi?ﬁylé?“dany position of the aromatic
resi due on the a-am no s{nq_el &hain, or an appropriate protective group at
the 0, N, or S atons of the Side chain residues. Appropriate protective
groupm) are di scusseAndh@Vgoupldf compounds with respdof e tHdi #GurPrAt e FeimilL g Of
sol vent and ot her conditions known to the practitioner skilled in the art,
conpounddnalpdetthise of Feranld ldhwhasginial so take the ketal or acetal form which

forms are included in thg i,n3Lant | HELL ol BoPalihGHl 3 aeSQIRRURES ©f

Formul a |
) ~ naphthyl, (CHy).cycloalkyl, (CHj).phenyl, (CH)),(substituted phenyl),
<o weoes - (CH,)a(1 or 2-naphthyl), OR™, or SR*';
15 R" and R" are independently cycloalkyl, phenyl, substituted phenyl,

naphthyl, (CH,),cycloalkyl, (CH,),phenyl, (CH,),(substituted phenyl), or
T (CHa)(1 or 2-naphthyl); and
| n=14.
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
UTTIITTT T X =CHy, '(CHZ)Z; (CHy)s, or S. .
e Another group of compounds with respect to the group “A” in Formula 1,
25 include those of Formula ITh wherein:
s 6 b =1 o 2,
_ - Compounds of this invention with respect to the group “B” in Formula I,
include those wherein:
| B is hydrogen, 2-benzoxazolyl, substituted 2-oxazolyl, CH,ZR",
30 CH,0CO(aryl), or CH,OPOR'®)R", where Z is an oxygen or a sulfur atom;



rr-n which R2 is a hydrogen atom (i.e., Fornula la) nay exist in the cyclic
ketal or acev@lbobmeen Fornmula Ia' shown bel ow. 20 I n addition,patusdoased be
understood that the equilibrium fornms of the conpounds of this invention
may. i ncl ude tautomeric forns. Al such fornms of these 25 conpounds are
expressly included in the present invention. .17 The conpounds of this

i avention. may be nodified by appropri afge functionalities to enhance .

sel ective biological properties. Such nodifications are known in the art
and include those which increase biological penetration into a given

bi ol ogi cal system (e.g., R dedphenyinshizstiutedsplenglmnaphsinly suibstietedonaphthybt em) |

increase oral availability, jpcrease bjl ]t t ow admi nj stration” "~
by injection, alter %?f?f%?&ﬂi ﬁ(i}g?"ali‘f’&yla@’gﬁs"?ﬁuhit’é“%‘* g@?’éﬁt@#ﬁfﬁvmgéﬁg#‘ﬁﬂgn, t he
conpounds nmay be altgr t et -grug formsuch that the desired conmpound is
created in the body (g#éft}ﬂ'é( epgjtbi&gﬁ’t as the result of the action of netabolic

or ot her biochenical proceésas Rihatchiedgpemientiy glkylSoyatoatiyd npeasl, sdbsitueddrug™ ™
fornms include ketal, acetal, oxinme, and hydrazone forme—-e% conpounds “which™ "

contai P ketone or alrhemsicepghyuphenylaikylesubstitnipd phvaylatkyl exdcpdealeylalkyho  t he
group donated as "A",in Formula. | or the nodifi spartigo.aci d residue
attached to the grodf4Eh&LE cgfscqn}gogn%o\}qugt.ﬁgfgfag*%ﬁﬁr%uq ﬁ%/eﬁ‘t F?fﬁ’ gh
respect t Qndiii tBds@¥PForRula IR chMer&:2 |, include those wherein: R is
phenyl, substituted phenyl, phenyl al kyl, substituted phenyl al kyl, 15

napht hyl, substituted naptitis@lor NR®;or 2 naphthyl)al kyl, heteroaryl, or
Y?is CHa, O, or NR”;

10 R'® and R" are independently hydrogen, alkyl, or phenyl, or R'® and
R" taken together are -(CH=CH),-;
R” is hydrogen, alkyl, phenyl, substituted phenyl, (CH,),phenyl, or
(CH,),(substituted phenyl);
R*, R* and R? are independently hydrogen or alkyl.
15 The compounds of Formula I may be synthesized using conventional
techniques as discussed below. Advantageously, these compounds are conveniently
" " synthesizéd from readily available starting materials. T
One synthetic route for synthesizing the instant compounds is set forth in the

following Scheme 1:



(heteroaryl)al kyl .

Nbre typically, the conpounds of this invention with"

respect to thegﬂ%oup 'R include those wherein: R i's phenyl, substituted

phenyl , phe

substituted phenyl al kyl, 20 PCT/USYONSIN! ., -

subst it ut ed naphthyl or (1 or 2 naphthyl)al kyl. Conpounds of this
invention with respect to the group "A" in Formula I, include those of

Formul a || a wherei

phenyl, (CH2) nNH2,

n: R3 is |ower alkyl, cycloal kyl, phenyl, substituted
(C112) nOR10, (CH2) ®®RW (CH2).cycl oal kyl, (CH2). phenyl ,

(CH2) A(substituted 25 phenyl), or (CH2).(1 or 2-naphthyl);

RWis hydrogen; R
substituted phenyl,

0 i s hydrogen, | SGHEMEKkYl , cycl oal kyl, phengl
napht hyl , (CH2) ncycl oal kyl, (CH2). phenyl

(CH2)n(subF%L£§LTqiphenyl , or (CH2)a(l or 2- naphthyl) 18 JR1 fs | ower
y

al kyl, cyc

n =1-4 and m =l

phenyHNsTBst i t ut ed pheyTA—1dbht Hyl ,R? ) . Cgobival kyl

\Y nt|

(CH2) nphewdmﬁgﬂﬁ(sql@éﬁﬁmagophenyl) F‘?{'m"l(“ns . (1 or W‘ﬁﬁh&éit and

nmpounds 0 ect to

the group "A" in Forfula I, also include those of Forlauma I--b wherein: R4
i s phenyl, suBSEH fut d phenyl , . (.CH2) nphenyl , (SWEB ®( dubsti t ut ed

PG--A——hI——c _ .
L —
(Formula VI) R® ﬁ : A—OH
o

STEP B

O

/lk . ' - (Formula X)
" R—N”" ™COH :
H STEP E H,N—C
{(Formula VII) (Formula V)

A—N—C
H

0
{(Formula VIII)

STEP C

02R

(Formula I)

In the above Scheme ° 1, Formula (V), that is 'H'zlu\I-C, is -é—'rhodiﬁed aspartic écid-

residue of Formulas Va through Vd:



phenyl), cycloal kyl, or 2-indanyl; and m= 1 or 2. 10 : Anot her
group of capmposedss With respect to the group "A" in Formul a pcThused/isdes
those of Fornmula Id wherein: R6 is hydrogen, fluorine, cycloal kyl, phenyl,
substituted phenyl, naphthyl, (CH2)Acycloal kyl, (CH2)nphenyl, :
(CH2). (substltuted phenyl ), (CH2) (I or 2- naphthyl) OR 0, or SR'; 15

R0 and R' aré independent | y cycloal kyl., phenyl, substituted phenyl,

napht hyl , (CH2) hcycl oal kyl (CHZ) phenyl (CH2), (substituted phenyl), or
(CH2) X(1 or 2-naphthyl); andch 14. A fourth group of compounds with
respect to the group "A" in/Fornmula |, 20 include those of Fornula Ile

wherein: R7 is hydrogen, , cycl oal kyl , phenyl,C@s3stituted phenyl, or
hapht hyl ; and X = CH2, CHZ)% (CH2>, or S. An@i her groupfof conmpounds with
respect to the gro%pd' ormula I, 25 |nc ude ose f Formula Ih
wherei n: a=Candb= 1%r2. npounds of thi g gﬁgect to the

group "B" in Formula I, | udep hose - V\herél n: B S h rogen

2- benzoxazol yl, substi tut ed “oxazelyl, €H2ZR 5, 30 [err]
where Z is an oxygen @orauddl frar at om _ Formula Vb; '
Formula Ve; or Formula Vvd.

In the above Scheme 1, “PG” stands for an amino protecting group and “A”

stands for a natural or unnatural amino acid of formula Ila through IIi, as discussed above. In
5 Formula Vb through Vd, R¥is a carboxyl protecting group as described in the definition of R?
in Formula I with the exception that R? cannot be a hydrogen atom.

“The modiﬁ_e:d 'aspa‘r.tic acids of Formula Va-d can be prei:ared hy methods well
known in the art. See, for cxample? European Patent 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 Applif:ation No. 618,223; European Patent
Application No. 533,22&; European Patent Applicaﬁon No. 528,487; European Patent
Application No. 618,233; PCT Patent Appﬁcation No. PCT/EP92/02472; World Patent '

15 Application No. WO 93/09135; PCT Patent Application No. PCT/US93/03589; and PCT

Patent Appi{catioh 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  (benzotrizzolyloxy-tris-(dimethylamino)phosphonium heiaﬂuorophosphate) reagent, pyBOP



19 R 5 is phenyl, substituted phenyl, naphthyl, substituted naphthyl,
heteroaryl, (CH2).phenyl, (CH2)n(substituted phenyl), (CH2)n(l or
2- napht hy| WO #/01666H2) n( het eroaryl ); R 6 and R17 are i ndependewmispoasony! , -

cycl oal kyl, phenyl, substituted 5 phenyl , naphthyl,
phen' | al kyl, substituted . phenylal kyl, or (cycloal kyl)al kyl. Another group
of conpounds,with respect to the group "B" in Fornmula |, include those of
Formula Illa-c wherein: [err] 10 22 R 8 and R 9 are

independently'hydrogen al kyl, or phenyl or R 8 and R19 taken together are
hydr ogen, alkyl e substituted phen
(CHZ) nphémoma&P ey REics WuPlyaplwﬁwnivﬁﬂaﬂupaphosahaém ndeB ﬁsjent Q-
hydr ogen g g nds For I be
b USI n}é y-tebmeth hylisourqnium:-h xaﬂJ&@hﬁ%ﬁB%? 2la ey

synthe3|z convent i onal tech ni ques scussed bel ow.

Advant agethytskycarbbifi DeethylonolDdihydioguificHRePNi fuapdrs, SY Biehe Sioafkhatieom beadi |y
avai l able starting materials. One synthetic route for synthesizing the

i nst ant é@ﬂ%@»ad@mr:@ylsbtanﬁmqs’ylmrhqdemdﬂ (BARY 284 HEQBL and- the GkSCREVE 1
5 discussed in J. Jones, "Amino Acid and Peptide Synthesis," Steven G. Davxs ed., Oxford

University Press, Oxford, pp. 25-41 (1992); M. Bodanzky, "Principles of Peptide Synthesis,"
Hafner et al. ed., Springer-Verlag, Berlin Heidelberg, pp. 9-52 and pp. 202-251 (1984); M
Bodanzky, "Peptide Chemistry, A Practical Textbook," Springer-Verlag, Berlin Heidelberg, pp.
- 55-73 and pp. 129-180; and Stewart and \'((;ung, “Solid Phase Peptide'Synthesis,“ Pierce
10 Chemical Company, (1984), all of which are herein incorporated by reference. The amino
protecting group is then removed and the resulting amine is coupled to the (N-substituted)
oxamic acid of Formula VII (Step B). Again, this coupling reaction uses the standard peptide
coupling reactions mentioned above. o _ | _
Alternatively, the (N-substituted)oxamic acid of Formula VII can be coupled
15 to an amino ester of Formula IX (Step D). Again, this coupling reaction uses the standard
peptide coupling reactions mentioned above. In Formula IX, the group R is a carboxyl
protecting group such as methyl, allyl, benzyl or tert-butyl. After removal of the carboxyl
protecting group under standard conditions well known in the att, 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 proteqting groups. Preferred
methods for the oxidation reaction include Swern oxidation .(oxalyl chioride-dimethyl
sulfoxide, methylene chloride at -78°C followed by triethylamine); and Dess-Martin oxidation
25 (Dess-Martin periodinane, t-butanol, and methylene chioride.) The protecting groups
- ~contained in substructures of the Formula Va-d and A are '_rémovéd by methods well knownin =~ 7T
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: |



in the above Scheme 1, Formula (V), that is HZN-C,.is a nodified aspartic

acid resi dugoQbolgemul as Va through Vd:

stands for an am no protecting group and "A" stands for a natural
amno acid of forrmula Ha through H,

unnat ur al _
Formula Vb through Vd, R2'is a carboxyl

I n the above Schergthysooft5s74
or

as di scussed above. In 5
protecting group as described in

the definition of R2 in Formula | wth _i?he exception that R2 cannot be a
hydrogen atom -The nodified aspartic a% ds of Formula Va-d can be prepared
by met hods well known in the art. %Eb&;‘r gxanpl e, European Patent
Application 519, 748; PCT Patent Application No. PCTIEP92/02472; PCT Patent
Application No. PCTIUS91/06595; PCT- Patent 10 Application No.

PCT/ US91102339; European Patent Application No. 623,592; Wrld Patent
Application No. WD 93/09135; PCL$@#&nt Application No. PCT/
Eur opean Patent Application Nof 623,606; European Patent Apflication No.
618, 223; Eur opean--Pat-ent--Appl-fat-i-onn -No.STEP3F226; Eur opean
Appl i cat.i onpflo-a 52y 4875 - bate eat i 83
Pat ent Appli-cation No. ‘PCT/EP92/ 02472; World Patent 15 Moplication No. WO
93/ 09135; GCEnRABenv) Appl i (FormoaaNSI) PCT/ US93/ 03589; (FeumPGT ¥Ehlent

Appli cation No.- PCT/ US93/ 00481, all of ‘which are herein incorporated by

ref erence. The coupling reactions carried out under Step A are perfornmed in
the presence of a spandard peptide coupling agent such as the conbination
of the conbination §f dicycl ohexyl carbodiim de( )o2aNd

| - hydr oxy- benﬁg_t_r,j‘ t), as 1 as the Zfb

(benzotriazol yl oxy-tris-Hdi net hyl a\ﬁano) phosphoni um hexaf | uor ophosphat e)
reagent, pyBOP{Formula VII)- STEP H

—A—N CO,R  —————>
0

» RN
: H
{Formula XIII)

STEP G

O,R?

0
—N A—N
R H)‘\“—‘ H

C
e 0
(Formula XIV)

O,R?

c
o
STEP I )HT_
—> RN A—N
H H
o) o}

B
Br

({Formula I)

In the above Scheme 2, “PG” stands for an amino protecting group and “A”
stands for a natural or unnatural amino acid of formula Ila through IIi, as discussed above. The
group R is a carboxyl protecting group such as trimethylsilyl, methyl, allyl, benzyl or tert-
butyl. . |

The cou;'ﬂing 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 miust be removed prior fo 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.



22 (benzotriazol yl oxy-tri s(N-pyrolidinyl)phosphoni umhexaf | uor ophosphat e)’,’
HBTJ (0- benzotriazol yly-tetranet hylisouroni um hexaf | uor ophosphate),

and EEDQ WP®I/0M6[y| oxycar bonyl - 2- et hyl oxy- 1, 2- di hydr oqui noPCTVES99/15074
reagents, the comnbination of '

l-ethyl (3,3 -dinethyl-I1"'-am nopropyl)carbodiimde (EDAC) and HOB and -t he
li ke, as 5 disscussed in J. Jones, "Am no Acid and Peptide Synthesis,"
Steven G Davis ed., Oxford University2fress, xford, . pp. 25-41 (1992); M.
Bodanzky, "Principles of Peptide Synthesis,” Hafler et al. ed.,

Springer-Verlag, Besljin I, del ber p...9-52 and pp. 202-251 (1984); M
Bodanzky, "Pepti dee%h%tﬁ? S’t‘e %%"W"ﬁ%ﬂf‘? i0f iormla ¥ g treate mithogithen/BIZAY,

Berlin HehdBlASH (hel C QR it 88 war f ang Young, "Solid
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ar e her eipntassion cpbomtie dr fotassiemefheinide in dhined 8619t Puchia8 Airdley] FottamideSiot NEN
renoved apd the resulting amne is cou&! ed to the (N-substituted) oxamc.

aci d of BHenise £oyrsPopding wompoundefi Formuls k in sibjshi Bgs I FhaRl 0 CH0E6(aryiR

st andard ' [ LieRs NENt i.oned, above, Alterpajively, the =
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standard peptide coupling rea}é:ti onsprn%nt i l(;xned g%g%g&i ﬁﬂéﬁ@ﬁ#&%ﬁ}?t he
group R rentginedinisubsiuctyres pfthe Fonulp ¥liandsAlara rasovad bihyikthodsl wall knoWs Rzt OF
tert-butﬁllg.aﬁfter r.ermval of tt}e car bor&t protecting group under standard
condi t i oS wAFF TRATHAMT 3 rpayalatsome Arall Adhs pokefing-aromk gieitevolveddn Step Eoupl ed
to am nejnMhblghdid skhgness andar d peptide coupling nmethods described above
(Step E). 20 In the case where the coupling reaction depicted

by eilbher Step A orAsSilemativevasthedfor the ghrepaittiotivot ddmipbends 6F 1R i taa i &ntiek
Formula Vc. the al cohol npiety must be oxidized to the corresponding

car bony| o Eemimb inphish R cand dhvexeaothy hydrpgeni. ot Bormiutagiby isosep orttPbadve it ed
nmet hods § en%e@ﬁ oxi dation reaction include Swern oxidation (oxalyl
chl ori de-di net'hyl
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al lyl,

hyl ,
§£§ﬁﬂer Step F and Step G are perfornmed in the
presence of a standard pept]|de coupling agent as di scussed above.

In Step
®Rri60:H o the coupling step.
group R Qf the conpound. of
¢ result ?ﬁflﬂﬁg@-carboxyllc acid
t hafie affd-hydrobronic acid to give the

24 In Step |, the bronoketone' of

st be regmy

Formula XV is tréEaaylai®n <@ herNRSZH (aryl) COZH (heteroaryl)[err] in
t he presence of an inorganic base 'such as

CO.
Fmoc—N /q/

(Formula XVI) 0

CO.tBu

Fmoc-—A—

(Formula XVII) 0

O
——N a—
.0

{Formula XVIII)

H1Bu

" STEP K
Fmoc—A—QOH

{(Formula IVa)

Y

R1—NHCOCO,H
(Formula VII)

COs1Bu

(Formula Ib)



i g

pot assi um carbonate or potassiumfluoride i n"an inert solvent such as
di methyl f onnewoske to gi ve the correspondi ng conpound of Forgafl@sob kv Whi ch
Bis [err](aryl), 5 CH20CO(heteroaryl), or CH2Z0PQ(R 6) R 7, respectively. -
Compounds of Fornmula | in which Bis a fragnment of Formula IIl1 may al so be
prepared in a simlar fashi.on. The protecting groups contained in
substructures of the Fornula X and ?are renoved by nethods well known in -.
the art. These reactions and renoval sonme or all of the protecting
groups are involved in Step | in the above Schene 2. 10 An
al ternative net hodf Secheinb 8, Finepiateisatindfroecingogtons9-fhoreREime s Raibohylvent i on
of Formula | in which R2 and B are both hydrogen (i.e., Formula Tb) is set -
forth bePBihe shadedfirgle labeled “PS” reprgsents plyREYREC ISI-pc i s t he ani no protecting
group 9-fluorenyln [ . e ircle |abel ed " PS" '
represents pol yst r?%%g&%g% %%%cééggﬁp ?lﬁ?‘g?"?ﬁgmgﬁ’i LR O&S‘ﬁf%ﬁugp% to a -
prinery arefgeblP Ammeeth Epﬁéﬁ@&_ éne, BY SirBEdPOtYusig) ATEBEAYEptiBO LY siinE @B6nts,i S~ "
carried. gut usjlang stan%ar peptfde coupd i ngﬂlg‘gents, gé.g-pr ef-‘gptr]aglg slisi ng--- -
benzotsr i preddrgilpxyusing s (YdngpmiazblyldixpyisA¥tpysyidmy])phdsphenitmiexafiocsphbsphate ( py BOP)
in a inert _sqglvent such as dinethylformanjde_or N-pethyl pyrrolidone (Step .
J). Aft efPYBOR A mggf s q}‘ﬁ!}‘ Y P’S’E“@&?’Fﬁﬂ‘%"gq’ ﬁwetwrgm’ﬁdsv (StepdXtAfsat with -
pyr 1 0l | didisvafl dFEblaY | Fibe™lfing | BoubCSK ! 4VRY 6 MeRGmich COMA ine-
Frnoc- am no gg‘ljd o? For mj:l IVanﬁs?%SB 7" tithent © QK ‘1391131%me
dimethylformamide, the resulting amine is coupled to Fmoc-amino acid of Formula IVa using

standard peptide coupling conditions as discuss;ed 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 resulting 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 cbmpound of Formula
XVIII is removed by treatment with trfluoroacetic acid-methylené chloride in the presence of a
15 trapping agent such as anisole and the resulting acid cleaved from the solid support by
treatment 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). ==
Pharmaceutical compositions of this invention comprise any of the compounds
of the present invention, and pharmaceutically acceptable salts thereof, with any
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 stearate, lecithin, serum proteins, such as - ...~ -
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 =~~~
phosphate, sodium chloride, and zinc salts; colloidal silica, magnesium trisilicate, polyvinyl
pyrrolidone, cellulose-based substances, polyethylene glycol, sodium carboxymethylcellulose,
polyarylates, waxes, polyethylene-polyoxypropylene-block polymers, polyethylene glycol and
30 wool fat, and the like.



standard peptide coupling conditions as di scussed above (Step K): 10

In Step L tReohapGesdr ot ecting group of the conpound of For nmul acidshosip74
renmoved again by treatment with with pyrrolidine-di nmethyl fonnam de and the
resulting am ne coupled to the (N-substituted)oxam c acid of Formula VIl
agai n using standard peptide coupling conditions as di scussed above. The
tert-butyl est'er of the conpound of Forjsula XVIII is renoved by treatnent
with trfluoroacetic acid-nmethylene chlofide in the presence of a 15

trappi ng agent such as anisole and the resulting acid cleaved fromthe
solid support by tr chicpharinavéutital 3dipasitivns ubthisdnventioeinyysd Aindhistered orally,

aci d/tetrahydrofuran/ trifluoroacetic acid, preferably in a ratio of

1/ 1/ 5/ 0. 0Zatenterallyi by inhalation sprey.y 1oPisrlin Hyefally frasaliymbracally Yaginelly o5 by an :
Phar maceut.i cal , conposi t} of LS .k AV l.oNn rise i pPnpounds
of the pré%® .ml&fleeé"r'\ ’f’odr)ll?apa;nr? a5 {aéfaﬁrﬁcrg'ﬂ ﬁg%{é‘% ?ggéggeérﬁ a Q%?EIR%&?%% g};f, _

W t-h- any -2Qed Rbéh RARES subdbtheods; GRRALMBhUS dfitfdvehious Alliraiabhla® inteiiclf,
(herei.nafter collectively referred to as-' pharnmaceuti calay-accept abl e

carri er$" )intrfemvizh cistrasterndl] ynteatheeqlt atalesionaly pud dntragripial amecsioaner wdsion es”
that may be used in the pharnmaceutical conpositions of this invention

I ncl ude, BEAMGPS- not 1im ted to, ion exchange, alum na, alum num stearate,

| ecithin, serum pr ot s AShame Jae:Tgle I A .

subst ances such as t@g%g@g%cﬁhcggﬁﬁgyes, %F)%gﬁg% @g?ﬁ?é %écifl%?iﬁ%cgble ~
pot assi umpsspaiatitrg, fop axdmpid, 3|y crriledimjettableusBosf§ oS aleagimiue GustRgabm b Thif at ty
acids; water, salts or electrolytes, such as protam ne sulfate, disodium
hydr ogen [FH&SpsiR may gt fsaplated rageerdme ntopiselnignss dnowp dn LiAe @ B¥ingisuitabled zi nc
salts;,coll]oidal silica, esiumirisiljcate | yui nyl rrolido.

Col 1 ui B o-dibeitie of pekitR gt (5 &% on vl JiBm B0 ipendits agents. °The
car bOXy”Ets&‘r‘ih&ﬂ}liéctéblésﬁep@ﬁioﬁ%w dls6 e ¥@¥%Ef injectable solution or suspension in a
pol yet hyl ene- pol yoxypr opyl ene- bl ock pol yners, pol yethylene glycol and 30
wool fat, nendoxideateniceally-acceptable diluent or solvent, for example, as a solution in

jul

N 1,3-butanediol. Among the acceptable vehicles and solvents that may be employed are
mannitol, water, Ringer's solution and isotonic sodium chloride solution. In addition, sterile,
15 fixed oils are conventionally employed as a solvent or suspending medium. For this purpose,
any bland fixed oil may be employed iﬁcluding synthetic mono- or diglyce;ides. Fatty acids,
“such as oleic acid and its glyceride derivatives are useful in the preparation of injectables, as
are natural pharmaceutically-acceptable oils, such as olive oil or castor oil, especially in their
polyoxyethylated versions. These oil solutions or suspensions may also contain a long-chain
20 alcohol diluent or dispersant.
| The pharmaceutical compositions of this invention may be orally administered
© in any orally acceptable dosége form including, but not limited to, capsules, tablets, and
" aqueous suspensions and sélutions. In the case of tablets for oral use, carrier which are’
comamonly 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
v - - -include lactose and dried comn 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 ageflts may be added.
The pharmaceutical compositions of this invention may also be administered

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



27 The pharmaceutical conpositions of this invention may be adm nistered
orally, parenterally, by inhalation spray, topically, rectally, nasally,
buccal Iy, W@i0¥8146¢ or by an inplanted reservoir. Oral and pRCEmiSeytdo74 -
adm nistration are preferred. The term"parenteral” as used herein includes
subcut aneous, intracutaneous, intravenous, intranuscular, intra-articular, _
5 intrasynovial, intrasternal, intrathecal, intralesional and intracranial

i njection or infusion techniques. The pharnmaceuti cal conpositions may be in
the formof a sterile injectable preparation, for exanple, as a sterile

I nj ect abl e. aqueous or .ol eagi nous suspensi.on. - Thi.s.suspensi on. jyay b

for mul at B FHRRERY B FRIVERHGL R Rt DR A AEPI! Whiel ol s

di sper si Ngofrt thROMA ARBIdSat ((Re) AddtaR SempePlrure X 33WRh Shatefi4R SRl ) bt e not :
suspendi ng agents. The sterile injectable preparation nmay also be a sterile
i nj ect abllenitltotcoara batters beesemsandipolyethglenogiytaddxi ¢ parent eral | y- accept abl e

di luent or solvent,_for exanple, as a solution in 1,3-butanediol. Among the
accept abl & vehi ¢l esTomign! agnipishation;of the phaymaceutical ompasitions of thiniavension iswat er

Ri nger ' ' oxl ' Lution. Lo addition,
Stor 15y el BBl Hkd MO fed ety el B el vl Biposie’
suspendi ngpisal tipphoatibnr FofiapplRfigtO fopicaBy Yo liheasldn,§ th GHarfiabeuliBdl RfpSHAIPY d

i ncludi ng synthetic nono- or diglycerides. Fatty acids, '~ '~ ' --such
as ol ei c sheuld be frmplatedgvigleesuitgble gmtinenticontaigingrthe aptivgd edmponenthsispméghorat i on

f injectabl , . t h ticallys: tab | ls, h’
ol i ve. of ISPVRL et RS IR gA BRI ror 0 G ERoR Rl Ghe Fedins.

.

These oi |; ' - S hansal"® FedsV VAT I " ' | cohol
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may b0 orghydoly pdiybxietitytened polyoaypropyiadel compaayd; abhwdsifyiigaoeaxf amm iwaedrudi ng,
but not limted to, capsules, tablets, and agueous suspensions and
sol uti ondAlternativels, the Rbagmaceyiiselogammositiop can bedermulated with answiteble detioncermonl y

used inc lcpeqﬁ‘l Lo%&grﬁx?ge tHa ng.tigeocgo%p%&?zf ﬁﬂpenhgcp 51] giggo'hﬂg PP ke, xiilt%.t'le LBl n,e si um

include, but are not limited to, mineral oil, sorbitan monostearate, polysorbate 60, cetyl esters

wax, cetearyl alcohol, 2-octyldodecanol, benzyl alcohol and water. The pharmaceutical
15 compositions of this invention may also be topically applied to the lower intestinal tract by
rectal suppository formulation or in a suitable enema formulation. Topically-applied
' ‘transdermal patches are.also inchuded in this invention.
The pharmaceutical compositions of this inv‘erﬁion may be administered by
_ nasal aerosol or inhalation. Such compositions are prepared according to techniques
20 well-known in the art of pharmaceutical formulation and may be prepared as solutions in
saline, employfng benzyl alcohol or other suitable preseriratives, absorption promoters to
- enhance bioavailability, fluorocarbons, and/or other solubilizing or dispersing agents known in
 theart. |
The. compounds of this invention may be used in combination with either
25 conventional anti-inflammatory agents or with matrix metalloprotease inhibitors, lipoxygenase
- iﬁhibitors and antagonists of cytokines other than IL-1P.
The compounds of this invention can also be administered in combination with
immunomodulators (e.g., bropirimine, anti-human alpha interferon antibody,' IL-Z, GM-CSF,
methionine enkephalin, interferon alpha, dicthyldithiocarbamate, tumor necrosis factor,



25 stearate, are also typically added. For oral adm nistration iin capsul-e
formuseful qyde@biess -1 NCl ude | actose and dried corn starch. Vg@ﬁ%@%zﬁgzas
suspensions are administered orally, the active ingredient is conbi th |
enul sifying and suspending agents. If desired, certain sweetening and/or
flavoring and/or coloring agents may be added. The pharmaceuti cal
conpositions df this invention nmay al SO'%?- adm ni stered 30 in the form of
suppositories for rectal admnistration.“These conpositions can be prepared
by -28 m xing a conpound of this invention with a suitable o
non-irrit atnah@xexCind APO)W with ipfostiglahding tto pRIBAL @ NGRGbAL UI-E-nitdlatdd gistask at
the rectal tenperature. Such materials include, but are not I|mted.to,
cocoa but t SYPieBwsHehasipflpmysatia hyl ene gl ycol s. Topi cal adni ln: strat :c oln a;]

t he pharnmaceutical c il1g" of this.nventiaon is 5.especially usefu en
t he gesi red treat rren?% %?/c#‘%é:gmgom 2 °£rtﬂ15r1§;‘§?? o é‘éediafi’?mg’é% & EPE‘%F‘B““

reas

topi cal” apphdrapiés @ith Jovr aaBib, 6} My BeOstintimbtboéd lsOqueRIIS Kdroontiiently to the
phar maceutical conpositi oa% shoulésfj bg fornul at ed. % th a’ suat abl-e o)!, nt nent
cont ai nisng petient.acAltemativshyp mhemasewisalp eorojeditions ekicssihigve?thiﬂ itventior iy . be
Carriers for tapi.cal adnm.nistratjion of th nmpounds of this inventjion
i ncl ude, bﬁ?ma?gednB{ 4 ?W?‘B‘ﬁ"’?o‘,’f] Fd‘??g}pél}miio?, OW‘HﬁiIdarﬁeﬁP@h%uWrmm“Fem

et rol eum £5 2 é:?ogb pol yoxyet hyl ene, pol yoxypropyl ene
Eorrpound, g?r{up?‘g?é%yi ngﬂtan/a?ﬂg% w&’ﬁr. Al ternatively, the pharnaceutical
conposi tion can be fdfreudstad satth whichinta@bbe tlefted (g} Prevét@R By CABL RkBhNg
the active conpound suspended or dissoltved in a carrier. Suitable carriers
i ncl ude, bBhaTEREEYtiGH CORPesiipns oinclydnebyll arsi mot dimmitsiit ton inBearowntonr ah@lases,

ol ysorpat . . ter ryl al cohal 1{}% ctyl dodecanol , .
Ee n)z/yl g’?c gﬁtg'}mgﬁ‘? %ﬁa%%a%ﬁ:g@%ﬁﬁeﬁ%@%ﬁ{%e s, pad c%%fo ’_Bg’ingi“BHgmB? 2pgpiesis

i nvention imvplvel e isokentio @] duch apRbheatic tury RLtht QUEY (clgh trBlchBRl ideirétidn),bY

brain (e.g., stroke), and kidney (e.g., ischemic kidney disease). As a consequence of their

ability to inhibit apoptosis, the present pharmaceutical compositions are also useful for the

‘repopulation of hematopoietic cells of a patient following chemotherapy. Methods of

15 administering an effective amount of the above-described pharmaceutical compositions to

mammals, also referred to herein as patients, in need of such treatment (that is, those suffering

“from inﬂamihéi:ory diseases, autoimmune diseases, neurodegenerative diseases and for the

repopulation of hematopoietic 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 instant 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 inchide, for example,

septic shock, septicemia, and adult respiratory distress éyndrome. Target autoimmune diseases

‘include, for example, rheumatoid, arthritis, systemic lupus erythematosus, scleroderma,

25 chronic thyroiditié, Graves' disease, autoimmune 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,



rectal suppository fornulation or in a suitable enema formnul ation.

Topi cal | y- sypboseaekst r ansdehri | patches are al so included in tplrsydobly@pki on.
The pharnmaceutical conpositions of this invention nay be adm ni stered by

nasal aerosol or inhalation. Such conpositions are prepared according to
techniques 20 well-known in the art of pharmaceutical formnulation and may
be prepared ‘as solutions in saline, eggpl oyi ng benzyl al cohol or other

sui tabl e preservatives, absorption pronoters to enhance bioavailability,

fl uorocarbons, and/or other solubilizing or dispersing agents known in the
art. Thethossrpssocizted with tisvhemic rinjeryt insindenpytrardialcidfaretionostinkeaend ischantid ei t her
25 conventi onal anti-inflannaﬁﬁry agent s gﬁ with matrix, netall oprotease

i nhi bi t okidney ¢issdssy gHispbarmaceut (FRB RS o H‘HYFF’&@%H}‘“&%“&C‘E?‘? Fsbs ot her
than -1 L- d-k3iod; sesémgam@@ssew&veuw@ 19R¢Cits 2! SO be adm nistered in
I mmunonodu (e.qg.,

conmbi nation wt ators ropirrimne, anti-human al pha

i nt erferon anti bodYhe fetm 2effeClite@hfountTeéfirs @dosszedenelydfahd order oft foorh 6t al pha,
di et hyl di t hi ocarbamate, tunor_ necrosis factor, . 29.-adal t .exons and r EPO)
or wi Bh PP smilligramsde about 440 milligrams peyr kilogmm-af hody Mueightper day for seaindhe ynpt ons

such as &Q{trlngnmhileoa%bve\!\lhn&@at%fgog?ﬁig{ig e%%lg Tab«%t{gl g? ﬁg{ig‘%‘é‘% gog I%g(au? ﬁ%?r%% Istered

I n conmbi N& |on°therap| es W I'st

sequent i gl YarRht GANALY) €Fot Yexdriple,Nnffammiatdn @kl be Alffebhived | tv@led, by the
pharmaceuti cal conpositions according to this invention may be conpri-sed of
a conbi nadmigistrationzof dtomp eheuti 081 td-69 muilligrams f dheaemround phiekidgezarniof body

prophyl agvgggt &93&}@&?&‘ 6% (r)nql?xgrar%g (t)ova%out '3.'5 grams per patient per day).

10 The amount of the compounds of Formula I that may be combined with the
carrier materials to produce a single dosage form will vary depending upon the host treated and
the particular mode of administration. For example, a formulation intended for the oral
administration of humans may contain from 0.5 milligrams to 5 grams of a compound of
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 I.
It will be understood, however, that the s'peciflc "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 IL-1-mediated diseases, the compounds of this invention can also

25 e used as inhibitory agents for other cysteine proteases..

. The compounds of this invention are also useful as commercial reagents which
effectively bind to the ICE/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



The di sease states which may be treated or prevented by the instant

phar maceut i ab ofRGHOCSI tions include, but are not limted to, p@fk@gyﬁhﬂ{y
di seases, 10 autol mmune diseases and neurodegenerative diseases, and f

i nhi biting unwanted apoptosis involved in ischemc injury, such as |schen1c
injury to the heart (e.g., nyocardi al infarction), brain (e.g., stroke),
and kidney (e’g., ischem c kidney dise§ As a consequence of their
ability to inhibit apoptosis, the present pharnaceutlcal conpositions are
al so useful for the repopul ation of hematopoietic cells of a patient

fol | ow ng suberst foeaffipity chdeinbogapinf apblicatiadsy These and ro@eanseefvﬂ&dt chaeactenipeint  of
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exanpl e, sgphi & uaeafdb 1 seorf Blerfiblthibont BSMiAL OF v di stTess syndrome.
Tar get aut ol nmune |se ses I nc ude or exanple,” rheumatoid, arthritis,.
system c | upus erythematosus, scleroderma, 25 chronic thyr0|d|t|s C?aves'
di sease, autoi nmune gastritis, insulinrdegendent di abetes nel litus,
aut oi nmune henol ytic anem a, auto peni a, thronbocytopeni a,
chronic active hepatitis, nyasthenia gravis and nmultiple sclerosis. Target
neur odegener ati ve diseases i nclude, for exanple anyotrophic | at er al

sclerosis, Al zheimer's disease, Parkinson's and primary | ateral
sclerosis. The pharmaceutical conpsytions f th| S | nvention nmay al so be
used 30 to pronpte wound healg arget dj eases associated wth harnful,
apoptosis, in other wor ds *HaN
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Preparation of
" (3S)-Amino-4-Oxobutanoic Acid (tert)-Butyl Ester

Semiéarbazone, p-Toluenesulfonate Salt

Part A: N-(Benzyloxycarbonyl)-L-(N'-Methyl-N'-Methoxy)aspartamide B-(tert-Butyl) .
15 Ester

-To a solution of N-(benzyloxycarbonyl)-L-aspartic acid-B-(tert-butyl) ester

(14.65 g, 45.3 mmol, Bachem) in CH2C12 (150 mL) at 0°C (ice bath) under a nitrogen
atmosphere was added 1-hydroxybenzotriazole hydrate (7.29 g, 47.6 mmol, Aldrich) followed

by l-ethyl-3-(3', '-dxmethyl-l'-ammopropyl)carbodumlde hydrochloride (9.55 g, 49.8 mmol, -

20 -Sigma). After stirring at 0°C for 15 min., N,O-dimethylhydroxylamine hydrochloride (5.10 g, ™ =~ 'f T
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



30 those associated with ischemc injury, i ncl udes nyocardial'infarctioﬁf

stroke, angolossiiegl ¢ ki dney di sease. The pharmaceutical conpesjvshdiberLf
this invention may al so be used to treat infectious diseases, especially

those involved with viral infections. The term"effective amount” refers to

dosage |l evels of the order of fromabout 5 0.05 mlligrans to about 140

mlligrams per kilogram of body wei ghg_ per day for use in the treatnent of
t he above-indicated conditions (typic “F

|y about 2.5 mlligranms to about 7

grans per patient per day). For exanple, inflanmation may be effectively
treated faytidevithdsHNKHSOA! i sdtuaiedf sodiiima bidbrbothtd knd Gatafitedi $ddivet @Fbri@d t he
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n active conmpound of Formula I. It will be understood,.

however, that the specific "effective amount” for any particul ar patient
w || depend upon a variety of factors - including the activity of the
speci fi cPaB: conpai3fi(BergylexycarbopyAmine-4-Qxobytangic Abi =ButybEstdseal t h,

diet, ti

drug conbi nati on

prevegt i

15

20

nme of adm eisﬁltr gion, route of adm nistration, rate of excretion,
agmg—zg%%eri ty of the particul ar di sease undergoi ng

SeX,

on or therppy. Al thogshiohhi s dfnvermmzjlg,@é%&ygq_mqnm_mf t he

conmpounds di scl osed herein

methoxy)aspartamide -B-(tert-butyl) ester (15.50 g, 42.3 mmol) in anhydrous ether (400 mL) at
0°C (ice bath) under a nitrogen atmosphere was added dropwise to a 1.0 M solution of LiAlH4
in ether (22.0 mL, 22.0 mmol, Aldrich) at such a rate as to keep the reaction solution
temperature between 0-5°C (addition time 15-20 minj. After the addition of the lithium
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 funnel adding sufficient 5% KHSO4 solution (75 mL) to
dissolve the solids. The organic phase was separated and the combined aqueous washes back-

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

-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 (methanol/methylene

 chloride, 1:9) major spot (UV and PMA): RE=0.75. T

25

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
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 ovémight (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

*



f'or preventing and treating |IL-1-nediated diseases, .the conpounds of this

I nvention C$ﬂoﬂbﬁﬂm35 be used as inhibitory agents for other peysi6d g7

pr-ot eases. The conpounds of this invention are al so useful as conmercla
reagents which effectively bind to the ICE/ced-3 fam |y of cysteine

prot ease or other cysteine proteases. As comercial reagents, the conpounds
of- this invent'ion, and their derivative may be used to bl ock proteolysis
of a target peptide or nay be derivatized to bind to a stable resin as a
tet hered 31 substrate for affinity chromatography applications. These
and ot her soRtiensyiti€doveh anlddions sadtunt OulTEts fridedvagstystéd foairpiesy. ERRacriderdducor S

w Il be evident to those of ordinary skill in the art. In order that this

i nvent i on ofdhigriragtign wps, comprieadswidothat efevor smjly\firergdersstprting withel 549t g sk ¢ h.

These exanpl.es are. for the [ f illustration only.and a ot . to be
const r ued 45é2° %%I ﬁ‘ﬂfﬁeflﬁd%mg‘%%’g@g‘@ﬁgfm?‘h@ﬁﬂ@ezfaﬂ‘%waﬁﬁﬁlﬁ{b'mgw esteR)s

fol 1 ow ng eyl £5525PE0te@AN ;MY shgc WBhbineP b el dkere330r ‘bvC e cal
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(3S) - Amfi nchrbnOtagaphy roni silichcged] eluting withBacttphe/msthplendSehtorider (3872 dhen, methanol-

p- Tol uenesul fonate Salt Part A '
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at 0C (ice bath) under a nitrogen atnosphere was added

1- hydr oxybenzotri azol e hydrate (7.29 g;47.6 nmol, Aldrich) foll owed
Part C: (3S)-Amino-4-Oxobutanoic Acid (tert)-Butyl Ester Semicarbazone, p-

Toluenesulfonate Salt

10 To a solution of (3S)-(benzyloxycarbonyl)amino-4-oxobutanoic acid (tert)-
butyl ester semicarbazone (13.84 g, 38.0 mmol) in absolute ethanol (250 mL) was added 10%
Pd/C (1.50 g, Aldrich) and the resulting mixture stirred under an atmosphere of hydrogen
(balloon) until TLC (methanol/methylene chloride, 1:9) indicated complete consumption of the
starting material (60 min). Note: It is important to follow this reaction closely since the

15 product can be over-reduced. The mixture was filtered though Celite and evaporated to an oil. -
The oil was chased with methylene chloride (2 x 75mL) then with methylene chloride/toluene
(1:1, 75 mL) to give the crude amine as a white crystalline.solid. TLC (EtOAc-pyridine-
AcOH-H20; 60:20:5:10) single spot (UV and PMA) Rf=0.24. Note: In this TLC system, any
over-reduced product will show up immediately below the desired product, Rf=0.18 (PMA

20 only).

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 nﬁnol) 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 checked by conversion to the
corresponding Mosher amide [1.05 equiv (R)—(—)—a-methoxy-a—(triﬂuoromethyl)phenylacety]
chloride, 2.1 equivalents of i-PraNEt in CH2Cl, room temperature, 30 min]. The desired
product has a doublet at 7.13 ppm (1H, d, J=2.4 Hz, CH=N) while the correspc-mding signal for



by I-ethyl-3-(3,3 -dinethyl-1"'-am nopropyl)earbodiimde hydrochl oride
(9.55 g, 49.8 mol, 20 Signmm). After stirring at-00C for 15 mn.,
NO- di et hywioyadrooseg! armi ne hydrochl oride (5.10 g, 52.3 mol, Aconjsobrisoapd .~
N- et hyl nor phol i ne (5.8 nL, 53 mmol, Aldrich) were added. The m xture was
allowed to warmto roomtenperature over 3 hours then stirred at room
tenperature for 16 hours. The solution was concentrated under vacuum and
the residue partitioned between ethyljacetate-5%KHSO4 (200 nL each). The
or gani ¢ phase was washed 32 in turn wth 5% KHS04, saturated sodium
bi carbonate and saturated sodi umchloride solutions; dried over anhydrous
sodi um sits diastereomer i89hpO7 apmd The opticab purity D ¢heotile ¢ompound, gbvtainkd froth the om
hexane t% ive the .titI.egf%(a?.gct (16.10 g, 97%yield) as a fluffy white
cryst al | 1395 BLFYT HPEPN RyP=acet ate), single spot (W and PMA): Rf=0.37.
5 A simlar procedure to the one above, starting with 29.3 g
of N (‘benzyl oxycarbonyl)-L-aspartic acid-13-(tert-butyl)ester (2-fold .
stal'e up) gave 31.18 g (94% vyi e PREPARATION 2t | e produectss Part B: ST
(3S) - (Benzyl oxycar bonyl ) Am no- 4- Oxobut anoic Acid (tert)-Butyl Ester
Sem car bazone. 10 To a sol ution of ,
N- (benzyl oxycar bonyl )-L- (N -net hyl - H'O'tB[TEt hoxy) aspartam de -P3-(tert-butyl)
ester (15.50 g, 42.3 mml) inpganh roas et her (400 nL) at OC (ice bath)
under a nitrogen atnosphere s afided  dropwi se to 1. sol ution of
LiAlH4 in ether (22.0 ni, 2@%* QI'75‘Idric _gsh"go%te as to keep the

' ' ST e bétweén 0-50C ition time 15-20 min).

A ydri de reagent was

1 hr, then

After the addition Nnigl u
‘ stirred at §-50¢
O}\H

conpl ete, the m xt for

5
Preparation of
(3S)-(9-Fluorenylmethoxycabonyl)Amino-4-Oxobutanoic Acid
(tert)-Butyl Ester Semicarbazonyl-4-{2’-(4-Ethyl-Phenoxyacetic Acid)]
Part A: ~ - 4-[2’-(N-t-Butoxycarbonyl)Aminoethyl[Phenoxyacetic Acid, Methyl Ester e e e
10 To a suspension 4-hydroxy-phenethylamine (7.00 g, 51.1 mmol, Aldrich) in

dry dimethylformamide (50 mL) at room temperature under nitrogen was added di-tert-butyl = = - .
dicarbonate (11.0 g, 50.5 mmol). After stirring at room temperature for 1 hr, the resulting clear
solution was treated with methyl bromoacetate (7.5 mL, 79 mmol) and cesium carbonate (17.5
g, 53.7 mmol). Aﬁef stirring at room temperature for 16 hrs, TLC (Et;O-toluene; 2:8) shows ~ =~
.15 somie unalkylated material remained (Rf = 0.43) and a second portion of methy! bromoacetate - - - -
(2.0 mL, 21 mmol) and cesium carbonate (4.5 g, 14 mmol) were added. After stirring foran
additional 24 hrs, the mixture was partitioned between EtOAc-water (250 mL each), organic’
wmmm-——==-nhase"washed succesively with water (3X), 5% | potassium bisulfate and saturated NaCl
solutions, dried over anhydrous Na,SO, and evaporated to dryness. Trituration of the residue
| io 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.

-
. o et s e+



guenched by the dropw se addition of 0.3 N KYHS04 solution (100 -nmL). The
resul t ant s transferred to a separatory funnel addippg ent
5% KHS04 S(r)?vﬁdldoﬁ“ 75 nL) to dissolve the solids. The organic pﬂ%g;e/;%\)/g*s
sep_ar ated and the conbi ned aqueous washes back- extracted with ether (100
mL). The conbi ned ether extracts were washed with saturated NaCd 20

sol ution, dried over anhydrous sodiumgsulfate and concentrated in vacuo
with mniml heating. TLC (ethyl acetate): streaky spot (UV and PMA)
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33 sol ut i Bikscompoprd{14,928: %47 Var itusveaiing sdidang evaporated to
dryness. The crude product of this reaction was conbined with that of two
simlar procedures starting with 15.40 g and 4.625 g of

N- (benzyl paycar bony i terlBitdbkycatBbii¥-Sehicarbetiiha gy asPBihl BPhdBxyhdetid £did)] but ¥ |
ester) (tofal: 35.525 g, 97 mol) and.these conbi ned products were
purified by flash SMEMbMagraphy on silica gel eluting with

t / et hyl hi id
(65573 7) 10 gi ve piheglutog Pl b B I3 30 meShus S imeiedsd { pam
TLC ( NMOHmE26d < added O dropwis® o€ asmﬁt1&Warﬁ&QlﬂﬂazoBf ©181s, 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)phenoxyacetic acid, methyl ester,
hydrochloride (12.3 g, 50 mmol) was added as a solid in one portion followed by a
triecthylamine (8.0 mL, 58 mmol) added dropwise over 30 min. After stirring at room
15  temperature for 18 hrs, the mixture was partitioned between EtOAc-water (300 mL each). The
- organic phase was washed succesively \&ith water (3X), 5% potassium bisulfate, saturated
sodium bicarbonate, and s_aturated NaCl solutions, dried over anhydrous Na;SO, and
~evaporated to dryness. Crystallization of the residue from EtOAc-hexane gave the title
compoﬁnd (15.50, 34%) 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 solution of  1-tert-butoxycarbonyl-semicarbazidyl-4-[2’-(4-ethyl-
phenoxyacetic acid)] methyl ester (14.68 g, 40 mmol) in dioxane (50 mL) at rodm temperature
under nitrogen was added 1.0 N LiOH solution (50 mL). After stirring at room temperature for

e re-1 b, the mixture was acidified with conc. HCI and extracted with EtOAc (100 mL), The
25 organic phase was washed with saturated NaCl solution, dried over anhydrous Na,SO, and
evaporated to a white solid. Recrystallizétion 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 C (3S) - Ami no- 4- Oxobut anoi ¢ Acid (tert)-Butyl Ester -

Sem carb Tol uenesul fonate Salt 10 T n of
(39) - (beﬁ??g/%/dggr bonyl ) am no- 4- oxobut anoi c acid (tert)- b%f:;? 'fgow r
sem car bazone (13.84 g, 38.0 mmol) in absolute ethanol (250 nl) was added
10% Pd/ C (1.50 g, Aldrich) and the resulting m xture stirred under an

at nosphere of hydrogen (balloon) unt g% TLC (et hanol / met hyl ene chl ori de,
1:9) indicated conpl ete consunption the starting material (60 min). =~
Note: It is inportant to follow this reaction closely since the 15 product
can be PuweE:- r educ8éhicatberidyil-4i[or-e1-Biagl-Plichdxgidec hbawdiydesdhldrde and evapor at ed
to an oil. The oiT was chased wth nethylene chloride (2 x 75nL) then wth
met hyl ene chl or| d'EQt @l ueqivetm(nl of ﬂstenﬁ-bytoma@pmé-scm@atbmdsd% (fecthd- a white -

SV ncPHRRys Rt goioy (e o TE0 Bihes ' Bougrr o, r@ﬁ%@pﬁ?ﬁ%&ﬁéﬁéﬂaﬂﬁuifw :
will sh@%&%@&%@é@& ¥ NPRCPM &Bfanféqs;s ﬁlsji AP §aﬂfooﬂr é@é{% 1%10 onlyj:-

The crude am ne was taken up In nm.) and a sol ution-
of p$t oldkesesiditionali 40 ACHA madrohgmbr(as enI()anE&dged 3ifted amaiditionad 6aestthni tril e
(60 m). The crystalline precipitate was collected, washed with - '

acet oni FFFGIpaate was eallaed, “ar’kfdaﬁrrouw:r with digxagie Faenth0 and; dried dp nesse) HOBIYEL3. 95 g,
92% y' hg?xtg n\g@ ¢1 lv&as%%vﬁtgl&ﬁtallgé solid The optical

purity o hec conversion to the correspondi ng
Mosher am de [1 05 equ (R) (-)-a-methoxy-a- (trifluoromethyl)phenyl acetyl
chloride, 2.1 equi vaI ents of |-Pr2NEt I n CHZCI 2 roomtenperature, 30 mn].
The desRardi pr od u4(9-fihs : -L thyl-N4Med agpattamide BCH=N) whi | e

t he correspondi ng(t glﬁ)gsm N 34.

10 To a solution of N-(9-fluorenylmethoxycarbonyl)-L-aspartic acid-B-(tert-
butyl) ester (16.48 g, 40 mmol) in CH2Cl (80 mL)-tetrahydrofuran (20 mL) at 0°C (ice bath)

under a nitrogen atmosphere was added 1-hydroxybenzotriazole hydrate (7.12 g, 46.5 mmol)

followed by 1-ethyl-3-(3',3'-dimethyl-1'-aminopropyl)carbodiimide hydrochloride (9.20 g, 48

mmol). After stirring at 0°C for 15 min., N,O-dimethylhydroxylamine hydrochloride (4.68 g,
15 48 mmol) and N-methylmorpholine (5.2 mL, 47 mmol) were added. The mixture was allowed

L e e nmm————o ne =

 to warm to room temperature over 2 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 succesively with 5% KHSO4,
saturated sodium bicarbonate and saturated sodium chloride solutions; dried over anhydrous
20 sodium sulfate and evaporated to an oil. Purification of the crude product by flash
chromatography on silica gel eluting with EtOAc-hexane (30:70 then 35:65) gave the title
product (17.75 g, 98% yield) as a colorless foam. TLC (EtOAc—hexane; 1:1) Rf=0.35.

Part G: (35)-(9-Fluorenylmethoxycabonyl)Amino-4-Oxcbutanoic 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 LiAIH4

in ether (14.5 mL, 14.5 mmol) at such 2 rate as to keep the reaction solution temperaturé



Fts diastereoner is at 7.07 ppm The optical purity of the title conpound
obt ai ned frwo edorées8bove procedure is typically > 95:5. Preparrtii/useInse’4

(3S) - (9- Fl uor enyi net hoxycabonyl ) Ami no- 4- Oxobut anoi ¢ Acid (tert)-Butyl Ester .
Semi car bazonyl 4-[ 2' - (4- Et hyl - Phenoxyacetic Acid)] Part A -

4-[2' - (N-t-But oxycar bonyl ) Ami noet hyl | Phenoxyacetic Acid, Methyl Ester 10

To a suspensi On 4- hydroxy- phenet hyl am g (7.00 g, 51.1 mml Al drich) in
dry dinmethyl formam de (50 nmlL) at roomtenperature under nltrogen was added

di-tert-butyl dicarbonate (11.0 g, 50.5 mmol ). After stirring at room
t enper at ub@wtmo-i°61(addmne tlmﬁslém mig). chBentheaiditionof thedshivmalmaaumhydiidget hyl -

b .. .79 d 17 3.7 |
P Do et B gk bay oot Toirke SRS s & BN BRI el i by, B8 o RR) )
shows 15 ,&0ieh ¢ped KIKRSOJsoMHoR (160 mLE aﬁiepsahlﬁﬁfqufﬁm&té%)NKMoasamrtd

portion of nethyl br onpacét at e (2.0 nL, 21 mm and cesium carbonate (4.5
g, 14 mmtix)ssq}mmoﬂ@ddlt ingyigamic saltsj ﬂxemmgnrrenwaamaraﬂ:med toomsdpedtbrn fimpelt [The '

t d_bet Et OAc- wat-er, (250 ni hase” "
e el o i S Bl e T LR T
NaCl sol _

180 501 bl kel ANE" ARVRA AT PUCCLARRE S b SRS

Fi | trati opoddim tshate rdddecoﬂ&ﬁﬁutéﬁ in ek Rvith Maensll hétihg. C TR (EtolAdtHeRr@e)M t h
Et OAc- hexane (2:8) and crystallization from hexane gave the title conpound
(14.75, 9865045 a white granular, crystalli ne solid. TLC (Et20 tol uene;
2:8) Rf= 0.53.

Al | ) Ph ' t hyl
Ester, Hydrochl ori dgi“‘rcﬁ“%i’es%‘?eﬂi"?e ‘Tg{as m[“ggd?a? EX(B%JPBE n%@?‘bog@% )nL W gemg/e Y
am HOQthh-]LJ?Jﬂ&ﬂW@ﬁ%t‘% AL}, Qlacé@ﬁ%'xc@ﬁh%nd(ﬁ%&e@ Wil sodin 3cdHIO3)20 g) 391 Oxane

(55 nmL) at roomtenperature was added
mmol) and semicarbazidyl-4- [2’-(4-ethyl-phenoxyacetxc acid)] hydrochloride (8.65 g, 30

mmol). The mixture was stirred at 0°C (ice bath) under a nitrogen atmosphere for 3 hrs,
allowed to warm to room temperature, and stirred o§ernight (16 hrs). The mixfure was
concentrated on a rotovap, diluted with water and resulting precipitate collected by suction.

15 The material was dried in vacuo to give 18.36 g of crude product as a white solid. The crude
product of this reaction was combined with that of a smaller scale reaction (6.34 g) starting

"with 455 g (10 mmol) of N-(9-fluorenylmethoxycarbonyl)-L-(N-methyl-N'-~

methoxy)aspartamide-B-(tert-butyl ester) and partitioned between | ethyl acetate-
tetrahydrofuran(1:1) and 5% KHSO4. The organic phase was washed with 5% KHSO4 and

20 saturated sodium chloride solutions, dried over anhydroﬁs sodium sulfate and evaporated to
dryness. The residue was purified by filtration through a pad of silica gel eluting with
terahydrofuran/methylene chloride (1:1). The combined product-containing fractions were
evaporated to dryness and recrystallized from tetrahydrbﬁxmn—EtZO to give pure title product
(17.01 g, 69%) as a white solid. TLC (AcOH-MeOH—CHzClz, 1:1:40): Rf=0.19.



HCO in dioxane (55 nL). After stirring at rdomtenperature for.16 hrs, t'he
mxture was_diluted 5 with Et20, the precipatate collected, washed

t hroughly WORY660 and dried in vacuo to give the title com§WRIISMISS g, |
949 was a fluffy white, crystalline solid. Part C '

| -tert-Butoxycarbonyl - Sem car bazi dyl -4-[ 2' - (4- Et hyl - Phenoxyacetic Acid)j

Met hyl Estert A solution of t-butyl carbazate (6.60. g, 50 mmol) in -
di met hyl fornmam de (50 10 nlL) was add&8 dropwi se to a solution c
car bonyl di i m dazole (8.10 g, 50 mml) in dinethylfornamde (80 nmL) over 40

m n at room tenperature under ni%ﬁﬁpgg.!##g stirring at roomtenperature
for an additional 30 mn, 4-(2' - _ enoxyacetic acid, nethyl
ester, hydrochloride (12.3 g, 50 mvl) was added as a solid in one portion
followed by a triethylamne (8.0 ni, 58 mvl) added dropw se over 30 min.
After stirring at rAsay 6 Inhibitios ofICE/cedDPratéask Family Retivityt ur e was

partitioned bhetween Et OAc-water (300 nL each). The organic phase was washed -
succesively with water (3X), 5% potassium bi sul fate, sawurated sodi um

bi carbonagf{ e, and sabdtalihd Sahyi i ons, dri-ed over anhydrous Na2SO4 and
evaporat €d to dryne‘gréﬁ%rvg%&zz#ﬁn of the residue from Et CAc- hexane
gave the title conyRiustescéntt. éndymed4eQysadetevtingfthe Wiitiy 6f s bmpaimds dfi d. TLC

(MeOH CH2CI 2; 1: 9@5“; = 0.45. 20 Part D
| - t er t2 Bliognyle dr pBligme thenfceumbivgnt dOF -and (GFP32 engymgs aipHuenformed essentiallyi d) | A

sol ution of. | w.tert-bytox r bopyl-sem zZi =4-12' -(4-ef hyl -
phenoxyac?g?olr%n%é? dpy= héﬁ'eé@%fs’ %ﬁ%@ﬁg &gggﬁﬁﬁg;ﬁlmlsh?&éh ‘L) at
r 0om t enpeE:3Y.4s ¢1998f éspLlitivélP ARG ARoPORARM bl rOfefindd) ﬂ‘bé@él%ﬁ&&it&ﬁﬁa@%) :
After stirring at roomtenperature for -1 hr, the mxture was aciditied

wi t h condhe ld@Stratads dxetylayrethl-Ada-AspEaniie-4-{ricdiylcvkonarid (MMES forothe) 30E asapase was
washed with saturat&g‘ﬁﬂs solutjon, dried ?ver 'anh%drous Na2SO4_and

evapor at €89 pgetd-apr B’_.mFQ@tf‘F?E‘PﬂF‘TW&Pi Brih¢PEHeMeh2 ddehdepd b r om
cryst | Paas aeye el ifaterin B ISP RIS mbPiifss Ly T4 0% Cuars,
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 unit) enzyme in ICE buffer
15 " containing either 8.0 (ICE, Mch2, Mch3, CPP32) or 20 (MchS) mM DTT;
50 uL compound of Formula 1 or ICE buffer (control); and
100 pL 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 initiate 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 fimction of inhibitor concentration to determine
~ the inhibitor concentration producing 50% inhibition (ICso). 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”.



36 Part E: Sem car bazi dyl - 4-r2' - (4- Et hyl - Phenoxyaceti c Aci dyl

Hydr ochl ori sol ution of

| -tert-but oﬂ@c-aar gﬁr?yl sem car bazi dyl -4-[2' - (4-et hyl - phenoxyace{v%‘ggg‘?’lé)]
(13.43 g, 38.0 mmol ) in dioxane (80 nL)-anisole (15 nL) at roomtenperature
was added 4.0 N HCl in dioxane (35 nlL). After stirring at roomtenperature
for 5 18 hrs, additional 4.0 N HCl in_dioxane (15 nL) was added. After an
additional 6 hrs, the precipatate was &3l 1 ected, washed throughly with

di oxane then Et 20 and dried in vacuog to g| ve the title conmpound (11.67 g,
100% was a white, crystalline solidlabdetl F

N- ( 9- Fl uor enyl met hoxycar bonyl ) - L- (N - Met hyl - N' - Met hoxy) aspartam de @
(tert-Butyl Ester 10 : To a solution .o
N- (9-f | uor epExampladey ¢ar bodCE ) - - agPRB2 i c jacMECH-B- (| eMGH-But ly| MCHsS ef ( 16A8

g, 40 mml )|in CH2C02 (81(): te*tigp fural@: @WL)C% C j{ésg(p th)

under a nit Feger—at-o9 nha n added H'o,(,w.. D —-Faz-al-ef-hydrate! (7. 12
g, 46.5 mo|) f ol ]l owed by0027 0010 - 1.50 Or2ai - 0.179

| -ethyl -3-(p",-3] 141 Mef 1y 1"5.dsg- @MJNO plggyl ) gar bg)g:}\]l m ge hydrochl gri,de 9. 20
g, 48 ITTYD|)—AJ—&-G-F——S¢—+-I‘—F—I—H-9—&£ QC£-oF + N-O-- M ne

hydr ochl ori fe réfare®8 g, 150.0648 nmjol ) aﬂd N-rret hw m)rbhol>il(he (b. 2949, 47
nmol ) were added. The mxture was alTowed to warmio room tenperature over
2 hours then stirred at roomtenperature for 16 hours. The sol ution was

concentraged under A {Rat?o ftthh 1srs cmtgolflx Rsr lan%nggvep ncOEh |

acet at e- 59 KHSO4 (2 ******** G | e y

with 5% KHSO4, sat uq@tlﬁgbeﬁsqgéﬂﬁibhb,gar bonat e and sat urat ed SOdI um chl ori de
solutions; dried over anhydrous 20 sodium sulfate and evaporated to an
oil. Purification &brthhareversitde iphibitivntoflayICElcadB Familp Peateage apdymeowitlsa | i ca

30:70 th 35: 65) he title
gel eluti n%!pvgtla\t]e E[C%glb{é m)iu 1tor,glsmg the mod%Prepresented bg% foltlovs(/alng formulas:

K ks
E+I =—= EI ----—--» EIl
Ks ks
E+S === ES------ » E+ S

The product formation at time t may be expressed as:

= o [ISIK ;)\ [k ) K; s1
[F1 . = [E] (TITIE"L) (_li-) 1 @ )

10

Equation 1
‘where E, 1, EI and E-l denote the active enzyme, inhibitor, non-covalent enzyme-inhibitor
15 complex and covalent enzyme-inhibitor adduct, respectively. The K; value is the overall
dlssoclauon constant of the reversible 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 éciuations 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 run for sixty

minutes at various concentrations of the inhibitor and the substrate. The assay was formulated



product (17.75 g, 98%yield) as a colorless foam TLC (EtQOAc-hexane; 1:1)

Rf F=0. 35. Pwét 0&16 (3S) - (9- Fl uor enyl net hoxycabonyl ) Am no- 4- Oxobut anoi ¢
Acid (tert) VEUWOM6%st er Semi car bazonyl - 4-f 2' - (4- Et hyl - PhenoxJGEASP¥ING qy | -
25 To a solution of '
N- ('9-fl uor enyl met hoxycar bonyl )-L- (N -nmethyl -N - -

nmet hoxy) aspartam de-p-(tert-butyl) ester (13.20 g, 29 nmmol) in anhydrous
ether (250 nlL). at OC (ice bath) under 4 nitrogen atnosphere was added
dropwise to a 1.0 Msolution of LiAIH4 in ether (14.5 nL, 14.5 nmmol) at

h ; . ] i .
- 50C ( adtier By fhe R i scBAFioRP i ek Bly (hE RETR MO 1, odfpeiBi BT
hydri de rragRntwasadtistedby fidig th ez tothe subsPats inhibind niktu: ShellQland kT . .

then quenched by the dropw se addition of.-0.3 N KHS04 solution (100 ni).
Af t er addvalepsswereebiained by simulatipsole praducti AMG fratiepiy e fmstionfof ttiee

I norgani c_salits, the.m xture s transferred. t.o a.sepey.at.or ynnel . The 5
or ganic. paumeie BB K Metelie ot hR RS sl BRI A "W 1 1 et her
(100 nk). The conbi tRdrefliSs coifobmfos ﬂM@és@aM*@i—WAﬂA%?icmﬂ Whichia4d
solution, drjed over anhydrous sodium sulfate.and concentrated in-vacuo
with m ni @K (kMdpof WS (MICE), 0@2e (CRB3)) @)594 MEH-2)0 andT01818 (MOH-5)| Rréfymie Was

i medi ately taken up in et hano_lq(flOS m_a-vvater(g45 10_mL) -tetrahydrofuran(75
m), pl ack@rmonndsin thiscasgyhave it of fessithani0-hM{19G el nd morepreterabiplyssfhanz g
mmol ) and%gg ' Mi dyl -4-[2' - (4-ethyl - phenoxyacetic acid)] hydrochl oride
(8.65 g, Wt} he m xture was stirred at 00C (ice bath) under a

ni trogen atnospher eTé this ehd/Yefresetatiithpbindyhdving KT STQE8s HRMTET gMihéludeand
stirred overnight (16 hrs). The mi xture was concentrated on a rotovap,

di | ut 49 vihe follpaingrcompennde bsied in dablpRAci pi tate col | ected by suction.

Table 2A (Ki < 0.1 pM)

Assay Example No.

mICE | 3-8,10-13, 15-16, 18-19, 28-35, 40, 42-43, 45-49, 55-61, 63-64, 66,
72, 75-79, 81-82, 84, 89, 91-95, 102-110B

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, 72-5, 78,
83-84, 91-95, 102-108, 110A-110B

MCH-5 | 3-8,10-13, 15-16, 18-19, 28-35, 37-43, 45-66, 72, 74-79, 81-84,
89-95,102-110B |

' .15 T Fﬁithermofé, representa’ave compoundshavmgaKl of less than 001 uM

include the following compounds listed in Table 2B:

Table 2A (Ki <0.01 pM)

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




15 The material was dried in vacuo to give 18.36 g of crude product as a
whi te sol i dwolémiggsude product of this reaction was conbi ned pgtsdoigé740f a
smal l er scale reaction (6.34 g) starting with 4.55 g (10 mol ) of
N- (9-fl uor enyl met hoxycarbonyl )-L-(N -netiyl-N -

met hoxy) aspartam de-f3-(tert-butyl ester) and partitioned between

gthyl .acetate- tetrahydrofuran(l:1) apgd 5% KHSO4. The organi ¢ phase was
washed with 5% KHSO4 and 20 saturated sodium chloride solutions, dried over
anhydr ous sodiu : i
purified by filfgration thjd®h a pad of silica gel eluting with
t er ahydr of ur an/ T ene ¢hloride (1:%‘%‘. The conbl ned product - cont al nijng
fractions were £.029%138s 443, 409 85:684c198st al | | zed from

£ed |
t et r ahydr of ur an{ Et gi itl t QL 9 wWhite
solid. TLC (Ac '%HZC%%,’ Pﬁ'iﬁlgt}% fq?%—'gg’%‘é’ 45_2};,:?13_139@%%‘ %il@ A4say
for Inhibition | CE/ ced{ 33.7% Ghegres, banobyiod\CriobMiokY1 1HA-110B
Determ nation o , ‘
activity of the conmpounds of 5 Fornula 1 utilizing the reconbinant |ICE and
CPP32 enzynes are performed essentially according to Thornberry et al.
(Nature, 356:768:774 (1992)) and N cholson et al. (Nature, 376:3743 (1995))
respectively, (herekq,i _ LE well mcrotiter

pl ates. The subst ratltﬂge %‘0@8 élg?’{ﬂae%%‘?l-gmflrcsﬁé%ggtg%nﬂlﬁ%?%y}ﬁet hyl coumarin
(AMC) for the I CE assay and Acetyl - Asp-d u-Val - Asp- am no4- net hyl coumarin
for the CPP32, Mch2, Mch3 and Mch5 10 . assays. Enzyne reactions are run in
| CE buffer (25 mM HEPES, 1 nM EDTAEXAMBLEHAPS, 10% sucrose, pH 7.5)

cont ai ry ng 2 mM DTT at roomtenperature in duplicate. The assays are

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

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

To a solution of 1-aminonaphthylene (1.43 g, 16 mmol) and triethylamine (1.5

10 mL, 10.8 mmol) in CH,Cl, (10 mL) at O°C (ice bath) under nitrogen was added dropwise a
solution of methyl oxaly! 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,

15 and evapomtéd toa pfnk solid. Recrystal]ization of the crude product from toluene-hexane
. gave the N-(1-naphthyljoxamic 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. HCI and extracted with EtOAc. The extract was washed



performed by mixing the follow ng conponents:- 50 plL | CE, McW2, Mh5, CPP32 *
(18.8, 38, 8.1 and 0.153 nM concentrations, respectively) or Mh3 (1 unit)
enzyme in |¥O0BOT6EEr 15 cont ai ning either 8. Opé'h'%w%-lﬂ‘z
Mch3, CPP32) or 20 (Mch5) nmM DTT; 50 p.L compound of Fornula 1 or

buffer (control); and 100 ,uL of 20 pM substrate. The enzyne and the
conpound of Fornmula | to be assayed are allowed to preincubate in the
mcrotitre plate wells for 30 mnutes g roomtenperature prior to the 20
addition of substrate to initiate the reaction. Fluorescent AMC pr oduct

formation js rmnlé%ﬁﬁi for one hour at roomtenperature by measuring the
f | uor esc e saivrpte geluugy drigd Q¥erranhydrowsN4:50% auh evepomsted rtg ialpindf sck@0 .

The 1 UorRSERANELRUAIGE, bodhiad ERPRLISLI. VEL LS ae. aver sged and the

mean val UES are p otted as a unction O

det er mi ne8seé)as b pink biyistatline 661k TLCRAGH-MYOHICH] MG 15p%)lmb.ldqzﬁ] ion (Iso). The

results of this assay are set 25 forth below in Tabl'e 1 e reference

conpound for this assay “was Cbz- Val Al'aAsp-H and’ The valaes -are"denoted in~ "

Table 1 as "Reference™. - 39 Tablie 1 Exanpl € No. ™ """ MTCE™ "~ = ~~CPP32 "~
MCH- 2 MCH- 3 NCH- 5 . Cs054M) | CSO( PM) i Cso(pM
| CSo()t M ICso(PM 1 0. 027 . 0.010 1. 50

0.179 112 . 059 1.38 - 3.93 1.13 0. 322




ref erence 0. 064 47.0 >10 : >10 . 2.96 B.
Determ nati dferédae di ssociation constant Ki and irreversi blpgrhab1s5074
constant k3 for irreversible inhibitors 5 For

irreversible inhibition of a ICE/ ced-3 Fam |y Protease enzyme with a
conpetitive irreversible inhibitor; using the nodel represented by the
follow ng forfrul as: The product formation at tine t may be expressed as: 10

where E, |, El -and E-1 denote the acti ¥ enzyne, inhibitor, non-coval ent
enzyme-inhl bitor 15 conplex and coval ent enzyme-inhibitor adduct,
respectivegl The Ki e 1 | s ! ¢ Qf t he
reverS|bI§§g§nd|ng e XYL 2 ' NG, 201G aftt— The [ G

and K, val ues are tmtﬁ@b@imcaemsﬁltratlon and d| ssoci ati on constant of
the substrate bound to the enzyne, respectively. [E]T is the total enzyne
concentration. The g8oy&qafisAbf ARDeSiRystsRAyhRuAR NHdRRydud8initideaddttr K3

val ues of a given 20 inhibitor bound to a I ced-3 fam |y protease. Thus,
a conti nufll gss®ynmuksinr GHAlp(30gnkk) at room derepsrare uaddr itsesen neenaddedt(B)ns of
the inhibitor and the suh was fornula ed ssentially

Th
the sare %@maé‘s?fﬁ"%‘é‘&?l%\b% g‘e o‘?“thgﬁg"r e %é’ams Efta"ch&“?sﬂ fenatn %ltigsgﬁ’c Ht t hat

t he react t a h e bs bi t or
m Xt ure. |IB| 1)""?&101;,321 kﬂga %Bgéylmeg@él&gg%a@ y 'S nu(flgt {‘ﬁ& %r oég%'ltl AMC
f or mat i onteafperandrel fi6rt 16 ArsPhel nbRura GRe rcdhd’tﬂtrit@d Eﬁw&lel 1esidde parfﬁ‘i'@leﬂ egtitees Of
this second assay are set forth below in Table 2. The

r ef er enc eE€¥mpParkd$Q+ The organis Physe s WWFW%%@S@HWHM iNeHOGhand Ki
(pPM of - gsa(t)u]iateé rﬁag%) §olu91o820dn<egpo|?%r2 )aﬁhy%rousL]N 4 anc? evaporate% t%lgwé %}gg

Preferre
10 compound (2.798 g) as a pale yellow foam. TLC(MeOH-CH,Cl,; 1:9) Rf = 0.52.

Part C: (3S)-3-(Leucinyl)Amino-4-Oxobutanoic Acid (t Lrt)—Butyl Ester

Semicarbazone

To a solution of crude (3S)-[(N-benzyloxycarbonyl)leucinyllamino-4-

oxobutanoic acid (tert)-butyl ester semicarbazérie (2.798 g, ca.5.0 mmol) in absolute EtOH (40

15 mlL) was added 10% Pd-C (0.40 g) and resulting mixture stirred undera hydrogen atmosphere

{ballon) for 1.5 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,

(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 FatD: (38)-3-[N-(N’-(1-NaphthyDOxamyl)Leuciny!]Amino-4-Oxobutanoic Acid
(tert)-Buty! Ester Semicarbazone ' o :

To a solution of N-(1-naphthyl)oxamic acxd (0.095 g, 0.44 mmol) and (38)—3-
(leucinyl)amino-4-oxobutanoic acid (tert)-butyl ester sermcarbazone (0.180 g, ca 0.41 mmol)
in N-methylpyrrolidone(1.0 mL)-CH,Clx(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



conpounds in this assay have a Ki of less than 0.1 [err]M (100 .nM, and.
nore preferably less than 0.01 1| M(IOnM. To this end, representative
conpounds HYQ0KGI6E6Ki of |ess than 0.1 pMinclude 10 t he f ol POVAUSES/15074
conpounds listed in Table 2A: [err] Assay Exanpl e
No.. m CE 3-8, 10-13, 15-16, 18-19, 28-35, 40, 42-43, 45- 49, 55-61,
63-64, 66, 72, 75-79, 81-82, 84, 89, 91-95, 102-1 OB CPP32 3-13, 15-19,
29-35, 37-38, 40-43, 46-49, 52, 55-61,4464-66, 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, 78, 83-84,

91- 95 102 108 6; 18-19, 28-35, 3743,

0-13, 1
45-66, 72 %9“‘*8?@4“ §§’eggl+ g pomtogid, D531 g, 9%4) a6 an pifrvhil: aelide,
representﬁt g@)ﬁg@%j{gﬁﬂ@% 2a Ki of less than 0.01 [err]Minclude the
ounds T In

. following co ste abl e 2B: [err] Assay
-ggaggg? I\pgrt_ﬂgl 108 -3-[IN=(N-( 1< a _3' éil% 4914— 20 udn017c8Ac71 82, 93,
B Semicarbazone , . _ — e e
5 - To a suspension of (3S)—3-[N-(N’-(l—naphthyl)oxamyl)leucinyl]amin‘o-4Q

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 mL).
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

10 compound (0.181 g, 95%) as an off-white solid. TLC(A_.cOH-MeOH-CHZClz; 1:1:20) Rf =
0.16.

Part F: (3S)-3-IN-(N’-(1-Naphthy)Oxamyl)L eucinyl] Amino-4-Oxobutanoic Acid

A suspension of (3S)-3-[N-(N’-(1-naphthyl)oxamyl)leucinyljamino-4-
oxobutanoic acid semicarbazone (0.173 g, 0.36 mmol) in 37% aqueous formaldehyde(1.0 mL)-

15  acetic acid(1.0 mL)-methanol(3.0 mL) was stirred at room temperature under nitrogen for 18

T his” Thé 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
20 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-MeOH-CH,Cl;; 1:1:20) Rf = 0.22. MS(ES) for CHasN3Os =7~ -

(MW 427.46): positive 450(M+Na); negative 426(M-H). o

e & b e ot o e 2 P 08 48



MCH- 5- 3-7, 10-11, 15-16, 28, 33-34, 38, 42-43, 45-49, 55-59, ‘64, 72, 75,
78-79, 82, 92w0odpe6s03- 104, 106- 108. 110A- 11 OB The fol | owi ng areTrosdomsoss of
conmpounds of the invention.

(3S)-3-1IN-(N -(1-Napht hyl ) Oxanyl ) Leuci nyl ] Am no- 4- Oxobut anoi ¢ Acid Part A:
N- (|- Napht hyl )Oxam ¢ Acid To a solution of |-am nonaphthylene (1.43 g, 10
mml) and triethylamine (1.5 10 M, 1958 mmol ) in CH2A 2 (10 nL) at OC

(i ce bath) under nitrogen was added dropw se a solution of methyl oxalyl
chloride (1.0 nIL, 10.9 mmol) in CH2CI 2 (5 rnL). Wen the addition was
conpl ete, the m xture was al | owed EXAMBRE?o room tenperature and stirred
for 1 hr. The m xture was concentrat ed and the residue partitioned between

Et OAc- 5% KHS04. The organi ¢s ase washed (ablb KHS04 and sat ur at ed
NaCl sol utions, dried over o s 28 15 and evaporated to a pink
solid. Recryst al l'ization I uene- hexane gave the
N-(I - napht hyl ) oxam c aci hyI est 06 g, 0% as a pink crystalline
solid. TLC(Et QAc- hexane) 0. 6 Th@ ma’cibj/este (1. 9+, 8.6 mMmnol) was

taken up in dioxane (10 nm.) and treated wigh 1.0 N Li OH sol ution (10 nm., 10
mml ) and stirred at roomtenperature for hr. 20 The m xture was
acidified with conc. HCl and extracted with Et OAc. The extract was washed
42 vvith saturated NaCl solution, dried over anhydrous Na2SQ4 and evapor at ed
to a 'pink solid. RecryﬁES)#ﬁ-meﬂY’e(n-NafphtHyBOXamgiBmehm]ct from Et OAc- hexane

gav teiteconmpound (1.712 g, as a pink crystalline solid.
TLO( Ac®H MeOH CH2CL2; 1 1A2¥39° %zrﬂuqsoﬂ Xopentanoic Acid
Part A: (3RS,4RS)-3-[(N-Benzyloxycarbonyl)Leucinyl]Amino-5-Fluoro-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 CH)Cl, (2.0 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,4R8)-3-(Leucinyl)Amino-5-Fluoro-4-Hydroxypentanoic Acid, tert-Butyl

Ester, p-Tquenesulfonete Salt

To a solution of (3RS,4RS)-3-[(N-benzyloxycarbonyl)leucinyl]Jamino-5-
fluoro-4-hydroxypentanoic acid, tert-butyl 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 mixﬁm 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.



43 Part B: (3S)-3-r(N-Benzyl oxycar bonyl yLeuci nyl | Am no- 4- Oxobut anoi.c
Acid (tert)- Butyl Ester Sernicarbazone To a sol ution of

(N-benzyl oxVPe?B’Bﬁ‘ﬁ?ll )| euci ne N-hydroxysucci ni nde ester (1.81FsTUS% el ) -
in CH2CI2 (30 nmL) at roomtenperature under nitriuw was-added (3S)- 5

am no- 4- oxobutanoic acid (tert)-butyl ester sem carbazone,

p-tol uenesul fionate salt (2.58 g, 6.4 nmmol) f.oll owed by dii sopropyl
ethylamine (1.2 m, 6.9 nmmol). After stbrring at roomtenperature for 16
hrs, the m xture was concentrated and the residue partitioned between

Et CAc- 5% Rei804. The (IRSHARE)S-PRAYe(1vidaphiterb Orainyihlichcib Pl A0 4 -Flnadouk at ed
NaHCO3 and sat ur at e& Na;o o S Iuition d ie] ver anhydrous Na2SO4 and
evaporated to give —98 g) as a pale yell ow foam
TLC( MeOH CH2CI 2; 1: Rf= Q.52.. Part C: . .

(3S) - 3- (Leuci nyl )Am%gﬁoa- FolEno of atﬂ'zi‘eaﬁg]?y&)%‘?’%‘ﬁ3°—“13L§9'§/151 i8st B f49sermobafBaz one

To a sol ugigR, inGR N !’?’F'B VLA P | i Walorg S,
oxobut anoi ¢ aéﬁj’ %ﬂé&fy:ﬁﬁ ﬂeﬁ’g' erﬁg&;?ﬂ(ﬁgg@%g?%%ﬂdg %%Xég%&?at r.’eganrllrfnol)

i n absdl utmieEt Ghtrdgé) beas mhddedasOABaesbedDdihabel- oy1j-OL MM’ 3) -tatidinetigAirbdiim g

m xture stirred undera hydrogen at nosphere gcbal lon) for 1.5 brs. The

mi xt ur e whgkaflpqrophaied0.3 bt M@m@é\ﬁwﬁmﬂg ork5 hrs| the mixtureavag treptediitltl 2 and

th nbi £ilt ted t . .Th i due. hased with
RS L e S R S S RIS e R
TLC( MeOH- Glilltdnésulfdnate si¥f ¥0.87123; 0249 Rabl) &4 diisopropylet‘g}gamine (0.39 mL, 2.25

(3S)-3-rN-(N -(I-Napht hyl') Oxanyl ) Leuci nyl j Am no- 4-Oxobut anoi ¢ Acid
(t ert) - Butyriotis NemeBglpyrelidoac(@9emlpCELClsR Ot SfterNtiflinghatphom iémmexanec aci d

0. 095 g, .0. ). and (3S) - 3- _
( 109 for lé%rsm n)uxturc wegs pa}tltx%ned 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 chromatography on silica
gel eluting with EtOAc-hexane (1:1) to give the title compound (0.213 g, 55%) as a colorless
foam. TLC(Et,0-CH;Cl,-hexane; 2:1:2, 2 developments) Rf =0.12.

15 PartD: (3RS)-3-[N-(N’-(1-NaphthylYOxamyl)Leucinyl]JAmino-5-Fluoro-4-
Oxopentanoic Acid, tert-Butyl Ester

O e

“*To a solution of (3RS,4RS)-3-[N-(N’(1-naphthyloxamyl)leucinyl] amino-5-
fluoro-4-hydroxypentanoic acid, tert-butyl ester (0.163 g, 0.315 mmol) in CH,Cl, (3.0 mL) at
room temperature was added Dess-Martin periodinane (0.160 g, 0.378 mmol). After stirring at

20 room temperature for 0.5 hrs, the mixture was diluted with EtOAc and washed with dilute
N2,8,0,, 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 (1:3) to give the title compounéi (0.155 g, 95%) as a white solid.
TLC(Et;O-CH,Cl,-hexane; 2:1:2, 2 developments) Rf = 0.35. MS(ES) for C;H3,FN;0s (MW

25 515.57): positive 538(M+Na); negative 514(M-H).

PartE: (3RS)-3-[N-(N’-(1-Naphthy)Oxamyl)Leucinyl}JAmino-5-Fluoro-4-
Oxopentanoic 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



(| euci nyl ) ami no- 4- oxobut anoic acid (tert)-butyl ester senicarbazone (0.180
g, ca 0.41 wardojoiége N net hyl pyrrolidone(1.0 nL)-CH2C 2(1. 0 mMpcrws9Ass74i ce
bat h) under nitrogen was added 25 hydroxybenzotriazole hydrate (0.100
g) .followed by 1-ethyl-3-(3",3 -dinmethyl-1"'- am nopropyl)carbodiimde
hydrochl oride (0.100 g, 0.52 mmol ). After stirring at OC for 2 hrs and at
roomtenperatlre for 16 hrs, the m xturg was partitioned between _ -
Et OAc-wat er. The organi ¢ phase was washed with water, 5% KHS04, saturated
NaH CQB and saturated NaC solutions, dried over anhydrous Na2SO4 and
evapor at ecli)at momdémperatiiteamger nigloges siasl addedrifluoroadetictacidi(l.0anladThei resultiig20 t o
give the title_ conpound (0. 231? 97% ? ahr}off éte sol id.

TLC( MeOH cleprgolution;: v&ggfmpgd.at@oqm empgrafurg-for 1 hr, evaporated to dryness and chased with

(3S)-3-[ c‘h.%negﬁl &Qp.tlﬁyﬁe%ﬁw&ﬁs%ﬁﬁﬁéﬁ J)vﬁlmi Bﬁe%%qy%ﬁ@%e%técéogmound

Semi car basona a suspensi off

(3S) - 3- [ Ne@. N)&g, Fennpd hpitd sotrNMS(ES o o,ymmo;m asnbmt pozitive 48T(MHFNa);
(tert)-butyl ester sem carbazone (Q.212 g, 0.39 mmol) i+=€H2€02(2.0 nl)-
ani sol &( Onégative 458@I-Hhom t enper at ure under nitrogen was added _
trifluoroacetic acid (2.0 nL). The resulting clear solution was stirred at
roomtenperature for 3 hrs, evaporated to dryness and chased wth

tol uene-CH2CI 2 (1:1). The residue wagaMpripgated with Et20 to give the
title 10 conpound (0.181 g, 95% as an off-white solid. :
TLC(AcOH MeOH CH2CI 2; 1:1:20), Rf= 0.16. Part FI  ~n 4

(3S)-3-[N-(N -(1-Napht hyl ) @ I)Leﬂjm IIADnno4 obutanoic Acid A

suspension of (3S)-3-[ N 1- n ht | eyci nyl ] am no- 4-
- I'F 37% aqueous
N o)

oxobut anoic acid sem carl
f or mal dehyde(1.0 nL) -

10 (3RS)-3-[N-(\*-(1-Naphthyl)Oxamyl) Valinyl]
* Amino-5-Fluoro-4-Oxopentanoic Acid

Part A: (3RS,4RS)-3-[(N-Benzyloxycarbonyl)Valinyl]Amino-5-Fluoro-4-
Hydroxypentanoic Acid, tert-Butyl Ester R

' To a solution of G\I-benzyloxycarbonyl)valine (0.332 g, 1.32 mmol) in

15 CH,CI(7.0 mL) at 0°C (ice bath) under nitrogen was added hydroxybenzotriazole hydrate
(0 219 g) followed by l-ethyl 3-(3, 3'—d1methyl-l'-ammopropyl)carbodlnmde hydrochlonde.
(0317 g, 1.65 mmol). After stirring 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 allowed to warm to room temperature. After stirring at room temperature for 24

20 .. hrs the mixture was part:txoned between EtOAc-water. The organic phase was washed with
water, 5% KHSO4, saturated NaHCO; and saturated NaCl solutions, dried over anhydrous
Na;S0, and evaporated to dryness The residue was purified by flash chromatography elutmg RS

with EtOAc-hexane (1:1) to give the title compound (0.423 g, 87%) as colorless glass. |
TLC(MeOH-CH,Cl,; 5:95) Rf = 0.17. S



15 acetic acid(l.0 nL)-nethanol (3.0 nL) was-stirred at room tenperature
under nitrogen for 18 'rs. The" resulting clear solution was diluted with
wat er and tMOO0pBKEE t i ng white precipitate coll ected by suct irar/msydrisgahed -
with water. The conbi ned aqueous filtrate was extracted with Et OAc. The
extract was washed wth water and saturated NaCl solution, dried over
anhydrous Na2SO4 and evaporated to a glass. This was conbined with the
solid which was filtered from20 the gqueous m xture, taken up in Cl2Cl2,
filtered through Celite and evaporated to dryness. The crude product was
puri fied i ssol Vi3rg). VaIBPIARIBO. Fsbdl4-n0 Wi th

Et 20 hexane.” The précipitat y suction give the title
conpound (0.129 ¢, QxopentancieAgH; t e solld TLC( AcOH I\/EC]-I- 020|2 1:1:20) Rf =
0.22. MS(ES) for C22H2sN3O6 (MW 427.46): positive 450(M-Na); negative

426( M H) . ( 3RS) - Yayting (with ((3R&é&ﬁta{ymabmmmatt@uﬂmyngllaanno-s fluoro-4-

Am no- 5- FI or 0-4- Ox.ope

( 3RS, 4RS)WYSTGYREEBAAY Wg’xano$‘f96AC| dE‘é‘ﬁE"ﬁ‘ﬂWﬁAﬁ mstheds-fissgatsd dn Example 2,

Hydr oxyp { Rl I f
(4R, Sy B E g B 8 oSl TikeuoRE AR S8, CotyP0 A%,

(0. 230 g,445.45): mumwe46ﬁ@d~pléa)e¢84&ﬁ+ﬁ);seg"auﬁeﬂ4(m-mjetrahedron Letters 1994, 35,
9693- 10 9696) in CH2CI2 (2.0 nL) at room tenperature under nitrogen was
added (N benzyl oxycarbonyl )| euci ne, N-hydroxysuccini nde ester (0.402 g,
1.1 mol ). After stirring at roomtenperature for 16 hrs, the m xture was
evaporated to dryness and the residue purified by flash chromatography on
silica gel eluting with Et%c-hexaﬂéﬁl@)‘lto give the title conmpound
(0.332 g, 669% as a colorless, viscous oil. TLC(EtQAc-hexane; 2:1) Rf =

-

0.51. 15 Part B: CO-H
(3RS, 4RS) - 3- (Leuci nyl o- 5/@;% o- wﬁ;ﬁe%ml d, tert-Butyl
\ -
H =
10 (35)-3-[N-(N’-(1-Naphthyl)Oxamyl)Valinyl]

Amino-5-(2°,6°-Dichlorebenzoyloxy)-4-Oxopentanoic Acid

| _llalt_g‘_._ | [(N-Berxzyloxycarbonyl)Valinyl]Aspartic Acid, B-tert-Butyl, u—Methyl Ester
To a solution of (N—benzyloxycarbonyl)val;ne (2.10 g, 8.36 mmol) _in
CH,C1,(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

12.5 mmol) After stirring at 0°C for 10 mm, the rmxture was treated w:th asparuc acld B-tert-
butyl a-methyl ester hydrochlorlde (2 00 g 8 34 mmol) and N-methylmorphohne (1 1 mL 10
mmol), and the reacton allowed to warm to room temperature After stlmng at room' B
temperature for 2.5 hrs, the mixture was concentrated and the residue partmoned between
20 EtOAc-water The orgamc phase was washed w1th water, 5% KHSO.;, saturated NaHCO, and e
" saturated NaCI soluhons dned over anhydrous NaZSO.; and evaporated tc; -;n—fe"th'e- trtie -
compound (3.55 g, 97%) as a white solid after tituration with Et,0-hexane. TLC(EtOAc-

hexane; 1:1) Rf = 0.48.



Ester:; p-Tol uenesul fonate Salt To a sol ution of :

(3RS, 4RS) 3% gizy! oxycar bonyl )l euci nyl ] am no- 5-

f] uoro-4- hy(vj‘%%&geénkt anoic acid, tert-butyl ester (0.332 g, .Pfér 899”15074'
Me OH (100 nL) was added p-tol uenesul sufonic acid hydrate (0.140 g, 0.737
mmol ) and 10% Pd-C (0.033 g) and 20 resulting mxture stirred under a
hydr ogen at nosphere (balloon) for 2 hrs, The m xture was filtered through
Celite washing the filter cake with CHZ®1 2 and the conbined filtrates
evaporated to dryness. The residue was chased with CH2CO02 to give the title
product (Geads: 9) aS%\&hﬁ?ﬂ%ﬁh&rﬁ&&ciﬁ,C@&Brt-Butyﬂﬁ -Me&xh{l Ester p-Toluenesulfonate Salt
(3RS, 4RS) -3-TN (N thy anyT) Leuci nylT Am no-5-Fl uor o- 4-

Hydr oxypent anoi ¢ AC| To atselntlonBtft[W-bm kycadbonyldvalingllaspart acid, P-tert-butyl, a-

(N hap iy o e 528 8t Bt DR Elo Y e i bl Beallnger

nitrogen wasie pdded 812 mmol) and 10% Pd-C (0.30 %) and resulting mixture stirred under a
0- (7-azabenzotriazol-1-yl)-NN, N , N. -t etranet hyl uroni um-eexafiuor ophat e

(0.313 §, HydREEn ammh})here/{bﬂbbn)@or 2 hi¥n Fheé mixtire ab filtered theough@aliteewashing theat ed

with a sol ution of (3RS 4RS) - 3- (| euyci (r)\tﬁl ) am no- 5-f | uor o- 4- gﬁqulr oxypent anoi c
aci d, ter tilfshicgke with &H.Ch. @él%mefi gptes svgpprated. tg Adryggss. @Slﬁ%l"‘?s and

d||sopropy t hyl ne(2.0

1) S o 2 AR vt e frodiee P o ol lbTB BURER RTCLED |
m xture was partitioned between Et CAc-water. The organic phase was washed
wth water, 5% KHS04, saturat ed NaHCCB and saturat ed NaCI sol utions, dried
over anhydiagifs Na2SON-¥ielleNaahiby ; SE b B <

by flash chromatogrgg é on S|I|ca gel el utlng W|th EtOAc hexane (1 1) to
give the title conp (0.213 g, 55% as a colorless

10 To a solution of N-(1-naphthyl)oxamic acid (0.683 g, 3.18 mmol, see Example

1, Part A) in in N-methylpyrrolidone(7.0 mL)-CH,Cl,(7.0 mL) at room temperature under
nitrogen was added 0-(7-azabeniotriazol-1-yl)—N,N,N’,N‘—tetramethyluronium
hexafluorophate (1.329 g, 3.49 mmol). After stirring for 15 min, the mixture was treated with
N-(valinyl)aspartic acid, B-tert-butyl, a-methyl ester p-toluenesulfonate salt (1.506 g, 3.18
15 mmol) and diisopropylethylamine (1.66 mL, 9.53 mmol). After stirring at room temperature
for 2 hrs; the mixture was partitionéd between EtOAc-water. The organic phase was washed
with water, 5% KHSO,, saturated NaHCO, an& saturated NaCl solutions, dried over anhydrous
Na,S0, 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 (1.153 g, 73%) as a white
20 solid. TLC(EtOAc-hexane; 2:1) Rf=0.48.

Part D: [N-(N’-(1-Naphthy)Oxamyl)}Valinyl]Aspartic Acid, B-tert-Butyl Ester

To a solution of [N{N*-(1.-hép}ithjli)dkaﬁﬁ}/l)vélinyl]_ aspartic acid, B-tert-
butyl, a-methyl ester (0.490 g, 0.98 mmol) ir;.dioxanc (2.4 mL) was added 1.0 N LiOH
solution (1.0 mL, 1.0 xm'no;). Afterstm'mg .e_t room te_repe'rature fo_r_-l hr, the mixture was

| 25 ac-id.i“ﬁ.ed with 1.0 N HC] and extracted with EtOAc. The extract was washed with saturated
NaCl solution, dried over anhydrous Na,SO, and evaporated to give the title compound (0.481
g, quantitative) as a white solid. TLC(MeOH-CH,Cl,; 1:9) Rf =0.15.



foam TLC(Et20 CH2Cl 2- hexane; 2:1:2, 2 developrents) Rf = 0.12, 15 Part D
3RS) - 3-f Napht hyl ) Oxanyl ) Leuci nyl | Am no- 5- Fl uor o-4- Oxopent anoi c
,(Aci d? termoﬁpﬁé%ster To a sol ution of PCT/US99/15074
(3RS, 4RS)-3-[N- (N -(I -napht hyl ) oxanyl )| euci nyl] am no-5- :
fl uoro- 4- hydr oxypentanoic acid, tert-butyl ester (0.163 g, 0.315 mmol) in
CH2CI 2 (3.0 L) at roomtenperaturée was added Dess-Martin peri odi nane
(0.160 g, 0.378 nmol ). After stirring5t 20 roomtenperature for 0.5 hrs,
the m xture was dlluted W|th EtOAc and vvashed with dllute Na28203

‘ it-(d cNax DOxamyl) Yalinyl]Aminech- fortopetanec Na2SO4
and evaporated to W@t_ﬁ{em due was purlfled by flash chr omat ogr aphy

compound (0. 155 o, "Seuphsen & DR EBRB K Ry bRt Sty o
‘devel opagken RS 000 Hino VB Rimé GO0 (maﬁogaaieﬁi}mm' tive

538(MtNa) ; .negative 514 3- .
- Napl ht5nyl(3 Q)mimpt )ILOéG({Na@Wlbeﬁ\haﬂn)ourﬁlthmogm Was @(bqbesobwimhhréfomhta' @8apksol uti on

3 oxanenda N Atk SRR G TENA BB b ity w0

')t Fuor 8%%%53‘?‘%“5‘8"*‘33(‘?% sFhySr G esuﬁ?‘f g @ﬁf““ﬂ b PRRREESEETC) o

room t empitroadgusradihigr.d mb MO%Wr(thﬂzmpAﬁéyﬂﬁﬁﬁg AnmeC Hasmdditibhal 1 hr,
t ol uene- CHZCIZ (1:1). The residue was triturated with Et 20-hexane to give
the tit| &ecBIFREUNES caucantated ang gl residugpurified bysiiash ghromeomaphy o sitiagEl6 FN306

(MV 4{09 Ae'lmmg iRy bhl dl?—Eé%zl{e Nad 2: 5 to e]q’att evtetle4c50§n(poun|¢_i')(0 062 g, 62%) as a white
solid. TLC(EtOAc-hexane; 2: 1) Rf = 0.63.

Part F: (3S)-3-[N-(N’-(1-Naphthyl)Oxamyl) ValinylJAmino-5-Bromo-4-Oxopentanoic
Acid tert-Butyl Ester

To a solution of (38)-3-[N-(N’-(1-naphthyl)oxamyl)valinylJamino-5-diazo-4-

15 (;J-:hopcnranoic acid tert-butyl ester (0.135 g, 0.265 mmol)} in tetrahydrofuran (3.0 mL) at 0°C

. was added 48% aqueous HBr (30 pL, 0.27 mmol). Gas evolution was observed. After 15 min,

e .the mixture was partitioned between EtOAc-saturated NaHCO;, the organic phase washed with . - .. <.

| saturated NaCl solution, dried over anhydrous 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-[N-(N’-(1-NaphthyDOxamyDValinyl]Amino-5-(2°,6°-
Dichlorobenzoyloxy)-4-Oxopentanoic Acid, tert-Butyl Ester

' To a solution of (35)-3-[N-(\’-(L-naphthyDoxamyl) valinyljamino-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 wasadded =
25 potassium fluoride (0.031 g, 0.53 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,4 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. |



EXAMPLE 3 10 (3RS)-3-[N-(N -(I=-Napht hyl ) Oxanyl ) Val i nyl |
Am no- 5- Fl w@ eferkesopent anoi ¢ Acid Part A PCT/US99/15074
(3RS, 4RS) - 3-[ (N- Benzyl oxycar bonyl ) Val i nyl | Am no- 5- Fl uor o- 4-

Hydr oxypentanoi ¢ Acid, tert-Butyl Ester To a solution of

(N-benzyl oxycar bonyl )valine (0.332 g, 1.32 mmol) in 15 CH2CI2(7.0 nlL) at
OC (ice bath)' under nitrogen was added5 hydr oxybenzotri azol e hydrate (0.219
g) followed by -I-ethyl-3-(3",3 -dinet hyll -1' -am nopropyl ) car bodi i m de
hydrochlq;i&g (0.3 ZS . Iﬂ) (ﬁfa}n v ; Mlgo_g_ ,g:_for 10 mn, the
m xture reat e ; =5= =5 4= oxypent anoi ¢
acid, tert-butyl eddieklofoBerizadoxy)-4tOtopenmhdic Anid t he reacton allowed to warm .
to roomtenperature. After stirring at roomtenperature for 24 20 hrs, the
m xture was partitiTongdohebnes (3HtINN-(Na{ 1efaphthhPoanghnvalinpiasito-9a® 6Mas hed
wth water, 5% KHS04, saturated NaHCO3 and saturated NaCl solutions, dried
bver anhydighinrebereoyloay)-4mzonsniapeie agid dert-buiyl sstes §508473: 8.128 smeplbin@EChUA fied -

11 o SormotAO R Ho% §t Rl ey he BB B8 cpbrRa e 04l 6s) rr

0.17. rﬂi@) RRE Tresﬁl"cing clear solution was stirred at room temperature for 1 hr, eyaporated to
(3RS)-3-[N(N - (I-Napht hyl) Oxanyl') Val i nyl I Am no-5- Fl uor o- 4- opent anoi ¢

Aci d St ardryness ant thased with toluene-CH,Cl, (1:1). The residue was triturated with Et,O to give the
(3RS, 4RS) - 3-[ (N benz%l oxgcar bonylf}val_ i n){J ]am no-5-fl uoro-4-
hydr oxy péitie papeung §-060 & dB%0) g an Qff-wdite polid\MSEES) 1o fraride ¢ s Qrd M §16.45):

e A B e e o 2

10

EXAMPLES 5-14

Starting  with  (38)-3-[N-(N’-(1-naphthyl)oxamyl)valinylJamino-5-bromo-4-
oxopentanoic acid tert-buty] 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:



445.45): positive 468(MrNa), 484(MK); negative 444(MH). EXAWPLE 4 10 :
(39)-3- [NWGI(IGNNaDht hyl) Oxanyl) Val i nyl ] PCT/US99/15074
Ami no-5- (2', 6' - Di chl or obenzoyl oxy) - 4- Oxopent anoic Acid Part A: .
[ (N-Benzyl oxycar bonyl ) Val i nyl | Aspartic Acid, (ktert-Butyl, a-Methl Ester To

a solution of (N-benzyl oxycarbonyll)valine (2 10 g, 8.36 mml) in CH2Cl 2(20
m.) at OC (i ‘ce bat h) under nitrogen wag added hydroxybenzotri azole hydrate -
(1.74 15 g) followed by I

-ethyl-3-(3,3 -dinmethyl-1"-am noprméﬁ bodi i m de hydrochl oride (2.40 g,
12.5 mmol ). After stirring at 00C f in, the mxture was treated with
aspartic acid, 13-tert- butyl, a-nethyl ester hydrochloride (2.00 g, 8.34 °
mnol ) and N net hyl nor-phol i (1.1 nm, 10 rrm)l), o’wq the reacton allowed to °

warmto roomtenperature. @l StOrri rogmtenperature for 2.5 hirs,
the m xture was concentratfd afhd t”%f 5| d e pA(titg oned between 20
Et CAc-wat'er. "The organic ¥e g; er, 5% KHS04, saturated™
NaHl CO3 and saturated Na{ DI ut onsg dr ged er nhyd.:.aus -Na2SO4 and =~ "7
evaporated to give the tit¥fe corrpoung ( g, 97% as a white solid after
tituration with Et20 hexane. TLC(Et CAc- hexane 1:1) Rf= 0.48. 49 Part

B: (valinyl)Aspartic Acid, Dtert- Butyl a- Met hyl Ester

p- Tol uenegUurfopate Salft To a sofjutton of SES
[(N- benzyl axycar hnnyl )\/al i nyl ] agpart ic acild.  P-t t-but M (E;}- et hy ‘est er

(3.55 g, mmol ) i MeOH (330 Fhomubas [adMiwd -t pésuenesul siegoni cf aci d
hydrate ( 5 . ) and ) S|t T Xfure
stirred u]ndg 2 H?B(Zﬁ:q}]"glupn at nu i%ﬁg ZSI é’h” g‘?sjgrén\ ? g\'iﬁr i ggﬁ @'H q.xt ure was
filtered jt heouptH,0al4,6-wFpashi ng Ua,ﬂstsN_,,& 573.52 | 596(M+Na) 572(M-H)
7 | CH;0(2,3,5,6-tetraF-Ph) CaHasFiN;O;  [591.51 | 614(M+Na) 590(M-H)
8 | CH,0(6-Me-2-pyron-4-yl) | CzsHasN;Os 551.55 | 574(M+Na) 550(M-H)

9 CH,0(2-Ph-5,6- C37H33N;04 663.68 686(M+Na) 662(M-H)
benzopyran-4-on-3-yl) '
10 | CH,OPO(Me)Ph CyoHjN305P | 581.56 582(M+H) 580(M-H)
604(M+Na) | 694(M+TFA)
11 | CH,OPOPh, CyH3N3OgP | 643.63 | 666(M+Na) 642(M-H)
12 | CHO(2-CF;-pyrimidin-4-yl) | C2;H,¢F3NsO; | 589.53 612(M+Na) 588(M-H) o
13 | CHO(5-CO,Me- Ca7HsN,Oyo 568.54 591(M+Na) 567(M-H)

isoxazol-3-yl)

14 | CH,OPO(Me)(l-naphthyl) |CsHsN;OP |631.62 | 654(M+Na) | 630(M-H)
744(M+TFA)




filter cake with CH2Cl 2 and the conbined fi Itr-at es evapor at ed t0'dryness.'
The resi due wasoomhessed with CH2C 2 to give the title product

guantitative) as a colorless foam Part C
N- (N - (1- Napht hyl ) Oxanyl ) Val i nyl | Aspartic Acid, 3-tert-Butyl, a-Methyl

Ester 10

To a solution of N (I-naphthyl)oxamc acid (0.683

gr 3.18 mmol, see Exanple 1, Part A) inggn N-nethylpyrrolidone(7.0
m.) - CH2Cl 2(7.0 nL) at room tenperature under nitrogen was added

0- (7-azabenzotriazol -1-yl)-N,NN , N -tetranet hyl uroni um hexaf | uor ophat e
3.49 mol ). After stirrinEXAMPUE1Sin the nixture was treated

(1.329 g,

with N-(valinyl)aspartic acid, ,B-tert-butyl,
p-tol uenesul fonate salt 4
9.53 nmol ). @]

(1.66 i,

ni xture'was' partition
with water, 5% KHS04,
over anhydrous Na2SO4AN
by flash chromat ography on silica gel eljuting with E
give the title conpound (1.153 g, 73%0) as a white 28

- et hyl ester

06 g 3.18 &5
stifir at §r oo

# evapor abed t yne®s. The

TLC( Et OAc- hexane; 2:1) Rf= 0.48. Part D '

[ N-(N -(I-Napht hyl ) Oxanyl §3

PSTATS99/15074

and di#Swepropyl et hyl am ne
in terrperamu_r 2 hrs, the
Lo et vg _ a ' g phase was washed = -~ -
@ ratied HCC2 an# satiur ated sol utions, -dried-~-—- -
A gue -was purified

LNYINPLENaphth ) OednshIRutigyl) - Butyl Ester To a

solution of [NN(N -(1-na [ ) ox |Yvalinyl ] aspartic acid, ,B-tert- .
butyl, a-nethyl esterA('t'ﬁ@T%' 5‘2]'6938@/%)""1‘ XOBEREANPIS Afidi ) was added 1.0

N Li OH solution (1.0 nL, 1.0 mmol ). After stirring at roomtenperature for

1 hr, thle RectiAur e wa§(N2Bemmylooydartedy il dubinil] AspidtibiBlcidafdere Butyh oi-Ridthyl EdterEt OAC.

The extract was washed wi th.saturated NaCl K solution, dried over. aphydrous
Na2SO4 and evapor at ed®toSYrHaR FHA-hengylexyess bFF Iﬂl‘glé ‘{;a%/

4o TSy rEmHTY

a white sol4 sy o TG afd BGhtic adid B-tdRoull, chirethyl ester hydrochloride (3.00 g, 12.5

10

15

mmol) in CHClL, (20 mL) at room temperature under nitrogen was added N-
methylmorpholine (1.65 mL, 15 mmol). After stirring at room temperature for 18 hrs, the
mixture was partitioned between EtOAc-water. The organic phase was washed with 5%

KHSO,, saturated NaHCO; and saturated NaCl solutions, dried over anhydrous Na,SO, and

evaporated to give the title compound (5.56 g, 99%) as viscous oil. TLC(EtOAc-hexane; 1:1)

PartB: (3S)-3-[N-(N ’-(1-Naphthyl)OxamyI)Leucinyl]Amino-S-Bromo—4-
.-~ Oxopentanoic Acid tert-Butyl Ester

Starting with [(N-benzyloxycarbonyl)leucinyl]aspartic acid, B-tert-butyl, a-

methyl ester and following the methods described in Example 4, Parts B through F, gave the
title compound as a white solid. TLC(CH,Cl,-Et;0-hexane; 1:2:2) Rf=10.32.

Part C: {3S)-3-[N-(N’-(1-Naphthyl)Oxamy])Leucinyl]Amino-5-

20

25

{Diphenylphopshinyloxy)-4-Oxopentanoic Acid, tert-Butyl Ester

To a solution of (3S)-3-[N-(N’-(1-naphthyl)oxamyl) leucinyl]amino-5-bromo-
4-oxopentanoic acid tert-buty! ester (0.108 g, 0.187 mmol) and diphenylphosphinic acid (0.046
g, 0.21 mmol) in dimethylformamide (1.0 mL) at room temperature under nitrogen was added
potassium fluoride (0.033 g, 0.58 mmol). After stirring at room temperature for 48 hrs, the

mixture was partitioned between EtOAc-water. The organic phase was washed with water, 5%

SiYe) as



5-0 Part E: ’ _
(3S) - 3- 1 N GRS solptadyarht hyl ) Oxanyl ) Val i nyl | Am no- 5- Di azo- 4- Ox ic Acid
tert-Butyl Ester d?g a solution of [N-(N -(1-naphthyl)oxanyl W%ﬁfoﬂ
aspartic acid, P3-tert-butyl ester (0.095 g, 0.20 nmmol) and

N- net hyl nor pholine (22-ipL, 0.20 nmol) in tetrahydrofuran 5 (2.0 nlL) at
-10C (NaCl/ite bath) under nitrogen Wga added i sobut yLabkrof onnate (28 juL,
0.22 mml ). After stirring at -100C f 0.5 hrs, the resulting m xed
anhydride was treated with excess di azomet hane/ Et 20 sol ution (prepared from
0.072 g, KHSE), SMhted NalCORbhY bandatdd N2C1 Solufibds! @SQDHRR afhy¥Pous NS AL arfd0 %0
KOHI1.0 M Et20). After stirring at -10C for an additional | hr, ‘t?’ue :
m xt ur e \kuaporatedde doynesscthearsiduelwasipusiicdiby fashi dhrauatdgraphly amlsilich gehalitgr aphy -
on silica. ting wth CH2C 2-Et 20- hex 1:2:2) to give'the title
compound Vflg%égfﬁgg%“ggvgémlgfﬁ tg%F’F‘EIF“ﬁ’.‘@(’%R&@‘- &é?%?é‘,s apvhite ;fid 0. 63.
Part F: TLC(ﬁtéﬁ)cqéiJnE,*zQﬁRﬁ;d.za - , ; o
- Napht hyl ) Oxanyl ) Val i nyl’l Am no- 5- Br onp- 4- Oxopent anoi c-Aai d -t-ert - Butyl Ester
To a spl whi of (3R}=S (Nl e X val.i nyl ] am no- 5-di azo- 4-
15 o%péﬁki—;‘n‘poic amﬂ IL A % mmol) in

t et rahydr of uran ( 3 (Diphdnylphospintlonwasd-Ooeatadivosrigieous HBr (30 pi L, 0.27
mml ). Gas evol ution was observed. After 15 mn, the m xture was

partitioned betweemoEaOR6iutigH UsRL(ES)-NATATE(1-4dpBMYNSARIyD NBASK AR W th

saturated NaCl solution, dried over anhydrous Naggofl and evaporated to give
t he ti t| édiphsnylphasphiyboxyd#-ogopentanoici acid,i teetybutd esterhi(Q.Bl4s @l iG16 mmol) in

TLC( Et CAc: 201 = 0.72. 20 P G . | _ _
( 3% - 5- [ Wﬁf@ @%Raﬂaﬁ%’h@'% @gawpwmﬁnﬁrm% nijrogen wgs added trifluoroacetic

Di chl _ AT i | T _ f
(39 - LR R O Sor e S & oSl e or Pl ™" ©

.. . 4- oxofpredrimesoind chasediwith tdludneHCH,Ch§1:¢). THe.rddddhegyasCrithfutedwith) EgOMhexane
2, 6-di chl orobenzojc acid (0.037 g, 0.20 mpl ) in dinet hgl f or mam de £1..0 m.)
at room &R st iHleccommaund %Wc&g%ﬁm&g agpffyhite solid. MS(ES) for ‘CsuH34N;0,

(MW 657.66): positive 680(M+Na); negative 656(M-H).

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:



25 potassiumfluoride (0.031 g, 0.53 mol). After stirring at reom

t enperat ure rs, the mxture was partitioned between < .
The organi cw;)dﬁg)édg@?/\d/;s washed with water, 5% KHS04, saturat edwgﬁg
saturated NaC solutions, dried over anhydrous Na2SO4 and evaporated to
dryness. The residue was purified by filash chromatography on silica gel
ekuting with Et OAc-hexane (1:1) to give_the title conpound (0.084 g, 70%
as viscous oil.- 30 TLC(EtQAc-hexane; 5.51) Rf = 0.71. 51 Part H
(3S)-3-rN-(N - (I -Napht hyl ) Oxanyl ) Val i nyl.| Am no-5-(2', 6" -

Di chl or obenzoyl oxy) - 4- Oxopent anoi c A’J‘lﬁi’lﬂ’é a solution of

(39)-3-[N-(N -(1-naphthyl)oxanyl) valinyljamno-5-(2',6"-

di chl or obenzoyl oxy) - 4- oxopent'anoi ¢ acid, tert-but )6 ZF'St er (0.084 g, 0.125
mmol) in-CHCI 2(1 .0 5 nl) sol e60.5 nl) gat ., og enper at ure under
nitrogen was added trifluor i C dci dH(\%rrL). resulting clear

sol uti-on was stirred at ™N KRr y T S NDT aporated to dryness
and chased-with tol uene- (1:#). Hhe -£esi tue S tristemrated with Et20
to give the title conpound . ), 78% an ofT-white solid. MS(ES) for
C2qH27Cl 2N308 (MW 616. 45): positive 638/ 640f(M+-Na); negative 614/616(MH).
10 EXAMPLES B-14 Starting wth :

(39)-3-[ N-(IN - (1-napht hyl ) oxarmyl ) val i nyl ] am no- 5- br onDpgegyxopent anoj ¢
acid tert- Léxxéi ester—{seeExgnple—4;,Part—F—tjand—fottowt S
descri bed il Fxanpl e Parts |G FHiF8iagh | HMWhe conmp8unds $hownn48el ow |i n
Tabl e 3 wer|e6 all SH,(URRGBEUP) | C3oHauCLN;O; | 630.48 | 652/654 (M+Na) |628/630 (M-H)

T

17 |CH;0(2,4,6-triF-Ph) | CpHysF3N;0; |587.55 | 610(M+Na) 586(M-H)

18 | CH;0(2,3,5,6-tetraF-Ph) | CpoH, FN;O;, |605.54 | 628(M+Na) 604(M-H)

19 | CH,OPO(Me)Ph CsoH3N;OsP | 595.56 | 596(M+H) 594(M-H)
618(M+Na) T08(M+TFA)

EXAMPLES 20-27

5 | o Following the general methiods described in Example 4, Parts A through H
-~ substituting (N-benzyloxycarbonyl)alanine for (N-benzyloxycarbonyljvaline 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:



Ex. B Formul a pos.

MA/
neg. 5 20§/ 666 di F- Ph) C28H27F2N307  555.53  p&TasddriNes
554(MH) 6 CH70( 2, 4, 6-tri F-Ph) C28H26F3N307 573.52 596( M+Na)
572(MH) 7 CH20(2, 3,5, 6-tetraF-Ph)  C28H2SF4N30O7 591. 51 614( M+Na)
590(MH) 8 CH20( 6- Me- 2- pyron-4-yl) C2gH29N309 551. 55 574( M+Na)
550(MH) 9 CH20( 2- Ph- 5, 6- .56 C37H33N309 663. 68 686( M+Na)
662( M H benzopyran-4-on-3-yl) 10 CH20PQ( Me) Ph C29H32N3 Q0P
581. 56 582( M+H) 580( M H) ) 694( MWTFA) 11  CH2QPOPh2
C34H34N30P  643.63 666( M+-Na) 12
CH20(2- CF3-pyri Mdi n-4-yl) C7H26F3N507 589.53 612( M+Na) 588(MH) 13
CH20( 5- CO2Me- C27H28N40j O 568 54c0,H591( MrNa) 567(M H) ’
i soxazol -3-yl) 14  CH2OPQ( Me) ( 1Q nap hy 3H34N308P  631. 62
654( M+Na) 630(M H) 744( M TFAM VR B (39)-3- IN(N-(1
- Napht hyl ) Oxanyl ) Leuci nyl j RET Pa t A‘_|
[ (N-Benzyl oxycar bonyl ) Leuci nyI rti€- Acld, ptert-Budmyl,--a-My Ester
MS(ES)
Ex. R! B ~ Formula MW pos. neg.
20 |(2-Ph)Ph CH,0O(2-F-Ph) |CyHaFN;O; {535.53 |558(M+Na) 534(M-H)
21 |(2-Ph)Ph CH,0C0(2,6- |CysH,sCLN,O5 |614.44 {652/654 612/614 (M-H)
di-CI-Ph) (M+K)
22 |(2-Ph)Ph CH,OPOPh, |C3HyuN:OP [641.61 |664(M+Na) 640(M-H)
. 680(M+K)
23 |(2-t-Bu)Ph CH,O(2-F-Ph) |CyH3oFN;O; |515.54 [S16(M+H) 514(M-H)
: 538(M+Na) :
_ S54(M+K)
24 |(2-+-Bu)Ph CH,OPOPh; |C3oH3N3;OP 621.63 {644(M+Na) 620(M-H)
' ~ [666(M+K)
25 |1l-naphthyl-CH, CH20(2,3,5,6 C27H23F4N3O-, 577.48 {600(M+Na) 576(M-H)
.. P .tetra.F.Ph) (R s en 616(M+K) L.
26 |1-naphthyl -CH, |CH,0CO(2,6- |CasHasCLINO5 [602.42 [624/626 (M+Na) [600/602 (M-H)
di-Cl-Ph) 640/642 (M+K) |714/716 (M+TFA)
27 |1-naphthyl-CH, {CH,OPOPh, |C3HzN;0sP  [629.60 |652(M+Na) 628(M-H)
668(M+K)




To a solution of (N-benzyl oxycarbonyl)l euci ne, N hydroxysucci nini de ester
(4.54 9, 13ypogiyes) and aspartic acid, ,B-tert-butyl, a-netpdredbese74
hydrochl oride (3.00 g, 12.5 mmol) in CH2CI2 (20 nL) at room tenperature
under nitrogen was added N- met hyl nor pholine (1.65 nL, 15 mmol ). After
stirring at roomtenperature for 18 hrs, the 10 mixture was partitioned

bet ween Et OActwater. The organi ¢ phase jg49as washed w th 5% KH S04, saturated

Nal | €3 and saturated NaCl ‘sol utions, i ed over anhydrous Na2SO4 and
evaporated to give the title conpo ?Lﬁ%g, 999 as viscous oilL.
TLC( Et OAc- hexane; 1:1) Rf= 0.48. P (3S)-3-[N(N -(1

- Napht hyl ) Oxanyl ) Leuci nyl j kni no- 5- Brom) 4- 15.. Oxopentanoic Acid
tert-Butyl Ester Starting with [(Nbenzyl oxycar bonyl ) I euci nyl ] aspartic
acid, 13-tert-butyl, met hyl ester and fol lcgyw i
In Exanple 4, Partg [
TLC( CH2CI 2- Et 20 hexgne;
(3S)-3-[N-(N -(I-Napr : -
(Di phenyl phopshi nyl ox rt-ButylgEster To a solution
of (35)-3-[N-(N -(I-naptit m no- 5- br ono- 4- oxopent anoi ¢
acid tert-butyl ester (0.108 g, 0.187 mmol) and di phenyl phosphinic acid

(0.046 g, 0.21 mmol) ] . . f.gom t enperat ure
under nitrogen was add@gybgﬁta S|(Bﬂ@umﬁgﬁej}?§¥%@g%m%358 mol ). After
stirring at room t&mpmr-sam;seﬁ@FTa&ﬂuosqplmhe&yI-B-Odopbnnaaomiqoart itioned
bet ween Et OAc-water. The organi ¢ phaserwas vvashed wth water, 5% 54

KHS04, sagur%t ed NaI[-&CEe %xsc%réjora]t)@dlm% spam ctn'd(ﬁ'?eh- lEhlyleézltover anhydr ous

Na2SH4 an

To a suspension of aspartic acid P-tert-butyl ester (3.784 g, 20 mmol) in
acetonitrile (200 ml) at room temperture undef nitrogen was added
bis(trimethylsilyl)acetamide (9.9 mL, 40 mmol). After stirring 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 stirring 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 g, 99%) as a white solid.
15 TLC(EtOAc-hexane; 1:1) Rf=0.06.
Part B: (38)-3-[(N-Benzyloxycarbonyl)ValinylJAmino-5-Bromo-4-Oxopentanoic
- . Acid tert—Butyl Ester |

A solution of [(N-benZylocharbonyl)vélinyl]aspartic acid, B-tert-butyl estér

" (8.37 g, 19.9 mmol) and N-methyimorpholine (3.50 mL, 32 mmol). in tetrahydrofuran (100
20 mlL)at-10°C (NaCVice bath) under nitrogen was treated dropwise with isobuty! 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,0O) at 0°C (ice bath) under nitrogen. After stirring



evaporated to dryness. The residue was purified by flash chromatography on '
silica gel eluting with CH2ClI 2- Et 20-hexane (1:2:2) to give the'title
conmpound ( BvQeek0Iges 85%) as a white solid. TLC(Et OAc- hexane; PET)sobis07d. 26.
5 Part D (3S)-3-rN-(N - (I -Napht hyl ) Oxanyl ) Leuci nyl | Am no- 5-

(Dt phenyl phosphi nyl oxy) - 4- Oxopent anoi ¢ Acid To a sol ution of
(3S)-3-[N-(N,-(I-naphthyl)oxanyl) | eucinyl]am no-5-

(di phenyl phosphinyl oxy) - 4- oxopent anoi ggaci d, tert-butyl ester (0.114 g, .
0.16 mmol) in CH2CI2( .0 nL)-anisole(0.5 nL) at roomtenperature under
nitrogen was added trifluoroacetic 10 acid (1.0 nL). The resulting clear
sol ut i on ahW8%C for i1 mingangat rasayiempgrpiarefer A0anin,dhe reagtion mixtursayagesain eeplediioness

d ch ] I soSkHR2C 1:.1). c eSl i t.ur at th
B 20 hox 31 <8 g OLYER 26 FEUS sl e et bt e Bt
sol i d. Mi6Esh ahdst réedf HRRBABE O Wﬁe%imremgixixmwene@%{%&lﬁbwﬁ%y ve
656(MH). 15 MPLES 16-19 Starting with

(3S) - 3- [ he Nirgailo-phagstwisy iisacawith Watuclaga NG HIEOS aist sweidd NeCpalutiansoi ¢~

acid tert-butyl ester ee Exgnple 15, Payt A) and following the nethods =~

descr i5be<Sl“F‘|¥ °é!§ﬁ@fdé°“f%‘?az%"t“g creporaies 91 ‘%f“%%e%%%%m hexmtgaretbw i n

Tabl e 4 , 0RO ‘1. = For mul a

w o WRlde ng(L) g&nﬁbﬁ;ﬁ@@.ﬂdg, 98%) &g@?@ers%%wggc?@ﬁ L:1) RF=0.63.

Fol | owi ng, Lhe general MEARgS I8eme oo iValil IfRAIR s G2 shgt s A through H
Tetrafluorophenoxy)-4-Oxopentanoic Acid tert-Buty} Ester

To a solution of (3S)-3-[(N-benzyloxybar‘bonyl)valinyl]amino—S-bromo-4-
10  oxopentanoic acid tert-butyl ester (9.71 g, 19.4 mmol) and 2,3,5,6-tetrafluorophenol (3.65 g,
22 mmol) in tetrahydrofuran (20 mL) at room temperature under nitrogen was added potassium
fluoride (2.91 g, 50 mmol). After stirring at room temperature for 4 hrs, the mixture was
diluted with EtOAc (approx.100 mL), washed with saturated NaHCO; and saturated NaCl
solutions, dried over anhydrous Na,SO, and evaporated to a dryness. The residue was purified
15 by flash chromatography on silica gel eluting with EtOAc-hexane (1:3) to give the title
_ compound (9.19 g, 79%) as a wh_ité solid after trituration with _Etzofh.exahe.., TLC(EtOAc-
hexane; 1:1) Rf=0.70.
PartD: (38,4R8)-3-[(N-Benzyloxycarbonyl)Valinyl]JAmino-5-(2°,3°,5°.6°-
Tetrafluorophenoxy)-4-Hydroxypentanoic Acid tert-Butyl Ester

20 To a solution of (3S)-3-[(N-benzyloxycarbony])valinyl]amino-S-(2’,3’,5’,6’-

tetrafluorophenoxy)-4-oxopentanoic acid tert-butyl ester (9.19 g, 15.7 mmol) in MeOH(200

_ mL)/tetrahydrofuran(200 mL) at O°C under nitrogen was added _éqdil;p_‘l borohydride (0.594 g,

15.7 mmol). After stirring at 0°C for 1 hr, the mixture was concenirated and the residue

partitioned between EtOAc-half saturated NH,Cl solution. The organic phase was washed with

25 ) “s'aturated NaHCOQ and saturated NaCl solutions, dried over anhydrous Na-ZSO,; 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. |



substituting (N-benzyl oxycarbonyl)al ani ne for (N benzyl oxycarbonyl)valine
in Part A, )pLopi ate oxam ¢ acid for N-(1-naphthyl)oxam o843, Part
C, and the-‘sgggopigg@éte acid or phenol for 2,6-dichlorobenzoi g},ggiﬁ%’?[%éogért .
G the conpounds shown below in Table 5 were al so prepared: 20 (2-Ph)Ph
CH20( 2- F- Ph) C2gH26FN307 535.53 558( MtNa) 534( M H)

Am no-5-(2',3',5 ,6"'-Tetrafl uorophenoxg 4- Oxopentanoic Acid 5 Part A

| (N-Benzyl oxycar bonyl ) Val i nyl | Aspartic”Acid, 13-tert-Butyl Ester To a
suspensi on of aspartic acid ,ester _(3.784 g, 2Q nmmol) in

acet oni t r iPREE: (200 (3ERS)-34(Valipy (b PO Letraflyonophiengxydrdsgen was
added bis(trinethyl ﬁ;gdyéx%ﬁ?ah&m}ﬂﬁté@-ng[lTkster‘lo mml ). After stirring at
roomtenperature fo ; | Clear solution was treated with
(N-benzyl.oxycar bonyly.val i 1 @g@_ _'e%’ LS 4 .0 20
mol ). After stirri r% a% Eglgmr{ er%{)e?%%%r fgﬁcyan a ??F%ﬁ?ﬁ’al%gdﬁ%%&h% he

M xt ure W, sEéttewhiliotphstidkpd-Iydfbxipentancio Rentt-bugtl ener (@.99qf, ABapmaiat) t hen
partiti oned betweeen Et OAc/water. The organi c phase was=mashed with water,
5% KHSGY amdeQit (138t mb) Nacadded| 1904 B4 (&ﬁ% ghlans, easulting, yixiges steedsmen Ad

evapor at e 0 a dryness.. Trituration.wth Et20 hex ve the tjtl
conpound (¥ gge“ga?mé@%’e g?-lli °Mr?$r§o © JXtES Wag Eéﬁad%%@%g]égﬁlﬁﬁtg ;Waiﬂ.“%ﬁﬁf =
0.06. Par tg1B cake with CH,Cl, and the combined filtrates eVagorated to ess. The residue purified
(3S) - 3- R(N- Benzyl oxycar bonyl ') Val i nyl I Am no- 5- Br onp- 4- Oxopent anoi ¢ Aci d -

t ert - But y by Hasheehromatography on silica gel eluting with EtOAc-hexane (1:3) then methanol to give
the title compound (5.13 g, 83%) as a viscous E)ii. TLC(EtOAc-hexane; 1:1) Rf = 0.07.

10 PartF: (3S,4RS)-3-IN-(N’-(1-NaphthylmethyD)Oxamyl) Valinyl]JAmino-5-
(2°,3’,5°,6’-Tetrafluorophenoxy)-4-Hydroxypentanoic Acid tert-Butyl Ester

To a solution of N—(l-naphthylmethyl)oxafnic acid (0.051 g, 0.22 mmol,

prepared from 1-naphthylmethylamine by the method described in Example 1, Part A) in in N-

methylpyrrolidone(1.0 mL)-CH,Cl>(1.0 mL) at room temperature under nitrogen was added O-

15 (7-azabehzotriazol—1-yl)—N,N,N’,N’-tetramethyluronium hexafluorophate (0.092 g, 0.24

mmol). After stirring for 15 min, the mixture was treated with (3S,4RS)-3-(valinyl)amino-5-

(2°,3°,5°,6’-tetraflucrophenoxy)-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-naphthylmethyljoxamyl)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-
~Martin Periodinane (0.600 g, 1.42 mmol). After stirring at room temperature for 16 hrs, the

mixture was partitioned between EtOAc-water. The organic phase was washed with saturated



A sol ution-of [(N-benzyl oxycarbonyl)valinyljaspartic acid, P-tert-butyl
ester (8.37 g, 19.9 immol) and N-nethyl norpholiie (3.50 niL, 32 mmol). in

t et rahydr ofwHaoesé®0 20 nlL) at -10C (NaCl/ice bath) under npEiRE96)13696
treated dropwi se with isobutyl chloroformate (3.87 nL, 29.8 mmol ). -After
stirring at -10C for 20 mn, the mxture was filtered (sinctered gl ass)
into a pre-cooled receiver (| ce bath) washing the filter cake with

addi tional tetrahydrofuran (approx. 30 ). The conbined filtrate was
treated with excess di azonet hanel ft20 solution (prepared from 7.32 g, 50
mmol of 1-methyl-3-nitro-1- 25 nitrosoguanidine, 40 nL 40% KOH/ 65 m Et 20
at 0C (i cNaliG®hindusatieated Na()bgdntionéf tiged evarranhydyous N3,8Oqtand Eviporatddbtama n and
at roomtenperature for 30 mn, the reaction m xture was _again cooled to

00C and t9rsasse dbgesidua §bl7om) appyriieddy fash Fhrrmatography.n silicageeheiptingawitle r
wns par 01 FOARIE R :PoBilt AL HaB bork (:TPCL Y7oy B b Wied Sofll, A ol 11 4 €

wat er, sajensirti B6) RHIES, and sasAnt ed NaCl sol utions -b-«dri'ed over anhydrous '
Na2804 and evapor at ed to a dryness. Trituration with hexane gave the crude
title sonppupd (9. 73sP3-93RA-(13Ra ﬁﬂwﬁh&ﬁﬁmﬁn@nﬂh&xﬁﬂﬁss@ﬁw elil) R =
0.63. ParT T~ ] .

(3S)-3-[ (N-Benzyl o A 2 4 ’ , 3,5 ,6" -

Tetr af | uor ophenoxy) - 4- O(Opent anoi ¢ ACI d tert Butyl Ester To a sol ution of
(3S)-3-[ (N-benzyl ox’Eo:ardmdmrph)ofad3iS)}§*+[Na(N’-|ﬂbnipﬂﬁl)mnmhyﬂ)oxiﬁyl)mlmpﬂmmam+c aci d
tert-butyl ester &9 71 19. 4 n’m)lt)a 6-tetrafl uorophenol (3.65 g,
22 mol ) @n3'vebri F%’FYX'%G"?PE? neic Pﬁ%ﬁ&?ﬁ’éﬁﬁ?’u@e‘%ﬁd@ﬂ%ﬁ??%@bn was

Fenper o (SIHED OISR nlhafuer OTRE bt e Rtk (b8 g 1)
was hedow ddded afifitiopdaCéticNadilC(@8.0ar{l) s Thelr éutehg\Nalehr solution was stirred at room

temperature for 2 hr, evaporated to dryness and chased with toluene-CH,Cl, (1:1). The residue

was triturated with Et,O to give the title compound (0.098 g, 100%) as a white solid. MS(ES)
for CyoH,7F,N;0; (MW 605.54): bbsitive 628(M-+Na); negative 604(M-H).

15 : EXAMPLES 29-74

Starting with (3S,4RS)-3-(valinyl)amino-5-(2’,3’,5°,6’-tetrafluorophenoxy)-4-
hydroxypentanoic acid tert-butyl ester (see Example 28, Part E) and following the methods
described in Example 28, Parts F through H, the compounds shown below in Table 6 were also

prepared:



solutirons, dried over anhydrous Na2SO4 and evaporated to a dryness. The
resi due vvas“wqjd,(flg@d 15 by flash chromatography on silica gepcfusdshsghsW th
Et:OAc- hexane (1:3) to give the title conmpound (9.19 g, 79% as a white
solid after trituration with R20-hexane. TLC(Et CAc- hexane; 1:1) Rf= 0.70.
Part D:

(3S, 4RS) - 3-[ (N- Benzyl oxycar bonyl ) Val i ny f Arnino-5-(2',3,5,6"-

Tetr af | uor ophenoxy) - 4- Hydr oxypent anoi ¢ Acid tert-Butyl Ester 20

To a solution of (3S)-3-[(Nbenzyl oxycarbonyl)valinyl]am no-5-(2",3",5",6"-
tetrafl uorophenoxy) - 4- oxopent anoi ¢ a aiegdt_ butyl ester (9.19 g, 15.7
nmmol ) in MeOH(200 rrL)/tetrahydrofurarrR ) at OC under nitrogen was
added sodi um borohydride (0.594 g, 15.7 nmol). After stirring at 0C for |
hr. the mxture was concentrated and the residue pagtitioned between

Et OAc-hal f saturated NHACI solution. The organic ph3se was washed with 25
saturated NaHCO3 and saturat d NaCl oI ut H ~NQver anhydrous Na2SO4

and evaporated to a dryness Thq-qres due bk | ash
chr.omat ogr aphy on si "%Wd"& :3) to give the
title conpound (7.99 g, »hi t i d. hexan_e; 1:1) Rfi=
0. 54. 59 Part E: O F :

(3S, 4RS) - 3- (Val i nyl ) Am no- 5- (2' - Tetr af | uor ophenoxy) - 4-

Hydr oxypentanoic Acid tert- Butyl Ester To a solution of

(3S,4RS) - 3-[ (N-benzyl oxycarbonyl)valinyl ] am no-5-
(2,3 ,5 ,|6'-tletrafl uorophlenoxy) 4- hydr oxypent anoi c - amg@ng)ert butyl ester
(7.99 g, 1':# oty 5T 36—y added—10%Po=—C—6—86—)—=an
resul ting [dtXxtlure sRirred lu o"@m lay, twgn at noBBhere (bal | ooME for 2lhrs.
The m xt urje2ongBhd, | t er ed tlasausi,Ge! i [5s5.48aiskdmeny he 554(M-H)
: 578(M+Na)
30 [Ph(CH;), Ca6H2F N3O 569.51 |592(M+Na) 568(M-H)
31 |[Ph,CH Cs1H,oF N3O 631.58 |654(M+Na) 630(M-H)
1 32 |Ph CoaHpFN;O4 541.46 |S64(M+Na) 540(M-H)
33 |(2-Ph)Ph CioHpFN;O;  |617.55 |640(M+Na) 616(M-H)
730(M+TFA)
34 }(2-PhCH,)Ph CsHoF N304 631.58 [654(M+Na) 630(M-H)
35 {(3-PhO)Ph CioH2F4N;05 633.55 {634(M+H) 632(M-H)
656(M+Na) :
36 [4-Cl-1-naphthyl | CosHCIFN;O;  1625.96 |648/650 (M+Na) 624/626 (M-H)
37 |2-anthryl CuHFN:O;  |641.57 |6420M+H) 640(M-H)
38 |2-benzimidazolyl  |CysHyFiNsOy 581.48 |582(M+H) 580(M-H)
604(M+Na)
39 [l-adamantanyl CagH33F N304 599.58 |600(M+H) 598(M-H)
40 |(2-F)Ph CoHnFN;O;  |559.45 [s82M+N2)  [558(M-H)
' 672(M+TFA)
41 |(4-F)Ph CuHpFsN;O;  1559.45 |582(M+Na) . |558(M-H) -
' 672(M+TFA)
42 |(2-CF;)Ph CasHzoFN;04 609.45 [{632(M+Na) 608(M-H)
- |722(M+TFA)
43 |(2-+-Bu)Ph CeH;3,FiN;0; |597.56 |620(M+Na) 596(M-H)
' - IT10(M+TFA)
44 |(4-n-heptyl)Ph CnHyFN;0;,  [639.64 [662(M+Na) 638(M-H)
45 |(2-CH;O)Ph CasH,sF4N303 571.48 |594(M+Na) 570(M-H)




filter cake with CH2C 2 and the conbined filtrates evaporated to dryness ‘

The residue
Et OAc- hexarnf®
as a viscous oil.
(3S,4RS)-3-[ N (N -

(2",

3,5,
To a-solution of N (I-naphthyl methyl)ogam c acid (0.051 g,

TLC( Et OAc- hexane;
(1- Napht hyl net hyl ) Oxanyl ) Val i nyl | Am no- 5-
6' -«Tetraf |l uor ophenoxy) - 4- Hydr oxypent anoi ¢ Acid tert-Butyl

1: 1)

8UI’I fied by flash chromatography on silica gel
Q401666 t hen net hanol to give the title conpound l((ﬁ‘/ﬂ@msoﬁs%

Rf= 0.07. 10

Part F:

0.22 mol ,

eluting with

Est er

prepared from 1-napht hyl net hyl am ne by the method described in Exanple 1,

Part A) iln in N- met hyl pyfrolidone(l} 0 nif) - CH2C] 2(1'918@95 at_room
t enper at yre—gncret .. troge—was—eadded—6—i5
(7- azabenZBt fliiazol Rl - yI ) - NnNForpulat ot | M¥Bt|hy| urkesi um hexaf | weg.ophat e
(0.092 d,44.1@%no0mml ) . Al 8iN,0{ | NE33 B esbav Ry, the e was (reated
wit h (35 4RS)-3- (val i nyl ) im no- 5- { i) %ﬁﬁ.{m
(2,3 5 FeatetTraftuo UpE:; 1O oy pert-anetc—ag-a—t est er
(0. 100 g1 Y_25maebByh) and | EﬁB#%’ovl 15y | |eht{MireNay 115 gli?.Q@I—BB mol ). After ~
stirring|ads 10073 te@MyR0A! 0L 8,FM0,16 [kd5Ss [RGBt Ure @gmp@'_ trtirone ’
bet ween Kkt OACr-wphgyl. The orgfaml C phgse wgs cv%\d/asﬁaéd wth water, 20 5% KHS04,
sat ur at e¢— N ated—NaCHfsotutions—ared—pyrer—anrhydrousINa2SO4-
and evap _r":?t latylgi ve t NEEptlieln i 1|64-5¢ 46padmt) (0. 15754@1‘411)00% as a
viscous Qido. |ahiyOAC- NexaneNG, 1)isd2l safidy Part 941,(1\4.
(3S) - 3- [ [FLN= I-I\lapIILllyilll:tlli)(}\al -Vea-RyH-ArRe 35 { -
Tetraf | u@r¥p 'ﬁé?i’&ﬂ‘0¥4 Oxodénbafdi@ Ad 5467414 GW(M‘:‘@yI Est [641(95H) To
a sol uti or52012,1 3Sedifadbro3-|t {gﬂmﬁ 1- N&Rhb Mk(ﬂmﬂyl ) OXalgy- rnyTT-
am no-5-(2', E.pyﬁdmﬁ -tetrjafl uor opheroxy)< hydr Oxypentfa éﬂd\ﬁ%aci d terty- butyl
ester (O 119, _Cca_ 022 ol T drethyirsut-foxi-de—{-8—rt)—at—oeem
t enper at 5 trog fde 4I§)éés 4R i n Perﬁ‘t?cﬂM#Bne (0.60Q g,
1.42 ol )s4 {2 R4-tetdbiydbl 1C,RLF.NEOM. 198BS 1B6MEE) f OF  1Gshy.pt he M Xtjre was
partitioped hedapsen Et OAG-water. The or gigiges se.vvasog(ﬁ$ q W th
saturate ' 634(M+K)
55 [(2-CPh- CoHnoCIFN;O; [575.90 {598/600 (M+Na)  |574/576 (M-H)
56 [{2-Br)Ph ColinBrFN;O; [620.35 [644/642 (M+Na)  {620/618 (M-H)
. 734/732 (M+TFA)
57 |(2-DPh CuHpFIN;O; 166735 690(M+Ma) 666(M-H)
. _ 706(M+K) 780(M+TFA)
T 58 [(2,6-di-F)Ph - |CuHuFNsO;  |577.44 |600(M+Na) 576(M-H)
_ . 690(M+TFA)
59 |(2,5-di-t-Bu)Ph  ~ |C3HjyFN;O, 653.67 |654(M+H) 652(M-H)
676(M+Na) 688(M+Cl)
692(M+K) 766(M+TFA) -
60 |5-indanyl CyHpEN:O;  |581.52 |604(M+Na) 1580(M-H)
_ 620(M+K) . 694(M+TFA) -
61 }(3,4,5-tri- © [CasH3iFeN3Oyp  |645.56 |646(M+H) - |644(M-H)
MeO)PhCHz 668(M+Na)
e ] e 1684(M-K)
62 methyl CioH5F N3O, 479.38 |502(M+Na) 478(M-H)
' 592(M+TFA)
63 [n-heptyl CysHysFeN3O;  1563.55 |586(M+Na) 562(M-H)
I B 1602(M+K) 676(M+TFA)
64 [t-octyl CosHysFN;O;  |577.57 |600(M+Na) 576(M-H)
65 |cyclo-hexyl CoHFN;O;  [547.50 [548(M+H) 546(M-H)
: 570(M+Na) 660(M+TFA)
. 586(M-+K)
66 |5-Ph-3-pyrazolyl [CyH,FNsO;  [607.52 |630(M+Na) 606(M-H)
646(M+K)



60 NaHOCB and saturated NaCl
(?093)"1&' ess.

chr omat ograpﬁy on si I i ca gel

evaporated t

sol uti ons,

eluting with Et OAc-hexane (3:7) to give t

dri ed over anhydr ous Na2$04 and
The residue (0 175 g) was purified bypchhdmbisers
t he

title conpound (0.11 | g, 7% as a white solid. TLC(Et QAc- hexane; 1:1)
Rf = 0. 58. -5 Part H:
(.3S)-3-FN- (N (I - Napht hyl net hyl ) Oxanyl ) Val i nyl | Am no-5-(2',3",5",6" -
Tetr af | uor ophenoxy) - 4- Oxopent anoi ¢ Aci d 0 a soI ution of
(39) - 3- [ N (N—f+—rnaphthytrgthytrexamin-vetrmylar-re—5
(2',3,5,6 _tétrafl uor ophdnoxy) - 4- oxépent @anoi ¢_aci d, M8®ES) put y| ester
(0.108 g, O.gko6 mmI)Rl n CHZCI %gmgam_ -MW sol e(q,og_ m L)} vvater(anOS m) | at
room t enperattfe—tnder—nt-triogen—ma e L1||IUU|uaL,fLrL, acta—2P
m.). The rdstl t(?ﬁg‘ Bfhear sgpaﬁn’ffﬁ“swas 63534 BEMHED r oom t PRHM B ure for P hr,
evaporated|to fryness and dhased with|tol ugif M+l resi dub was
trituratedjwith Et20to giMe the titl ¢ 0. 100% as-a white -
solid. MS(ESk f@p4629H27FANSOH, % MW,60] , ‘negatiye -
604(MH) . 15 ftetraF)Ph TIGVBETAY i ng Wi [ h
(3S, 4RS) - 3{(valinyl )am no-9-(2',3,5" ] noxy) 4-
hydr oxypenta cratert-juuyLEster (" Par £ —amt—]
fol | owi ng Sh ﬂg deschﬂ%H£8NPP7Exa%' tglgiE%H t he
conpounds $ho in Table 6 werejal so sk 6
70 1(2,3,5,6- CaH19CLFN;0, |679.23 {700/702/704(M+Na) {676/678/680 (M-H)
tetra-Cl)Ph 716/718/ 720(M+K) |790/792/ 794 (M+TFA)
71 |(2,3.4,5,6-penta-  |CiH;sFoN;O;  {631.40 |654(M+Na) 630(M-H)
F)Ph 670(M+K) 666(M+Cl)
72 |Ph,N CioHasFN,©O,  [632.57 [633(M+H) 631(M-H)
655(M+Na) 745(M-+TFA)
73 |[PHCH,(Ph)N CyHiFNO;  [646.59 |647(M+H) 645(M-H)
' 669(M+Na) 681(M+Cl) -
685(M+K)
74 |[PhCH,0O CasHysFiN;O;  {571.48 |594(M+Na) 570(M-H)
684(M+TFA)
EXAMPLE 75
o (38)-3-[N-(IN’-(2-tert-Butylphenyl)Oxamyl) Alaninyl]
5 Amxno-5-(2’,3’ 5°,6’-Tetrafluorophenoxy)-4-Oxopentanoic Acid
Part A: [(N-Benzyloxycarbogyl)Alaninyl]Aspartic Acid, B-tert-Butyl Ester

dimethylformamide (150 mL) at room

To a suspension of aspartic acid B-tert-butyl ester (3.784 g, 20 mmol) in

temperture under nitrogen was added



29 PhCH2 C25H25F4N307 555. 48 556( M+H) - 554( M-H)‘
578(M+Na) [err 62 MS(ES) [err] 63 MS(ES) [err] EXAMPLE 75

(39)-3-[ N E"W %026§6ert- But yl phenyl ) Oxanyl ) Al ani nyl | PCT/US99/15074
Am no-5-(2',3,5,6" -Tetrafl uorophenoxy) - 4- Oxopent anoi ¢ Acid Part A:

[ (N-Benzyl oxycar bonyl ) Al ani nyl | Aspartic Acid, |-tert-Butyl Ester To a
suspension of aspartic acid ,B-tert-butyl ester (3.784 g, 20 rmmol) in

di et hyl f onnami de (150 rm_) at ro®m tenperture under nitrogen ‘was
added 64

bls(tnmethylsﬂyl)-tnﬂuoroacetamlde (10.6 mL 40 mmol). After stirring at room temperature
for 30 min, the resulting clear solution was treated with (N-benzyloxycarbonyl)alanmc 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
5 | partitioned betweeen EtOAc/water. The organic phase was washed with water, 5% KHSO, and
 saturated NaCl solutions, dried over anhydrous Na,SO, and evaporated fo a dryness. The
residue was dissolved in Et;O and extracted with saturated NaHCOs. 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
10 the title compound (6.463 g, 82%) as a white foam. TLC(EtOAc-hexane-AcOH; 70:30:2) Rf =
0.50.
Part B: (35,4RS)-3-(Alaninyl)Amino-5-(2°,3°,5°,6’-Tetrafluorophenoxy)-4-
Hydroxypentanoic Acid tert-Butyl Ester

Starting with [(N-benzyloxycarbonyl)alaninyl]aspartic acid, p-tert-butyl ester
15 and following the methods described in Example 28, Parts B through E gave the title
compouﬂd as a colorless, viscous oil. TLC(EtOAc-hexane; 1:1) Rf = 0.06. L en

Part C: (3S,4R8)-3-[N-(N’-(2-tert-Butylpheny)Oxamy}l) Alaninyl]Amino-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,

20 prepared from 2-tert-butylaniline by the method described in Example 1, Part A) in CH2C12(6.6'

mL) at 0°C under nitrogexi was added hydrokyﬁen%o&igzolé hyﬂrate (0..03_0 g) followed by 1-

ethyl-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’-teu'aﬂuorophenoxy)-4-hydroxypenmnmc acid tert-butyl ester (0.079 g, 0.19 mmol) - - - - -

25 ‘and N-mcthylmorpholme (22 uL 020 mmol) " After stii’nng 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 give the crude title compound (0.090 g, 77%) as a viscous oil. TLC(EtOAc-
hexane; 1:1) Rf = 0.70.



bi s(trinmethylsilyl)-trifluoroacetam de (10.6 m., 40 mmwol ). After stirring
at -room t eRpghabisss for 30 min', the resulting clear soluti opcasseba sk ed

wi th (N-benzyl oxycar bonyl)al ani ne N- hydroxysuccini m de ester (6.406 g, 20 .
mml) After stirring at rommtenperature for an additional 48 brs, the

m xture was treated with water (20 nL), stirred for 15 min and then 5
partitioned betweeen Et OAc/water. The g%gani c phase was washed with water,
5% KHS04 and saturated NaCl sol utions, "Uried over anhydrous Na2SO4 and
evapor at e _a dryne s xgract ed

w th sat NaHCE2 =i t h

concentrated HCl anm‘e@fﬁxbﬁﬁﬁ@idxwzr-bx@e%ﬁomlbm tE&-@&qn Exttnr act was washed
W th saturated NaC “solution, dried over anhydrous NaZ2SO4 and evaporated to

a give 10 the titl epgo (G4
TLC( Et OAc- hexane- Acgil H%M%HOBHZ)QHR@ Q&S%%Zﬁ@ﬁgﬂf( zwﬁﬁﬁhm&myl)ammy}]
(3S, 4RS) - BnipdiSe(@1, 3N’ )SAtelrafh&cEe;(lﬁhq:@)—431yd1®Xyﬁﬁatanaf: Iaunirte:p-lbatybx;t):r- ¢©.0.092 g,

Hydrox pentanoic Acid tert-Butyl Ester Startin -
[ [ ( :\T beﬁzy%%%maﬁwﬁﬁam md%ﬁ%ﬂm%Wa m&‘ﬂ‘%“bﬂ?i/?ddéé i‘@Pb‘TSeneanﬂ
it o conuallyd TA Mg, B38°RrBA idhes BV Furdio plobt o1 20 Rl 1 "

0. 06. Par pip&idinyloxy ﬁe’éSadeBSl’PEMP(N‘({ 0046 (g2 6108 imd3) AHep e FiNg M@samMtmperature
Al ani nyl | Ami no-5- (2',3" ,5,6"'-Tetrafl uorophenoxy) 4- Hydr oxypent anoi ¢ Aci d

t ert - But yfor ¢ thesr i gniatugowas pagitioned betyeen BOAchvater mmfemgar)xophm ovagovashe@0. 041

g, 0.19 r d om 2- L ani | i e, met des rlbed
in Exanpl & sa "1% &?ﬁ{;ﬁ aléé?t?'(a%edgﬁ?@?s% i er |at“ yars %ggoa

hydr oxgbe, 2o\ t 0 g I

ethyl 5. (%%B%ékgu e hw Eg-gn%né%?gﬁyfo)q%cg? o6 Mirified hbfdrpé%pﬁlm e dlgy?ro 050

g, 0.26 n¢mhatogrd¥ihyemn gitica gel redutly With EsBAd-Bexane (3:The pive tthe détlevasmpaumdt ed

WIth(3S4RS7) ) am
o "5 38 () e AP lbe RS TLEHOM e BRI TOSB d tert-butyl ester

(0. 079 g, 0.19n mmol) - - 25 and N-nethyl norpholine (22 pL, 0.20 nmol).
After stiPatBg at. rM@&KMME@QX@HAImmYHAmmO—S -(2°,3°.5°6- .

Tetrafluorophenoxy)-4-Oxopentanoic Acid

15 To a solution of (3S)-3-[N-(N’-(2-tert-butylphenyl)oxamyl)alaninyljamino-5-
(2°,3°,5°,6’-tetrafluorophenoxy)-4-oxopentanoic acid, tert-butyl ester (0.071 g, 0.11 mmol) in

e s e i e o

CH2Cl;(é.§ mi.)-amsole(OOS ml) at room temperature under nitrogen was added
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
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 CysH,7F,N;0; (MW
569.51): positive STOM+H); negative S68(M-H). |

EXAMPLES 76-87

25 ° Starting with (35A4RS)-3-(alaninylamino-5-(2°,3°,5,6'-tetrafluorophenoxy)-
4-hydroxypentanoic acid tert-butyl ester (see Exémple_ 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:



the m xture was partitioned between Et CAc-water. The organi c phase was
washed with water, 5% KHS04, saturated NaHCO3 and saturated NaCl sol utions,
dried over WMMH6M6s Na2SQ and evaporated to give the crudepciussymsompound -

(0.090 g, 77% as a viscous oil. TLC(EtOAc- hexane; 1:1) Rfi= 0.70. 65
Part D:
(3S)-3-4N-(N.-(2-tert-Butyl phenyl ) Oxanyl ) Al ani nyl | Am no-5-(2',3",5,6' - .

Tetraf | uor ophenoxy) - 4- Oxopent anoi ¢ Acgsl tert-Butyl Ester To a sol ution, of
(3S,4RS)-3-[N-(N -(2-tert-butyl phenyl)oxanyl)al ani nyl ] :
am no-5-(2',3 ,5,6"-tetrafl uoroph )=4- hydr oxypent anoi c acid tert-butyl
ester (0.0.092 g, 5ca 0.15 mol) in Z%IZ (6.5 rnL) at roomtenperature
under nitrogen was added iodobenzene diacetate (0g188 g, 0.58 mmol) fol owed
by a catalytic anount of 2,2,6,6-tetranethyl-1- piperidinyloxy free radical
(TEMPO, 0.0046 g, 0.03 nmol). Aftep sti i Bt Pem tenperature for 16
hrs, the m xture was parti}ji ongd bt weqn Et CAc- . The organi c phase was |
washed with saturat eqi 0 i__nas -dri ed over
anhydrous Na2SO4 and "10 Hevapor ag ed Ho ajldrymess. | The' resi due (0.096 g) was
purified by preparative | aye® chtomatogr@phy on sFlica gel eluting with
Et OAc- hexane (3:7) to give the title conpound (0.071 g, 77% as a colorless.
L

gl ass. TEE(EtOAC—tHexane 23 —Ri=—0—66—Pa e
(3S)-3-[N(N -(2-tert-Butyl phenyl) Oxanyl ) At ani nyljl Ami noMMES)' 3 ' § ' 6'-
Tetr af | upEophenoxy) - 4R'Oxopent anqi C Foéfta 15[ MW pos. o heg Ol UYi on of
(3S)-3-[N\x(N -(2-tert-butyl phenyl)oxanyl)al ani nylj] am no- 5¢
(2',3,5 T T UoOT OpNeENoXY [~ 4=0XQPEmt ;mo'rc*!f(,i —tert=hutyt—est er
(0.071 g 76| G 1) in CHQI2(C %Wéa?“g i 5o 64N hEsopd:
t enper at ure| (RgFh ni trogen was AAGBEFNO; | 589.50 | 612(M+Na) | 588(M-H) .

78 | (2-PhCH,)Ph ngstF.,N;O-, 603.53 | 604(M-+H) 602(M-H)

79 | (2-PhO)Ph CosHpFN;O; | 605.50 | 628(M+Na) | 604(M-H)

80 | (3-PhO)Ph CasH33FuN30g 605.50 | 628(M+Na) | 604(M-H)

81 | 5,6,7,8-tetrahydro-1-naphthyl CasHasFiN;O; | 567.49 | 590(M+Na) | 566(M-H)

82 | 1-naphthyl Cy6H2 FiN;O4 563.46 | 586(M+Na) | 562(M-H)

608(M-+K)
83 | Ph CazH;oF N0, 513.40 | 552(M+K) 512(M-H)
84 | (2,6-di-F)Ph | CuHFN;0; | 549.38 | 572(M+Na) | S48(M-H) e e
662(M+TFA) '

85 | (4-Ph)Ph CasHFN;04 589.50 |- 588(M-H)

86 | (4-MeQO)Ph CyH,F4N3Op 543.43 | 582(M+K) 542(M-H)

87 | Ph,CH CxHasFiN;O; | 603.53 | 642(M+K) | 602(M-H)




triflloroacetic acid (1.5 nL). The resulting clear solution was stirred at
room t enperwiogomiégar | hr, evaporated to dryness and chased wctrhuses/15074

t ol uene- CH2C02 (1:1). The residue (0.061 g) was 20 purified by preparative
| ayer chromat ography on silica gel eluting with MeOHCH2CI 2 (1:9) to give
the title conmpound (0.044 g, 69% as a colorless glass. M5(ES) for
GR26H27FAN307 (MN569 51): positive 57gf MtH); negative 568(M H). EXAMPLES
7687 25 Starting with

(3S, 4RS) - 3- (al ani nyl ) am no-5- (2", 1% gd et raf | uor ophenoxy)

4- hydr oxypent anoi c acid tert-butyﬁétgﬂr;e'r—(‘see Exanpl e 75, Part B) and
follow ng the nethods described in Exanple 75, Parts C through E, the
conpounds shown below in Table 7 were al so prepared: F [err] 67-
EXAMPLE 88 (3S)-3-1 N (Ng (2' Phenoxyphenyl ) 1B QygihQhexyl al aninyl | 5
Am no-5-(2',3 ,5,6"- ) - 4§ Oxopent a Acid Part A

("3S) - 3- ( N- Benzyl-oxycang e 5\ Acid tert- Butyl
Ester. A.solution of (Nfenz nyl rti@ aci fl~=8-tert-butyl ester
(2.28 g, 7.06 mmol ) _@ndg\- ol i .85 m, #.7 mol) in

tetrahydrofuran ( at -

(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-
Buty] Ester '

A solution of (N-benzyloxycarbonyl)aspartic acid, B-tert-butyl ester (2.28 g,

7.06 mmol) and N-methylmorpholine (0.85 mL, 7.7 mmbl) in tetrahydrofuran (40 mL) at -

10 10°C (NaCl/ice bath) under nitrogen was treated dropwise via syringe with isobutyl | N
T hloroformate (1.1 mL, 8.5 mmol). After stirring at -10°C for 20 min, the mixture was fitered
(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;0 solution (prepared from 3.10 g, 21 mmol of . 1-methyl-3-nitro-1-

15  nitrosoguanidine, 20 mL 40% KOH/10 mi 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 phase was washed with water, saturated NaHCO,, and saturated NaCl solutions
720" "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 = 0.60

(intermediate diazoketone Rf = 0.52).



10 10C (NaCl/ice bath) under nitrogen was treated dropw se via syringe '
wth isobutv\(ll chloroformate (1.1 nl, 8.5 mml). After stirring at -100C for
20 min, theWRiMOWe was filtered (sinctered glass) into a preer/usiondoers .
receiver (ice bath) washing the filter cake with additional tetrahydrofuran
(approx.10 nmL). The conbined filtrate was treated with excess

di-azonet hane/,Et 20 sol ution (prepared from3.10 g, 21 mol of

1-methyl -3-nitro-1- 15 nitrosoguani 8ne, 20 nmL 40% KOH 10 ml Et20 at OC
(ice bath) under nitrogen. After stirring at 00C for 15 min and at room

t enper atRartd:f or 3q33HRS)-I-(NeBerealky@arboRyIXAing-su@s 389@’n cool ed to 00C and

treated with 48% IEMO HL 1)345 nol )/ acetic acrd(Z.0 nL). After stirring
at 00C for 15 ni n Agf@uororhenoxy)-dshindrpymentanciAcidaeryrButyl Ester ni xt ure was
partitioned between Et OAc-water. The organi c phase was washed with water,
saturat ed NaHCOB, Ridoritien of{3DB-irbsnzylokyrerbonyl)meono-dbremo-d ozopeatahyidr ous

Na2SO4 r ess. Jrityration with hexane gave the crude
LreTe o ann SRR AER 859 g2 S YRDS o s b1 Rte Reskben AEERTE 2 G G0
(1 nt &r madidizhethylfonzakied (9IB niR) a0 rSod temperdife E’zﬁﬂér xgﬁé%eln was added potassium a

(3S, 4RS) - 3- (N- Benzyl oxycar bonyl ) Am no-5-(2', 3
Tet r af | H8PENEH8:8y P-Ismiglir Alighstitingali roomdtmipdratute Butl § lhrCShiecmixfige aasol ut i on

of (3S)-3- b oxycar,bonyl ) am no-5- br onb- 4- oxopent anoi ¢ acid tert-butyl
est (er %S‘f?‘é‘g@k""é‘,ﬁr@%ﬁ ‘%ﬁ??ﬂlvﬁ"?’éﬁ%!mfd&gﬁ?s%&%‘ Sairaiest NafH esaltions dadovgr 2. 45 y
Mol ) 54nH ' I I ] r.at ure under nitrogen
was Zaddé’éﬁygﬁcﬁgs'% }dl% anlguori e (%5348) g?vléﬁ%cr%?%%aﬁﬁﬁﬁ phsp Omellﬁ?yﬁig(émﬁ? rogm

t enper a(0%g,198%) ith Yeilow, wiseausroilx (TIUCEEIOAR-Wdkdnef BU) Ri+ bsFEt OAc, washed with

saturated NaHCO3 and saturated NaCl sol utions, dried over anhydrous NaS04
and Yvapor at ed t o 18 2seluensef theaborq erude ketane 41.08 61 eph thumobein fesandl élbne

mL}) at O°C under nitrogen was added sodium borohydride (0.057 g, 1.5 mmol). After stirring

at 0°C for 1 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,C1
solution. The organic phase was washed with saturated NaHHCO; 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: §3SJ4RS)-3-[(N-9-Fluorenylmethoxycarbonyl)CyE:IoheXylalaninyl]Amino—S-
(2°,3’,5°,6’-Tetrafluorophenoxy)-4-Hydroxypentanoic Acid tert-Butyl Ester

20 To a solution of (3S,4RS)-3-(N—benzyloxycarbonyl)amiﬁo-5-(2’,3’,5’,6’-
tetraﬂuorophenoxy)-4-hy_d_roxypentanoic acid tert-butyl ester (1.012 g, 2.08 mmol) in MeOH
(25 mL) was added 10% Pd-C (0.30 g) and. résulting_ mixture stired 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(MeOH-CH,CL; 5:95) Rf=0.21. .

To a solution of (N-9-ﬂuofenjlxhethoxycafbonyl) cyclohexylélanine (0.763 g, ”
1.94 mmol) in CH,CL(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



(1.08 g, 98% as a yellow, viscous oil. TLC(EtdAc-hexane; 1: 1) Rf = 0.57.
10 wo 00/01§6s @ sol ution of the above crude ketone (1.0 %9271 St
myol) in ethanol (10 nmL) at OC under nitrogen was added sodi um%oro 3P 1 e
(0.057 g, 1.5 mmol ). After stirring at OC for 1 hr, the excess redum ng
agent was di scharged by treatnment with acetone (1.0 m.), the m xture
cencentrated ahd the residue partition%%_ bet ween Et OAc-hal f saturated NH4C
sol ution. The organi c phase was washed W th saturated NaHCO3 and sat urated
NaCl solutions, 15 dried over anhydrous Na2SO4 and evaporated to a
dryness. Theton eBéviidao wasn RUtobhitempdyturt) ARd sERNQR FQEE RRIpYraRie for 3iHEa nge!
eluting with Et OAc-hexane (1:3) to give the title conpound (1.012 g, 94%
as a col ofiEys V@FP“WQ‘G@E‘FWD Oémwater; Thy ongenie phase gvas Peashed ®rith water, 5%

(3S, 4RS) - Fl.u ca | al a Am no- 5-

(2 3 b RS pl e EFIOT R SRR NP s e cotnovo v bbb Naotn snds o1
20 evaporated to dr S -

(3S, 4RS) - 3- (N-benzy Oe};Cgf';%%ﬁ@fé)‘g%]ngﬁgq  flash chromatography eluting with EtOAc

t et r af I5uothah¢sﬁ029yf) givve Hiyectithexgopepobrain@i028 e 73V} & yellowt fishm efsl.(e(Et(()Ac-ﬁé;&ng 2.08
mol) in I\/gog %ﬁ m.) was added 10% Pd-C (0.30 g) and resulting m xture
stirred uhdeRfs 9drogen at nosphere (balloon) for 4 hrs. The m xture was
filtered through Cellte washi ng the fllter ~cake with CH2Cl.2 and the

conbi ned PatD;iates 38 jclplexylalan 3115 16 -Tetraf@Rophen@3¥4- as . a

(911 uor eyl met Et%%%%@&# ‘e (0.763 g, 1.94° mol) in
Py oxybenzot r - azol & PG SO ARe SEb-S e e S ieyciobexylaaniny

0, 2 58 o B A b Pl e e P et e
wi th the aibwleandr e piperidiae/iine@g2formantide 13.03nD)0iag seifred aheoom temperature

under nitrogen for 2 hrs. The mixture was diluted with CH,Cl,, washed with water and

saturated NaHCO; solution, dried over anhydrous anhydrous Na,SO; and evaporated to
dryness. The residue was purified by flash chromatography eluting with isopropanol-CH,Cl,
15 (7:93) to give the title compound (0.561 g, 78%) as a white solid. TLC(MeOH-CH,Cl; 5:95)

Rf=0.43.
Part E: (35,4RS)-3-[N-(N"-(2°-Phenoxyphenyl)Oxamyl)Cyclohexylalaninyl]-Amino-

5-(2’,3°,5°,6’-Tetrafluorophenoxy)-4-Hydroxypentanoic Acid tert-Butyl Ester

| To a soll'uti.or; of N;(z-phenoxyphenyl)oxamic acid (0.064 g, 0.25 mmol,

20  prepared from 2-phenoxyaniline by the method described in Example 1, Part A) and (3S,4RS)-

3-[cyclohcxylalaninyl]amino-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'-

aminopropyl)carbodiimide hydrochloride (0.061 g, 0.32 mmol). After stirring at 0°C for 10

25 - min and at room température for 18 hrs, the mixture was partitioned between EtOAc-water. -

The organic phase was washed witﬁ water, 5% KHSO,, séturated 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.



69- reacton allowed to warmto roomtenperature. After stirring at room"’

t enper at urgofmloigeshr s, the m xture was partitioned between prPRAKovdee§. The
organi ¢ phase was washed with water, 5% KHS04, saturated NaHCO3 and .
saturated NaCl solutions, dried over anhydrous Na2SO4 and evaporated to
dryness. The residue was purified by flash chromatography eluting with

Et OAc- 5 heéxane (1:2) to give the tJ%I e conpound (1.028 g, 73% as yellow

f oam TLC(Et QAc- hexane 1:2) Rf = Part D

(38 4R \

6 -T a 21 - S
m xture of (3S 4RS)3’35[&mﬂaﬁmmhmymmmwmamwélacemmmﬂ@s;&al ani nyl-]~ 10
ami no-5-(2',3",5,6" -tetrafluorophenoxy)-4-hydroxypentanoic acid tert-butyl °

ester (1-028 g, 1T AMBbIticHnchrlQPedei (083, 4B NLehyhchotypheiyioxdnB) M) was
stirred at roomtenperature under nitrogen for 2 hrs. The m xture was - .
di | ut ecyeicbdxyiaiaplyHamingsh@a3 Wi’ ofrtatratlagro %yt chydrosyperiaprios agid| uetton, ~dr i ed

our 1 gl i @t?éé“‘azcimﬁ&@aﬁ%f A R R té%g%ér”ﬁlﬁ‘?eraﬁa%% & "??. 93y
tTE c?ivé%ﬂf’éc@éé %{xﬁgﬁ W_((glsg as rntKé&E@ AFRr &ihS bSoSR drtberature for2 -+

(3S, 4RJrs, Bne ixeuire whdildtewitk Em)mu;l whjHed avithl 1)WY NaSe0sy saairated NyHCOAmdN0-
5-(2',3,5,6  -Tetrafl uorophenoxy) - 4- Hydr oxypent anoi ¢ _Acid tert-Butyl Ester
To a soriatehNaEl mlwnph@#éx%hé dy%% DA0aerdicYapomnisd tg 2 drypess-nfls | 20
15 gg{jergﬁé{eom )%uHP&&Wa%ﬂ chlofitoBphy 6 SR AP EIO A hekiA TR0l Part
3- [ oy cl gphakytind eonipaihd @N14DQ; 0% Yas aZoloBlessPvisdott it FILOPEIORIR SRRAAY,) 142j1y1dr oxypent
anoic Acid tert- butyl ester (0.124 g, 0.245 nmmol) in CH2Cl 2(5.0 nL) atQ0C
(i ce bat®y0.under nitrogen was added hydroxybenzotn azol e hydrate (0.051 g)
foll owed by 1l-ethyl-3-(3,3 -dinmethyl-1'"- am nopropyl)carbodiim de

hydr ocipasrG:de ( 0. @S)L3-gIN-(B’-82 -RimmdxypheAf H@xansMQytlohexyataningl ] {Amind-6-

(2°,3°,5°,6’-Tetrafluorophenoxy)-4-Oxoxypentanoic Acid

To a solution of (3S)-3-[N-(N’-(2°-
15 phenoxyphenyl)oxamyl)cyclohexylalaninyl] amino-5-(2°,3°,5°,6 -tetrafluorophenoxy)-4-
oxopentanmc acld ten-butyl ester (0.142 g, 0.19 mmol) in CH,Cl(2.0 mL) at room
i temperature under nitrogen was added ftrifluoroacetic acid (1.0 mL). The resulting clear
solution was stirred at room temperature for 0.5 hr, evaporated to dryness and chased with
toluene-CH,Cl, (lfl) to give the title compound (0.123 g, 93%) as a white foam. MS(ES) for -
20 C3H33FN;0; (MW 687.64): positive 638(M+H), 710(M+Na), 726(M+K); negative 686(M-H),

800(M+TFA).

e . EXAMPLES 89-91 o SO ST I LG

| Starting with (3S,4RS)-3-[cyclohexylalaninylJamino-5-(2°,3°,5°, 6’-tetrafluoro- .

25 phenoxy)~4—hydroxypentanmc acid tert—butyl ester (see Example 88 Pan D) and followmg the
methods described in Example 88, Parts E through G, the compounds shown below in Table 8

were also prepared:



25 min and at roomtenperature for 18 hrs, the m xture was parti-ti oned

bet ween Et iy dahi&ls: The organic phase was washed with water, p&gaKddadshy
saturated NaHCO3 and saturated NaCl solutions, dried over anhydrous Na2SO4
and evaporated to give the crude title conmpound (0.194 g) as yell ow foam
TLC( Et OAc- hexane; 1:2) Rf = 0.40. 70- Part F:

(3S)-3-rN-(N (2" - Phenoxyphenyl )0<arryl7 Cycl ohexyl al ani nyl | - Am no-5- (2',3
',5 ',6" -Tetrafl uorophenoxy) - 4- Oxoxypentanoic Acid tert-Butyl Ester To a
solution of crude (3S,4RS)-3-[N-(N - % - ghenoxyphenyl ) oxanyl )

cycl ohexyl al ani nyl ] am no-5-(2',3 T, le&:raf l uor ophenoxy) - 4- hydr oxypent an
oic acid tert- 5 butyl ester (0.194 g, ca 0.245 mmol) in CH2C2 (5 rnil)
at roomtenperature under uiirogen was added Dess-®artin Periodi nane (0.150
g, 0.35 mmol ). After stirring at roomte 2 hrs, the mxture
was diluted with Et OAc, waghed witD1.0 at urat ed NaHCO3 and
saturated NaCl solutions, @ried ov an '3 4 and evaporated to a
dryness. The residue résnpurii eo-by NT a ; YQr apfym on--si |l i ca gel

el uting with Et OAc- hexand (1'03) 103 gi%e the title conpound (0.142 g,
80% as a colorless, viscous oil. ; 1:2) Rf = 0.50. Part G

o

(39)-3-[N-(N - (2" -Phenoxyphenyl ) Ox cl ohexyl al ani nyl | - Am no- 5-
(2',3,5,6"-Tetrafl uor ophenoxy) - 4- ypent anoic Acid To a
sol ution of . (3S)-3-[N-(N-(2"- 15

phenoxyphenyl ) oxamyl ) cycl ohexyl al ani nyl ]
am no-5-(2',3",5",6"-tetrafl uorophenoxy)-4- oxopentanoic acid, tert-butyl

ester (0.[T2Z ¢, 0. 19 mmol) tTn CAZUZ2[ 2.0 nL)] at room rature uanger
ni t r ogen pas—3dded—tri-fHuoroacetic—ap-d—1-—-G—)—Fre—restlti-ng-cleqr
Ex. R! Formula MW pos. neg.
89 |(2-Ph)Ph CsH33FN;0, 671.64 672(M+H) 670(M-H)
_ | 654(M+Na) 784(M+TFA)
90 |(2-PhCH,)Ph | CssHisFoN;O5 685.67 708(M+Na) 684(M-H)
798(M+TFA)
91 | l-naphthyl C32H3 FsN30; 645.61 668(M+Na) 644(M-H)
758(M+TFA)

5 - EXAMPLE 92

Ci

(35)-3-[N-(N*-(5,6,7,8-Tetrahydro-1-Naphthyl)Oxamyl)-Cyclohexylalaninyl]
Amino-5-(2°,6’-Dichlorobenzoyloxy)-4-Oxopentanoic Acid

10 Part A: Aspartic Acid, B-tert-Butyl, a-Methy! Ester p-Toluenesulfonate Salt

To a solution of N-(benzyloxycarbonyl)-L-aspartic acid, B-tert-butyl ester ‘
(10.57 g, 32.7 mmol) in methanol(20 mL)-CH,CL(30 mL) at 0°C (ice béth) was added -_

portionwise a 2.0 M solution of (trimethylsilyl)diazomethane in hexanes (20 mL, 40 mmol).



solution was stirred at roomtenperature for- 0.5 hr, evaporated to dryness
and chased with toluene-CH2ClI2 (1:1) to give the title conmpound (0.123 g,
93% as a WHPPMOI66%m NMS(ES) for 20 C34H33F4AN308 ( MV 687. 68CT/HSY 15§ e
688( M+tH), 710(M+Na), 726(MK); negative 686(MH), 800( MtTFA). EXAMPLES
89-91 Starting with (3S,4RS)-3-[cycl ohexyl al ani nyl ]am no-5-(2',3",5
',6'-tetraflworo- 25 phenoxy) 4-hydroxypentanoic acid tert-butyl ester (see -
Exanpl e 88, Part D) and foll ow ng th&2nethods described in Exanple 88,
Parts E through G the corrpounds shown below in Table 8 were al so prepared:
71 Tabl E. MS . C MPLE 92
(35) -3 DR Rt BE 48 e s Pocer. REsSML W RSy BT SRR 0PIy
A no- 511:@ misftre B3 R RhQDRTE SHAlrarsd NAHOOD BEIRGH) aHéd dVet BnhyBrouSNalSOh and
Aspartic Acid, 13-tert-Butyl, cx-Methyl Ester p-Tol uenésul fonate Salt To a
sol ut|oqvaobraNd(tcbepalyb'dm‘al(Bbﬁ?g) L-aspartic acid, f3-tert-butyl ester

0275, 2, LD P SR e kel )
hexa@esmﬁg,qrcmed vﬁtﬂ pmhésulfomc acid mono hydrate (6.20 g, 32.6 mmol) and 10% Pd-C (0.5
g) and stirred under a hydrogen atmosphere (balloon) for 3 hrs. The mixture was filtered
through Celite and concentrated to give the title compound as a white solid (12.68 g).
Part B: [(N-Benzyloxycarbonyl)Cyclohexylalaninyl]Aspartic Acid, 3-tert-Butyl,
a-Methyl Ester

10 To a solution of (N-benzyloxyéarbonyl)-cyclohexylalanine dicyclohexylamine
salt (0.866 g, 1.77 mmol) in CH,Cl;(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 wa.s' treated with aéi)artic acid, p-tert-butyl, a-methyl ester p-toluenesulfonate salt

15 (0.665g, 1.77 mmol) and N-methylmorpholine (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% KHSOj, 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; 1:2)"_Rf =0.46.

Part C: (35)-3-[N-(N’~(5,6,7,8-Tetrahydro-1-Naphthyl)Oxamyl)-
Cyclohexylalaninyl]Amino-5-(2°,6’-Dichlorobenzoyloxy)-4-Oxopentanoic
Acid '

--25 . .. . Starting with [(N-benzyloxycarbonyl)cyclohexyl-alaninyl]aspartic acid, B-tert-
butyl, o-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;;Cl,N;05 (MW 674.58):
positive 696/698(M+Na); negative 672/674(M-H), 786/788(M+TFA).



After-stirring at 00C for 45 nmin, the excess reagent was quenced with
formc aci dwdoborss¢ . The m xture was washed with saturated Ne¢if?0899/15074

solution, dried over anhydrous Na2SO4 and evaporated to a pale yellow oil
(11.34 g). The crude product (11.34 g, ca 32.7 mmol) was taken up in
net hi anol (100 5 nl), treated with p-toluenesul fonic acid nono hydrate

(6.20 g, 32.6 mml) and 10% Pd-C (0.5 #) and stirred under a hydrogen

at mosphere (balloon) for 3 hrs. The mxture was filtered through Celite and
concentrated to give the title cgggmsa@@v\hlte solid (12.68 g). Part B:
[ (N-Benzyl oxycar bonyI ) Cycl ohexyl T ny partic Acid, A-tert-Butyl,

a- Met hyl Ester et
(N-benzyl oxycar bonyﬁ 3m%%/wfthllu(§xyﬁnz¥i8x neglja%%c(ﬂwﬁtl alalmn%}]asépamglatcw(g.t%G g,

1. 77 moloptyl, x-fabtB @ edted Ged Exantile 9K) Cart BY; andfdlibying Iﬂi&g“enﬁul thefies destsibedined

hydr oxybenzotri azol e hydrate (0.100 f ol | owed

1--et hyt - Exggpled, PatisBibrowgh H, the compoip @pwyéawmﬁnhlqﬁwerewiﬁgmmén de (0.41
g, 2.14 mmol ). After stirring at OC for 10 mn the m xt+e was treated with
aspartgc acid, P-tert-butyl, a-nmethyl ester p-toluenesulfonate salt 15
(0.665 g, 1.77 mol) and N-nethyl norpholine (0.2 nm., 1.8 mmol), and the
reacton allowed to warmto roomtenperature. After stirring at room
tenperature for 2.5 hrs, the m xturggapge gconcentrated and the residue
partitioned between Et OAC wat er. The organi ¢ phase was washed with water,
5% KHS04, saturated NaHCO3 and saturated NaCl sQyHi ons, dried over
anhydrous Na2SO4 and evaporatedOto gn ol Q. Pufification by flash

chromat ography on silica gel elljti n&'ZO wi t hf Et Ofc- hexane (1:3) gave the
title conpound (0.764 g, R%%4N3AS N(TLC( Et OAc- hexane; 1:2) Rf =
0.46. Part C (3S)-3-rNHN -(I5, 6,%, 8- Fetraftydro-1 - Napht hyl ) Oxanyl ) -

Cycl ohexyl al ani nyl | Am no-5-(2',6

i ch!\&Trib“iq]zo?I oxy) - 4- Oxopent anoi ¢

MS(ES)
Ex. R B Formula MW pos. neg.
93 | 5,6,7,8- CH,0(2,3,5,6- C32H35F4N3O 649.64 | 672(M+Na) | 648(M-H) o
T 71 tetrahydro-1- tetra-F-Ph) 7
naphthyl
94 | 5,678 CH,OPO(Me)Ph | CysHppN;O0P | 639.68 | 662(M+Na) | 638(M-H)
tetrahydro-1- T52(M+TFA)
naphthyl '
95 |5,6,7.8- CH,0OPOPh, CisHuN;OgP | 701.75 | 724(M+Na) | 700(M+H)
tetrahydro-1- 740(M+K) -
naphthyl
96 | (2-PhCH,)Ph CH,OPO(Me)Ph | C3gH;N3O4P | 675.72 | 698(M+Na) | 674(M-H)
N o _ 714(M+K) | 788(M+TFA) .
97 | (2-PhCH,)Ph . | CH,OPOPh; C“H“NsogP' 737.79 | 760(M+Na) | 736(M-H)
' 776(M+K) | 850(M+TFA)
.} 98 | (2-Ph)Ph CH,OPO(Me)Ph | CyHyN;OsP | 661.68 | 684(M+Na) | 660(M-H)
700(M+K) | 774(M+TFA)
99 | (2-Ph)Ph CH,OPOPh; CssHaoN3;O0sP | 723.75 | 746(M+Na) | 722(M-H)
- 762(M+K) | 836(M+TFA)




Acid 25 ~--.2 Starting with

[ (N-benzyl @ey/smpideny! ) cycl ohexyl - al ani nyl Jasparti ¢ aci d,

a-nmethyl ester and followi ng the general nethods descri bed F%ﬁa. 99/
Parts B through H, gave the title conpound as a white solid. I\/S(ES) for
C33H37CI 2N308 (MW 674.58): positive 696/ 698( MtNa) ; negative 672/ 674(MH),
786/ 788( M+TFA) . 73 EXAMPLES 93- 9§ﬂSt arting with '

[ (N-benzyl oxyear bonyl ) cycl ohexyl -
a-nmet hyl ester (see Exanple 92,
described in Exanple 4, Parts

1 and foll ow ng the gener al

Table 9 were al so prepared: 5 Table 9 [err]

(3S)-3-1N-(N -(1-Napht hyl ) O
6' - Tetraf | uor ophenoxy) - 4- Ox¢penfanogc AG d 5 Pa
[ N- (1- Napht hyl ) Oxanyl |.Honop

| ) Honoprql i nyl | Api no-5-(2',3", 5',
t A

i

BX'

I nyl ]aspartic acid, ,-tert- butyl,

nmet hods

t he conpounds shown bel ow in

NF(1- napht hyI )oxam c

acid (0.108 g,--0.-50.--mmol-;-- see | Exaljpl-ez1l, Part I n
N- net hyl pyrrol i done nogﬁpkgg;@( 1. O\mL) a‘g A t eapar at-ur e under
| CO.H

ni t rogen was i
0- (7-azabenzotri azo

10

15

(3S)-3-IN-(N’-(1-Naphthy})Oxamyl)Homoprolinyl]
Amino-5-(2°,3, 5, 6’-Tetrafluorophenoxy)-4-Oxopentanoic Acid

Part A: [N-{1-Naphthyl)Oxamy!JHomoproline

To a solution of N-(1-naphthyl)oxamic acid (0.108 g, 0.50 mmol, see Example
1, Part A) in in N-methylpyrroliddne(l.o mL)-CH,Cl,(1.0 mL) at room temperature under
nitrogeﬁ was added O-(7-azabenzotriazol-1-yI)-N,N,N’ ,N’-tetramethyluronium
hexafluorophate (0.209 g, 0.55 mmol). After stirring for 20 min, the mixture was treated with

homoproline methy] ester (0 072 g, 0.50 mmol) and diisopropylethylamine (0.26 mL, 1.5

mmol) After st!mng at room temperature for 4 hrs, the mixture was partitioned between

EtOAc-water. The organic phase was washed with water, 5% KHSOQ, saturated NaHCO; and
saturated NaCl solutions, dried over anhydrous Na,SO, and evaporated to give crude [N-(1-
naphthyl)oxamyl}homoproline (0.156 g, 92%) as a colorless glass. TLC (EtOAc-hexane; 1:1)
Rf=0.70. _

To a solution of the crude methyl ester (0.156 g, _ea 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 temperéfure for 1 hr, the mixture was acidified with 1.0 N HCI and extracted

with EtOAc. The extract was washed with saturated NaCl solution, dried over anhydrous

Na,SO, and e;}aiiofatea- fogwe the title ebmpound (.0.-105 8 '70%) as a white solid after

trituration with Et,O.



hexaf f uorophate (0.209 g, 0.55 mmol ). After stirring for 20 mn,- the

m xt ure was with 10 honoproline nethyl ester (0.072 1)
and dii soprt%élf‘z({lﬁé}l amine (0.26 nL, 1.5 mol). After stirri nggg{/grsﬁﬁm .
tenperature for 4 hrs, the mxture was partitioned between Et OAc-water. The
organi ¢ phase was washed with water, 5% KHS04, saturated NaHCO3 and
saturated NaCt solutions, dried overng hydrous Na2SO4 and evaporated to
give crude [N (-G napht hyI )oxanyl ] ho grol ine (0.156 g, 92% as a colorless
glass. TLC (Et OAc- hexa | f

met hyl e 2(0. 1563 AR D : RIS 22%° mL)

was added 1.0 N Li @Eﬁ'ﬁ%#ﬂph&ﬁxjﬂ-ﬁyﬂﬂoxy&nﬁnm&dteﬁfﬂu@ﬂ Eﬁﬂ'ei”l ng at room
tenperature for 1 hr, the mxture was acidified wth 1.0 N HCl and

extracted with EtOfg, s?;maoﬁzs O@ﬁ@ltnaﬁ%ymmhwnb&oﬁﬁé wm%dl N@leapinut I on,
dried over anhydrous 20 Na2SO4 and evaporated to give the title conpound
(0 105 g.in TOffthgipyreolidone(@ 5 soL)-OHTI(&4 ) studd nmdervmtrhgeﬁt@ﬁ added 73-(7- Part

( 3S, 4F%) a@bfwwal(llxl}aﬁmw SeCRBEY W EEHED Pexathprqphste &%656 &2 1 7§ mmol).5'
Tetrafl uqiap E@g%@% r%d "RX RGNADN {&%gﬁ & o@gﬁly& 4§§t4§§) J9nfhSR ution

of [N-(I-nap “honoproli ne

N- et hy| pyrr 616’ d&fhﬂﬁ&oﬁhdﬂbiy)&l%@f&@ﬁ&tdﬂo)c aid R bufal eiteﬁmtsfl@geﬂSWﬁﬁ’ncﬁidded
0-(7- 5 azabenzotri azol - | I—¥_§1 -N, NN, N -tetranet hyl uroni um hexaf | uorophat e
2

(0.676 g ,seelExasxpMQJ Ija.rt Q¥ in&THELi (4.0 mnig) follewetbyndiisopropyethylamine €00 sils, 2Qat ed

| |
(o 3™ S el Rt i o s 5 - ESP SHAPSFIGHTE SrcH bt Sy st e
(0. 54ﬁ) 9 parfiticifed rﬂgmeen %?%AE—’S@%E."ﬂlf“'(%gaz{?@%as@wﬂsnwgﬁ@;%h(ﬁat& Bl,) kiR, oved by

di i sopr opyI et hyl am ne
saturated NaHCO; and saturated NaCl solutions, dried over anhydrous Na,SO, and evaporated

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: (3S)-3-[N-(N’-(1-Naphthy)Oxamyl)Homoprolinyl]Amino-5-(2°,3°,5°,6’-
Tetrafluorophenoxy)-4-Oxoypentanoic Acid tert-Butyl Ester

T;; -; so]utl-;.mof (3S,4RS):3 -[N-(N (1 -néphtﬁy1)oxﬁmyI)-llmmopr.olinyl]amino-" |
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

20  Periodinane (0.201 g, 0.475 mmol). After stirring at room temperature for 30 min, the mixture
was diluted with EtOA¢, washed with 1.0 M Na,S,0;, saturated NaHCOQ; and saturated NaCl
solutions, dried over anhydrous Na,SO, and evaporated toa dryness. The residue was purified
by flash chromafography on silica gel eluting with CH,CL-Et,0-hexane (1:2:2) then EtOAc-
hexane (1:2) to gii'e the title compound (0.160 g, 64%) as a white foam. TLC(EtCAc-l;exaﬁe;

25 L1)Rf=0.57. ' |

Part D: (3S.4RS)-3-IN-(N’-(1 -Naphthyl)Oxamyl)Homoprolinyl]Amino—S -(2°,3°,5°,6-
Tetraﬂuorophenoxy)-4¥0xoypentanoic 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



mmol ). After stirring at 00C for 3 hrs and at roomtenperature for 16 hrs,

t he m xtur ewo®e/01d86 partiti oned between Et CAc-water. The or gpeTRsPresesy Was

washed with water, 5% KHS04, saturated NaHCQ3 and saturated NaCl sol utlons

dried over anhydrous Na2SO4 and evaporated to dryness. Purification by

fl ash chromatography on silica gel eluting with Et OAc-hexane (1:2) gave the
title corrpound (0.268 g, 27% as a tagg.foam TLC (EtOAc hexane; 1:1) Rf= .
0.39. 15 Part C

(3S)- 3- [N-é (ILNa htg%l)O(arryl)HormprollnyllAm no-5-(2',3,5,6"-
Tet r af | &k bﬁeﬂmk ynisple dymiorat roooi femperafdretlmdcrmw wilis edsied Fifluerogesitiot i on of

EF>3(82'4R§' °1§ @I-m D F&JF?@%E%@%?S‘QW%% pr & g%ﬂ’}%f’t&“e{ff‘f hh‘i’ EYPoBlty | est er. .

(0.251 @ d9nd8 aHdiBhased Yith'igibene-CHbCL( 1?}) ﬁ@%&@%@&ﬁ&x’d{eﬁ m%gmw th’ 0gen

was added ss-Martin 20 Periodi nane After stirring
at r oomgive Mpetitid ecompofad (BM3rg, ﬁ4%) b&eamff—lwhrte smms TdiC(Mt(Hd-GmCh E9YREs= washed
with 1.0 M Na2S203, saturated and sat urated NaClaSol.utions, dried -
over SanRydr M%EMQ%@HEEHG‘IBQW%W@?@) tPBS“&"ecfrzﬁﬁ\%@a) negatiyeSO2MrB)was purifi ed
by flash chromat ography on silica gel eluting with CH2C02- Et 20- hexane
(1:2:2) then EtQAc- hexane (1:2) to give the title conmpound (0.160 g, 64%
as a white foam TLC(EtOAc-hexane; 25 1:1) Rf= 0.57. Part D:

(3S, 4RS) - 3-TN- (N - (1- Napht hyl ) Oy M@%@rol i nyl | Ami no-5-(2',3",5",6'-
Tetr af | uor ophenoxy) - 4- Oxoypent a a solution of

(3S)-3-[N-(N -(I-naphthyl)oxanyl)honoprolinyl]amnio-5-

(2',3,5,6"-tetrafl uor ophEmoxy) - 4- oxopentanoi c acid tert-butyl ester
(0.152 g, 0.23 mol ) in F

’
N\)l\/o F
0 o =
ﬁJ\O NcoH F
! NH F

(3S)-3-[N-(N’-(1-Naphthyl)Oxamyl)Indoline-2-Carbenyl}
- 10 N Amino-5-(2°,3%, §°, 6’-Tetrafluorophenoxy)-4-Oxopentanoic Acid T T

Part A: [N-(l-Naphthy])Oxamylllndoline—Z-Cérboxylic Acid Ethyl Ester

To a solution of N-(1-naphthyljoxamic 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, 55 mmol) and diisopropylethylamine (1 1 mL 6.4 rmnol) was added. Aﬁer stlrnng at room
temperature for 18 hrs, the mixture was diluted with EtOAc, washed ;uccesswely with 5%
KHSO,, saturated NaHCO; and saturated NaCl solutions, dried over anhydrous Na2,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.



CH2Cl 2( .0 nmL)-anisole(0.4 m) at roomtenperature under nitroger was added
trifl uoroacetwooomﬁs(l O rnL). The resulting clear solution ‘”ﬁﬁr/ﬁééshfsﬁ‘ﬂ at
reom tenperature for 1 hr. evaporated to dryness and chased wit

tol uene-CH2C12 (1:1). The residue was triturated with hexane to give the
title conpound (0.103 g, 74% as an off-white solid. TLC(MeOH CH2CI 2; 1:9)
RF = 5 0.33. MB(ES) for C29H25F4N307 (YW 603.53) 1 positive 626( M-Na);
negat 602(MH) EXAMPLE 101

(395)-3-[ : (1 - Naphghy -,, L Rdahi he-
o mo 5. ( Bt (1 L TERBSHIN (b A AOLAS i dRh DS AMRINO-5-(2".3", 5'y.
[ N-(1- Napht hyl )&anﬁ’JﬂeﬁdwormeribxﬂmbﬁdgehtaﬁmAmﬂ Et hyI Ester To a sol ution -
of  N-(1- napht hyl ) oxam ¢ aC|d (2.37 g, 11 mmol, see Exanple 1, Part A) inin
N- et hyl pyrrol i done(Starfing"idm Chi2d- gefpﬂ@xygbﬁan@‘l]lrﬁ%eg-%bﬁﬁﬁb)\cﬂr@ffl efief rogen

was added 1,1'-carbonyl dii m-dazol e
for 1.5 hend follewing thameﬂremesmbpé FIB.EWH bQO, Darts :hrthpugh D, the title compound

(S)-indoline-2- carbo t hyl r rochl.-or 1.

ot ) 2 "8 PEDFRBRSH QURGSAA e Iffb oG o158 By easRa R ST
stirring adg a{,p@@gdﬁﬂﬁ?@ﬁfm#@)’fﬁb FNys, the mxt ure was diluted with

Et CAc, washed successively wth %KH 04 saturated NaHCO3 and saturated
Nad sol utions, dried over anhydrous Na2SO4 and evaporated to dryness. The

crude product was purified by flash chronatography on silica gel 20 eluting
w th CH2Cl 2- Et 2Q hexane (1:1:3) to give the title conpound (0.472 g, 22%

as a pale yellow oil. TLC(CH2CI 2- EXAMPE¥A102;, 1:1:3) Rf = 0.48. 77- Part
B:
(3S)-3-j N-(N - (1- Napht hyl ) Oxany! ) | ndol i ne- 2- Car bonyl Ilg\m no-5-(2',3, 5,
6' - Tetrafl uorophenoxy) 4- O(Opent anoic Acid
10 (38)-3-IN-(N ’-(1-Naphthyl)Oxamyl)Cyclohexylglycmyl]

Ammo—S—(Z’ 3,5, 6’-Tetraﬂnorophenoxy)—4—0xopentanonc Acid

Part A: @S,4RS)—3-[(N-9-Fluorenylmethoxycarbonvl)C&c]ohexylg]ycinyI]Amino-5-

" (2°,3°,5’,6’-Tetrafluorophenoxy)-4-Hydroxypentanoic Acid tert-Butyl Ester

To a solution of (N-9-fluorenylmethoxycarbonyl) cyclohexylglycme (0.514 g,

15 1.35 mmol) and (3S 4RS)— -ammo-S -(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 0-(7-azabenzotnazol -1-yD)-N,N,N’ N’-tctramethyluromum
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 stirTing

20  atroom 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 N2,SO, and evaporated to dryness. The residue was purified by flash

After stirring at OC.



Starting from [N-(1-naphthyl)oxanyl]indoline-2-carboxylic Acid -ethyl
ester, and @% Pvm ng the nethods described in Exanple 100, Parts A through
D, the titl c°8ﬂfﬁ§ﬁnd 5 was al so prepared. MS(ES) for C32H2BEZNS99/150MN
637.54): positive 660(M-Na), 676( MtK) ; negative 636(MH),672(WCl),

750( MWTFA) . EXAMPLE 102 10 .

(3S)-3-IN-(Nt-(1-Napht hyl ) Oxanyl ) Cycl ohexyl gl ycinyl] Am no-5-(2',3", 5",

6' - Tet raf | uor ophenoxy) - 4. Oxopent anoi @8-Acid Part A: '

(3S, 4RS) - 3-r (N- 9- Fl uor enyl met hoxycar bonyl ) Cycl ohexyl gl yci nyl &Am no- 5-

(2',3",55..6 ¢ JOr xY)-4- Hydr.ox ntanoic Acid tert-Butyl Ester

To a Soﬁﬁoﬁgﬁo%ﬁgﬂ@%\ﬁ&gﬁ Q%f/ﬁn)éatnﬁ@%églgﬁ'g%ﬁtﬁgccﬁg'lp@ﬂ@&?téllﬁc?qp@y 30.514 g,
15 1. 3% whillsdliRMUC(EtOAc-hexane; 1:2) Rf = 0.42, )
(3S,4RS)-3-am no-5-(2',3" ,5,6"-tetrafl uorophenoxy) 4- hydr oxypent anoi ¢ acid
Eﬂ?; t ;?U‘P)ﬁlt B‘??Egr bg@s,ﬁ%}%Cz&ioﬁkﬁﬂggglnzl !ﬁfﬁﬁmg- —;g}gl,g’,éggl'eu'gﬁﬁém&}enb{]y)g_'z G 2(10
0- ( 7- azabenzot r i azbidroxypentandip\AkidNeért-Betyl Batart hy| ur oni um<aaxaf.l-uor ophate”
(0.619 g, 1.62 nml) and diisopropylethylamne (0.47 nL, 2.7 mmol). After
stirising at OC forA 3 hrs, theolstha@cti on was afl oned to WHIRKED-I-QRD.
tenperature. After stirring 20 at roomtenperature for 16 hrs, the m xture
was par fiPerEBiBathascbeny Deycdokexyiglydryll ThemioegA].3’ .3 extaraflaeroplemhag-4ai t h

wat er, B turated. n turated NaCl solutions, dried over
anhydr ogg&@%ozﬁdké@ag%r%z% Sla dfby‘ﬁgs & EPh(’g r@WHue‘”vvaE’pﬁ?ﬂ‘?e%'Ed by
flash mLyRmekRABIMBHR0 ML) HasibtirRd bl téh???ﬁnﬁé%é&%’t(— A% yg the
title conpound (0.481 g, 50‘?/0 as a white solid. TLC E%C%?— h%{(f;l?]rg';’l’ﬁ% 2) Rf
0. 42. Paixtug;was diluted with EtOAc, washed with water and saturated NaCl solution, dried over

3S,,4ARS) - 3- cl.ohex | yci nyl 3Am ng-5-(2',3" ., 5,6 -Tetrafl uorophenoxy) - 4-
( 16 gnhydl[o%/ anhygrougl LI%SY).; ancy evaporate8 to drg'ness. The residue was purified bypﬂash Y)
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: (358.4RS)-3-[N-(N’-(1-Naphthyl)Oxamyl)CyclohexylglycinylJAmino-5-
(2’,3°,5°,6’-Tetrafluorophenoxy)-4-Hydroxypentanoic 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 (O.l 10 g, 0.27 mmol) in N-methylpyrrolidone(0.5 mL)-
CH,C1(3.0 mL) at 0°C under nitrogen was added O-(7-azabenzotriazol-1-y1)-N,N,N’ N’-
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 brganic phase was washed with water, 5% KHSO,,
saturated NaHCO, and saturated NaCl solutions, dried ov& anhydrous Na,SO, and evaporated -
to dyness. The residue was purified by flash chromatography on silica gel elutiﬁg with EtOAc-
hexane (1:2) to give the title compound (0.094 g, 50%) as a white foam. TLC(EtOAc-hexane;
- 25 _1:})Rf=0.50. . e e e e e e e "

Part D: (35)-3-[N-(N’-(1-Naphthy)Oxamyl)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)cyclohexylglycinyi]
amino-5-(2’,3’,5°,6’-tetrafluorophenoxy)-4-hydroxypentanoic acid tert-butyl ester (0.082 g,



Hydr oXxypentanoic Acid tert-Butyl Ester 5 A

solution  wo eom1666 Of (3S, 4RS) - 3- [(N 9- PCT/US99/15074

f1 uor enyl met hoxycar bonyl ) cycl ohexyl gl yci nyl ]

am.no-5-(2',3",5,6"-tetrafl uorophenoxy)-4- hydroxypentanoic acid
tert-butyl-ester (0.478 g, 0.67 nmmol) in piperidine(0.1

i) / di met hyl f'ormam de(2.0 nlL) was sti éed atroomtenperature under nitrogen
for 1 hr. The m xture was diluted with Et OAc, washed with water and
saturated NaCl solution, dried over 10 anhydrous anhydr ous Na2SO4 and
evapor at 6d2t mmdb) \ine33,CLTh mmﬂigd‘uez wi9-IPMBO(0.2 anll)y atf tcash teuipeﬂme agdexphy
eluting with EtOAc- hexane ( 2%to give the title corrpoty 121 g, 45% o)
as a whi pErogen was adde ripdingneg ) 145¢ & (34 mmabh Afier; St‘mng at room

(3S, 4RS) I r

(2 3' SIe%@r H%"('%\Irﬁgf* %%ﬁ%ﬁ%&y@@%éroxyg%%hg%%g éﬁﬁedrqzw%{?f iP”Est er
saturated NaHCOQ aitl safikdtéd MClablubtibis] diiaidvieh aﬂh)yafwmzmladd é&p&&&dg 0. 41

mml see Exanple 1, Part -A) and

(3S, 4|§S) Icsa(dmyms()ﬁb«wsgipyc\ramwylﬁﬁ .ﬁb-ﬂBSK chrorpatograpy op. éth%fgehe\uamwﬁbxy) 4-
hyd t t 0.110 g
N eyt RGPt theR i IS et Sl SRipooig TR 85 B0 AT added

0-(7- azakig@(ngAh@g,&lne %lR)f-—l\dé\jN N - tetramethyl uroni um hexafl uorophate
(0.125 g, 0.32 muol) an dllsopropyl ethyl amne (90 gL, 20 0.54 nmmol).

After stipLring at Qg 1 ) [ £ o, gotgrs t he

m Xt ure was—partit rofet F Fhe—orgartc—phase nas washed
with water, 5% KHS(®,3'.828" memmrmum) mosmuhaibe&dnd\laCI solutions, dried
over anhydr ous Na2SO4 and evaporated to dyness. The residue was purified by
f 1 ashiochr omat ogr apity ®nsotiitioh Caf g&$)-BNHINNY -niiphihy F6:@A51) heatalsylghicidyljt o gi ve
the title conpound (0.094 g, 50% O as a white foam TLC(EtOAc-hexane; - 25
1 1) Rf =aimeb-ChEY 6Dtetraﬂuorophenoxy)—4—oxopentanmc acid ten—butyl ester (0 065 g, 0.23

(375 L PRI SIS RO Wi et 7o o

sol ut i oNnyfHucfodcerié Bl (B0 by the &megoé)éa? Béblhf?&‘rﬁwxé Stfrvedl 40 Ao tetipfatdy For

30 min, evaporated to dryness and chased with toluene-CH,Cl, (1:1). The residue was

15 triturated with Et,O to give the title compound (0.034 g, 56%) as an off-white solid.
TLC(MeOH-A_cQH-CHzCl:; 1:1:32) Rf = 0.45. MS(ES) for C3HFN;O; (MW 631.58):
 positive 654(M+Na); negative 630(M-H). |

EXAMPLES 103-109

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:



am no-5-(2',3,5',6' -tetrafl uorophenoxy) - 4- hydr oxypent anoi ¢ acid tert-butyl
ester (0.0 79 0.12 mmol) in CH2CI 2(1 mL)-CH3CN(2 i) m.)

at roomtefr e‘ﬁ}gmfﬁe under nitrogen was added Dess-Martin Peh(:%%g“é’;‘(o. 145 -
g, 0.34 mmol ). After stirring at roomtenperature for | hr, the mxture was
diTuted with Et OAc, washed with 1.0 M Na2S203, saturated NaHCO3 and
saturated NaCl solutions, dried over anhydrous Na2SO4 and evaporated 5 to
a dryness. The residue was purified # filash chronatagraphy on silica gel
eluting with Et QAc-hexane (1:2 then 1:1) to give the title conpound (0.068

-

g, 83% as a tan foam TLC(Et OAc-Fabdedf 1: 1) Rf = 0.63. Part E
(3S,4RS) -3-fN- (N - (I - Napht hyl ) Oxanyl ) Cycl ohexyl gl yci nyl | Am no-5- (2' ,3
"5'" ,6'-Tetrafl uorophenoxy) - 4- Oxoypent anoi ¢ Acid 10 To a .

solution of (3S)-3-[N-(N -(Il-naphthyl)oxanyl)_cycl
am no-5-(2',3",5",6" -tetrafl uorophenoxy)CoHxERe

ester (0.065 g 0. 23 @ i 0CH20 2( 140 ni-ani 4
had

ohexyl gl yci nyl ]
sQoi c acid tert-butyl

t enper ature under ni added t I 0a€ aeimd (-2.0 nlL). The -
resulting clear sol 0 st dNat JoomQenpdr at Gre for 30 mn, -
evaporated to dryn gnd chaseg with tobuene-CH2€l 2 (1:1). The residue was

15 triturated with O to give the title conpound (0.034 g, 56% as an

of f - whi t g—sotrd—TCCOMEORATORF CHZCI 2, 1 I° BZ) Rt = Pqy_ Vo[ ES) Tlor
C31H29F4RN307 {((MAN 631 .58): positive 6RA(MNA): negati\ %qng M H) |EXAVPLES
103- 109 2Gex. A St arRormgiaf r oMW pos. neg.
(3S,4RS) 3=anminy-5-(2, 3, D[, Our af op - 4- FOXY- pEerjt anoi ¢ -
acid ter{iBut 91°8"é‘§’f'ér (see [5?3%%‘&@8,&053% @g{%f ol gg\%tggyl)t he general
7 \
et hods _ 718(M+TFA)
104 | (t-butyl)glycine CooHyFiN;O | 605.54 | 606(M+H) 604(M-H)
7 628(M+Na) 640(M+Cl)
644(M+K) 718(M+TFA)
105 | (t-butyl)alanine CaHzFN;O | 619.57 | 620(M+H) 618(M-H)
4 642(M+Na) 732(M+TFA)
658(M+K)
106 | phenylglycine Cy HpuFN;O | 62553 | 626(M+H) 624(M-H)
7 648(M+Na) 660(M+Cl)
664(M+K) 738(M+TFA)
wwrem - | 107 | phenylalanine Cy,HasFaN;O | 639.56 | 640(M+H) - | 638(M-H) - o
. 662(M+Na) 674(M+Cl)
678(M+K) 712(M+TFA)
108 | homophenylalanine Cs:HF N30 | 653.59 | 654(M+H) 652(M-H)
. 7 . 676(M+Na) 688(M+CD)
692(M+K) 766(M+TFA)
109 | 1-aminocyclopentane | CyHpsFN;O | 603.53 | 626(M+Na) 602(M-H) _
carboxylic acid 7 642(M+K)




described in Exanple 102, Parts A through E, the conpounds shown-bel ow i n
Tabl e 10 wergoaomPsder epar ed: 80 Table 10 MS(ES) Ex. PCT/OS99/15074
Foermul a MV pos. neg. [err] [err]
(3S)-3-1N-(N -(1- Napht hyl ) Oxanyl ) Met hi oni nyl (Sul f oxi de)1 Am no-5-(2', 3",
5', 6'-Tetrafl uorophenoxy)-4- Oxopentanoic ‘Acid 5 Part A

(3S,4RS)-3-rN‘(N -( | -Napht hyl ) Oxanyl % /et hi oni nyl | Am no-5-(2',3 ',5 ',6'-
Tetr af | uor ophenoxy) - 4- Hydr oxypent anoi c"Acid tert-Butyl Ester Starting from
(N-9-f 1l uorenyl net hoxycar bonyl ) methy pnJ rad foll owi ng the nethods
described in Exanple 102, Parts A — the title conpound was al so
prepared. TLC(Et OAc- hexane; 1:2) Rf= 0.39. 10 Part B:

(3S)-3-rN-(N - (1-Napht hyl ) Oxanyl ) Met hi oni nyl ( Sul f oxi d&) | Am no- 5-
(2',3,5,6"-Tetrafl uor gphenoxy) - 40xoypent an@'bgHApi d fert-Butyl Ester To a

&l . .
solution of (3S, 4RS)- (N g 1- napht@yl ) gkamyl ) ne I nyl ] am no- 5-
eno )-Aﬂw\oxy ent anoi ¢ ! tert-butyl ester
N _ N o) — -
o F ' o

(2',3,5,6'-tetrafl ug
(0.251 g, 0.37 mol N

: "o
N
/S‘\o |

(35)-3-[N-(N’-(1-Naphthyl)Oxamyl)Methioninyl(Sulfoxide)]
Amino-5-(2°,3%, §°, 6°-Tetrafluorophenoxy)-4-Oxopentanoic Acid

5 PartA: (3S,4RS)-3-[N—(N (1 -Nap_hthyl)Oxamyl)Methioninyl]Amino-S-(Z ’3.5°,6'-
Tetrafluorophenoxy)-4-Hydroxypentanoic Acid tert-Butyl Ester

Starting from (N-9-fluorenylmethoxycarbonyl) methionine and following the
methods described in Example 102, Parts A through C, the title compound was also prepared.
TLC(EtOAc-hexane; 1:2) Rf = 0.39.

10 PartB: (3S5)-3-[N-(N’-(1-Naphthyl)Oxamyl)Methioninyl(Sulfoxide)]Amino-5-
R (2°,3°,5°,6’-Tetrafluorophenoxy)-4-Oxoypentanoic Acid tert-Butyl Ester

To a solution of (3S,4RS)-3-[N-(N’-(1-naphthyl)oxamyl)methioninyl]amino-S-
(2°,3°,5°,6’-tetrafluorophenoxy)-4-hydroxypentanoic acid tert-buty! ester (0.251 g, 0.37 mmoD
in CH,Cl,(4.0 mL) at room temperature under nitrogen was added Dess-Martin Periodinane

15 (0.203 g, 0.48 mmol). After stirring at room temperature for 1 hr, the mixture was diluted with
EtOAc, washed with 1.0 M Na,S,0s, saturated NaHCO; _and saturated NaCl sqlutions, dried
over anhydrous Na,SO, and evaporated to a dryness. The residue was purified by flash
chromatography on silica gel eluting with EtOAc-hexane (1:2 then 1:1) followed by MeOH-
CH;CL, (5:95 then 1:9) to give a mixture of two is.omeric sulfoxides (0.225 g); TLC(MeOH-

20 CH,Cly; 1:9) Rf’s 0.48 and 0.43. The mixture was re-chromatograhed on silica gel eluting with |
isopropanol-CH;Cl, (2.5% to 5% to 10%) to give sulfoxide isomer A (less polar, 0.051 g),
sulfoxide isomer B (more polar, 0.086 g) and a mixture of isomers A and B (0.040 g). Both
isomers have yirtually identical mass spectra. MS(ES) for C;H;FiN3OsS (MW 695.68):
positive 718(M+Na); negative 694(M-H).



in CH C12(4.0 nL) at
Peri odi nane 15 (0.203 g, 0.48 nmmol ). After stirri

| hr, the nwotoatwetas dil uted with Et QAc,
saturated NaHCO3 and saturated NaC sol utions,

room t enperat ure under

and evaporated to a dryness.
chr omat ogr aphy on silica gel

m xt ure

(2.5%t5 5% to 10

TLG(MeOH 20 . CH2CI 2:

PYRC:T €- chr;@@ak%; gﬂ@ﬁm@hmm ﬁ_@ﬂp\féﬂw %@Mf&:ﬁdéﬁ@% g;no
, 10 gl e S OXI I soner : g)
P 1 a R H L Y ] %A z

sul f oxi de i soner
(0.040 9).

Both isomers have Vi rt ually identical

nitrogen was added Dess-Martin

3

ng at roomtenperature for

The residue was purified by flash
eluting with Et CAc- hexane (1:2 then 1:1) v
foll owed by MeOH CH2CI 2 (5:95 then %29) to give a mxture of two isomeric

sul f oxi des (0.225 Q);

washed with 1.0 M péR588515074 _
dri ed over anhydrous Na2SO4

1:9) Ri's 0.48 and 0.43. The

| - CH2CO

fe\d e of isonmers A and B
mass spectra. MS(ES) for

C32H33FAN308S ( MNVISOS seiBtion pfofSS)-3+M-( 16 aphtiyDoxawmyBtrietionisyi( i fixide)]

Part C

82

(38 4RS)a“§“°r ?\117( 1%1 3 (q '%‘ESH?’HW?W&M?W&PH‘?‘B AT SR eesn Gromendy A48
CHRCTP iy P 04 5y S, B0t

(35) %\P

am no- Saafi’ed ﬁlﬂlﬁroa&tmtaiid a(i buﬁLppmweesm)mgl -leap Rolutiom ol airked belrborhut V!
0 m)-anisole(0.1 nl) at

SS&(isolner A 0.046 5 g,

0.07 nmml) in CHZCIZ&Z)

room t engrepezatire dor 3t ovin, revanomtpdrtovdigmessirndchased fwi
§ 9o rhedR e, 8 ot

evapor aPEEARPTREEE

M@Cﬂecbdid) ( The m) .

i due was

AT o0k, duo

trituratgdrwiii sﬁﬁdZQm@xm AE@I—ECH%_{ B REe OQQ”MSGES]yfof é%@a@gdd@ 034 g,

81% as an off-white solid. TLC(Me

CHZ a 2,

VS( EB) (MW mmsmmesawﬂ),gmw) 6781M+1§);suegatwe 638(M-H) 752(M+TFA).

OA0M e the same condi

isomer B (0055 g,

15

. PartA: - - (38)-3-fN-(N'-(1-Naphthyl)Oxamyl)Homoprolinyl] Amino-4-Oxobutanoic -~

20

"""'(3S)435[ﬁ4(1"1"51(1-Naphthfi)Oxaxﬁyljﬂdmdproiihyl] T

& M+K1)fox1c§: 150 a I 0%%?96 {_9 mm

tions su.

EXAMPLE 111

<
2T
{the-
Q
b ¢

o o
ﬁ/go NcoH
l NH

- Amino-4-Oxobutanoic Acid

%2( M+TFA)
gave the nt]e compound, -

74%) MS(ES) for C33H25F4N3033 (MW 639.57)' pOSlt!VC
640(M-+H),662(M+Na),678(M+K); negative 638(QM-H),674(M+Cl), 752(M+TFA).

Acid (tert)-Butyl Ester Semicarbazone

To a solution of [N-(1-naphthyl)oxamylthomoproline (0.103 g, 0.32 mmol, see

Example 100, Part A) in CH,Cl, (3.0 mL) at 0°C under nitrogen was added was added

hydroxybenzotriazole

hydrate

(0058 g) followed by

1-ethyl-3-(3', 3" dimethyl-1-

[ SN



Under -t h
title co

e sane conditions sul foxide isoner B '(0.081 g, 0.12 nmmol?) gave the
npownd p0/01%66Er B (0.055 g, 74% . MS(ES) for C28H25FANBRES/1s0MNV

639.57): positive 640(M+H), 662( M+Na) , 678( MtK) ; negative 638(M H), 674(MCl ),
752( MtTFA) . 15 EXAMPLE 111 O

(3S)-3-4N-(N - (I - Napht hyl ) Oxanyl ) Hormprol i nyl . Am no-4. Oxobut anoic Acid -
Part A:

(3S)-3-fN- (N 421- Napht hyl ) Oxanyl ) Hom)prol i nyl I Am no- 4- Oxobut anoi ¢ -- 20
Acid (tert)-Butyl Ester Sem carbazone To a solution of [N-(I

- nagg t1 % Ia)rmm])mpmcdelhm@m(morm@ Ql g 47omempi)) !;ft@@rrmggf% fadOmiRart A)
in | en Was €. e
hydr oxybéﬁf’z‘é‘f"tt‘fr 82"6% E"at wﬁai‘-‘g 'a’("6%°c'f{3 5‘7“01? 6‘1“1? b‘}qﬁﬁs"er semicarbazone,

1-et hyl -
hydr ochl

5 %8“*’?%5'?"3'%‘%?1"“%‘?-%7 GndsTy Fig, BT RBIROEFRE 022 1T, 935 mmed

t he

m-xt ur e \efeer tstivfiges 0ACtfor @315}, theinmigtufe exo boticamntita] avl the(fetidug panitighedest er

sem carb
N- net I
m Xt ure

azone, E'p t ol uenesul f onat e salt (0. 127 % 0.32 ) and
ﬂpemnrbl c-6%oKHSO40Thpg ongamip phaser Wes wahed Wity S5 ¢ Faturated

rs, the

Y€and

KHS04. The or dan? ngnﬁ)r%{aegék \;evgg{)l\tl/\tfgoglﬁ’e% %'? % %&%&Cﬁgggé b‘fegé’\élrea%gl—l‘la OAC 5%

saturate
gi ve the
B.

Aci d Sem—C'a'rbazo

10

15

20

..25

Ghd\aGde titielobthpsuna (0. 0o cfedo%y@ra RLAYELAs Na2SO4 and evapor at ed
crude title conpoun 0.119 g, 70% o) as a colorless gl ass.

) 3- T N (B6ydfn. n&*@@m&xﬁmmﬁm@m@nm&%%%@aobu

Acid Semicarbazone

To a solution of (38)-3-[N-(N’-(1-naphthyl)oxamylhomoprolinyljamino-4-
oxobutanoic acid semicarbazone tert-butyl ester (0.119 g, 0.21 mmol) in CH2CI2(2.0 mL)-

anisole(0.05 mL)-water(0.05 mL) at room temperature under nitrogen was added

to
Part
t anoi c

trifluoroacetic acid (0.32 mL). The resulting clear solution was stirred at room temperature for -

18 hrs, evaporated to dryness and chased with toluene-CH2CI2 (1:1). The residue was
triturated with Et20 to give the title compound (0.079 g, 74%) as a white solid.

Part C: (3S)-3-[N-(N’-(1-Naphthyl)Oxamyl)HomoprolinylJAmino-4-Oxobutanoic ... ...c..... .o ..

Acid

A suspension of (3S)-3-[N-(N’-(1-naphthyl)oxamyl)homoprolinyljamino-4-
oxobutanoic acid semicarbazone (0.079 g, 0.16 mmol) in 37% aqueous formaldehyde(0.6 mL)-

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,0O -~ - ..
gave the title compound (0.037 g, 53%) as a white solid. MS(ES) for C;H;3N;0 (MW

425.44): positive 448(M+Na); negative 424(M-H). _ e -



10 To a sol ution of ' .
(39S)-3-[N-(N -(I-napht hyl)oxanyl) honmoprol i nyI j ami no-4- oxobut anoi ¢ acid
sem car baz oM@ 0p/81666 put yl ester (0.119 g, 0.21 nmol) in CH2Cl PCIUS9MIPT4

ani sol ¢(0.05 nL)-water(0.05 nL) at room tenperature under nitrogen was
added trifluoroacetic acid (0.32 nL). The resulting clear solution was
stirred at roomtenperature for 18 hrs, evaporated to dryness and chased
with toluene-CHClI 2 (1:1). The residugdwas 15 triturated with Et20 to give
the title conmpound (0.079 g, 74% as a white solid. Part C

(39)-3-IN-(N -(.-Napht hyl ) Oxany| ENAMPLEIl1i2y! | Ani no- 4- Oxobut anoic Acid A
~suspensi on of (35)-3-[N-(N -(I-naphthyl)oxanyl)honoprolinyl]am no-4-

oxobut anoi ¢ aci d sem car bazone (0.079 g, 0.16 I% i n 37% agueous

f ornal dehyde(0.6 nlL)- 20p¢ i [ [ fianol (1.8 nlL) was stlrred
at room tenperature unde i roggdn\(f(cﬂ hrs Thﬁ resulting clear solution
was diluted with water anGym t a rotovap. The aqueous.
solution was then frozen apd Ib‘ophg i zaj The rksi due-was t-aken up in
met hanol , filtered throug® Gghite d It rate vaporated to dryness.
Trituration of the residde_\ th Et 20 - gave the title conpound (0.037 g,
53% as a white solid. ES) for C22H23N306 (MW 25 425.44): positive
448( M+Na) ; negative 424(MH). 84- EXAMPLE 112

(39) -3 [N (N - ( 2 (sl nalqt A-pded sy RRs bl Valkiyl

Ani no- 4- Oxobut anoi ¢ Acid 5

2-(1' - Phenyl net hyl - 5' - Tet r azdmjro-Aeobptanpig ekl ori de A sol ution of
2-cyano-acetanilide (0.801 g, 5.0 mmol) and tri-n-butyltin azide

5 PartA: 2-(1’-Phenylmethyl-5’-Tetrazolyl)Aniline Hydrochloride

A solution of 2-cyano-acetanilide (0.801 g, 5.0 mmol) and tri-n-butyltin azide
(2.05 mL, 7.5 mmol) in anhydrous toluene (10 mL) was heated at reflux for 48 hrs. The
mixture was allowed to cool to room temperature and treated with 2.0 N HCl in Et;O (5.0 mL).
The résuliing ufiréc.i'paté wﬁs 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
- tetrahydroﬁnan (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 partitioﬁed between EtOAc-water. The organic phase
15 was washed with saturated NaHCO; and saturated NaCl solutions, dried over anhydrous
Na,80, and evaporated to a dryness. The residue was triturated with hexane to give 2-(1’-
phenylmethyl-5°-tetrazolyl)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,s), 7.16 (lH, dt, J=7.8, 1.5 Hz), 7.40

20 (6H,m), 8.19(1H, 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 HCI (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.



(2.05 m., 7.5 nmol) in anhydrous toluene (10 nL) was heated at reflux for
48 hrs. Thewo sgnises was al | oned to cool to room tenperature apcr/us®mased
with 2.0 NHA in Et20 (5.0 nL). The resulting precipate was coIIected by
suction, washed with hexane and dried in vacuo to 10 give
2-(IH—tetrazoI 5-yl)acetanilide (0.917 g, 90% as a white solid. To a
suspensi on of '2-(1Htetrazol - 5- yl)acetggnilide (0.203 g, 1.0 mmol) in
tetrahydrofuran (2.0 nL) at 00C under nitrogen was added triethylam ne

(0.170 mppy . 2 mm'ﬁ-gzz_'{g- o ph%&mﬁfs@%&fzo@ﬁézqmmﬂc&éd ol ). After

stlrrlng‘a't—OOCfo hrs, the m xture
tit db . d with

Saturated Naboos and SRMeRelz Raenubey s REMALPARE: Do BB A D oo

and evap%r 86 B i) 24- Ay ASmindHRidirR X0 O0E g VEG6St bl faAd ﬂi?dahﬂné"@&@@ﬂ.t o give
2- (1 enylrrethyi 5 -tetrazo I)acetanlllde(o 18 g, 74% as a white :

sol i-d.. IHAI\NROI)nleﬁiCés(ItQ]aL) tah @°§r(mlmh)|®da mtrngﬂnewasegidt;d sty pxalyl '
As houl d b t t ati e - NVR( CDC13) @ -
oS Sl SRR B R TRR 950 52 Ry wyc“ lopCRS 20

(6H, m, (Srobth thFEraﬂfL stirre‘d E)r 68 hrs: a%d"ﬁe)n paﬁltﬁﬁec( ﬂf!fbveéjx Eté) 5584 fHSO) Théo 58

(1H, bs). A mxture of 2- - phenyl nmet’hyl - 5' -tetrazol )acetanll
(0.216 gprganﬁlbhmnlvés ‘&mﬂed&ﬁﬁx&aum&(BNkﬂl sofBiof, dfied owes aﬁl@;ﬂfdﬂk@%ﬁ@raﬂ8 hrs.
The m xture was evaporated to dryness and the residue triturated with Et20

to gi ve e¥Rporateditedyaeisound (0. 187 g, 88°/c) as a white solid. 85 - Part B:
N-[2-(1" - Ph | mret hyl - 5' Acid T | ut f
2 (1 - phenyl met yl e eRdE b TEIrO 20T B o d7h PR 85 fien(p 354 @055

Engf)llém m‘f,“ﬁ') NRidhiydagsdl RRRYE.H A meoﬁosoﬁlﬁﬁng(o.e@ QQ,S 0880 ninoBNshat &irRh | BB Ne
temperature for 1 hr. The mixture was acidified with 1.0 N HCI and extracted with EtOAc.
The extract was washed with saturated NaCl solution, dried over anhydrous Na,SO, and
evaporated to dryness. Trituration of the crude product with hexane gave the title compound

(0.121 g, 61%) as a white solid.

15 PatC: (3S)-3-[N-(N’-(2-(1’-Phenylmethyl-5’-Tetrazoly)Phenyl)Oxamyl)Valinyl}
' Amino-4-Oxobutanoic Acid Semicarbazone tert-Butyl Ester

| To - a solution of N-{2-(1’-phenylmethyl-5’-tetrazolyl)phenyljoxamic acid

(0.065 g, 020 mmol) in CH;Cl,(20 mL) at 0°C wunder nitrogen was added
hydroxybenzotriazole hydrate (0.037 g) followed by 1-ethyl-3-(3',3'-dimethy}-1'-aminopropyl)-

20 carbodiimide hydrochloride {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 uL, 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.



1.4 mmol) in CH2C12 (1.0 nL) at OC (ice bath) under nitrogen was added e
nmet hyl oxalWo 0@01666| ori de (62 gL, 0.67 nmol). After stirringeet/ulasons 2
hrs, the m xture was allowed to come to roomtenperature, stirred for 18
hrs and then partitioned between Et OAc-5% KHS04. The organi ¢ phase was
washed with saturated NaCl solution, dried over anhydrous Na2SO4 and
evaporated to dryness. The crude netlggl ester (0.207 g, ca 0.615 Mol ) was
taken up in dioxane (2.0 10 nl) and treated with 1.0 N Li OH sol ution.

(0. 68 Mpari.68 Mah). %_%gﬁﬁt gzr.g SaTeﬁM@F&HHWaﬁ&I}AmﬂB .4.The m xture
was aciditred with ] extracted w act was
washed wi th sat ur dxapuian gmicarvazaye fesBwyldisteinhy dr ous Na2SO4 and
evaporated to dryness. Tr| turatlon of the crude product w th hexane gave

the title conmpoundlqO. 421S¢§s|1ti®1%<|>fas cmdehi t(bS)s?e[N-ﬂ‘:] -1 Phelwlﬂli?cthylls . .
3S)-3-rN- (N -(2- ‘- P . - T P Ox Vi I
o ho- 4?@5?%“& ran oz&am%ﬁv%émriiaé?;%% SHRURRTE Bt MBSO RO GHFoY of

L ol an SO PSP By ok e

hydr oxy heirasd §tirﬁ~ZQin&erhdeﬁigen 6&1@&&%&1@11} ﬁk‘\ﬂﬂ hey The mixture was filtered
l-ethyl-3-(3",3 -dinet h -am no car bodi i m de hydrochl ori de
(0. 058 g}hroegls@elrfma§hlngA eﬁlteg gake r“m%gp lchedfthﬁ copgbipgdnfilimics emmmj?(th/vas

Sem car she TRorea Y e ARG A AR RE R oL A VT o

t he corrggggondi ng IeUC| ne anal ogue i h Exanple 1, Parts B and C) and
N- et hyl mor phol i ne (26 gL, 0.24 mol). After stirring at roomtenperature
for t he m x& A\., LR . he organic 25
phasié&v\gﬁrv]vsash d )5 A 5 . : -hj no urated NaCl
solutions, dried Mumdcm&mmm and evaporat ed to give the crude
title corrpound (0.090 g, 62% as a colorless gl ass.

To a solution of (3S)-3-[N-(N’-(2-(1’H-5’-tetrazolyl)phenyl)oxamyl)valinyl]

amino-4-oxobutanoic acid tert-butyl ester (0.058, O.Ii mmol) in CH;Cl(1.0 mL)-anisole(0.05
mL) at room temperature under nitrogen was added 6.0 M HC/AcOH (1.0 mL). The resulting
15 solution was stirred at room temperature for 18 hrs, evaporated to dryness and chased with
toluene-CH,CI, (1:1). The res:due was tnturated with Et,O to give the title compound (0.048
g, 92%) as a white solid.
PartF: (3S)-3-[N-(N’-(2-(1’H-5"-T etrazolyDPhenyl)Oxim@ValinyIIAminoA-
Oxobutanoic Acid

20 A solution of (38)-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(l 2 mL) was stirred at room temperature

under nitrogen for 18 hrs. The resultmg clear solutlon was diluted with water and mlxture
concentrated on a rototvap. The aqueous solution was then frozen and lyophilized. The residue

25 wastakenup 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
CisHz N;04 (MW 431.41): positive 454(M+Na); ﬁegative 430(M-H).



86 Paft D (3S)-3-[N-(N -(2-(I :

' H5' - Tet r axologleidébhenyl ) Oxanyl ) Val i nyI | Am no- 4- O(Obut anoi ¢ PcTmis99/15074
Sem car bazone tert-Butyl Ester To a solution of crude

(39)-3-[N(N -(2-(I"-phenyl net hyl -5"- tetrazol yl)phenyl)

-oxanyl ) val i nyl ] am no- 4- oxobut anoi ¢ aci d sem carbazone tert-butyl ester 5
(0.089 g, ca.0.14 mnol) in MeOH (1.0 g§) wag. added 10% Pd-C (0Org) Afid
resulting m xture stirred under a hydrogen atnosphere (balloon) for 48 hrs.
The mxture was filtered through Celite washing the filter cake with CH2Cl 2

and the conbined filtrates evapor A3ness. The residue was

triturated with Et20to give the title product (Q 0 g, 79% as a white
solid. [err] Oxobutanoic reSem gar bazongy To ution of
(39)-3-[N(N-(2-(2'H5"- zonI)p ﬁwl)lgxa ) val i nyl]

am no- 4- oxobut anoi ¢ acid .11 mmol) in CH2C 2( .0 .

mL) - ani sol e(0.05 nL) at onTt enp era ur e undet n| rogen was added 6.0 M~
HCl / AcOH (1.0 nml). The resulting 15 “sok@bhwon wa® stirresk at-+oom
tenperature for 18 hrs, evaporated to dryness and chased with

tol uene-CH2CI 2 (1:1). TB8)-3-gsi(Nug-X@sminthhyljOxa 1%5@ t20 to gi ve t he

title conpound (0.048 ¢ © -P(gsga whi t e sygl dﬂglgart :

(39)-3-1jN-(N -(2-( | H-S ' - ParingAoPyebutaneiaAddy amy D) VaI i nyl Ani no- 4-

Oxobut anoi ¢ Acid 20 A solution of :

(3S) - 35 [ \atkthh- (2- (1(36h-3-NL@IFIRA H&W%bﬂ%ﬂy}hiﬁﬁ%bﬁm&mmmc Acid

ami no- 4- 6xobut anoi ¢ aci 0 sem car bazone (U- U438 0. 10 nnUI ] TN 37% aqueous
f or nal dehyde(0. 4 e S arpa _ Phepo s stirred at

roomtenperature

Aminomethylpolystrene

Aminomethylpolystryene resin (10.0 g, 100-200 mesh, 0.71 meqg/g) was placed
in a 200 mL filter tube equipped with a vacuum stopcock and g]ass frit and washed
10 successively with CH,Cl(50 mL)/dimeth&lformamide(SO mL), diisopropylethylamine(5
mL)/dimethylformamide(30 mL), dimethylformamide (2 X 50 mL) and tetrahydrofuran (30
mL). The resin was suspended in tetrahydrofuran(20 mL)/N-methylpyrolidinone(20 mL) with
nitrogen agitation through the bottom of the frit and treated with diiospropylethylamine (1.9 '
mL, 10.9 mmol) and (3S)-3-(9-ﬂﬁofenylmethoxycabonyl)amino-4-oxobutanoic acid (tcrt-l S
15  butyl) ester semicarbazonyl-4-[2’-(4-ethyl-phenoxyacetic acid)] (2.24 g, 3.56 mmol). After all
of the solid had dissolved (approx. 10 min), the mixture was treated with pyBOP
[benzo‘a'iézolyloxy-tris(N-pyrolidinyl)phosphbnium hexafluorophosphate, 2.78 g, 5.34 mmol)
in one portion. After mixing by nitrogen agitation for 3 hrs, the supernatant was removed by
suction and the resin washed succesively with _tetrahydrofuran 2 X 50 mL),
20  dimethylformamide (3 X 50 mL) and CH,Cl; (2 X 50 mL). Unreacted amine groups were
capped by treatment with a mixture of acetic anhydride(10 mL)/ dimethylformamide(30
mL)/diisopropylethylamine(1.0 mL). After mixing by nitrogen agitation for 1 hr, the e e
supernatant was removed by suction and the resin washed with dimethylformamide(4 X 50
mL).
25 The resin was treated with piperidine(10 mL)/ dimethylformamide(40 mL) and
mixed by nitrogen agitation for 1 hr. The supernatant was removed by sucﬁon and the resin

washed with dimethylformamide(4 X 50 mL) and tetrahydrofuran (50 mL).



under nitrogen for 18 hrs. The resulting clear solution was diluted with
wat er and m xture concentrated on a rototvap. The aqueous sol utfon was then
frozen and WPJMI466zed. The residue 25 was taken up in net hrawuses/isorer ed
Celite and filtrate evaporated to dryness. Trituration of the

with Et20 gave the title conpound (0.025 g, 59% as a white solid.

t hr ough
resi due

MS(ES) for CI8H21IN, 06 (MN431.41): positive 454(M-Na); negative 430(
87 EXAMPLE 113 (3S)-3-[N-(N -(I-Adanegg anyl ) Oxanyl ) Val i nyl |
Am no- 4- Oxobutanoic Acid 5 Part A
3S)-3-rN-(9-Fl uor | met hoxycabonyl! ) Val i_nyl | Am nQ- 4- Oxobut anoi ¢ -Aci d
g t ez t - But yl( ) Ester i@%ﬁ?‘&%é@mgﬁl {eﬁaa}‘—y(i‘?ﬁf?’!@‘? mb) D sihgiparofidinpne(20
Am nomet o re Amyne) 25| 0. 00-20
T el A NSRS ReRE Bl 1072 et

0.71 nmeqg/g

was placed in a 200 "nL e equi ppe

st opcockdisaptopylethgiarhine t(5 0L, \82Shmthol) Gind PYBOP Y834 €, Y6 DinkrAol§HR ik &Dby
mL) / di met hyl f or mami de(50 ni), diisopropylethyl am ne(5
L)/ di r riEPgeragksheRifered- Sbrspilfe sepematant WisTemareddey quptionsg the yesimashed

)/ 16 nebRuehD ot e rbuint o R A EERCEG Koy, Fneld od

of the frhl} ardEl,d (2 XtA0mY). tHhe sirOwy @Ml i Vb AT SRR thelti
(35) - 3-( 9_¥ For 2en>l(/| et hoxycaf)or?y| ) am no- 4- oxobutganot{‘eclzmz%

M H).

nmesh,
m

20
bottom

Prprdiperis ) =

butyl) eperitative)Basedbaw the ytarting [ semicarbaginkptidpthe rresity dmading cwacéalyulatéa?4 g,
3.56 mmol ). Afaéejr %kl of the solid had dissolved (approx. 10 mn), t
XAl 843 {

m xt ure

& pyBOP

[ benzotriazol yl oxy-tris(N-pyrolidinyl)phosphoni um hexaf| uor ophosphat
: N Oxamy)

g, 5.34
10

15

20

25

f@ﬁ) {3S)-3- -Adamantanyl)Oxamy Valinyl] Amino-4-Oxobutanoic Acid -

An aliquot of the Part A resin (0.125 g, ca 0.035 mmol) was placed in a 6 mL
Supelco™ fitration tube equipped with 2 20um polyethylene frit, treated with piperidine-
dimethylformamide (1.0 mL, 1:4 v/v) and mixed on an orbital shaker for 1 hr. The supernatant

was removed by suction and the resin washed with dimethylformamide (4 X 1.0 mL) and

he

e, 2.78

CH;Cl; (3 X 1.0 mL). The resin was treated with 0.5M iPr,NEt in N-methylpyrolidinone (0.40 .

mL, 0.20 mmol), (1-adamantanyl)oxamic acid (0.0246 g, 0.11 mmol) and 0.25M O-(7-
azabenzotriazol-1-y1)-N,N,N’ N’-tetramethyluronium hexafluorophate n N-
methylpyrdlidinone (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
washed succesively with dimethylformamide (3 X 1.0 mL) and CH,Cl, (3 X 1.0 mL), methanol
(2X 1.0 mL) and Et;0 (2 X 1.0 mL). _

The resin was treated ‘with 1.0 mL of CH,CL 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).
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 nﬁxed oﬁ an orbltal " s}‘la'k-er llmdér.
nitrogen for 4.5 hrs. The supernatant 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™



i-n one portion. After mxing by nitrogen agitation for 3 hrs, the

supemat ant wasog/eees/ed by suction and the resin washed succespgeiugoonsohy
tetrahydrofuran (2 X 50 nm.), 20 dinethylformam de (3 X 50 nlL) and CH2C02
(2 X 50 nmL). Unreacted am ne groups were capped by treatnment with a mxture
of acetic anhydride(l0 nL)/ dinethylformm de(30

L)/ diisopropylethylam ne(1.0 nL). Aftggr m xing by nitrogen agitation for 1
br, the supernatant was rem)ved by suction and the resin washed with
dlmsthylformamde(4x50 m) . The resin was treated with
pi peri di A&{-1® reverse phnsmmtwmmbammmo been) prerpgnditiorad with Waterotpdreluted t at i on

iF et hy| FUFSRCIRY I gt 5 LR EVREr e o M e, 667 MR 4l (e
Vas Sus PepeeieD- Rk @ﬁyﬂmcyémlag Fhatlohk pﬁ.d)wb&y E&hbi@lbdﬂ Wéx%ﬂorgt’ca to

treated with N (9-fluorenyl rrethoxycabony val i ne mmol ),

di i sopr opiimesdipl give the tifScompotnd 82)114 rgmm%) amicqiguﬁi@g(a%s SIZLCQAcQH-MeMDI ) and
m xed by nitro en aalitatl on for s.- The sw)ernat amt=a\as - enmoved by

suct i ohr CHa; fa Il Ms(ﬁhé@eguﬁel"yoml‘(f @R PR rost eretr A D, X 40
m.) and qgéﬁlg%ﬁ%g%%oammnﬁt@@pﬁ% {2 X 40 ni) and Et20 (2 X 40 ni). The

resin was vacuo to’giv itle product (12.69 g, quanitative).
Based on the starting sen carbazone-acid, the resin | oadi ng was cal cul at ed
as approximately 0.28 neq/g. Part B:

(35)-3-[N-(N - (I-Adanmant anyl ) Oxanyl ) Va] i nyl | Am no- 4- Oxobut anoi ¢ Aci d 10

An aliquot of the Part Aresin Emelmﬁ 035 mol ) was placed in a 6
mL Supel coTM fitration tube equl pped wth a 20pm pol yethylene flit, treated

with piperidine- Siarting  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:



di methyl formamide (1.0 nL, 1:4 v/v) and mixed on an orbital
The sumapvl/@ese Was r emoved by suction and the resin - washqeridoRser4

hr .

di methyl formamide (4 X 1.0 nL) and C12C12 (3 X 1.0 nl).
in N-nethyl pyrolidinone (0.40 15 ni, 0.20 mol),

treated with

0. 5M i Pr 2NEt

(1- adamant anyI )oxam c acid (0.0246 g,
azabenzotriazol-1-yl)-N NN,
N- et hyl pyrolidinone (0.40 nL, 0.10 nmol).

orbital

shaker under an nitrogen
renoved by suction and the resin

N -tetrangthyl uroni um hexafl uorophate
The m xture was m xed on an
16 irs.

(3 X 1.0 nL) and CH2CI2 (3 X 1.0 nL),

X 1.0 m).
re-swell for

treated with trifluoroacetic agyd-
‘i xi ng on an orbitaR! -shlake
--supernat ant was renoved by stic

- Af ter -

15 m n.

LT

nmet hanol
The resin was treated with 1.0 nL
The sol velﬁl ‘was

hid

vﬁ}t

shaker for .1°

The resin was

0.11 nmmol) and 0.25M O0-(7-

re for

r

in

The supernatant was
uccesively with di nethyl fornmam de
20 (2 X 1.0 nL) and Et20 (2

(°H2C12 and al lowed to
y“suction and the resin
isoge (1.0 nl, 4:3:1 v/vlv).

en for

5.5 hrs,

t he

in washedai tth. CH2C12 (4 X

0Onm). 25 The resin was tr eat ed 37% aqueous f or mal dehyde- aceti c
acid-tet ahygroftram—tr+fHtroroacett+og—actd —O—rt—1-1-5-0-025 'v'/u/V/V)
and ni xed_onlan_orhital shiker under {nitr ngm for 4 MYES The supdrnatant
was col |jeEs.efl by sWR'tion, tjheFersila WasMWd Wi t h goet r ahydr of wegn (3 X 0.5
). Theg ggnpppned filtratesg Mg, .6 ovn}dig,vm ungghRhy F d9€Mmg, PR, Tegi due was
taken ug in fret hanol (0.5 L 1), tiltered and wg;l@q{))tlrecﬁyto)a& mL
Supel codm St C18Trevq TaSe ron—tube—wrch_—lrad—been
pre-con i M ohB i t b uat er. g’rﬂ%é $ut 957-&49(‘(‘ s 4O ™ 2 tlh P79MHbach of 10%
MeOH- watfeiné BEREBRAOH wat er ,| GO OH\dar4r pnd14BRNAE O wadse@-Hhe
product -jcont fi ning fractions (TLC) wgre conbi mM3a(Mi¥] e\ap®r@i+ddA) o

117 | (2-CF5)Ph C1sHxoFsN;Og | 431.37 454(M+Na) 430(M-H)
118 | (2-t-Bu)Ph CyHN;0s | 419.48 442(M+Na) 413(M-H)
458(M+K) 532(M+TFA)
119 | (2-Ph)Ph CuHysN;Os | 439.47 462(M+Na) 438(M-H)
478(M+K) 552(M+TFA)
120 | (2-PhCH,)Ph CasH N304 453.49 476(M+Na) 452(M-H)
492(M+K) S66(M+TFA)
121 | (2-PhO)Ph CHapsN,O, | 45547 478(M+Na) 454(M-H)
494(M+K) 568(M+TFA) S
122 | 2-naphthyl CHuN;Os | 413.43 436(M+Na) 412(M-H)
452(M+K) 526(M+TFA)
123 | 1-naphthyl C2HuN;Os | 413.43 436(M+Na) 412(M-H)
452(M+K) 526(M+TFA)
124 | 4-Cl-1-naphthyl CHxCINOs | 447.87 470/472 (M+Na) 446/448 (M-H)
486/488 (M+K)
125 | 5,6,7,3-tetrahydro-1- CoiHoN;306 417.46 440(M+Na) 416(M-H)
naphthyl 456(M+K) 530(M+TFA)
126 | 1,2,34-tetrahydro-1- | CpHyNsO, | 417.46 440(M+Na) . 416(M-H)
naphthyl 456(M+K) 530(M+TFA)
127 | (1-naphthyl)CH, CHzsN;O | 427.46 450(M+Na) 426(M-H)
466(M+K) 540(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

departing from the spirit of the invention. Accordingly, the invention is limited only by the

claims,



dryness to give the title conpound (0.0114 g, 77% as a colorless glass. -
TLC( AcOH MeGio doosé#8Cl 2; 1:1:20) Rf = 0.23. M5(ES) for C2IHIMYRG6uédyMbor4
421.49): positive 444(M+Na), 460( MtK); negative 420(MH), 534(M-TFA).
EXAMPLES 114-127 Starting with
(38)-3-N—(9-f|uoreny|nethoxycabonyl)valinyl]anino-4- 10 oxobutanoic acid
(tert-butyl) ‘'ester sem carbazonyl-4- Lﬁ (4- et hyl - phenoxyacetyt )] — B
anm nonet hyl pol ystrene (see Exanple 1137 Part A) and fo

descri bed in Exanple 113, Part B, the conpounds shown dm”mtlm]dmtuw
were al so prepared: "~ [err] Although t he invention has been deséribed*with
reference to the exanples 5 provi de& gﬁ@g it shoul d be understood that
various nodifications can be made w F‘i departing fromthe spirit of the
i nvention. "Accordingly, the invention is limted only by the clains.

92 B is aweytiimgen atom a deuterium-atom alkyl, cycloalkyl, phenyl,
substi tuted phenyl , napht hy] substi'tuted napht hyI

Cm i eatw e %o - e Nt — L -

—— -im

1. - A compound of the following formula:

CO,R2
0
)x.j]_ I e
—N A—N |
H H
o] o]

Formula I

wherein:

A is a natural or unnatural amino acid of Formula Ia-i:

3 e

1_3_“____ - 1IIc

/Ra

N

46% )% rg
R e . H CHZ)c

. g _N cuz)., /N (CHz)b

o g o

- 1Ih ITi é



benzoxazol yl , substituted 2- oxazo Fyt—teH2)}<ycloal kyl , (CH2). phenyl,

(CH2) . (subst {)%/8@566 phenyl), or 2 napht hyl ),
(CH2) . (subst] 1- or 2- nap l,”, H’m teroaryI)PCT/US99115074
(CH2). (substituted heteroaryl), hal FCO\IRU3R14 CH2ZR 5,
CH20CO( aryl ), CH20CO( heteroaryl), or CHZO O('R @) R*7, where Z is an oxygen

or a sulfur atom or Bis a group of the Fornula [err] Rl is al kyl, -
cycl oal kyl, (cycloal kyl)al kyl, phenyl 92substituted phenyl, phenyl al kyl ,
substituted phenyl al kyl, napht hyl, substituted naphthyl, (1 or 2

napht hyl ) al kyl , heteroaryl, s&bsaulwpm a’ien,ea deuteriym @tmateﬂlqa,rqyc)oalkyyl

substituted (heteroaryl) I o]

| ower al kyl, cycl oal kyl, Iﬁ'}e cys(l:’Fio‘aTrt yl el?y&,ylnap yﬁug%%% pg‘%i‘é( henyl
phenyl al kyl , substi tut ecbenzdxmv}yﬂ,adubslituted’aiahtzblyl (CBesdlodl apkEnby | (1

or 2 napht hyI)aI kyl, or tituted (I, or 2 hth )alt%llle@}gnd wgnérel n: -
[ﬁrr] i’ire | Bd?p?n?egt I K Wﬂﬁ%‘g titut Eil I;h'ec‘}iﬂ()zlbo?al e phl (cyeT oal %ﬁg@%l T -
phenyl, substituted phe sauth@likyh - spbs h Phqg ap y
substituted napht hyl, (I 2% napht hyl ) al kyl , st| te oirﬁ)

napht hyl ) al kyl , heter oar(ﬂl'l,z)néiubstitutedtbcbroary% halomethyl _COzRl2 CONR”R”,
CH,ZR", CH,0CO(aryl), CH,OCO(heteroaryl), or CH,OPO(R*)R"’,

where Z is an oxygen or a sulfur atom, or B is a group of the Formula

Ia-c:
Hp Hp
v—— C —
4 ~o 3 G
1
o) RZO Rz
\ R22 \ R20
4
R1 8 \ Y Yz
o
R19
IiIa I1Tb IlIc

!is alkyl, cycloalkyl, (cyc]oalkyl)alkyl phenyl, substituted
pheny] phenylalkyl, substituted phenylalkyl, naphthyl substltuted" e
naphthyl, (1 or 2 naphthyl)alkyl, heteroaryl, substituted heteroaryl,
(heteroaryl)alky!, substituted (heteroarylalkyl, R*R™)N, or RO;

and

R? is hydrogen, lower alkyl, cycloalkyl, (cycloalkyl)alkyl,
_ phenyl substituted phenyl, phenylalkyl substituted. phenylalkyl T,
_naphthyl, substituted naphthyl, (1 or 2 naphthyDalkyl, or . .
substituted (1 or 2 naphthyl)alkyl;

B UGS R UV NI - a.na whereitl-: .
R™ and R™ are independently hydrogen, alkyl, cycloalkyl, o
(cycloalkyDalkyl, phenyl, substituted phenyl, phenylalkyl, substituted
. phenylalkyl, naphthyl, substituted naphthyl, (1 or 2 naphthyl)alkyl,
‘substituted (1 or 2 naphthyl)alkyl, heteroaryl, substituted



ﬁetérbaryl (heteroaryl)al kyl or substituted '(heter-oaryl ) al kyl ,-‘v-vi th the

provi so thatwaooom Ri b canno , RICis al kylpcrayebashky!
(cycl oal kyl ) al kyl, phenyl, bHI m mﬁwmﬂphenyl al kyl, substituted
phdi iyl al kyl ,"' napht hyl , subst iteated nap . or 2 naph_t hyl ) al kyl ,
substituted (I or 2 naphthyl)al kyl, heteroaryl, substituted heteroaryl,
(het eroaryl )af kyl, or substituted (het roaryl )aI kyl; R3 is Cl.6 |ower

al kyl, cycl oal kyl, phenyl, substituted phenyl, (CH2)nNH2, (CH2)nNHCOR9,

(COINCNNE, ( O2) B2 (GBI ot o siftiied Ueipa Mgt

(CH2) n( or  2- napht hifleprovis6 that R¥**Zad RN @4oO85tl be hydtbehei n het er oaryl
includes pyridyl, thienyl, furyl, thiazolyl, imdazolyl, pyrazolyl,

i soxazolyl, pyrazinyl, pyrimdyl, triazin I t et razoli/ and i ndol yI

i s hydrogen or nethyl, or R3 &nds risyl cxsletiofldgutienlioaliey ’-P}’Gﬁin‘%?SUWére d
I.s an interger . frrom 2- tolsﬂgim%,Ut e?%eny%%{lmteds%&ﬂaw;eﬁgphthghe%%?é ted

(CH2) nphenyl, (CH2) m(sub cycl-oal Gfa) €70
cycl oal kyl ; Rs is hydr ogeaphthybGleer 2xhdphthyaliry) sistitrited Ghend Inapkthpbalkylit ed

PN D)oot ot Y gl oSN TN DS T, B
cycl oal kyl, phenyl, subsjeds 5&9!1 Qpﬁnyl napht hyl , (CH2).cycl oal kyl
(CH2) 9phenyl , (CHZ) n(sub tltute enyl), (CH2) A(I or 2-naphthyl), OR O,
SR' or NHCOR9;
: R’ is C,.¢ lower alkyl, cycloalkyl, phenyl, substituted phenyl,

" (CHp)NH;, (CH,),NHCOR’, (CH,);N(C=NH)NH,, (CH)nCO,R’,
(CH,)OR", " (CHp)wSR",(CH,),cycloalkyl,(CH,).phenyl,
(CHp)u(substituted  phenyl), (CHz)«(1 or  2-naphthyl) or
(CH,)n(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_)4- where d_is an interger from 2 to 6;

R' is phenyl, substituted phenyl, (CH,).phenyl,
(CH_)n(substituted phenyl), cycloalkyl, or benzofused cycloalkyl;

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

R® is hydrogen, fluorine, oxo, lower alkyl, cycioa]kyl, phenyl,
substituted phenyl, mnaphthyl, (CH)).cycloalkyl, (CH,).,phenyl,
. (CHy)u(substituted pheny!), (CH,),(1 or 2-naphthyl), OR', SR or
NHCOR’;

R’ is hydrogen, oxo, lower alkyl, cycloalkyl, phenyl,
substituted phenyl, mnaphthyl, (CHy),.cycloalkyl, (CH;),phenyl,
(CHy),(substituted phenyl), or (CH.).(1 or 2-naphthyl);



R7 is hydrogen, oxo, |ower alkyl,

C‘Cfoa#ky+——phenyLT_subst|tu{ed phenyl

napht hyl , {&&#hiésgcl oal kyl , (CHZ) nph subst i t ut edePhgstg307
(CH2)n(l or 2- napht hyl); - 94- R8 i MMMW m cl oal kyl , $074°
U

(CH2). cycl oal kyl, (CH2).

phenyl, (CH2)x

enyl ), (CHZ) n(l or

2-napht hyl ), or CCR9; RO is hydrogen, |ower alkyl, cycloal kyl, phenyl,
substi tuted - phenyl, naphthyl, (CH2) ?%ycl oal kyl , (CHZ) . phenyl ,

(CH2) A(substituted . phenyl), (CHZ)

i s hydrogen, |ower alkyl
(CH2). cycl oal kyl , (CH2).
2-naphthyl); R is |lo

(CH2).(1 or 2-naphthyl)

or 2-naphthyl), OR 2, or NR 3R

RO

he t I ht hyl ,
pheﬁyf Ola pcél u@glh(wf E‘#‘Z’}"%ﬂgﬁﬁl) mggxwgﬁﬁ(l )c/)r
Hﬁkdﬁﬁéﬁtut@&ﬁhdﬁ?l) KECH,).(2 e Byaphthyl oF COBE,ed phenyl, -~
napht hyl , (CH2). cycl oaI kyl, (CH2)nphenyl, (CH2).(substituted phenyl),

(G2 (b or 2 napht iy )L iRl ety A o PYSLBMY e Bl gt 1

I s hydrogen, 1ower .alk
napht hyl , substituted..
(CH2) . (substitut ed phepham

| ower al kyl; : . or

menber ed

Mkmyphﬁﬂlﬁl%‘l kaz)mwaudyl (s!IQ)ﬁﬁHehyl; COHpfiehtituted

nap

| kKyl;, s=@H2)-rphenyl -

R™ is hydrogen, lower alkyl, cycloalkyl, phenyl, substituted

phenyl, naphthyl, (CH,).cycloalkyl, (CH,),phenyl, (CH;) (substituted
phenyl), or (CH2)x(1 or 2-naphthyl);

R" is lower alkyl, cycloalkyl, phenyl, substituted phenyl,

* naphthyl, (CH,).cycloalkyl, (CH,),phenyl, (CH,),(substituted phenyl),
or {(CH,)«(1 or 2-naphthyl);

R' is lower alkyl, cycloalkyl, (CH,)scycloalkyl, (CH,),phenyl,

(CH,).(substituted phenyl), or (CH,).(1 or 2-naphthyl);

R is hydrogen, lower alkyl, cycloalkyl, phenyl, substitutéd

phenyl naphthyl substituted  naphthyl,  (CHp).cycloalkyl,
(CH;).,phenyl (CHz)n(substltuted phenyl), or (CHz),.(I 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

" ‘piperazine;

" R"™ is phenyl, substituted phenyl, naphthyl, substituted .

naphthyl, heteroaryl, (CHy).phenyl, (CHy)(substituted phenyl),

- . (CH)«(1 or 2-naphthyl), or (CH).(heteroaryl);

R'® and R are independently lower alkyl, cycloalkyl, phenyl,

. substituted phenyl, naphthyl, phenylalkyl, substituted phenylalkyl, or
. . (cycloalkyl)atkyl;

)(gﬂz{@-%)zﬂ\aahtéfl),éﬁq gﬁ ;R), R24is hydr Ogenor

R 3 and R14 taken together forma five to seven- -

or
kyI

gy -



car-bacyclic or heterocyclic ring, —sut-h—ﬁrnvf—phoﬁTreT or N-substituted

pi per azi ne; wbo.dale1666S phenyl , substi ht hyl , suesitdovk sod4
napht hyl, heteroaryl, (CH2). phenyl Lm '[mﬂ”nmed phenyl), (CH2), (1 or.
2-naphthyll or (CH2). (heteroaryl) an RH? arexi ndependently | ower

al kyl, cycl oal kyl, phenyl, substi t ut ed phenyl, naphthyl, phenyl al kyl,
substituted phenylal kyl, or (cycloal kyk)al kyl; 95 R 8 and R19 are

i ndependent |y hydrogen, al kyl, phenyl; substituted phenyl, (CH2) nphenyl

(CH2),, (substituted phenyl ), Pt Sg@n C) 2-
R20 is hydrogen, alkyl, phéﬁylaﬁdsubsfﬂ?t u?eﬂgﬁg&ﬂﬁ @ﬁ%‘%&-ﬁ?& h%}{e
(CH2). (substituted phenyﬂb)stlmmheMZ(@Mpmm a(CHz)h(lsuhspmtudqﬂth);l), ‘bgen, or

alkyl; Xis CH2, (CH2)2 Qk NR23; Y2 is CH2, 0, or
NR23 a is O or- andbf“é‘{llgH e§t°gﬁ \?"ed' ‘%é‘g’v\henalsl then b is 1; c
is 1 or 2, prowded that when c is 1 then ais 0 and bis 1, mis 1 or 2
and ..nisl,; 2, 3or4; R* is hydrogen, alkyl, phenyl, substltuted phenyl,
. . . - ool
(CH,)phenyl, (CH,),(substituted phenyl);

R?, R? and R are independently hydrogen, or alkyl;

Xis CHZ: (CHZ)Z: (CHZ)3’ or S;

Y' is O or NR%;

Y? is CH,, O, or NR”;

aisOorlandbis ] or2, provided that whenais 1 thenbis I;

cis 1 or 2, provided that whencis 1 thenaisQOand b is 1;

mis1or2;and

e . ~-nis1,2,3 or4; e mme e e e s e e

or a pharmaceutically acceptable salt thereof.

2. The compound of claim 1 wherein A is

3. The compound of claim 2 wherein



or a phar maceut i cal | y acceptable sa The conpound of clai'm *

1 wher ei n woios/0i¢éa 3. The ¢ cl al m 2 wherei n  pcPosiviisoss | ower
al kyl, cycl oal kyl, phenyL, subs mﬂ H ,l (CH2) . NH2, (CV)nOR o
¥ (CH2). (subst ituted phenyl)

- .(CH2) mBR, - (CHZ) cycl oal kyl

or (CH2)n(1 or 2-naphthyl); and R38 |s hydrogen

The corrpound of claiml wherein A |s The conpound of claim 4 V\/nerel n =’
R4 is phenyl, substituted phenyl ) rrPhenYI (CH2) m(substi t ut ed phenyl ),

cycl oal kyl or2 d I .

Tﬁe corrp)c/)und of c: Q.I ?nny6 wh;;{el h %? Fggﬁow}b e L We‘;g?l’lsum%étg%l o%‘?’kyl

henyl bstituted - ptEHENH; LOR™( CHXCH:)SRYa! ky(CH,)emtikypheny! |
?Cﬁlg{A(suEgtist Iut gdepheﬁ&gj l&narlgiegf of %;(nfzp h?il5 aﬁ]‘«’yq (f Sﬁh?; eny

The conpound of claim 1 Jphgnyl. (ggbstitute ‘%’T’By c?‘?ﬁg Hel L SF Z82R wher ein

and
R"a ;s hivdroéeﬁ. . — -
4. The compound of claim 1 wherein A is
T
%/ N\)j\é
ITb
S. The compound of claim 4 wherein R® is phenyl, substituted phenyl,
(CH;)wphenyl, (CH;)m(substituted phenyl), cycloalkyl, or 2-indanyl.
6.  The compound of claim 1 wherein A is
7. The compound of claim 6 wherein R® is hydrogen, fluorine, '

cycloalkyl, phenyl, substituted phenyl, naphthyl, (CH)).cycloalkyl, (CH,),phenyl,
(CH,)o(substituted phenyl), (CHy)(1 or 2-naphthyl), OR™, or SR,



K7 T's”hydrogen, oxo, cycl oal kyl phenylsubstituted phenyl, or maphthyl ;-

and [err] 10 onpound of | 7% s i Ais [err] B The
conmpound of g‘ll%(i]oﬁiﬁﬁo()cmklerei n a HHLQJIMHKIWHMOWOUM of cl a‘?%”?éé%‘es%“l n
B is hydrogen, 2-benzoxazolyl, s I it @ - zolyl, CH2ZR'S5,

CH20C((aryl), or CH20PQ(R16)R'7, and wherein Z is an oxygen or a sulfur
a&om 13. The conpound of claim1l Wnergi n Bis [err] 14. The conpound
of claim 13 wherein R8 and R19 are indegéndently hydrogen, alkyl, or
phenyl, or wherein R 8 and R1l' taken together are -(CH=CH) 2-. 15. The
compound of claim| wherein R - is phenyl, substituted phenyl, phenylal kyl,
substi tut ed phenyl al kyl , naphthyl, substituted naphthyl, (1 or 2 -

napht hyl) al kyl, het ergar yl The@bmphimtl OFf Slaiey1 whérkinlA is16. The conpound of
claim3 wherein R3 is nmethyl, isopropyl, isobutyl, cyclohexyl nethyl,
t-butyl, cyclohexyl or phenyl.

9. The compound of claim 8 wherein

] R’is hydrogen, oxo, cycloalkyl, phenyl, substituted phenyl, or
naphthyl; and

X= CHz, (CHz)g, (CHz);, or S.

. 10. . The compound of claim 1 wherein A is




'99 17. The conmpound of claim_16 wherein B _is CH120(2, 3,5, 6- _
tetrafl uorophenyl). 18. The conmpound of claim 1 wherein R is |-nap'l

ana A is vamorDg/01659 . The conpounduwl mnm‘"ﬂl’mﬂlel n R i PCI/yRPAINY|l -
and B is CH20(2, 3,5, 6-tetrafl uorophth ! armaceut i cal

conposition conprising a conpound of cl ai M 1% n3cofbi nation with a

phar maceuticglly acceptable carrier. 21. A nmethod for treating an
aut oi nmrune di sease, conprising admggstering an effective anount of the
phar maceuti cal conposition of claim20 to a patient in need thereof. 22.

A nethod of treafing @ conpblri6TRlaah )0 wheBAS8 0. CONPri sing admi nistering
an effective anount of the pharmaceutical conposition of claim20 to a

patient in need thereof. 23. A method of treating a neurodegenerative .
di sease, conprising adm nistering an effective armount of the pharnmaceuti cal
conposition of claim?20 to a patient in need thereof. *100 24. A

met hod of preventing i SEReBdmpdunid W Vlalf PwRérkineBtis Bydrbgen, Phbehikaraylfli sease
associated with ischemc ng]yr conprising adm nllét,gmg an effective
amount ofubstituted RararebduEHZA S @yBn o E HePBOR R 't andawhaieing s ath need

t her eof &éfgenoa%sulﬂﬁta%% for expandi ng of .hemat opoictic cell populations or

13. The compound of claim 1 wherein B is

IiIc

Illa

14.  The compound of claim 13 wherein R'® and R are independently

hydrogen, alkyl, or phenyl, or wherein R'® and R* taken together are -(CH=CH);-.

N - 15, The compound of claim 1 wherein R' is phenyl, substituted phenyl,
phenylalkyl, substituted phenylalkyl, naphthyl, substituted naphthyl, (I or 2 naphthylalkyl,
. heteroaryl, or (heteroaryl)alkyl.

16. The compound of claim 3 wherein R? is methyl, isopropyl, isobutyl,

cyclohexylmethyl, t-butyl, cyclohexyl or phenyl.



énﬁénting their survival, conprisimn ifg—the—cel I's with an effective.

anount of thghagsgceutical corrpou"unmln;"m"mm’? 26. Thfc%&&?&oﬁf
claim 25 wherein the cell popul ati es, nonocytes, _
erthrocytes, |ynphocytes or platelets forruse i1sn gell transfusions. 27. A
met hod of prolonging the viability of an organ that has been renoved froma
donor or isolated cells derived froman grgan for the purpose of a future
transpl ant ati on. procedure, conprising applying an effective amount of the
pharmaceutical conposition of claim20 to the organ or isolated cells to
prol ong the viability7of tie" compaus ebnfaifed!t o MiffeFeaBeds o FaReks.6-

i sol at ed Cglgafinordphenyry. The method of claim27 wherein the organ is an intact
organ. 29. The mat%od of claim 27 wherein the isolated cells are
pancreatic islet cells, dopam nergic neurons, blood celis, or henatopoietic
cells. '

18. The compound of claini 1 wherein R! is 1-naphthyl and A is valine.

19. The compound of claim 1 wherein R' is l-naphthyl and B is -
CH,0(2,3,5,6-tetrafluorophenyt).

20. A pharmaceutical composition comprising a compound of claim 1 in

combination with a pharmaceutically acceptable carrier.

21. A method for freating an autoimmune disease, comprising
administering an effective amount of the pharmaceutical composition of claim 20 to a patient

in need thereof,

22. A method of treating an inflammatory disease, 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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24, A method of preventing ischemic injury to a patient suffering from a
disease associated with ischemic injury, comprising administering an effective amount of the

pharmaceutical composition of claim 20 to a patient in need thereof.

- © L el -

25. A method for expanding of hematopoictic cell populations or
enhancing their survival, comprising contacting the cells with an effective amount of the

pharmaceutical composition of claim 20.

26. The method of claim 25 wherein the cell populations are granulocytes,

monocytes, erthrocytes, lymphocytes or platelets for use in cell transfusions.

27. A methdd 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

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.

et e s et 844

composition of claim 20 to the organ or isolated cells to prolong the viability of the same as ™~~~
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