; e3ebkbhdzVP6T9) WO 011 00658 PCT/ US00/ 05648 1 C- TERM NAL MODI FI ED

(N- SUBSTI TUTEDr Z- | NDOLYL DI PEPTI DES AS | NHI BI TORS OF THE | CE/ CED-"3 FAMLY
OF CYSTEI NE PROTEASES 5 10 BACKGROUND OF THE | NVENTION Field of the

| nvention JRfpRb@gent invention relates to novel classes witeseompsaugrds whi ch
are inhibitors of interleukin-1 ~i convertilng enzynme and rel ated proteases
("ICE/ced-3 famly I S of cysteine proteases'"). This invention also

rel ates to pharnaceutical conpositions conprising these conpounds and to
met hods of using such pharnmaceutical conpositions. The conpounds,

phar maceuti cal ceMIGRVIINALSVIUIFIEDN\NSUBS TITUBED P2 ENDOR YI2DEPRRYIDES| ar | y
well suited for inhibiting the protease activity of the |ICE/ced3 famly and

consequent |y, may be advaiSaBHBIBITORS OF FHEIGEED-IFAMILY| nterl eukin-1 20
("I'L-1 ") nedi ated di seases, inclgde i i seases, aut oi nmune

di seases and neur odegenerative di seagggtﬁ%%wm% ting unwant ed
apoptosis in various disease states such as ischemc injury to the heart
(e.g., nyocardial infarction). brain (e.g.. stroke), and kidney (e.qg..

i schem ¢ ki éney di sease). Background Information 25 Interleukin 1 ( 'IL-1")
is a mgjor pro-inflammtory and i mmunoregul atory protein that stinulates
fibroblast differentiation and proliferation. the production of

pr ost agl i agenase and phosphol i pase by synovial cells and

ehondr oc‘mﬂmmml | and eosi nophil degranul ati on and neutr ophi l
activation. WO 01100658 PCTN800/ 05648 2 Oppenheim J.H et al.,

| mmunol o, gv Wéy, 7:45-56 ( 1986). As such, it is involved in the

pat hogenesi s of chronic and acute inflamuatory and aut oi mmune di seases.
IL-1 is prelfoninantly produced by peripheral blood monocytes as part of the
i nfl ammatory response. Msely, B.S. et al.. Proc. Nat. Acad. Sci.,
84:4572-4576 (1987); Lonnemann, 5 G t a . Eur. J. Immunol., 19:1531-1S36
(1989). IL-1 ~i is synthesi zRAGKGROUNDIQF THE INVENEYONe precursor,
prolL-1 . ProlL-Ip is cleaved by a cysteine protease called interleukin-I|ei
converting enzynme ("ICE S between Asp-116 and Al a-117 to produce the

bi ol ogi cal |y agldd/sr he In®édtional fragnment found in human serum and synovi al
fluid. Sleath, PR et al., J. Biol. Chem, 10 265:14526-14528 ( 1992); A
D. Howard et al.) J. | nmithecpresent inygntipggglates gonqvel classes of comppupds whigh greej ne
protease |ocalized pri-oBrhly:i : I i L i .

pro-i nfl amat o%’é’?bétﬁ ‘)lfhnar%ljrl%%g{gm ggt?lg?@‘ rgo {anre '?11 %gpa%e%i L Fﬁsé%gs?,d,af@g%d ggag;lwa
particul arlys i bf chuimd poteases al Thisaippeawion tabo hrelates vo pharmia¢entitdl compgsitians on
of cell death or apoptosis. Yuan, J. edt aL, gel |, .75:.641-652 1993&. Mura,
M et al., Cel Fompusings3hesgocqmpeingdafnd Ngr fetiods offl M¥Pe RICR. PBprmgFeuticy!

Cel | Biochem , cdiRshibhs.( HAR3tompdunBa gHafiidcddticall EdmpatitibdsEAsE thethdao ey mgues
are thought to be associated with the requl ation of apoptosis_in

neur ogener at i vénvditgeasepartieasty well syitef &rriplibigng the prosaese acsiyiy of e deBsed-

Mar x, J. and arin 0 e .9 - X i ardink ., V.
et al., Sci en%.%%%@gg{lﬁlwﬁ)@ %%‘6‘1% ?Jog],g ?a\g egtggge%%%%gé flnr?ler%l?léf’}

i nhi bitors 20f {hE-1"{isbdiged distaes, liyclafinginfaenmenypligtessevimmynddisesef and as
t herapeutic agents i nclude: infecti ous,ngi seases, slxch as . neni ngi tiﬂf and
sal pngi L1 s;  SBEATPASESIERRe dissatss raatl Jpy inbiingedianted Gposiasia Bt Yarioys HseRns,)
such as arthri i GHOLARGAIAIS in6f) td e heBRGERN Hybldrlal RRAQENS. Obrbin @.g .
hepatitis, pancreatitis and reperfusion injury, i'schem c diseases such as

t he nyocardi al siroejraod kidney (8%..dscherkis kidngy disedsoni ¢ ki dney di sease;

i mmune- based di seases, such as hypersensitivity; auto-imune diseases, such
as nultiple sclerosis; bone diseases; and certain neurodegenerative

di seases, such%&gﬂ%@h%mﬁdtﬁmand Par ki nson' s di sease. | CE/ced-3 inhibitors
represent a class of conpounds useful for the control of the above-listed
di sease stadds. Peptide lardegdnt i Hyl (nhdbisors dnaiercEPIRaiREammaloas and
described. HOWENSlnorsilfdlor PRih bk Sil@ues REEHad: ¥ittchefliddion GRA pRAEFELIGECMhDY
undesi rabl e phartnacat ogi ¢ "properties, such as poor orar a orption, poor
stability and production of prostaglandins, collagenase and phospholipase by synovial cells and

chondrocytes, basophil and eosinophil degranulation and neutrophil activation.
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WO 011 00658 PCTNS00/ 05648 3 rapid nmetabolism Plattner, J.J. and D. W

Nor beck,, in Dru Di scovery Technol ogies, CR Cark and WH. Myos, Eds.

(El'l'i s Hor woooj0odai chest er, Engl and) 1990), pp. 92126. TheTasdesi r abl e
properties have hanpered thel r devel opnent into effective drugs. 5
Accordingly, the need exists for componds that can effectively inhibit the
action of the ICE/ced-3 fam |y of proteases, for use as agents for

L1 Tect o SaPeabent ACtl o P Fat-3¢ OafPl A e T et ™ O
neur odegenepgiphttSpedéskCr@foniclifl RURSEMmmaYS Y Alkofhikf di®8sdshils.inged and

provi de rel at ed advant acgss as well. 10 SUM Vi ARY OF THE | NVENTI ON One
aspect of t Predominanstprodigeshby paripkeral hlogdomprnsiies appakef 1 inflammatary f or t h

bel ow. A furlfigte Mo B%f emegtd%SNQgc#ManE g4 Q877. @sm@ém%%aﬁaln,

conposi ti ons ‘conpri SI ove Fornul
phar macegdt i Gatt_lgy,-mg‘ielmmmgdi 1$lwr153ér(138%ref or. Oher aspect S of this

invention involve a ‘i‘i?ﬁ? of { {heEi eALL N9 f"‘ck'ﬁo'm%%egr%térg&semxﬁ%

i nfl ammat ory di sease Reur o egenerati | Sease
admi ni st er i B@Ianp 6f f:lemed\bg anpdseihe pfotas@bﬂredameﬂéukna]ﬁ cmmanfngtemmdl scussed

above to a patient in eat ct of the

i nst ant invgﬁéﬁgﬁeﬁ"?e’a%ﬁih‘g&“‘i#ﬁ?ﬂﬁl |d§"cﬁ’é?ﬁ’tg rf%ﬂ‘g? éeral"ﬁatlent
suffering fpQimén ?Huﬁ@ﬁﬂﬂmea%%eﬁm e%m fluiE NSIEAh, P R Ndt L, yJ BSPChéh.NY
adm ni steri g%\/an effective anount of the phar maceuti cal m})\om ONMpPOSI t1 0N

di scussd@ aPovkseer145284199%tA-PnHawarg epal., mgnabdﬁﬁéﬂﬁ‘l 2%@1( $918:D
DESCRI PTI ON OF THE | E rl%}lle%; Tg"@asg%gﬂ%ﬁ%é"ﬁ;ﬂy Rirsonb gsnt?ggdlh&porporate

an N-substituted indo as a pept i tic st ruct ragnent
Despite | acla mgnaidgymmgﬁlﬂabomord@ndnmgqmrmlm ptopertipeofRL-18niCHe and t r ogen

of known pe di.C, I. ib| st C ounds of
t he instant Barh\}xéﬂplﬁéno u‘ﬁ' ﬂ% ét%éan% §‘"§‘s’§vu nﬁut%‘g %ééﬁgnonfo Ce@\g agﬁ.TFE)OGSS 4
PCTI US00/ OSWtobi@E/Yamd-JB __@pteﬂa,s‘ks 644 rBSR (1958 ); viinyayds et AlnaGed], IH6PHE6HS al so

acpoct 0B L HOMNeBmIRIGEm e e L ibeldunBiind 850 {le@skoR s '°

ICE or ICE/ced-3 homologues are thought to be associated with the regulation of

apoptosis in neurogenerative diseases. such as Alzheimer’s and Parkinson’s disease.
Marx, J. and M. Baringa, Science, 259:760-762 (1993); Gagliardini, V. et al., Science,
263:826-828 (1994).

20 Thus, disease states in which inhibitors of the ICE/ced-3 family of

cysteine proteases may be useful as therapeutic agents include: infectious diseases, such

as meningitis and salpingitis; septic shock. respiratory diseases; inflammatory

conditions, such as arthritis, cholangitis, colitis, encephalitis, endocerolitis, hepatitis,

pancreatitis and reperfusion injury. ischemic diseases such as the myocardial infarction,

25 stroke and ischemic kidney disease; immune-based diseases, such as hypersensitivity;

auto-immune diseases, such as multiple sclerosis; bone diseases; and certain
neurodegenerative diseases, such as Alzheimer’s and Parkinson’s disease. .

ICE/ced-3 inhibitors represent a class of compounds useful for the

control of the above-listed disease states. Peptide and peptidyl inhibitors of ICE have

30 been described. However, such inhibitors have been typically characterized by

undesirable pharmacologic properties, such as poor oral absorption, poor stability and



X RiCxZR3 (CHz)hn B ANRL OH O5 FORMJULA 1 wherein: nislm‘ZlORis
al kyl, cycloal kyl. (cycloal kyl)al kyl, phenyl, (substituted)phenyl’,

phenyl al kyl tltuted)phenylalkyl het eroaryl, (hete yl or
(CH~) nCO Rwo gér%gl nm=1-4, and R is as defi ned bel ow; E’eﬁ{"woog‘g“&(hydrogen
atom chloro, alkyl, cycloalkyl, cycl_galkyl)alkyl, phenyl,
(substituted)phenyl, phenylal kyl, (substituted)phenylal kyl, heteroaryl, 15
(heteroaryl)al kyl or (CH )pCO Rs, wherein p = 0-4, and R is as defined

bﬁl ow |Rk : @M&gﬁfrﬁlﬁﬁgyﬁwmﬁmgiwg i Drud ©ligeb lﬁsér%nai békl o)

enyl a supstitute enyl a a en atom a

2yc| gal kyly c9@¥(1‘o§!dk\§ll}3 zNR‘SFIv 9|Ha¥\kcgﬂd Cb‘r‘:hfsé%béflgl@gt EWOpipen22-al Kyl 20

RS is a hydpgg ﬁé eﬁqes@ble bro saﬁeé ﬂdekydmpefethp%w J)n?x{nlfﬂno JeRe! al kyl,
phenyl a ra

or (substituted kyl ; I's a natural or unnat amno acid; Bis a
hydr ogen atdmgs. a deut er| um atom al kyl , cycl oal kyl, (cycl oal kyl ) al kyI

phenyl substit ut ed henyl al bst] t ut nyl al kyl ,
het eroar§ll (het er oar yﬁ ‘P%{%’ﬂ e'5e mSFs#of Q“Q{% ﬁ‘éfa&%%‘?ﬁ% XJ’@

CH, 000 het ak®agtn} of bE 1CH/ERA( fin’)x1980f m&mszfdr S.lsarhsoagyé@e ror Qiverdngor a
sul fur atom WD 011 006 PCT/ US00/ 0564 R? enyI substl tuted
phenyl , phé‘\WP%fF‘k?H"P‘OE@&B qr (TG Etag %Fﬂ?ffy?“g&?‘ﬁ?/ °rmF|8 Heghateg diseases,

(heteroarylgal Isylmﬂ&méw@ %ﬁt@lﬁeuhadﬁﬁeme n¥rafi@l ee&-eds from §raehup
consi stent of alkyl. cycl oal ky ubstituted phenyl, phenylal kyl,

n
(substitut davestemsptisfiea this/eed %aoteygwqéyw@emwelbnd X and Y are

i ndependently sel ected fromthe group consisting of a hydrogen atom hal o,
trihal omethyl, am no, protected am no, an am no salt, nono-substituted

am no, df- SSINAMARY €@F BEHEANVENFISXy pr ot ect ed carboxy, a carboxyl ate
salt, hydroxy, protegted h d t drox wer

al koxy, |ower alkylt % asPe %eymSt st?“temtmndm%r C’i"’p‘)c%dcsl%oal yﬁ'laqsﬁ%stl tuted
cycl oal kyl .fofticyetdwoal kyI )aI kyI ) substl tuted (cycloal kyl)al kyl, phenyl,

substituted phenyl al k and (substitute henyl ) al kyI or a
phar maceutical | y accggl‘% th%'ﬂgéfgﬁ%VSP%%wéPﬂifR@?%l\éfg I compositions i n t he
above for Mibampridifle atc@mpburdl Kﬁ/{he abB@ Bormhufil | ahd At pafmakeutRaAyedestale to C8
car bon chaln such as net hyl, ethyI tent - butyI i so-propyl, iso-butyl,

n- oct yl 13 arfgriehberefoke. The term’ cycl oal kyl' means a nono-, bi-, or
tricyclic ring that d)ﬁxexe'aE;ﬁ%{s btldiy itRhHSAERANRT 2 PRLthd R by u‘éﬁﬁ@t wt at ed.
Exanpl es of such a ring include cyclopropyl. cyclobutyl) cyclopentyl)
cycl ohexyl au@yumwemsyase a@amﬂﬂfwa‘orﬁy@mt% a @pwodegenearatyasdis@selecal i n,

bi cycl o[ 2 o] Y

1, 4cycl ooct2c a yé a%m éﬁfrﬁ@y% kée@&f%ee%?lélrmd , gy%cgg%ﬁg%ehlﬁ Jlofnﬁo ﬁli}?m means
the above- dm‘cunecdabat/é(golapgnempnmbsfstmhltremimmitth one of the above cycl oal kyl
ri ngs. anpl es of (.cycl.ohexy

3- (cycl 6propyl ) - n- pr%‘b‘m’er % gyoéJ %ﬁéﬂi‘%ﬂt ! e%’?ﬁ}?“ ‘%?SAnga%nodn‘frfﬁTWé%(yl and
the |ike. Imemﬁr.ﬂhr,subespmem adfephE fivin"a Gip@6d hds6Satad PMENYhedicatiiry
substituted with one or nore, and p referabl(\; one, or twqg, noieties chosen
fromthe groBpEsiepAdPRisERe.n FEPYYERmouYaPhle Pharmecsuicadl WBPEYSe cyano,
vitro, trifdidd@dsaimot¥io-a datiedt®n feed Bf éh wredtmerk0 C. al koxy, C to C acyl) C
to C, acyloxy, heteroaryl, carboxy, protected carboxy, 30 carboxymethyl,
prot ect ed car boxynet hyl , hydroxyrret hyl , protected hydroxynethyl, am no,

g{no'ﬁlgct edvﬁ%q%&gggﬁgé%r%%gggkwNﬁbﬁt ected (nonosubstituted)

The compounds of this invention incorporate an N-substituted indole

ring as a peptidomimetic structural fragment. Despite lacking a hydrogen bond donor
equivalent to the P; amide nitrogen of known peptidic inhibitors of ICE, the N-

substituted indole compounds of the instant invention have high activity as inhibitors of



(di substituted)am no, carboxam de, protected carboxamde, N-(C, to C6 al kyl
or al koxy) carboxam de, protected N-(C, to C6 al kyl or al koxy) carboxam de,
N, N-di { &, #0 o ﬁ@osiﬂ kyl or al koxy)carboxam de, N-((C, to G&r/usoo/s6ds

al kyl') sul fonyl'yam no, N(phenyl sul fonyl)anm no or by a substituted or
unsubstituted phenyl group, such that in 5 the latter case a bi phenyl or
napht hyl group results, including bi phehyl or naphthyl groups optionally
substituted with one or nore substituents as identified above. Exanpl es of

the term"s tituted e i_ncl udes nmono- or di (hal o) phen roup such
b 2- 5 or Yok Byl of SECRRD: QBRENAmBoMa A HEP oA, o

3, 4-di chl or gphei srelanveﬁokﬁéwﬂpé}j’tﬂmmgmg 3, 4 di br onophenvh 310

chl oro- 4-fl uorophe . - _or 4-fluorophen and the |like, as well as
tri- or tetra(hal o)pt@?ﬁﬂspﬁjﬁeﬁﬁ%@@&ﬂn&@‘@ﬂ@ Wm%;@lﬁéﬁ;ﬁomdaﬁbno or

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

2, 4-di hydr oxyphenyl, the pr oject ed hgdr oxy deri \@ﬁk\?es ther eof and the

i ke; a nitrophenyl group sygkgas 2R 3-, or éll_fnﬂhtrophenyl a cyanophenyl
group, for example, 2-.3- @o ophenyl' o- or di(al kyl)phenyl 15
group such as 2-, 3-, or 4{MR i Z,A’éd.h)w&t hyl phenyl) 2-, 3- or

4- (i sopropyl ) phenyl, 2-, 3-, ) /ﬁm nyl 3- 4- (n- propyl)phenyl
and the |ike; a nono or di(al koxygiphenyl roup0 for exarrpl e)

2, 6-di rret5noxyphenyl, 2-, 3- or 4-(isopropoxy)phenyl, 2-, 3- or

4-(t-but oxy) phenyl, 3-ethoxy-4-nmethoxyphenyl and the Iike; 2-, 3- or
4-trifluoronet hyl phenyl; a nono- or Ebrsarbbxyphenyl or (protected 20

car boxy) phenyl group such as 2-, 3- or 4-carboxyphenyl or 2,4-di(protected
car boxy) phenyl : ~ mon8ergp i (h dr oxymet hyl ) phenyl or (protected

hydr oxynet hyl ) phenyl rsﬂgqh,ras ) 3 or 4 (prot ected hydroxyrret hyl ) phenyl or
3, 4di (hydr oxynet hyl ) phenyl (am nonet hyl ) phenyl or (protected

ami nonmet 1 ) phenyl sd’eh'sa“ér‘)ﬂ CY%Qa“@’r‘ WW‘&%\‘HBH‘Q‘E I"BhF’)‘)ﬂhésr‘t‘yffm‘éiFd)Phen)’l
2,4-(protected 2 t r

di (N- (et hyl sul f‘ghny a1%9{’lrg) p‘r’%‘ﬁj}%%‘*ﬁé By ,rm%”’q (heteroaryhalkyl - or
4- (N- (et hyl sul f 67H),A6.R6 Wheteimmi= 1-6‘\|agéR4 tShedtfeledlbélewbstl tuted phenyl"

G Tferent. Tor exanpls, Sabetibred) AUR7 AOR, S’ SHHDE, BARIRABIE pheny
2- met hoxy- 4- br Onﬁﬁhﬂny&ubst&eteﬂ)pher&-l hmnﬂx&ﬂhembntu@d)bydﬂyWJ 4hd‘i¢rbir9|phen |,

2- hydr OX e -4-chlo like. 0658 |.USO0/ 05648
The ter (subst{hF'E @HX)ﬁﬂ‘éﬁgfl FH]&%?% Mﬁ?"%ng;%fm{ﬁ sé‘b‘éﬁfge BHeY ¢ ut ed
phenyl groups attacheg lteh 8o g€ atbrhealﬁ)h%@todm?lcgdy@l@ﬁikﬂ MW, SHeRURK 1 Exanpl es
of such groups include 2 en I-l chl or oet hyl , 4' - met hoxyphenyl ) et hyl ,
4-(2', 6" -di hydr o%&(sybaiduied ?H'?e’ﬁ’ L 2-(5' -cyano- 3' - net hoxyphenyl ) n-pentyl ,
3-(2',6' -di met hyl phergl;} g p ZdrBéapMBm ﬁkgthéyerogn&r BTLIBRARARAN; phenylalkyl,

6- (4' - met hoxyphenyl) - 3-car

5- (4' ani nonet hylwﬁemlwteglpé"a?ﬁlﬁbﬁet hyl ) n- pentyl

5- phenyl 0XO0- N- pent 5 I X p, The
terns haq3 " and ' hal%ééﬁ hydl(oéée%/g{"g %1{:}3 #)Jlg{?(g)lk F%]}r{%l)al@q}htep}qalk bdo
groups. There caeor (bdbsimediphenpaliylhal ogen, whi ch are the sane or different.
10 Preferred hal ogens are ghl oro and fluoro., The term “aryl" refers to
aromatic five and sixX* A e imafEREocid ngs.  six nembered rings are
preferred. The term "MetseroaydtogesleMoneSa Ofdutedinal |ayons Ulislyilt Wyeidalkyl,

five-menbered or six-nmenbered rings that have, 1 to 4 heteroatons, such as
oxygen, sul fur atfaslealkrialivbgen 18%aYlons, (RopHNtedBRAYL ni ¢ rRAGRMal k¥ t her

al one orag n conj UaGkLARMchfaRH, fHUEcr%‘yIO)Wéi@MIbMI QBRI CoR ZR:

five-menbered or six-nenbered rings are fully unsaturate The fol | | owi ng
ring systenms areCBXGfapd), ofr @H@(T@(thetﬁl@@lybl ot GHaRBOHR)R® s otiete Zuiseeh or
unsubstituted) radicals-d e term "heteroaryl": thienyl, furyl)
pyrrolyl, pyrrollﬂﬁﬁgfﬁx ﬁ?%gzoFR¥¥&Fsoxazolyl triazolyl, thiadiazolyl
oxadiazolyl 20 tetrazolyl, thiatriazolyl) oxatrlazolyl pyridyl,

pyrim dyl, pyrazinyl, pyridazinyl, oxazinyl, triazinyl, thi'adiazinyl
tetrazolo, 1,5-[b~p~~ridazim-l and psrinyl. as well as benzo-fused
derivatives, for exanple, benzoxazolyl, benzothiazolyl, benzim dazolyl and
i ndolyl. Substituents for the above optionally substituted heteroaryl rings
are 25 fromone to three halo, trihal onethyl, carboxam de, am no, protected
am no, amno salts, nono-substituted am no, di-substituted am no, carboxy,
prot ected carboxy, carboxylate salts, hydroxy, protected hydroxy, salts of
a hydroxy group, |ower al koxy, |ower alkylthio, alkyl, substituted al kyl,
cycl oal kyl, substituted cycl oal kyl, (cycloal kyl)al kyl, substituted

(cycl oal kyl ) al kyl, phenyl, substltuted phenyl phenylalkyl 30 and

oy T . o o




15 additionally have an am no-protecting group as enconpassed by the term
"protected (nonosubstituted)am no." The tens "(disubstituted)am no" refers
to am no QESOU{JS W th two substituents chosen fromthe gipRyRstREsSti ng of
phenyl, su¥9f1%iBed phenyl, alkyl, substituted alkyl. C, to C, acyl, C to
C, alkenyl. C to C alkynyl, C to C ~ alkylaryl, C, to C, 6 substituted
al kylaryl and heteroaryl. The two substjtuents can be the same or 20
different. The term "heteroaryl (al kyl)" denotes an al kyl group as defi ned
above, substituted at any position by a heteroaryl group, as above defined.
Furthernore, the aboR® ipphényhabspitatedshenyly pleaylpikyl (substitared phenylslkxbrenber ed
het erocyclic ri C opt 1.0 e fused to a aromatic 5-nenbered or
6menbered aryl g%? r%a?gr%g?eﬁrgﬁhék@ystem For exanple) the rings can be
optional ly 25 fused R} aad Riraeriridependenviynselectedi from Hgroapioensident iofiglkglyst em
The term " " phar riaceBlyE hF bR e b e ol prbuet pfisel 05 s ¢ nai
e term' " phar “a 0 S a
formwi ths the cajfaQuxlatgnamypasd and includes salts formed with the organic
and inorganic cations such as those chosen fromthe al kali and al kal i ne
gar_th met 3I s, (for 3& éséoér%laée independently zgaﬁeﬁrﬁonpdtea_swarﬁomﬁgi(e? am
arium and cal ci et Mbr RAE &b RRehyE A QL ERANLfinG A r
exanpl e, di benzy*@n%ﬁi um rTirlraq\/\o 01100658 P&IZEE?N 5’0/‘%@6481% %‘lénzyl arﬁ?rt’onl um
2- hydr oxyet hyl| anmom-suipstithied (a2nig; dticulstituted] Jninprosarheny, protected carboxy, a
phenyl et hyl benzy| amonj u i benzyl et hyl.enedi a Ni- U and |ike, canons.)
O her cartons en%%%&lggesg]tbgyc{?%g’ éﬁ’ge\?gxthg?rﬁ%qf'ﬁ%(?gat vgroﬁ? (?{%ﬁa{oévgrform of
procai nelo qui ni ngkayd Ibweetdigplhiclcakglr substititdie aikybt @pelbalylf osubRinatd basi c

am no acids such a | ycine, ornithine, histidine, phenylglycjne |ysine,
and ar gi ni ne. Fu"rytcﬁéﬁﬁgf(é',d"&ﬁ?l)ﬁ% llt ts&?‘"’%‘fﬁ’éCXCEHﬂﬂ‘VB?IkYIhé’E?'ﬁ%ts&ﬁi““&f?ﬂmounds
formed by a car blgf@),{)bmg},eg 'hgtygaﬁh @nbsﬁmtdacphg{ygmpylgs referred to by this term

A preferred carton for the carb.ox?ll ate anion is the sodium_carton.
Furthernore, the ter P rRExTRetical{yiascapable splborsickRpisomenthsreal- aci d- base

reactions with basic &rgggs;n(tﬁy%o@sfmlgomgrt%psa_)lkﬁﬂ%gagscIa%h pgani ¢ or

inorgani c 10 acids. Such acids include hydrochloric, sulfuric, "phosphoric,
acetic, Bucbran¢hell Gite £ carborachaincsuchab afethyl, ethylytert-pitylpisbprapyt iscetvagli c,
panoi ¢, nucic t ic. D-canphoric, glutaric, phthalic, tartaric)

| auric, st egtrof:?!’}ag%#’f%g i c, methanesul fonic, benzenesul fonic, sorbic,
picric, benzoic, cinrdwitam ‘agcodlkd” mekns aagends bi- Toratricymhio simgdisat @f eitherr mul a |

may al so exi as sol vates and hydrates. 15 Thus, t.hese, co unds may
crystalli ze%‘afytslfi‘t,“’ﬁ1 °re‘3?5‘?%lP'e“,nS?}\%rf“§§'s %5?’“F#§fd1¥5f“§lo‘?1f'“%fncb‘ﬁl8@§°Wﬁ%'er of, or
any fracti osyddbtyeodyclbedty| egdidireyl0tydidheptilp hdi@tandyl, (yeloo&@l, éRNbor trddie

sol vat es ang hezdrat es of_ such compounds %’rae i ncl uded withj nyﬁ}he scope of
this i nv&ht AeFaln.ThePigvsiold-2d Riepiod§or of fgrepfoupeyelppeniskstrvher ebotr refers

to one of tbﬁlgegtagﬁ;,yq,rargqlggm@t_i ves of the carboxylic acid group comonly
enpl oyed to bl ock or '}Fl)-:gOt ect the carboxylic acid group while reactions are

carried out on ot her Thanterm oiayciagiobpiylormeans theo aporsritiing allyl egoupf such

carboxylic i RCt i - i 4

3ot hoxybe R Y BGHe 1 oY SDS I Py, Bihafles o SLh b IR e

t ri met hoxybéuyelphexyDméthgl t r i nifdyglopropwy-h-propent anét(bydldpenzhexyB, 4 26

nmet hyl engdi be | . .be ryl, 4,4"-di methoxytrityl,

4, 4" 4" - ri%@%ﬂgaéﬁFrvyfgﬁgygﬁ%nylpropyl, trimethylsilyl,

E- l(aut yl di Lrelt hy: s: I)yl #}){ahﬁ'ﬂﬁ‘&%dgsﬁ(nﬂe%p}ﬁn)ltl;' i;petiE&lraoﬁ}ehYll grm;lp Tubstituted with
3(trimethylsilyl)ethyl, ~3-(di(n-but met hyl si |yl )ethyl, ..

p- t ol uenesuPROMYNEEAFH Proferatly gBeAZ 0 ﬁlpfawh&effw_r@ TBF BIPHPS CPSINERAL,
1-(trimet thﬁb%A_é! R proREQPERMbx2BFhnb i ditEo, FIuBTohR eyl Th% BPARIISE, 10f

car boxy-protecting group enployed’is not critical so0 |ong as 30 the

derivati zedCealkbaydiite Geical,iG tetGabreyloxy, hetreoandnenrhdxynprotscied sbtbexpient
reacti ong) %}%xgﬂ»{éﬁ,gﬁ FrSERYE LarBbxyrkenyRPRGRARY AR, Btdled MhydiYmefhy ST UPLi Ng

t he remal nder 0
amino, protected amino, (monosubstituted) amino, protected (monosubstituted) amino,




WO 011 00658 10 PCT/ US00/ 05648 nol ecul e. Further exanples of these groups
are found in C.B. Reese and E. Haslam "Protective Goups in Oganic
Chemi stry,wodi/bped¥ MOrmie, Ed., Plenum Press, New York, HC¥/USP@(848 Chapt er
5, respectively, and T. W Geene and P.GM Wits, "Protective Goups in
Organic Synthesis,” 2nd ed., John Wley.and Sons, New York, 5 NY, 199,
Chapt er 5, each of which is incorporat eg herein by reference. Arelated
termis "protected carboxy,” which refers to a carboxy group substituted

wi th one of (hiebsARRYRANIRS, b@é&MG)@.ﬁﬁﬂeeCﬂrbt@&ccgrc%Q:&rma-@eNt@ﬂ Mo C, alil 0
"hydr oxy- prot ecting group" refers to readily cleavable rougby onddd to

hydr oxyl gr @Mmy)cer eramade. Prteqted N4Ry o Gqatkid 9y pikopdenshdxemidss DIN-I(E| 1o 110

et hoxyet h- 1-y t XY, th t haoxynet ongt hyl)
t-butyl, t arfyl tr.”’?yrméitgﬁea“ﬁé‘i???. t%}/@'ﬁg (g‘iprréﬁl% @#’W"L’P FA -

4,4' ,4"-tri r(pludny)lxglfanyt)gmmobmrbz’)d 9ubsclthly4 or tmsubstittted phenyl group, such that in
(t-butyl) |r | s 2-tri or oet hoxycar e.
Further e “I%’é‘z ‘fasﬁéd‘?‘gg’(éf}' b%f’%}’ Irlrﬁmdlpcfﬁ%@{df"éu‘ggg@mhﬁ%ﬂ ”BL@'(] Reese
and E. Hasl 3idups BHtngIly subetitCled with ond oﬁhgﬁ@u&taﬁbﬁmﬂémﬁed&b&ew MO e.
Ed.) 1 ~ Plenum Press New York, NY, 1973, Chapters 3 and 4, respectrvely,
and T.W G eene and FExampl es\/\ﬁ’fsﬂ’e 'PF’E)t éE‘?ﬁ“Q’éﬂ GPB‘iPp!k |‘?F“G°§|a‘|‘1rfé°®yn‘tfhesr s,
Second Edi tidfyRalo gypr\é%’l" 8y &Rf =01s, 31}5?V\ér¥r%:'6phé}l¥r é%%lohl&@ﬁﬂTﬁrszﬁ and 3.

A preferred hydr ecting g rouP is the tert-butyl grou e related

term " pr ot ectichdproghgnydx pi+-dieoropkenyl, drdr ox - @‘pmgmhemdndeiddlbwnméemi ¥he above
hydr oxy ot 0 ~Th r i S used
her ei n rﬁercgﬁ)%%@glﬁ S?H& lemgé 3of&t tﬁeqﬁlgﬁpﬁé(?yp%gg tﬂ%:gﬁn{erogg “%l?uﬁ? ed”"t o bl ack
or protect tiae(lmh)pheoyf proops ewhlastls, wﬁrﬂuerophmyt; iamgomd herdx(ﬁynm\tyr)pmajrl groups

of the nol ecul e. The r.ot.ect n stituted)am no ans there is
an am no- pr & e&H F‘?basg# oép orat}yﬁrox %ﬁgégg‘s‘t%%?’g’%ﬁ’ §Wﬁ %)’ r?f?tfcéﬁgﬁ ¥m 25
Exanpl es of deHedlivayihereoPardt the like)@ ritrephpsy| igroap weth dsfe, F-06mathinlople@yl; h gr oup,
the trityl group) the hthalrmcf roup, the trichloroacetyl group, the

trifl uor oac&¥§iop hlém PhiST EXTBRIG et ¢ 4’°b§"8ﬁh§§t‘e?ﬂ°"°aﬁ&l di(alsylrheny) |
groups, s et%@éuﬁewoﬂeaprzot act bng. rgetg,q?,%nyrswd,ﬂﬁtﬁyxﬂayﬂﬂxzcaﬁb%y& (ifo-BOC") ,
2- (4- bi pheny I)propﬁl-ZoxycarbonyI 2- phenyl propyl - 2- oxycar bonyl
(' Poc"), 2 p(rapyiaghme 32I')$'$@pr40€f§bﬁl}8h§arlbém3l- or 4-(n-propyl)phenyl and the like; a

|, 1-di ph | |

2-(3,'~P di bt %’*x%%hen”ﬁ%@?op?l" gﬂé’”%’%}%%% S5 d?:B%Ré{{ p&%}/%r?v@‘iﬁf 00658
Ecn UﬁOPlOSlamanokp)lphgdy) riro?mdr42(1-bmym>6)p1:umﬂly B-etmmnmmmhpwmhbhml

net CycCl, 0 Nt an car el ohexa
T et ol < sy o e SRS B ARGES b SRASRERERY . Brstspied
g E:l tolhlryl l&‘dd}r?ﬁﬁy)ﬁlhe}relt @?%ﬁ:anaoragl 2-,23¢ ngt ??cbﬂ)uk)fpaawz ﬁt rmxmqgro&erlayl
ri en 0S I NO e oxycar pon uor | me oxycar pon
(" Frmcp) g‘:?{bm‘f?elmy‘l)s. Byl ) ‘t’ﬁ’oxy@gr bé‘zlyldm‘é‘r‘r’ ’&)é\r bd’%yl (protetied

1- (tri met hylygidox| ABhNYhkRY1 ORcH 28 2Y,| RXGCARRENd hﬁiroxymethyl)phcn | or 3,4-
benzi soxal yl net hoxyearbonyl , 4- acetoxybenzyl oxycar bonyl , 2

trichl or oet rﬁ»@by@rarm@wl)ph@yét hd/ nyaomo-2- e ofitaaiemayiphenyl r (protected

cycl opropyl ]Hg%f@( I barn SK VLG I bonyl ,
benzyl oxycarbon ,@5@%@}/ ,Clkzéglg p%enilﬁenzy?%%g%heggp% X(B&S%E@E
2- et hyl Bénzaydmnwedarl)hJWI oramzom-@d@émm}fwmmwhgmycmmmﬂ of"Tnz"),

£ OO AR b OIS YL LB e s

2- chl or obenziifubatiteed phenyl ,grcﬁxpéd‘ilﬁfﬂnﬁIﬂ&bﬁiﬁﬁﬁ\hdﬁtsyﬁardi)@eﬁyrh, for example, 3-

4- bromobenzyl oxycar bonyl , 3-br orobenzyl oxycar bony I%l

4-nit robenzW‘(‘SW‘é’drYSEﬂ’fWhe“Hl c%f&ﬂg‘l?e%é FWW&’f'bcﬁN‘F oxy-4-bromophenyl, 4-

4- (decyl oxy) Ny lhyd%HachitkdpBeryl, KBk fonyl
group, the 2 éa?gé}?ﬁlyg%)r()%p}% g’qrre?hh% ch?grratrprd% gL fo%r{r/%g?%g%@ﬁ%?/é%ﬁ?&%e

di thi asué®i kgl ("Dts") group, the 2-(nitro)phenyl-sulfenyl group ("Nps"),
t he di phenyl phosphi ne oxi de group) and |i ke am no-protecting groups. The
speci es of am no-protecting group enployed is not critical so long as the
derivatized amno group is stable to the conditions of the subsequent
reactions) and can 20 be renpved at the appropriate point wthout

di srupting the remai nder of the nolecule. Preferred am no-protecting groups
are Boc, Cbz and Fnoc. Further exa.”.tples of am noprotecting groups
enbraced by the above termare well known in organic synthesis and the
peptide art and are described by. for exanple, T.W Geene and PP.G M Wits,
"Protective Goups in Organic Synthesis,” 2nd ed., John WIley and Sons, New
York, 25 NY, 1991, Chapter 7, M Bodanzsky, "Principles of Peptide

Synt hesis,"” 1st and 2nd



revised Ed., Springer-Verlag. New York, NY, 1984 and 1993, and J.M Stewart
and J.D. Young, "Solid Phase Peptide Synthesis," 2nd Ed., Pierce Chenical
Co., Rockf qfglet/obdss 1984, E. Atherton and R C. Shephard, pSuUsodossisase
Peptide Synthesis - A Practical Approach” IRL Press, Oxford, England (
1989). each of which is incorporated he;ei n by 30 reference. The related
term"protected am no" defines an am no group substituted with an

am no-protecting group discussed above. WO 011 00658 12 PCTNS00I 05648 The

terms "natural and U”ﬂ%ﬁﬁﬁ“ﬁaﬁﬁiﬂﬁe%@bd@f’%&n& Bnd6t the httRe Btistiturb! Y
occurring am no acids and ot her non-proteinogenic a-am no acids comonly

utilized by phemyderoups attachqskeiotang @f Sigcabperdeyeribed slkiharqups: dprampleg of jushhet i ¢
I f i i i i ke £ . Th
anal ogues o C%{Jh%E Hﬁc%deyz-ﬁﬁ&%ﬁ! ngo‘%ﬁ:‘}g' %&Qmemﬂﬂpgﬁﬁwg,%\}gzl ,Is'hofggfdfogzci €

naturally o ri'ng am No acids are ycl ne, ne,

i sol euci ne, phetylaehexylpt 2i(Gre¢yane-3tetbayphenyl)phemyl] al3a@l6idimdtyylptenylimn-

trypt ophap, cysteipe, proline, histidine, aspartic¢ acid,, asparag ne,

gl utam c gcipdgpygl u‘{lgﬂ‘?‘ﬁ%} ”9’-"8%1‘?’68)(yéﬂﬁfrﬁﬁoé‘yf@@Pﬂ?g'éﬁ&oﬂ(ﬂ%Fgﬁ} ni%lf ne and
l'ysine. EXarBBIi&?ncﬂ'fﬂ;&h@ﬂﬁ)—gf(ahi_nalnﬁdﬂﬁbﬁfﬂdﬂﬂ, acisgheny)Glikden-pendngxy! yei-ne,
eitrulline, kynurenine) (4-am nophenyl)alanine, 3-(2'-naphthyl)alanine,

3- (1' - napht HyHarmabreyDmethetnd tBtlikfe sul fone, (t-butyl)alanine)
(t-butyl)glycine, 4-bydr Qryphei afll HaioBr Rt ROMAMAS, HRIENbEb YS! Ne.
vinyl al ani ne, propargyl-gylcine. 1,?.=1-triazolo-:i-alanine) thyronine.

6- hydr oxyt r yipdcograaps, Théry drm by tany er opdvemilogenh ydiiabxare iy saret ph difterent.

3am not yr Qsi trifluo I i ne, 2-thienylal anine,

(2-(4- pyrl?dyﬂlqr%éﬁ?yqa{o %{aggﬁg&\[’f,ﬂg;ﬂgérﬁbt hoxy- phenyl al ani ne)
3-(2'-thiazolyl)al ani Tie) teithdaail efac tdarotatinfiveoant §ib membered carbocyclic

cycl opent ane: caréaox lic aci d, 1-am na- 1- cycl ohexanecar boxyl i ¢ aci d)

qui squal i ¢ dt8d, ‘§-"%‘I’IbF’Ie IRLHEPIISenyl ) al ani ne, (cycl ohexyl) gl ycre,

t hi ohi stidine, 3nmethoxyd hrfsharoaDT deabled BiRtionlRT sdktitied fvkInirbeleg wei ne,
honoar gi ni ne, thioproline, dehydro-proline, hydroxyproline, hogoproline,

i ndol i ne- 2- CHYBERYATTLIInES tRAT havedl 18 SIEISTRAY FFER SotfiBo P e 2V AN IRBRY | i ¢
acid, 1, 253, sort i (IR Gittdpeh,| divBerZal G Top X ¥njunicsnl With 8RR 0ABkyRe Rpput Yric
aci d, cycl ohexyl al ani ne, 2-am no- 3- phenyl butyric acid, phenyl'al ani ne

subst it ut ed aams Haesrfivaomemhersd or gix-membsredgings ase fdly unpaiurpledny| noi et ~~ with
one or two of the fol 0w OLINS . I : =) al koxy)
a halogen or a nitro grofg)q,gwg{rg %?’ts??é%déxgwggg\%% %eu'rqr%‘%y%lﬁ Vﬂg&leéxy
group; ~i - 2-substichtesit ori wybstitutad) mastica(s3deRoted byl th@-térumw Sireydrodryliii theenyl-fr®; , 3- and

4- pyri dyl al ani ne; . (benzot hienyl - 2- and. 3-yl)al anine; ~-(.1- and
2-napht hyl ) éIygﬁthef%grtéér‘l(Xyl APty sl g’baf"’yerﬁ‘ha iazpiy. e%"r?éj‘r?‘é“%‘r

t yr osi ne0 5-tatdeylynt tihuaazslydi eRatrifzoltl K \yedyld pyeinidyy,s tpgtaainyl, t paridagindlf at e,
O phosphate and O carboxyl at.e.esters of tyrosipe, 3-(sulfo)tyrosjne,
3(car boxy)tﬁx%?yﬁ’et,mé‘-“(gI‘M%‘iﬂ‘r’ﬁi‘})‘j)}?t&?lﬁe,l’gt[hé-"ﬂfaﬁ‘é‘%%%P%'HP%'O |‘6S’L16? d ester
of tyrosi ne,beﬂim&ameﬂmm&me_ﬁarﬂ,ﬁe,cte&%k&mygiaedznm&bwepe&hﬁmmok@dﬂﬁ yrosine,
3-nitrotyrosine, s 30 alkyllysine, and delta-al kyl ornithine. Any of these
a-ani no aci dadofty be substituted with a methyl group at the al pha position,
a hal ogen at any posi &iafi,ofs HHetar BBR btional VO BLHGRE5RIATGHUSA 105648
residue on the a-amno side chain, or an appropriate prot ectlvg group at
the O N25orfrad aneotosthode hahe wihadlemethyi parpaxeniiecamindpproteoted samango raptimct | ve
groups are discussed ve, Dependin he.choi ce of sol yvent and ot her
dondl i one. RREnRE PRNSFL S o dkRouRllrd b i, pRUA trBRY. O T <

i nventi on nayrbakyide kallsehidiexyh protectes thadrpxyh sdIR 5 2 agérory groapl lalveintikaget al

form which forns are incJuded in the instant ipvention. In addition, it
shoul d be uﬂﬂ‘é‘?’st%&g’c"haﬁh“?’heS_Bl?fUI“I“I oralkin rSPAEKEr EHhet A UTIORkYE i s

i nvention meyyddaidbsiRylt ABkaRa (& clbakMBalkyf)phen§ ! 6hbsfiRtddhedy! [iheSgale@Pounds
are expressly inclfuded in the Present invention. Also, it wll be

under st 08 t#pd tswpsiétuisttinhersdalir! grrupar Subsitientaienthe heteraayylrgonupe 25 i s a
nydr ogen. at edford ki, RAZRNG: h BBl CRUTGk ! LorfBEdiP Sitth hb Gpieceny de.
Such sem carbazones are al so I ncluded as conpounds™ of Fornmula I, as well as
t he pharnmaceutical conpositions containing those conpounds. Such

sem ear bazones al so include, for exanple, sem carbazone derivatives of the
opti mal groups and enbodi nents of the 4-oxo-butanoic acid derivatives of

t he conpounds of Fornmula 1 set 15 forth bel ow. The conpounds of this
invention may be nodifted by appropriate 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., blood) |lynphatic system central nervous systen),

increase oral 20 availability, increase solubility to allow adm nistration
by injecti@Boadsser netabolismand alter rate of exerti arcT/Useo/esded tion. the
conpounds may be altered to pro-drug form such that the desired conmpound is
created in the body of the patient as the result of the action of netabolic
or other biochenical processes on the p¥o-drug. Sone exanpl es of pro-drug

forms include ketal, acetal, oxine, and hydrazone fornms of conpounds which

25 contain ketone or .al dehyde groups, gspecially where they occur [n the
group donat SPSHYERR: for, E%‘¥Wg I"“%F’ tﬁﬂgﬁﬂﬁ‘?ﬂxled @p ti'é'yﬂb‘Pm&eH’tyLm c
residues at trGlpshdieyl] Ebrghetahdesoiitsionsthyl\ lowed alkdfy 2k £ il 1, a
group of optimal conmpounds occurs when n is gne, nore so when Gis car bonyl

group and Balkexysgrayrisipitaslyatlower alkythi’ yaeapss Cy tose. dlylthiraropp. The emydr ogen

atomor atw : L i e5a1aTe
011 00658 14 %@S‘g;‘%fgﬁ%‘g o oot \h/ﬁedr%d kﬂ?igﬁ%ﬂ@;ﬁvﬁoccugf??%ma&#pno
aci d. This kiedes ¢y gr bydroxyf, potagtednbisdreniyl, | anbieo, r protected darhinoheyanion lado,t he

"4- oxobut angi e conpounds”., Wthin this group. of, 4- oxobut angjc c ounds is
a group of g’b@PFf’é‘?rmeg?nﬁ’co)ﬁ%'a%bs&ﬁée ef Mk gli'sé1 H%m?ree% ATy Uy, acj{“ﬁ‘gt ??r%f t he

N- met hyl i ndalke!tkie,nqacborgls profdeed arbokn dérne tdrboxfy, 4rhing, @idietphy@roxy- sakt Ayl i ndol e
conmpounds occurs when A is an alanine,_ valine, |eucine, phenylalanine,

G yei e or _edippemenchas pidRe SbRuRfer Br bigoey (it e SRR SRR hese
groups of nadydfogikyiSdIky10atCtstbstibndidydiohikid @leQs BAHRQHRES s@sstititedNigikhE he

N-met hyl i ndol'e is otherw se unsubstituted, that is, wherein X, Y and RZ are
each a hifir seh &togrs and lisprdi nfer | 2 soubitidfedr alkel™a graeR- ogenl gt ot§fm 10

Anot her optk 3 | il (ofa]a = THR=) LN o)
benzyl i ndol e@&ﬁ%{‘,’%@ﬁ?@?ﬁ%ﬁgp@? agnr%g g@%g‘qgf ?E?SI\I-B%%nézhyH%ﬁ%o e
conpounds otteugrsup\bemiskng of ahenyl, anbsigutedephiedylealk @l suhstimtedi alkylnCy d €, gr oup of

al ani ne conpo s are.th i i oY R+ are.each rogen atom
and especi g?f’a’rlgdogfﬁ@%“yﬁ?s@’l " r&é%kfg{ﬁggg%ke%&}g%m&a%ﬁn%‘ er r@‘t aZleg%r{/OI? nmal
group of 4- cxabQf,anissticuteioatpylaryt andoietarssyviaip. tThe (NoRssabstithtedarhinofeat he

i ndol e group.i.s a_ 1-butenyl group..An enbodi nent of this groyp of

(1 but enbl ) PASIEIE Bifoth OISR RRETLPAR SORAST Y (8 SPALBrORHEe
especial ly %tﬁo%@d}tit?ﬁxed?énﬂﬂéi” Rrhe 1@ (@abtitate YR fifers t04mind\Braaps Wil gr oup
of this latter group of conpounds occurs when R is a hydrogen atom 20 Yet

hydr og
anot her gr oo &f s@pqthosmngwaahﬁ ETALA eonsishRSAS Rhenyb cubstitateghplieny lnalkyl,

N-substituegy | kel &, I NE, iSCAnenyIf€ SbIcC aRGh, ¢ a5 icdUticy1 40, exenpl ary

group of the bl\slﬁ%ghgg(g!eygé abzlgcg'corrpoun%g occur s Mn A an ??éni" ne

resi due. Antefhcdbstipned akylatyl ang hetesoanyl. alheymeusubstitucntsacannee thorsproeinds occur s

when X a R e gachga h " iall R is a

hydrogen%at (I(;I%]fer% Zf hger t%urmp éjf: tef‘%ﬁhﬁgggo%%?aﬁo?ggléiﬁg%&h?ss %ﬁ@gd }[QE%JEI ndol e

group is sulbststituededaryrpotiien by b hegearyihgrbip, 3¢ abpveodifined.c acid residue is

N0t ey oAl o e En N0 oAb RSP RSt (PP oni ©
membered heterocyclic rings can optionally be fused to a aromatic 5-membered or 6-

membered aryl or heteroaryl ring system. For example, the rings can be optionally
25 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 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

30 example, lithium, sodium, potassium, magnesium. barium and calcium); and

ammonijum ion; and the organic cations (for example, dibenzylammonium.



Ais an alanine residue. O note within this group of al anine conpounds are
those when X, Y and R are each a hydrogen atom and especially so when R

is a hydro%\(? %&Fn 30 Anot her optimal group of conpoundsc@fisobmdshsll a 1
occurs wherel Hi s one and nore so when B is a nonofluoronethyl group. An

enbodi nent of these WD 01/006S8 15 pcrnrsooi os64a nonof | uor onet hyl
conpounds occurs when R is a hydrogen & omor a t-butyl group, and an even
nore so when A is a natural am no acid. An exanple of these conpounds

wherein Ais a natural amno acid occurs when A.is.a vali resi due. This
fatter gr ougJe ARUPIHEC o s y\?\x?’i" AMRONNEY o f@ﬂiﬂwd'f?éwﬁﬁ)aagnqw,

" 4- 0x0- 5- (| sk IR IbAPALB mRGIuth, dibeRVIRDHERGammEREmORhd NRE cioRYP Mber
4- oxo-5- (f 1 uoropentanoi ¢ aci d) conpounds occurs when R is a nethyl group,
i n ot her worcgtonstepeompasgedhhy ithii abevecisimp dushids . tharprageasd frp of erasaiog. such

N-met hyl i nd ﬁn&%%ﬂgﬁlg@&&%ﬂm@ﬁmc Rlotdngte® fdiEk ¥ basll Y4B Kol Y are
I'lTy so when R is a hyd 10

each a hydrogen atom and ‘especi a ] rogen atom
Anot her eXerglycney ogitbing, bistidinehphinpglybipe.i lsied, end ceginined sFuthemmae,vimgn R - is

a chloro atom.and X.and . ar. tom and_especially so when
R is a hydrSden af %m%tthgi'raa% gg%"r%ugarlssf( °§‘?e§lr}’a’a‘o‘fa}%’%€ﬁ‘i}§iaﬁ%%‘r aem%'Brrpounds
occurs when drdup is réferedd wrty thisolem. A prefeered edtion @6rothg earbpxylate dnivn iis the
hydrogen atom, and ,especially sq when, IS drogen ato A fourth
exenpl ary grigfiymeptap. rrgt“i’l'iﬂ“i“ﬁ‘éfoﬁlf ‘&M’(Fszb*ﬂarssa@s E?‘{‘b W MW‘%‘_B”FSO- but yI
and X and Y @f8oRakikh Bashty£b08eRudt Amif goBSPasd AkhdesSatgiedr Rorgdagic
hydrogen at om Anot her opti nal group of 4-o0xo0-5-(fluoro-pentanoic acid)

conpoundd0i scidsnfwstedcidy inqlyds: hygrashigri rsyluric, phosphatise Reetis o psIIte SITGA gr oup
of note within.this.l : a5 8ic Ok hdie Mpaind CUhSeR. B. ad Y are
each a hydrgé%ﬁ’ tgtitaic‘%ilrnc’ qﬂgﬁr}gﬁ%gaespléci%olq‘l ’;Bso vms%‘%qlfi'%i%]s a lhy?r%ag?ésrl}a%?om A
third opti nedlutgnico phthalic, tartagg.olagriq; stearn; salispalicamethaneswfodjc, benppuasnlfnidias an N-

(car boxynet hyl.. or. tect ed. 0, tHRyl ). .i ndol e noiety:. A~ e:::bodinment
of this gr ous\érbécc 'ﬁgé’%\?\?%ﬁcé?wﬁ%}@jéér%r}ﬂx\?&da%e each a hydrogen atom and
especially so wherei nTlke canspamnthy clff Bgmnladt oap adstdexidias nolvaegamd hydaesdf t he

indole ripg..s substituted 25 wth.a cgrboxynethyl gr . A fourth optinal
group of 15- 0%5’@‘?? FIRYP %W%QH@ "H'?‘ EO(S ﬁ%ﬂlfﬁf‘dg‘“ﬁgss&g&d’am"’ or one, a

N- (honoal | ylpuibekobfe ofRh e ithctidaBieRBD 8l nBRAlesOSf thO o thk Niausr {dNent. JMAYP OCCUr'S
when R-', X and Y are each a _hydrogen atom and especially so when R is a
hydr ogen at dfivats®) andihydratasned sbsh: FempouRdsolp ipgluded nysithin e ororopintiis 1
occurs wher ghdknhod. S One and nore so when B is a

(2, 6-di chor obenzyl oxy%_l; nmet hyl group. An enbodi ment WO 011 00658 16
e term “‘carboxy-protecting group” as used herein refers to one of the

20 ester derivatives of the carboxylic acid group commonly employed to block or protect
the carboxylic acid group while reactions are carned out on other functional groups on
the compound. Examples of such carboxylic acid protecting groups include t-butyl, 4-
nitrobenzyl, 4-methoxybenzyl, 3,4-dimethoxybenzyl, 2,4-dimethoxybenzyl, 2.4,6-
trimethoxybenzyl, 2,4.6-trimethylbenzyl, pentamethylbenzyl, 3.4-
25 methylenedioxybenzyl, benzhydryl, 4,4'-dimethoxytrityl, 4,4'.4"-trimethoxytrityl, 2-
phenylpropyl, trimethylsilyl, t-butyldimethylsilyl. phenacyl, 2.2.2-trichloroethyl, B-
(trimethylsilyl)ethyl,  B-(di(n-butyl)methylsilyl)ethyl,  p-toluenesulfonylethy!, 4-
nitrobenzylsulfonylethyl, allyl, cinnamyl, 1-(trimethylsilylmethyl)-propenyl and like
moieties. The species of carboxy-protecting group employed is not critical so long as
30 the derivatized carboxylic acid is stable to the conditions of subsequent reaction(s) and

can be removed at the appropriate point without disrupting the remainder of the



PCTNSO0/ 05648 of these (2, 6-di chorobenzyl oxy)nethyl conpounds occurs when
R is'a hydrogen atomor a t-butyl group, and even nore so when Ais a

nat ural amyayuidsessl. An exanpl e of these conpounds wher ei fchusddossadat ur al

am no acid occurs when Ais a valine residue. This latter group of valine
conmpounds will be referred to herein as_the 5 "(dichl orobenzyl oxy) net hyl "
conpounds. One optinmal group of (dichl oﬂ%benzyl oxy) net hyl conpounds occurs
when R is a nethyl group, in other words, the N-nethylindole conpounds. An

exenplary gr i.ndal e conpounds.ogcurs when R-' is a

met hyl gr oupﬁglgﬂ'ﬁ{( g‘%gnﬁ(légérﬁ légé:ﬂhﬁ%erﬁg%%&g’g%%gi’%fﬂ Eént?‘c%?p?é‘éi%lﬂaﬂ% when
R is a hydrtyetectiat d@roupbin Arginie Chaplsirfil ). MO MicGthie COAPPIERES Polss FIQ{»V“' al
occurs vvhere{(n n.j d nore so when B is_a group of the fornula

CH, OPO( R ) RaY°%n T\L‘?mgﬁ&%nea‘ghapiﬁf 5te hESRECHYRS pRidh Tt Wx Rreems sand: Bi@ M. cBhwpounds
occurs when Rrotediiva CiieisG8 Dig@tie® B Rthests, t 2UdY| ol MRy AP SR NeWP ol © 59
when A is_a natural amno acid. An exanple of these (z,orrpounds ereftn Ais

a nat ur al Jani¥ol %94 hagtes Areachpbwhiph isgneprparatedhberein by deferences ATtelated tedni er
a e o : >
ot o el PR SRS ST o e 1,

"phosphi nyl ox thyl " conpoun roup o
conpounds ocabavscafoan-pRtecting gRupsair e each a phenyl group, and nore so when

R~ is a methyl group, 0. 0other . words, the N-nethylindole conpounds. An
exenpl ary group of sughe ﬁ-mrret%?ﬁfpfyﬁBrcS’feéE’%g’@BPrpﬁ%@ R i‘@ir‘i“%ﬁgp@s is a
met hyl groupboatell % ByttoX§] alreursAeithaashihd re@ay dRbAhyl 205heBRRGSbARLY, $0 when
R is a qmr%en ﬁt ogq Sbi | | %rant her optimal group of conpounds “of Fornul a
1 occurs "WheTEXXet 11 Braoxymethg Rsmethonyrthoxpmpibyla mgihyithjompthgiRebutgh t4 mal

enbodi nent iy afy), aChEhExyMION 48 dinferdx el DRY hriG e ANSdIP S50 When Z
in an oxygen .atomfy An 25 enbodi ment of § hese (het er oar g?rﬁtﬁbgey tﬁiﬁ’

conpounds  ocBEFSYkdn(tRutyldimethylsilyb g2 -uicblerasthonycerbongtlydndgheolike, and an even
E S0 MG A |5 3 Tkl PP M BPL eSO

wherein Ais a natural am no acid occur a va
| att er gr ouResse and|E. Heslaron'{Rretedtive Wirbups lieOrgahie Cheistrp,” 6. Wi, Mo@enit IR,

"het er oanyl " C oynd Qpid mal gro of heteroaryl oxy conpounds

occurs V\kllgnqii%nél grf“ et gg?y °6§’3*’§r1§9&5’ {jéarg?cﬂsogf?‘f%tréﬂeﬁ‘r"ﬂé'n ‘gﬂ Qe

\% raz olh- 5- ylang mMmesﬁ ﬁEIrotecle( Gidu.?@ 6o @ré&idﬁ@?%tkégg,@/ gbl"z@AcB Elamgg,cj@j, IhyI o) .
en this gr i s, ((1-phenyl-3-(trifluoronethyl)pyrazol-5-yl)oxymethyl, an

even nore so"8 eﬁ"ngmfss @%Pﬁ&lﬁg’r b{?dz q%FPtﬁfﬁ t’?g?" rd%)Pfoh@eJ\th\%P)k)yl i i ndol e

compounds.  Afetgt@getoabYs e RHPbLAY pRsEN The bkt ki HBRNDISERENT S when

RZ is a nmethyl group and X and Y are each a hydrogen atom and especially
so when R iydexpeiepp bensed tagnsof thambevediydegpy-prasdcting grappsof conpounds of
Formul a 3poccurs Menrﬁlieﬁn(;géﬁ- Br A4 nd plodin® L. =Q) .. .Ihe conpounds
of Formula 1 may be synthesize ngl ngn%(%}r??/lgn@%ﬁgf]é}f%%ﬁs%&bﬁ?eﬁfscussed
bel ow. Advaref dpeunisp yerouphresenanbnpmpless! @rEedomvenianhd ymikd fayaiohslRy zed from
readi |y avai I tarthn erihals.  On nthetic rqute for synthesizing
t he instant dg’glgp%ﬁ% g %glelge ’ %10?:;1{1 hEP APt ﬁgt %I'T‘og?/ﬁ" 0 efFE“l:P’PéCtSt:HEI\/E I
PG A- OH + HINogbs(Hsyittedl)anihEP medrs Ghere WO Gl GRGfRSprd@ctiig Ardip ZonH the

PCT/ US00/ 05648 gu%ltiée(li'«’ZamSTEP B Y N CO2H

mono 1no nitrogen atom.

25 Examples of such amino-protecting groups include the formyl (“For”)
group, the trityl group, the phthalimido group, the trichloroacetyl group, the
trifluoroacetyl group, the chloroacetyl, bromoacetyl, and iodoacetyl groups, urethane-
type protecting groups, such as t-butoxycarbonyl (“Boc™), 2-(4-biphenylyl)propyl-2-
oxycarbonyl (“Bpoc™), 2-phenylpropyl-2-oxycarbonyl (“Poc™), 2-(4-

30 xenyl)isopropoxycarbonyl, 1,1-diphenylethyl-1-oxycarbonyl, 1,1-diphenylpropyl-1-
oxycarbonyl, 2-(3,5-dimethoxyphenyl)propyl-2-oxycarbonyl (“Ddz"), 2-(p-



RXR YNAHZR O(5 STEP C X Z /CO2R3 R (CHn BY NA-Np HO (6) 10
In the above Schene |, Fornula (2), that is HNZ is a nodified aspartic
or glutam c acid residue of Formulas 2a through 2d: 15 p{fsbulek648658 19
PCTI US0010%848%8 CHz) m O (CH~ ~OR~ O H NN N. O- Ph H2N ~ H NH2 Fornul a 2a;
Fommtla 2b; OO (CH ~OR~ (CH ~ORt ..)mB B H2N H2N OH O Fornmul a 2c; or
Formula 2d. 5 In the above Schene 1, "PFG stands for an am no protecting
group and "A " stands for a natural or unnatural am no acid, as discussed
above. The nodified aspartic or glutam c acids of Formula 2a-d can be

prepared by tvyhedsylBedxycdtomi) i reytlopermanyloxfimebonflpr  exasetindlecloperitayean

Pat ent Application 519,748: P Pat ent Application No. PCT/EP92({02472; PCT
ot ont Aol [ CAFFOIYE 0 SO OR T BRGSO bR R TEh N

PCT/ US91/ 0233&hy15%wamaﬂ-&@wsényﬁppl | catgeslufuBRd)ctRdeyca¥nk] Pat ent

Appl i cation No. 93/ 091 35; PCT Patent Application No. PCT/US94i 08868;
Eur opean Pat@sthyjsaiforiyDethpxycarbapyl, 623, Zs(ipheny|phosehine)mHosyrarbanpt i cat$-on No.

Appi Teat | 3n A gaeatPl oo EERD: appl | CATTSR ey etk
Pat ent |5 ApblyloxatartonylNo. PCTI-EReRIhgBHyimetiWipiop-1Raylextcariopyli cat i ons-No. WO
93/ 09t 35; PCGT PRate | icatipon No. PCT/L1593/(03589:. and PCT Patent
Application . S%@Qﬁ%ﬁ%@fﬁg) al | o&\ﬁ};olx% en?’?@xﬁcé?bf?f’ﬁ’i ncor pgrzg‘tned by
reference. THehlcoethbiyo@bdrghc Rietyayleaproped cartibnylin eloptipg findhdxyearpsiyi,or ned in
the isobornyloxycarbonyl, 1-piperidyloxycarbonyl, benzyloxycarbonyl (“Cbz"), 4-
10 phenylbenzyloxycarbonyl, 2-methylbenzyloxycarbonyl, «-2,4,5.-tetramethylbenzyl-
oxycarbonyl (“Tmz”), 4-methoxybenzyloxycarbonyl. 4-fluorobenzyloxycarbonyl, 4-
chlorobenzyloxycarbonyl. 3-chlorobenzyloxycarbonyl, 2-chlorobenzyloxycarbonyl, 2,4-
dichlorobenzyloxycarbonyl, 4-bromobenzyloxycarbonyl, 3-bromobenzyloxycarbonyl,
4-nitrobenzyloxycarbonyl, 4-cyanobenzyloxycarbony!, 4-(decyloxy)benzyloxycarbonyl
15 and the like; the benzoylmethylsulfonyl group, the 2,2,5,7.8-pentamethylchroman-6-
sulfonyl group (“PMC?”), the dithiasuccinoyl (“Dts™) group, the 2-(nitro)pheny!-sulfenyl
group (“Nps”), the diphenylphosphine oxide group. and like amino-protecting groups.
The species of amino-protecting group employed is not critical so long as the
derivatized amino group is stable to the conditions of the subsequent reaction(s) and can
20 be removed at the appropriate point without disrupting the remainder of the molecule.
Preferred amino-protecting groups are Boc, Chz and Fmoc. Further examples of amino-
protecting groups embraced by the above term are well known in organic synthesis and
the peptide art and are described by. for example, T.W. Greene and P.G.M. Wuts,
“Protective Groups in Organic Synthesis,” 2nd ed., John Wiley and Sons, New York,
25 NY, 1991, Chapter 7, M. Bodanzsky, “Principles of Peptide Synthesis,” 1st and 2nd
revised Ed., Springer-Verlag. New York, NY, 1984 and 1993, and J.M. Stewart and
J.D. Young, “Solid Phase Peptide Synthesis,” 2nd Ed., Pierce Chemical Co., Rockford,
IL, 1984, E. Atherton and R.C. Shephard. “Solid Phase Peptide Synthesis - A Practical
Approach” IRL Press, Oxford, England (1989). each of which is incorporated herein by

30 reference. The related term “protected amino” defines an amino group substituted with

an amino-protecting group discussed above.



presence of a standard peptide coupling agent such as the conbination of

t he conbi nation 20 of dicycl ohexyl carbodii m de(DCC) and

| - hydroYy- QeyiRéess azol e(HOBt ), as well as the PCT/US00/05648

BOP( benzotri azol yl oxy-tri o-(di met hyl am no) phosphoni um hexaf | uor ophosphat e)
reagent) pyBOP

(benzotriazol yl oxy-tris(N-pyrolidinyl )%osphoni unmhexaf | uor ophosphate), HBTU
wo oi i oossa 20 PcTnrsooi ossaa

(O benzotriazol yly-t Q%@J r ~EEDQ
(1let hyl oxycar bonyl - 2?%{ OXyHi:ﬁ%H%EL oquil no+csaze§¥g{gg§gge&ﬁ?§émnﬁﬁ®

conbi nat i omcodmﬂgmhyio(&ds and iottetr myh-pwtelmgemom-myxb hcids bmdhmionliydmh@:EDAC) and
HOBt, and the like S uss i . Jones |d and Pe

Synt heat s, "Iapassdh e Tepfte SRR 48 ien toftete, uplepS =efaebe sty ©

25-41 (| Qﬂ%mné\/bepﬁﬂébaﬂkhming DRad Cfofth« STIRS nabieddlyl ddCurSii bhekl &ids al"iaf ner et
al. ed., _Springer-Verlag, Berljn Hei del berg, pp. 9-52 and pp 202- 251 (
1984): M EEYRz kglaninpe nyalige, QSHGNGt risoleusingy a3ering | methiopingo kthreonine,

Spri nger - Vi d 8hithn Y/ d 295 St ewar t
and Young)eﬂg%??ld PhaseogggEI tlﬁ’y ISSynt E\dg’;tlegg prlg?lg,r@cem%%?ch casgbg%grrggﬁy,
(1984), a11asmragm. w@mcap@, ghamine. | yreadhopysluemit 4sid, argiving meeithifhandani no

protectlng rﬁgg? g d to the
2- (car boxy) oFoI gk%rpﬁl orgfru ‘X‘gpgﬁngﬂbyﬁ 2{& all“rll&b({%h}?}gd%)@ﬁ' {n% S&pgiag’tl on uses
t he st andarkynpepiné,dé4-eminppbhengl)alesiot,i GH3'- napmhylimmmdmeabb(/lenaﬁﬂﬂql)ahdmb,e ring of
Fornmul a.,4 can, be substit ut before the r ion i f1erwards.
The syntl?mes‘}’"s‘hlﬁwaesﬁﬁi ey uﬁﬂ’d’ﬂﬁ]"%ﬁg’f’i oﬁ?“ EYEBH ‘ﬂhll"{ﬁ?j’g'lpge"ry ﬁ P8 s wel
known, as I&mﬂ&mmebgshnyfggrmexampﬂaanmk NprBpRpy gy Rne T1,2.48A&koft08thRnind . A i N
"Heterocyclic chemstry (ed. P.G Sanmes) (Vol. 4 of Conprehensive Organic

Cheni st ry, BYfonips. I_{?afFY@Eﬂﬁ‘YHHHOWE) ﬁlyqrg)jytrypmp@qg)ij hysEoxysHrepings s3- Oxf or d;
Houl i han, WlindtyrloSifle,) trlfﬁ'lord 1£§m(eTF@mQ39ma§ﬁ15y(p{4 Wgﬁ&%ﬁ{ykt&n@mounds
[ed. A Weissburger and E.C. Ta or] , Par

| nt er sci enci4-dmeshoxrpkenylalanine, a}h@ Q@Z%Rﬂ@nne J.ipoterfied, a)qu n l“alﬂnm.rl -es (The

Chem st u

Tayl o] ¥ vy B RRERKBLk e P BIR-Loy i obearf Bl A hHRRRR BE o

whi ch are |3q(mﬂtmnmra¢thxipllmyk)mmtxtm by r(ef'éotenyiglvchm t he tideolsistidideer e the
coupling reaction was carried out h am no,al cohol of, Fornmula 2c, the
al cohol no|'8?‘§°’ﬁ¥f!§?~°'"l§e '&E]ieﬁ‘i“}eedn(fr&a {"ﬁ’e U FPRGTBEINE, BIORIANING 5 pound
prior to redmydb-pilint,hBydrb0ipestineNGoBbRYE, d?dcﬂiifxé‘—lzfc@l@okmfchQQ@ iQ[3.4-he

oxi dation reaction include Swern oxidation (oxalyl chloride-dinethyl

sul f oxi de, '‘Aeagrosperintingsr@eoyylic asislel 24 Gmdmmﬂ?lrr@t%sﬁrwh%ymd and

Dess- Manp i ny-Qeindatbdyrid Dessd, MarchtiBhdXx9Talaafk nar@amlhobtﬁh@mbm &nd agd hyl ene
chloride.) The protecting &éoups confai ned in substructures of the Fornul a
2a-d and A I&’F@WW@GSIEW tho a5haneneta. supampasiion of thgehenyl mofiewiéthr eact i ons

" the. abovte SERATE B o it S R BRGNSy SRy oo ©

conposi ti orrstr@fgrb'hp sor rsubstititeth qu:rpwnh.;ea amsthydénedibey congmufiels afd Pernul a 1,
of the pr es, i,nventi ceutl I y;.accep abl. al.ts thereof,
with any phg Prdaianips: céﬁ]y a&@cgpr? a%'ﬁ?rl 24" adfﬂ‘g %tpyﬁ)gy@%‘?\‘f‘cl &

(her ei naft gberzoihicagltl-\uad $- yn)era&me ;68( 1t andBnaphihgddEmhey O-tiaidiyd deivepieabl e

carriers" These
). of serine, threonine or tyrosine; S-alkylated cysteine, S-alkylated homocysteine, the O-

sulfate, O-phosphate and O-carboxylate esters of tyrosine; 3-(sulfo)tyrosine, 3-
(carboxy)tyrosine, 3-(phospho)tyrosine, the 4-methane-sulfonic acid ester of tyrosine, 4-
methanephosphonic acid ester of tyrosine, 3,5-diiodotyrosine, 3-nitrotyrosine, e-
30 alkyllysine, and delta-alkyl ornithine. Any of these a-amino acids may be substituted

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



5 conpositions also include the groups and enbodi nents of conpounds

di scussed above, as well as the conpounds of the Exanples di scussed bel ow
Phar t naceutj cal | v acceptabl e carriers, adjuvants and vehp&lBsohétas my be
used in thé“b M%Rceuti cal conpositions of this invention include, but are
not limted to, ion exchange, alum na, alum num stearate, lecithin. serum
protzirs, such as human serum al bumi n: Buffer 10 substances such as the
vari ous phosphates, glycine) sorbic acid, potassium sorbate, parti al

gl yceride m xtures of saturated ve fatty acids; water, lts or
el ect rol yt ed*IHg R 5 '6';%3% asr?ﬁﬁene a*s"ﬂ??é{?g‘%p?o | %3 |°ﬁ?ﬁ%ﬁ§/§'?°3%§¥r1&fﬂ%z\§ﬁ§e,
pot assi um hytingithepidespiiatesidus dAppropisteoproeaive grodpeire disswbdduboeo! | 0i dal
silica, magnesiumtrisilicate. polyvin rrolidone, cellyl ose-based
Subst ances” pol yet hyl BiRending obithe eiakie ih soRé S il Feackime droe e

pol yar yl at eSraciBIRS skilke il @lelivd, CoiBpdiaby OPeie invBitl of ifry a0 GlkeRRY NeRIkStal,

pol yet hyl ene glycol and wool fat, and the |ike. Such pharmaceuti cal
conposi t i dndiemi-petabketgheracetelformy whirhRrmeige isldedinithrinstent duisatiomd

enbodi ments of the COHpaQMﬂgﬁ, ?fsh wlh rﬂéllﬂ'xdérst%&i &Iapfhte%gaiaﬂgﬁﬁm. t:gm?s of th§0

pharmaceutical conpositions of this invention nmay m ni st er ed
oral ly, par enmpowds gf thisyinverhimh anayoimcmide taptomenpifarak.| Il sueb tfainisyof thessal |y,

buccal Iy, vaginally or b n_i.mplanted reservoir. Oral and pareraeral

adni ni ~t r a~iS Wp%““.dggfgf%rgsrs@df’c@%éﬁflgferﬂresﬁ’ér"@'ﬁ?'é(’f‘al " as used herein includes
subcut aneous) i ntracusRaciowdll beninders@dd bg ,thdse skilled) Btk akt, thatwhkax-Brdi cul ar,
intrasynovial, intrastetnal, intrathecal, intralesjonal apd intracranial

i nj ecti ohl orformpladiisd WSEIEST G 2 SEMICHRRZORE, Ji2Kehe W%awtgéfﬁ)é?}‘]l“f’%ns may
be in the fcalwéhgéc. Bush QnlitRbdzBhRGkARbEInBILeARs2binfsundf BF FE¥AM, 8s wel a
sterile injectabl e agueous or ol eagi nous suspension. This suspension may be
formul at ed #6&sRIRTFgcRHCH SEMAPHHADS CRUBIRINS ithose spmpapradsy Spelyseavigarbaponss

di sper si ng Qs Wel fulid IR U&RhBle SHERaBEz0nt UeriCHREP f the’ Wﬁﬂﬂaﬁg)ouﬁ{;%d _
suspendi ng agents. The sterile injectable preparation nay al'so be a sterile
i nj ect abl e 3Mbedimsnts ofithe #-axadutangic@nididarivativesrpf thexcdompprunde nf Berajulayl setcept abl e
di | uent ﬁ)g 3ol vgth for exanple, as a solution in 1, 3-butanediol. Anpong the
accept able VEW 8% and solvents WD 01100658 PCT/ US00/ 05648 22 that may
be enpl oyed are manni T compduads of Ahisgiarénsios ahdayt bo Mncdifttdi Bptappropri’e©di um
chloride solution.. In addition, sterile . fixed oils_ are cqnventionally

empl oyed as MRCUSMUEET (IR SHERHG HelRbisHh PreRsricen; SUGmogticatogs 4| o)g
fixed oil nmayows ietelaaymd ihdiedettbdrowlsiv indRhde bidiBEeM peretraliig Weed gidas. Fatty
aci ds, such as aleic acid %nd iLYs i'g%%’ceri de derivatives_are useful in the
pr epar at i on btlogieal esternieds, blopd. lymphatis {y5iam. (SRS PavaYR YEEM)IteasepiRhb| e

Oi I's, SUSH BRaiRbiGE iftirdas®SolGRfifyOo Aoly: adaiMartiad by idjftabhedifer RRIBONMEL hyl at ed
versions. These oil solutions or suspensions may al'so contain a |ongchain
al cohol di | wadrltesrateloEexertioantn addidorp Higroemeeunds may be diprsktiotirodmig dérm hi s

i nvention b ] Nj i 2 sage
form i nol udi g P pdrsteq oISkl b 1O o AbLean WG SEPLAN &

suspensi ons aatich dfohettbobiner. othey bidvbernigale@rarksstedyl the profdong. 3ambe wxsmplesaf ri er

whi ch are co nly. used.inclu | actose a orn starch. Lubricating
agents, suc WT%TIE ymedid eg‘ftggrgﬁ?%: g’ﬁ?’% ag?g%‘%ﬁ%‘f Eogpf 9P‘é°&‘a’é’8‘.‘ds Hr al
admi ni st gt icoRainkefoad Sidldehlydd grousseéspbcialiyl wirre they dtchrin ehel gagipadonatadigs dri ed
corn starch., Wen aqueous 1 S suspensions are admnistered orally, the
active ingredi éﬁtFOF@l%br?biﬂ??e‘B°§#?“Easé’ﬁ’ﬁ‘F OF Bt wrdues rEpRhsa it g s, I f
desired, cerd.pitby gwaet ening and/or flavoring and/or coloring agents may be
added. The pharnmaceutical conpositions of this invention may al so be

admi nistered in the flotksabpve l5 b, @rgravg of eptinpabeqrepoundiracaits when R n.  These
conpositions 20 Yo L X C f LS. l:onention with
o sui tabl o ae mo e ABeRELBTABIn e leitods B CRIRRUN Ao, shPbBecllP 00 Bl
| i qui d a80 t hehen & isal hythegpeatarh or & t-bidylcdroupatGfmbta msthinnbis gobep ob cimpmmedsn ot
limted io, cocoa butter, beeswax and pol yet hyl ene gl ycols. Topi cal

adm ni stration of the pharmaceutical conpositions of this 25 invention is
especially useful when the desired treatnent involves areas or organs
readily accessible to topical application. For application topically to the
skin, the pharnaceutical conposition should be formulated with a suitable
oi ntment containing the active conponents suspended or dissolved in a
carrier. Carriers for topical adm nistration of the conpounds of this

i nvention include, but are not limted to, 30 mneral oil, liquid

petrol eum white petroleum propylene glycol, polyoxyethyl ene,

pol yoxypr opyl ene conpound, emul sifying wax and water. Alternatively, the
WO 01100658 23 PCT/ US00/ 05648



pharmaceutical conposition can be fornulated with a suitable |otion or
cream contai ni ng the active conpound suspended or dissolved in a carrier. S
ui tabl e cagpipfessst NCl ude) but are not limited to, nineracTaisbgossasr bitan
nonost ear at e, po? ysorbate 60, cetyl esters wax, cetearyl alcohol,
2-octyl dodecanol , benzyl al cohol and t4er. The 5 pharnmaceuti cal
conpositions of this invention nmay al so 'be topically applied to the | ower
intestinal tract by rectal suppository fornulation or in a suitable enem
formul ati on j | s I1eC P ' din
thi 5 i nvent PouoR iR s BRI b fAg AR ahia 3hS 1R el Bf Aol ' 1
admni ni st er ede keferredsahereia ro thel“4@xobutdmaicdompaundstich conposi tions are prepared
according to techniq 10, wel | - kn i,n.the art of, pharmaceuti cal
formul ati on and nay g\g’ﬁﬁ ethrgéa"pagP%f(ﬁlﬁt%‘ﬁgz FOPPOURYs 5 2 EIRYA 8{/PW§"ﬂenzyl
al cohol or ebipsundivhéa@bih®' iy methybgrows that & te NP inebinligdoly dkpotndsO Grghance
bi oavai | api li tb fl uqrocar bonz a%gl or g; her so] ubilizjng qr dispersing

: B’ﬁ‘ﬁ

Y. )
agent's kmowimPbRdimees of tiis erpyB of Hrperirindolsrcomppunds Reeurt VAR Adyabdlarised i n
combi nat i on \Wfideieflibd) ShenlRlmRRY B9ELOBAA praNthé rekiahd. AOTHRIRNYs SRR witkh W th
matri x metal |l oprotease inhibitors, |ipoxygenase inhibitors and antagonists
of cyt oki nesachtdne of thhsgrgroups of Ratyral ankipo acidy thylindole ¢pmpopsds@seirovhesan al so

be admi ni st | ] ' | On. W ' I Sy (©..04 pzRronirim ne,
ant 1 - punan SRR B ek RN B kOB BT TE
i nterferon &ygdrogen aéin,ciné bprichallytshivdea RD &mettvdrogemimom. necr osi s fact or,

nal trexo and rEPO or with.prostaglandins, t.o prevent or.co t

| L-1- mad[b;t ed di sease AR ECBHEHR %‘Zﬂf”f&?qﬂ“&ﬁﬂ‘ﬁt°5’88‘.’““3®8?Pstsﬁe°rp3‘§?r§aunds of
tﬂi S invegt ibemdz_vamlacbﬁpghsdserm ekm?lfxe.rmiermdpoﬁ mherm&al iyt ﬁldwktcbrrr]npbmﬂs agents,
they may be adm njstere equent.i.a or concurrently to 25 the patient.

Al t er nat i velP§SUrpHasad dbin 3emine E?B‘Prb%s%sf PSR ithincths #rovg of glapie CompRMdE | on may

be conpri segrhoR if AR X2l L8 R@fa:eaeaapmwsginqtonf%mh@eiduyase%émvh@r _

t herapeutic or prophylactic agent nentioned above. The disease states which
may be treandydiogenatament ed by the instant pharnmaceutical conpositions

i ncl ude, put are not Lin - gm;qa i i ne

di seaseslgnd neurodeg’g%g#{ﬁ?%gswgg%’é S, ggéﬁuﬁgﬁﬁﬁﬁg?lﬂnﬁgﬁgﬁﬁan ed

apopt 0si s i mheoNsebktitueni sfctheindold gioup ys a deiwitengls griose héumi @nbodjroemy of ¢his he heart

(e.qg., WO 011 0 8 24 PCT/ 0/ 05648 gcardi al ,i.nfarction), brain (e.g.,
Stroke), and RPAHAY (Goymy DR RoIARPoRN It S g JEs gy ahd

adm ni st er i r§pedialleid ehén XeYaunm Ritarcodach Behyaddgateatods Ainl ditichap BRupBE &ié | cal
conpositions to manmals, also referred.to herein as patients, in need of
such treat T groppet Gogipoynds gerues wheB R ig2 BydEegeR AleParmat ory di seases,

aut oi muge di seases, PAdAnhd?HUBIE BFNRL ALdxbButsHoRCRTPOurE Bcdud WiRGItha@spect s
of the instant invention. Another aspect of the instant invention is a

met hod of pMesubstitheny of B hrdelecringnis arayragegc goif sgsidupt As ekeraplpmyEreuratiithe di sease
associ at ed W.piladeHE B LEmddbhil) be bl Rhd:oA WhrAHHiAY &L D SRbolddebt Ve
amount of the pﬁar maceut i cal conposition discussed above to a patient in
need of suclthi$ pesicuten groug ®f Alaine eenpounds ¢deers meten0¥s YdindeBE etk ¢ashraet hods
for treati ng (ijrnf I anmat of Y dzi:iglf'yas%ewﬁ?en UESOJhmE%HQ q(i)rgeases, neur odegener ati ve
di sease and preventing | Sehammcoin) dry encongasd®si ng any of the optinal
gr]?ijps azs em(:j)odi nentﬁhgﬂéuﬁpmmmatdbhﬁadigmmpmﬁi iwhes tlseetndf)brgrbul?tﬂpve.

I nfl ammat ory di sease ich may .be treated or prevented include, for 1 ~
exanpl e, seavhset%ﬂﬁowhe@émgm@ﬂf?ai-Pawnzfd%ﬂl reﬁ*égfpfsraap@reyew??er &5®issyndr one.
Tar get aut oijxyaHits. HSGRRRP bR bitklen Ng%p%ﬁrmildﬁnqdimﬂ%msgcgﬁ Whed ti's,
system c Lupus erythemat osus, sclerodetma, chronic thyroiditis, G aves'

di sease, autfois apralaeingeesidug. t @isnotd wighin this grewreefdanine @orapavndssargriioss when

aut oi mune t2 ] Nty |33 ; ;ng%q eni a,
chroni c act %?ﬁé&atﬁfetae?%{g l%lg%lté%ge%hl a g%ﬁé}?glggﬁﬁ%ﬁ% i“tio{]ii g)é g?osi S.

Tar get n¥ur odegener atAnched optiras egsouprod lcomipounfipof Eormnip| leaccampdiercophisc | at er al

sclerosis) Alzheiner's disease, P~~kiriscn' s diseage, an ri | atera
sclorosi s, 6 A5h Pt HPFE R Sca MBS horaREng ey o2 B rl Molb¥sr oo he
used to pronote wound heal i ng. Target di seases associated with harnful,
apoptosis, in other words) those associated with ischem c injury, includes
nyocardi al infarction, stroke, and ischem c 25 kidney di sease. The

phar maceuti cal conpositions of this invention may al so be used to treat

i nfectious diseases, especially those involved with viral infections. The
term"effective anount” refers to dosage |evels of the order of from



about 0.05 mllig:a~ns ::~ about 1=;0 mlligranms per kil ogram of body

wei ght per day for use in the treatnent of the above-indicated conditions
(typically about 2.5 milligranms to 30 about ? grams per ppgiyséiifse®er day).
For exanpl WO O/MP638ammati on may be effectively treated by the adm nistration
of fromabout 0.01 to 50 mlligrans of the conpound per WO 011 00658 25
PCTNS00105648 kil ogram of body wei ght pe&r day (about 0.5 mlligrans to
about 3.5 grans per patient per day). The anount of the conpounds of
Formula 1 that nmay be conbined with the carrier materials to produce a

si ngl e dosagenéfrommetiyil compgunde pesueti WhenUR o athiydrogersators or mgetugd geowy, t he
particul ar of adm ni strati r e fo tion intended for
t he oral adf%ﬂ?%s P |{§n£6?] eﬂ?n%%& anngéll a(r:no;r'(f?%%%h %gxr%m(?? ertngﬁsf f%’?%ﬂ‘f‘ggi o5
grams of a ehefemuns afaniralramihcaacid ooty wiesl Avistdwaline epifta pTHiglagertgtoup

conveni ent apoynt of a pharpaceytical l.y-accept abl e rier which nmay vary
from about 8t Feimssemeousts BU Berrieresd to reiiy e cg'ﬁffbg'?iﬁ‘f%‘fﬂem%%&d@gﬁnit
forms wild geRgsualdy contain bet<veen fromabout 1 10 mlligramto about

500 mlligrams of an active conpound of Fornmula 1. It will be understood,
however, that the spd&¥iefoptimalegrounef 4rexesréflueropentapoieiarjd) samppunds gecupat i ent

wi |1 depend yyaom ds WA@Y grBlo, ACARES WbidE! Wt EnART bothdindd AP

speci fic conmpound enpl oyed, tHe age, body wei ght, "general 'health, sex,

diet, tinme ekengday giosp phsuchN-metbylindolsfcopgoinds g¢curstwhen R’ isat metbyl grongr et i on,
of, t articular. disease undergoing

drug conbi nat jgn the, 1 everi he.
prevention S?CI ?%?ggaf ea%i’ ¢ %5%8 1 ?%‘lt)asé ?nrq\fg%et%}ag% > 8etses® Sr}fy rﬁ%e"uag%m'of t he
conpoundl) diancthers e@dmbiiegroup @f spete Wemethylihdalrdeohipearids rgedrt -wheA Rl iataed

di seases, the conpoun of, this invention can al so be used as hibitory
agents for Bﬁﬂ'é’raq@? §‘c“g%n‘§‘dp Gfee%i‘ggfhyﬂf’ée‘b 8o ?pwalgrﬁ"sw'i‘eﬁ\/%ﬂ’ﬁiaon are
al so usef ul hagrogeABM. CAdhird SRaRHMS grfdp WANCReBfiind6kicéMpdinBl BeLutOwhee

| CE/ced-3 fapily of cysteine protease or other cysteine proteases. As
comer ci al Reldeahtose grpwp Xeig dpolinie eorptaid & s ADedregesptomy 3ad espesially so

der i vat i ves ypgRy: 26 hid8gbniork] AGuR QleflafPESuPle neith Aol PERHodRasCr My be
derivatized to bin 0 a stable resin as da tethered substrate for affinity
chr omat ogr apésprsaplshiRé at isotatyl FdeX and Yoarg eachra slengemmionih achespeaialbrsoz e

comer ci al i.n inhibitors will be 25 evident to those of

ordi nary sk%?&?n'sgﬁg&gée?%’?’he foll ow ng Exanples are intended to
illustrate but not | iAmothet dpeimal emapiof #oxeit(flasro-pémartolveacidp kbrappunds Exanpl es,

D, BRSPS R Re e e N 58y S B! 0
latter class of compounds occurs when R’, X and Y are each a hydrogen atom, and
20 especially so when R’ is a hydrogen atom.

A third optimal group of 4-oxo-5-(fluoro-pentanoic acid) compounds has
an N- (carboxymethyl or protected carboxymethyl) indole moiety. Ax e:nbodiment of
this group occurs wherein R?, X and Y are each a hydrogen atom, and especially so
wherein R’ is a hydrogen atom and the nitrogen atom of the indole ring is substituted

25  with a carboxymethyl group.

A fourth optimal group of 4-oxo0-5 (fluoropentanoic acid) compounds
has an N-(homoallyl)indole moiety. One embodiment of note within this group occurs
when R?, X and Y are each a hydrogen atom, and especially so when R’ is a hydrogen
atom.

30 Yet another optimal group of compounds of Formula 1 occurs wherein n

is one and more so when B is a (2,6-dichorobenzyloxy)-methyl group. An embodiment



WO 011 00658 26 EXAMPLE 1 PCTNSOO 05648 Assays for Inhibition of |ICE ced-3
Protease Famly Activity A Determ nation of |IC~ ~, values Fluorescence
enzyme assa(xs detecting the activity of the conpounds ofpchukswossssa 1
utilizi ng Y P®onbi nant | CE and CPP32 enzynes were perforned essentially
according to Thonmberry et al. ature, 356:768:774 ( 1992)) and Ni chol son et
al. ature, 376:37-43 (199S)) respectiveaky, (herein incorporated by
reference) in 96 well microtiter plates. The substrate for these assays was
Acetyl - Tyr-Val - Al a- Aspam no- 4- net hyl coumarin (AMC) for the I CE assay and
Acet y| - Asp- GF thedéaR;6AE¢hofbemaylaxy)retimg tchynpowdsaecdurs Wigen R’He a GRE8Zenanen MchS

assays. Enz% i ons in 25 mM.HEPES, 1 nM_.EDTA,

me . reacti re run I buffer (
0 190 cHAPS, L BIPEGLFREE R B AR R R BP0 Ay QG BRBE ot ur e | n
duplicate. Tiege esnsryfdswelieeei @y i amarehl hyind acid\ectud evhen Al 9w vaneeip@nent s: 50
pl of either |CE, Mh2, MhS qr CPPSZF&}S.%?; 8, 8.1 and U 153 nM1 S
concentrat i S, 13t6E pgerp @i y‘)aﬁ’é‘hz‘iﬂ'i‘&m s el B¢ £ esferednta; bareig aftther 8.0

(1CE) Meh, “(diipRrdbeRiy1dd)hdENSLomPduidsl; 50 pl of either the conpound of
f

Formula 1 or | CE buffeer "(control); and 100 pl of 20M substrate. The enzyne
and the conpound of Fomeraptimal greumef ddishlpralenglosypethyl eompols exgcirn t he

mcrotitre wel | 1N r 1 I r or tp the
addi ti on of Q\lshgﬁgkf \rlgtae e%@lf ﬁll%tq F’Qnegt%lﬁrzwgedg’c% |(g(;n&nI .n? ulg;&gelgccg’ﬂ.&&k%ﬁ product
f or mati on wasenmpary igenup @f fueh Nomethplindoleatontpoomds toecypewhdn R ds bynethyhgroup ng t he

fl uorescence 1 ssi,on at, 460, nm usi a2_an excitati.on wavel ength of 360 nm
The fl uores@@‘ﬁ?@“‘ib@?ﬁ gach p hydrpgena a(‘@SSrPf?‘glbﬁsov%qug W)earefé‘/?i g1 4G%8d and the
mean val wes were pl ot A@ghed Sptama Fréupditdofipo@ids ioNRbRiulDl oERRACKIEriAhIiON T 0
determne the inhibitor concentration producing 50%iphibition (1CS). The

reference cORPBTAOFSP Wrt B 132 82opp fbte dymuipFAOEALR IR AmrFebediment ah | C30

for 1CE of GhdR6@hoshihABLy-fuBEittBr3empPlunty ofMs when MGs QlHyARESR adfh or a
PCTNSO00/ 05648 B. Determnati on of the dissociation constant K, and

i rreversi bl &bpal grouprand Aateven mpgsr soj whesyAris p pptaral gining acisk sAFgramie of

B e L e S

f ol | owi ntp 5 Thisr riatteas grobp-1of, ~vakthe -cokipoundsEwill be referred to herein as the
“phosphinyloxymethyl” compounds.

One optimal group of phosphinyloxymethyl compounds occurs when R’
and R’ are each a pheny! group, and more so when R' is a methyl group, in other words,
the N-methylindole compounds. An exemplary group of such N-methylindole

20 compounds occurs when R’ is a methyl group and X and Y are each a hydrogen atom,
and especially so when R’ is a hydrogen atom.

Still another optimal group of compounds of Formula 1 occurs wherein n
is one and more so when B is a group CH,ZR®. Optimal embodiment further occurs
when R® is a heteroaryl group. and more so when Z in an oxygen atom. An

25 embodiment of these (heteroaryl) oxymethyl compounds occurs when R? is a hydrogen
atom or a t-butyl group. and an even more so when A is a natural amino acid. An
example of these compounds wherein A is a natural amino acid occurs when A is a
valine residue. This latter group of valine compounds will be referred to herein as the
“heteroaryloxy” compounds.

30 One optimal group of heteroaryloxy compounds occurs when the

heteroaryloxy group is substituted or unsubstituted pyrazol-5-yloxymethyl. and



E+S ~ ES - -~ ~ E+P The product formation at tinme t may be expressed as: 10
[ p~ _ [E~T ~S~K~ k, 1 _ e-k~~~~, .~~~ ~mh~~~ yl,x~ )C k3 ) Equation 1 where
E, i, El, and E-l1 denote the active enzyne, inhibitor, pefusewsdsent enryne
i nhi bitor YOMER and coval ent enzyme-inhibitor adduct, respectively. The
K, value is the overall dissociation cgpstant of reversible binding steps,
and k~ is the irreversible 15 rate constant. The [S] and Ks val ues are the
substrate concentration and the di ssociation constant of the substrate
bound to thg n

alt : L Vel yy. S he 1 | enzyme concentration.
The above eqsﬁgct"}l%gsg v\?\%ﬁ?ﬁ%‘%ﬁt%@@b 55%3A§1¢1ﬂ§ﬂ2§&§w&ﬁ§§¥@ﬁxe‘geﬁ~ a given
i nhi bitor badneles mae k€Cher R'3s :a: mathyly gpomt ieasier wokdss theaNandthylimdalis assay
was run 20 for sixty mnutes at vagio concept: ations of the inhjbitor
and the subSRSRLS ARSETRES daue Pl Ramelyidels FOREPYs CRRTTEMD R
described i@ afeaPhRup AFRANEY 28X&RRE hjdidkentalin, ARAEHERNIyWBWHeRRE isaf ed by
adding the enzyne to the substrate-inhibitor mxture. The K, and k, val ues
wer e obt & nkiraggn gfomu| ati ng t he product AMC formation as a function of tine
according to Equationlierd it N$& hi Chz 25

'Another iz Pé%; Aty 8%@48 %‘#F‘Bﬂﬁulﬁlo%cﬁ%ﬁ%n%%

Val Al aAsp- CH, F. WO 011 00 EXAMPLE
(3S) - 3- [ ( Z- CHIZR lagd Z ixckidy geroor @EF(5OMy | ) Al ani nyl JAm no- 4- Oxobut anoi ¢ Aci d,

t-Butyl Ester Sem ca - hhdaol e-2-carboxylic acid (107 , 0.6
mmol) and (3S)-3 5 (a gﬁ?ﬁﬁﬁnﬁ %%nglggo%%t éen%f“@’e%‘iydd?s"fg- °d'tv3e/ “ogiélt er
sem car bazorehnfdh88 agrgiscldtd) belova Mrbhdtagwensdy,dthss aompounds afaMbonivehiedt)y t hen

bot h 1-hydroxybenzotriazql e-hydrate .(96 ., 0.63 mmol) and

1- ( 3- di Hét hP ‘?'Féﬂ?"&b??@l-y?@%{%%St%ﬁg%‘BEanﬁq?ﬁ‘de hydr ochl ori de (EDAC) (161
ng, 0.84 mmol) was adgdedyririt beutd 3 by diaBizingitd il LoHRRundts 19 kdt FRALR
atnosphere at 0C. Stirring was continued for 1 hour at OC and an additi onal
20 hours 10thaf°l¥°m§°8?%?iatur e. The reaction mixture was diluted with

et hyl acetate) washed successively with saturated agueous sodi um

bi carbonate solution and brine, dried over sodium sulfate and concentrated
to give a yellow solid. Trituration of the solid wth ether afforded the
title pr]?duct as a slightly yell ow powder (213 ng, 77% . TLC

(et hanol/ met hyl ene chloride: 119, silica gel):R0.~.7; "HN-IR (CDC1, +
CD,OD): 15 d 7.96 (d, J=8.0, 1H). 7SGHEMEG7 (m 2H)) 7.31-7.42 (m 2H),
7.13-7.19 (m 2H), 7.06 (s, 1H), 4.91 (m 1H), 4.6S (q) J=7.1, 1H), 4.01
(s, 3H), 2.59-2.78 (m J=5.6PG¥S-OH 2H) + 1. 8N&¥ J=7.1) 3H), 1.39 (s, 9H.
EXAMPLE 3 20

(3S)-3-((1-Methylindole-2-Carb Dyl ) Al ani nyl JA?' no- 4- Oxobut anoi ¢ Aci d,
Sem car bazone. (3S)-3-[(1-Methylindol e-2-carb n)yl ) al ani nyl ]

am no- 4- oxobut anoi ¢ aci d) [

STEP A



t-butyl ester sem carbazone (127 ng, 0.28 mml) was suspended in anisole
(0.2 m.} and nethylene chloride (2 nlL) and the suspension was treated with
trifluroaceioogioees d 25 (TFA) ( 1 nmL). The resulting sol upcTusosssdstirred
for 2 hours under a nitrogen atnosphere at roomtenperature. The reaction
m xture was then concentrated and chased with nethylene chloride to give a
purple foam Trituration of the foam w&h ether gave the title product as a
purpl e powder ( 108 ng, 97% . TLC (nmethyl ene chloride: net hanol : acetic acid,
20:1: | , silica gel): RO.27; IPG &I ((EDSOD) 8 7.62 WO D1! 00658 29
PCT/ US00/ 05648 (d, J=8.0, 1 7" NE 8.2, 1 H, 7.24-7.32 (m 2H),
7.07-7.13 (m 2H), 4.91 (m 1 (q J=7.1, IH), 3.98 (s, 3H), 2.78
(d, J=6.5, 2H), 1.49 (d, J733 EXAMPLE 4 5

{38) 3-[(1- Met hyl i ndol e- 2- Car bonyl)ﬁel ani nyI]{A no- 4-Oxobut anoi ¢ Acid. (3
S)-3-[( | -MethylindSTEPB-car bonyl ) al ani ny SUale B oxobut anoi ¢ aci d,

sem car bazone (87 ng, 0.22 mml) wap di ssof et hanol (3 nl),

formal dehyde (1 nmL, 37% wt. aqg) and] aceti cy’d nISI ”rék% and the resultant

m xture was stirred for 4 hours under a nitrogentat Here at room
tenperature. The reaction m xture was 10 dllutedJV\nth wat er and extracted
twce with ethyl acetate. The ethyl acetate solution was washed with brine,
dried over sodium sulfate and concentrated to gi Ve a gl assy material which
was triturated with ether to afford the title prgguct as a gray powder (24
ng, 329% . TLC (nmethyl ene chloride: nmethanol :acetic acid, 20:1:1. silica
gel): R--0.44; "HHNWR (CD,OD): 8 7.62 (d. J=8.0) 1 H), 7.44 (dd. J=0.8,
8.4, 1 H, 7.26-7.32 (m 1H). 35 7. 08Rz7 13 (m 2H), 4.63-4.53 (m 2H), 4.31
(m 1 H. 399(s 3H), 2.48-27 2H), 1.46 (7.1, 3H . EXAMPLE 5
(3S)-3-(1-: Vlethylindol e-2-Ca Rr ol i nyl JAm no-4 20 Oxo- Butanoi c Acid,
t-Butyl Ester Sem car bazone. ¥\M Hwelae-N—zar boxylic acid (102 ng, 0.58
mmol ) and (3S)-3 (prolinyl)amn no-4- %obtandic acid. t-butyl ester

sem car bazone (189 ng, 0.58 mml) were dissolved in nethylene chloride (2
m.) and DMF (I mL) and then both 4 dinethyl®&hino pyridine (DVAP) (71 ny,
0.58 mol ) and EDAC (155 ng, OSTBEP @nol) %5 were added to the m xture under

a nitrogen atnosphere at 0C. Stirring way continued for 1 hour at 0OC and an
additional 3 hours at roomtenperature. The reaction m xture was
partitioned between ethyl acetate and ~% KHSO,, solution. The ethyl acetate
sol ution was washed with saturated sodi um bi carbonate sol ution and bri ne,
dried over sodiumsulfate and concentrated to give;153 ng of brown foam

The foam was purified X R? ,COR
(CHyp)y
Y N A—N B
}l{l o) H 8]
(6
10

In the above Scheme I, Formula (2), that is H,N-Z, is a modified aspartic

or glutamic acid residue of Formulas 2a through 2d:
15



WO 011 00658 30 PCT/ US00/ 05648 by flash chromat ograph on silica gel using 2%
met hanol - met hyl ene chloride as the eluent to give the title product as a

| i ght browgofepegesd 50 ng). TLC: net hanol / met hyl ene chl or irdFUSB®BEA8 silica
gel): Rr0.27; "HHNMR (CDClI, + CD,OD): b 8. 87 (bs, 1 H, 7.63 (d, J=7.7, 1
H, 7.3 8-7.50 (m 2H), 7.17-7.13 (m {i9H), 6.85 (bs, 51 H), 4.90-4.81 (m
2H), 3.92-3.74 (m 5H), 2.78-1.93 (m 6H), 1.37 (s, 9H). EXAWPLE 6
(3S)-3-[(1- Met hyl i ndol e-2- Car bonyl ) Prol i nyl ] Ami no-.~ Oxo- But anoi ¢ Aci d,

Sem car bazone. 10 (3 S)-3-[( QL-VlI et hyl i ndol e-2-car ponyl ) prolinyl]

am no- 4- oxobut anoi ¢ aci d, )tﬂ:jﬂtyl ester sem carbazg¢ne (50 ng, 0.1 mml) was
di ssolved in anisole (GCH23) “@and net hyl enec ri}g\%mt()) and the
resultant solution was trea with TFA ( 1 l?7:)“’Thi eagtion m xture was
then stirred for 1 hour Hader la ni trogen atnps e _at_ rp&mterrperature.
The reaction mixture was toncEstedbed in vac ﬂ‘Pand Zhastd wNth 15 net hyl ene
chloride to give a purple film The filmwas triturated with ether to
afford the title product algoraup%pl e powder (47 M C. (met hyl ene

chl ori de: net hanol : acetic acrd, *1:1, silica gel): ) 18; ' H-NVR (CD30D) :
S7.63 6.93 (m 6H, 6.67 (bs,, 1 H, 4.89-4.50 ( 2H), 3.86-3,74 (n) SH),
2.82-2.74 (m 2H), 2.40-2.30 fm 1H), 2.15-1.90 3H). 20 EXAMPLE 7
(3S)-3-[(1-Met hylindol e-2-Ca nyl) Prol i nyl i 4- xo-But anoic Acid. (3
S)-3-[( 1-1vlethylindol &&)gar b@@l )proli ny(Lg’B ni nd?B- oxobut anoi ¢ aci d,

sem car bazone (87 ng, 0.22)(muvlg) was dissol ved i n pet hanol (3 ni),

f ormal dehyde 25 (1 ni, EBR% aq) and acete¥ acihyd (1 nmL) and the resulting
mxture was stirred for 4 hoyjyg under a nitrogencat nosphere at room
tenperature. The reaction m xfure was concentrated in vacuo, diluted with
water, and extracted twice with ethyl acetate. The ethyl acetate solution
was washed with brine, drdrmedadger sodi um sul f afemalm2d.concentrated to give
brown oil (22 ng) which was triturated with ether to afford the title WO

011 00658 .31 PCTI US00/ 05648 duct .as..a | jght brown powder (8 ny)., TLC
(et hyl eRe chl ori de: ﬁ%%ﬁgﬁ?agg%éreﬂfit]’cq’;cis@?dsgﬁzaizai“,'"°§’i'¥?°é'ﬁg 6@5 andzA"028: M5
for C, 9H=, Nit&dds Hdr 7 3atural denfitdiuriafilind-aeld=a AR ussdd4bivRl E 8

The modified aspartic or glutamic acids of Formula 2a-d can be prepared

by methods well known in the art. See, for example, European Patent Application 519,748;

PCT Patent Application No.PCT/EP92/02472; PCT  Patent  Application

10 No. PCT/US91/06595; PCT Patent 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; Eurcpean Patent Application No. 623,606; European

Patent Application No. 618.223; European Patent Application No. 533,226: European

Patent Application No. 528,487; European Patent Application No. 618,233; PCT Patent

15  Application No. PCT/EP92/02472; World Patent Application No. WO 93/09135; PCT

Patent Application No. PCT/US93/03589; and PCT Patent Application 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

20  of dicyclohexylcarbodiimide(DCC) and 1-hydroxy-benzotriazole(HOBt), as well as the

BOP(benzotriazolyloxy-trio-(dimethylamino)phosphonium hexafluorophosphate) reagent,

pyBOP (benzotriazolyloxy-tris(N-pyrolidinyl)phosphoniumhexafluorophosphate), HBTU



5 (3S)-3-[(1-vlethylindol e-2-Carbonyl)Valinyl] Am no-4 Oxo-But anoi c acid,
t-Butyl Est-er Sem car bazone. 1-Methylindol e-2-carboxylic acid (88 ng, 0.5
mol ) and wPerdoaeas ( Val i nyl ) am no- 4- oxobut anoi ¢ aci d, t - bBCTUSWHSES

sem car bazone ( 163 ng, 0.5 mml) were dissolved in DMV ( 1 nL) and

met hyl ene chloride (2 mL) then both Dl\/lékg (61 10 ng, 0.50 nmol) and EDAC ( |
34 ng, 0.7 mol ) were added to the sol tion under a nitrogen atnosphere at
OC. Stirring was continued for 1 hour at OC and an additional 4 hours at
room t enper ed t et hyl
ncetat o and eHrEERRRyG REERARIBAbHERARNBRhbRAPET A8 BEBC RK
successi vel ythylokycatmKd-SShylext- uﬂfddrydrcslamhai)edamm uhe kcombinkitionabe 1sol uti on

db d t ted t
el ow t ogi S Binerk Epriror D s R e, A, angr REPEGHS T s 36 © @'V
product as disehskaihin V. mbd OWnﬁﬁU\ﬂ@Id b Pepitie %%es,sﬂsze‘(eﬁe@h@aqk/ea?t hyl ene
chloride:5/95, silica.g EXAMP

(39)-3-[(1- Qétquwmwrl@/ Qt%r%’ﬁ*rw W aﬁ‘*hwl?% M) Bodapgkyp|iPeneiples i d
Sem car baZO@@,%udQ%%mém{;é iraME:t éml 'ead@k,ﬁng%r-%ﬂ@@éh Vﬁéluavér% pp.9-2and )

am no- 4- oxobutanoic acid, t-b er sem car bazone
was di ssol vep ROR-2Fi £H9%4): (M. 213 anzkyn d’ Pﬁmdqypbmm:hl or Pdietlt(aiz M)boalnd t he

resulting SeLubdgu Hae ALARUGHMIS FEASCL T po20di. 53 ULL00 501 Ut 1 O

was stirred urs un er a rogen a €re at room tenperature.
The react i ofYomhgt‘i$oBd \BhssecPaptidn Symthesis,’i ermc@l&nami ingmey] (H84), albohiyl ene

chloride, to qi e rpl.e foam Tr|t ration,of the foamw th ether afforded
the titl b"t P"g‘bctf} é’P Jngorrgratid, By ’SR‘éFer § 2R Praiedpe gr°“RUSO'2’F’E)0658 32
EYAVPLE 10 Pﬁm%@@éﬂeﬁultmg amine is coupled to the 2-(carboxy)indole of Formula 4 (Step
(3S)-3-[1-Met hyl i ndol e- 2- Car bonyl ) Val i nyl ] Am no- 4- Oxo- But anoi ¢ Aci d.

(3S) - 3- (( 1- Bt hyNepinddhie- @“@mgbt?ﬁi}wpvaw rﬂ)?]S‘a&ﬁi‘rﬁop‘?l?né@((‘}ﬁﬂﬂhaﬂoieé“@é? d,
sem car bazoa}ﬁn&&%@ aliBbe, Gné?mmag efmnquﬁaoéax%@ Sh&nfmémnﬂéak Fedthidn

f ormal dehyde 5 (1 a~ and acetic acid (1 nL) and the resulting
m xture was inSiep Beut aﬁwaslsh (ﬂw gynthssie pn@substttnmgmaeapmsfph@m ipdole tngn

tenperatye.. Th ti et di luted with
wat er, aifl% esxgr gc]fng)g'gt \ia\ng gserg\%\n%bﬁg étﬁ@gx ai{aeB e co ljl le 'LL‘ Racet ate

sol uti ons w&Hetewagdhie dchantifiryb(adnd.Gd rSamdlesJ)v €volsadiofl rﬁmﬂrélﬁthﬂvea rmgamc

concent & R IEPE B Be LS, PR AL Sl S B 0 <

(et hyl ene ol oged 9@ ﬂB&Jlad’((Fhe emrhstﬁy maiem@%clcam cmnhs paL zgew&xssba%eBG M5
for C,9H, 3N~05+H =374; . G 9Hi_3N30sc~":

(3S) - 3- (( 1- AT T herdord- ‘é°1c§F’bB‘?f§ﬁ| TN illeylh}tﬂﬁ?'?nfswﬁw ﬁéﬂ#a(r%?ﬂ?d 284 4,

t

-Butyl ot @hxisie I Jed REPMBdoles (The Chemistry of Heterocyclic Compounds),” [ed. A.
Weissburger and E.C. Taylor], Vol. 25, Part 4), Wiley Interscience, New York, (1979);
all of which are incorporated herewith by reference.

In the case where the coupling reaction was carried out with the amino

alcohol of Formula 2c, the alcohol moiety must be oxidized to the corresponding

25 carbonyl compound prior to removal of the protecting groups. Preferred methods for
the oxidation reaction include Swern oxidation (oxalyl chloride-dimethyl sulfoxide,
methylene chloride at -78°C followed by triethylamine); and Dess-Martin oxidation
(Dess-Martin periodinane, t-butanol, and methylene chloride.) The protecting groups
contained in substructures of the Formula 2a-d and A are removed by methods well

30  known in the art. These reactions and removal of some or all of the protecting groups

are involved in Step C in the above Scheme.



1- Met hyl i ndol e- 2-carboxylic acid (70 ng, 0.4 mmol) and

3(S) (Leuci nyl ) am no- 4- oxobut anoi ¢ acid, t-butyl ester semnicarbazone (|31
ng, 0.4 ""%301%{5 di ssol ved in rnethylene chloride (2 npdrasoses h DVAP
(49 ng, O. nmo ? and 20 EDAC (107 ng, 0.~6 mmol) were added to the

sol ution under a nitrogen atnmosphere at,0C. Stirring was continued for 1
hour at OC and an additional 3 hours at roomtenperature. The reaction
m xture was partitioned between ethyl acetate and 5% KHSO, sol ution. The
ethyl acetate sol uti @RawaseltRSINESNSISRRAS D MBS VinVedntibn 2¥nEHEOanys QF Uhd ON,
saturated wi th sodi um bi carbonate sol ution (2x) and brine, dr| ed over
sodi um 25 seempeueds efnferewhicle i rtag SEFSeTH inveation, tapd ghmaepuem}breacs@nmbdie

powdor (156°0) B80f VA T ity BeORb Mk, A BRE Wbl 1 001

R -0 .42; ' theMiMfi¢rGoUEGtivelyGBIe@BY to 8s Sphh@ndcsytichlly-hcceplabhs catridry™)( rffhe&H)) 6. 97

b 685?3/5056%%”3%96* %S"éﬁéh(“}e th%gﬁoup axﬁéen%o &@"]365 ofggwuﬂx%o“ 23555he>S

(1 8)7 l . [5(8 (8 »ﬁhil)as éheB&n(p&bhdsbﬂ)f QR (Hxamﬂleﬁld&cuﬁhb belEvXAl\/th'xrihZelﬁlcally "
3S)-3-[(1- Met hyl i ndai e- 2-.Car bon Am no- 10xo0- But anoi ¢ Aci

Semi car bazoffeptablesyargets, a‘!‘i”‘l\?&fsh d %?h\ﬂﬂlll ‘?ztc%f”bbﬁyﬁdl By e Rhpqmaceutical

ani no- 4- 0Xogdthidibofs mg,m&enhm }Hchﬂﬁtlﬁft a&%&ﬁaﬁt@@z&% éécﬁ ggalurgmg7 mol )
was di ssolved in anisole (0.2 nl) and net hyl ene chlorid g and the
resul ting sauoinugnstegiate leé‘éhl@}dsm rPquFle,(Sllchrﬁy humen Feramy albuming rbgffgtbl ution
was sti rined r s t ature.
The reacltol O%Jb?rl{a?(%lsj Eg&m%s{ﬁ?zgﬁggﬁst Ms @Efggo%gﬁ%%g g&ggmﬂi EggsrrgltE hyl ene
chl ori de t opgtislelwenderhixfuoesmf satmatetdrvagetame fafty adiés; fvommsalts dr edtchelyteaf f or ded

the titl t i 10 TLC th

chFor: deengflﬁgﬁgﬁ pgo 'iniE:)I Sglléfla%?vgf?di‘"ﬁ‘ éysdirr%b%ap%g/%th %myb(&ﬁﬁ"( CD, OD) :

? 7. gH) | phdspiiate, kodiufl, cHloridel Jand i, salts4Bolloitd) silied. r’ﬁagn@sxﬁm ﬁsi{l):ate 73:2)) 5823
m )

8
(s, 3 H, ‘%@“@8 gﬂ‘é ‘éw 2F§h“?°fe‘§ % gr‘ S(“H‘iesemflye'gy'@ze (%JY°°A’—6°@)“““3H) 0. 99
(d, J= 13 MOYV%WQEIélsg 4Blyarylates, waxes, polyethylene-polvoxypropylene-block
(3S)-3-[(1-' VI ef hyl i ndol e- 2- Car bonyl ) Leuci nyl ] Ami no- 4- Oxo-.~3Lt anoi ¢ Aci d.
(3 9-3-[( nolmerhmm%!eewy@é%ww)?teﬂ@ﬂwme ani no- 4- oxobut anoi ¢ aci d)

sem car bazone (90 nmyg,4; Bﬂarﬂ’g&lu)lca‘(‘@%mgbs?@d?xk\(ﬁq Benmﬂi@ltsﬁ‘ﬁﬂod) ihdudd-the

f ormal dehyde (1 ni, 37%wrt aq) and acetic acid m.) and the resulting
sol uti on waeptswal grosps and empodimants ofihd eomppunds of Fgamn aat mﬁqnheqbevat room

tenperature. The rea gﬂd] EQ n | ut ed
wth water, and ext rgr}:’% éw&? ég)ﬁfosﬁ’hn%gacgtlliavtegt %'Clirﬂégp ngtggfjat e
sol ut i or20wasralip pardteraily, rbybnhaia;onckpragdtopmﬂly mdllylmmuw ba,tcmllyam:gumhlpcent rat ed

in vacuo to _gjve f oam whi.ch was trjturated with ether af ford
the title oot et tulare Srerial P $33nipl SdpBsElinlie "pit dhe” o
01/ 00658 34teRf]“parkinelal? O GA& ﬁJEl'EﬂI’1hd6dd’§'8§ubaiiuhbo@0ﬁirh&n@6¢\ﬁ intldvénods, Silica
gel): RfFO.45; M5 for CZOH2sN3O' M+H =3 ; H =3 86. EXAWPLE 14 5
(3Sr3-[(1- l\,’é‘ffﬁ?P%CH‘abl"é"azarW%oHWi)lﬁﬁé‘ﬁ&rI'%ffaa‘ﬁinﬁkvl“)%f‘he% ngrefesipRaAl 498 ¢ aci d,
t Butyl Est glraco&iidl GiEdBeR OFiBfusibn MRhiRhdsndol e- 2- car boxyl i c acid (72 ng, 0.41
mmol ) and 3(S) (phenyl al ani nyl ] am no-4- oxobut anoi ¢ acid, t-butyl ester

seni car l?ézone 154 e phamymcentstl) compogsitighss may \hedin Fhenfs)mypﬁnestvﬁborl de (2
m.) and bot 4 I ) were
added to the SO érg% eg)Ta&faﬁ11 ? ]reng;gna) gt?l@rrlgsgﬁé?%lg a#‘g%&g%ét Qe%an?gga/as
continued f mSpe’hsnbmu’rr h:asus@éhswndnzazrbeafddnulatmalcordmgmuteshmdlues &oowni nther at ur e.

The reaction m.xture l 15’)art| tioned bet?v;f frh ?% ac ta.t r}{& 5% KHSCa
sol ution, sYbudREFEPlY ’38 P88 OHVEFINE SEFRIHE ex HEIRP AP to give
a white sol Qlﬁpen]fngtayé’n@d. | Dl érile Migecdlld repdrition ehdyailsodtel DEteEd xﬁ_yb@aﬁlét | e

pr oduct as a white I'S powder (179 ng, 82%. TLC (nethanol /net h¥l ene
chl ori dé% 5§oé\§xon§]r|sp§pgns¢fg‘ . a Rgn-épxmparenterally acceptable diluent or solvent, for

example, as a solution in 1,3-butanediol. Among the acceptable vehicles and solvents



EXt | MPLE 15 (3S)-3-[(1-Methylindol e-2-Carbonyl ) Phenyl al ani nyl ] am no

- 40xobut anoi'c aci d, Sem carbazone. 20 (3 S)-3-[(

1-: ~l et hyl iWfilosssg- car bonyl ) phenyl al ani nyl ] am no- 4oxobupenosdeseas d,
t-butyl ester sem carbazone (154 ng, 0.30 mml) was dissolved in anisole
(0.2 nL) and nethylene chloride {2 nl)ysand the resulting solution was
treated with TFA ( 1 nmL). The resulting solution was stirred for 4 hours
under a nitrogen atnosphere at roomtenperature. The reaction m xture was
concent r at affati flay 86 Wehphi}dd 22e amaRitd OReEr, RinBereiditioangdCRb®AicARdiuth Ji ve a
purple solid, Trituration of the solid with ether afforded the title
product as %lgside gpltipmwda radgitian, sigrile. sy oilsTare: copygatiprally panployed as a

chl ori de: ; is i - 4 b i : - / 006S8
chl ori de: M RRRl saedife Aelidm. #r histpuriish, 3 1884 KixeiPmay be ey

(3S) - 3- [ ( 1-iMdudiyg isprtbdtie- Rox@ar dyodiglyyerideny [Fattyrmicidy,| Judhrias oleid -aGdodmdt #00i

Acid. (3.5 -3-]. - Vet hy| i ndol e-.2:- car.bonyl henyl .- al ani nyl ] am no-4
oxobut fangi )cglﬁcc?{’g‘? ]a§8‘f:ﬁ"é'§5r ﬁraezé“r"leg"l( ml%t)e Rﬁ% 3%8% eftg@éﬁ‘ )e/aszjfrgs'&?\’féld in
met hanol  ( 3pHarnfdecutichly-ambstatly dils,(suth ik, oli3d %iMbr. cay aln@dspeially Gn aggid ( 1 )

and the resulting solution was stiyred for 9 hours under a nitrogen

at nospher e RAYOX¥EhY Rtedppians, r hesergilsofulions proiyspEnipRy may#iso ogiihioRgt ed i n
vacuo, di | uthagl 2ohél dieéRlor ddfidsaBXt racted twice with ethyl acetate. The
ethyl acetate solution was washed with brine, dried over sodiumsulfate and
concentrated to gi veTae cthgmeacputisalu compgsitions vifs thiy jinvgptiane gnayi b asallver to 10

1o 0 BSERICE B 500 SRR et g o G 1

C23HZ~N, CS; cahiii¢s—aBRts, ddrdquzbR6 susEetaldt Bndisplutiens. In the case of tablets for oral

(1- Met hyl i ndol e- 2- Car.bonyl ) 4 vci ne, Methyl, Ester.. DVAP (1.2 .0.01 nol)
and EDAC (2‘.‘56’8%":’%3@13%%%“){% ased Jaclide leciers g e, S%i“%‘ol ’é‘ﬂ%"gﬁ‘“ﬁf

1- met hyl i ndggefirs, Zuctpdsinagnbdiom aehrdte( dre 7152 typically AddedDFJr il dd@lnitiatien iwet hy |
ester hydrochloride ( 1.256 g, .0, 01 nol) in nethylene chloride (30 nL) and
DVE (~ r. ~ fapsulfhdam dsefyl tq‘lag—"g?l ‘%{‘Wﬁéi‘i’ﬁ%‘% &P CnSE.Co% FRTEhn gV IRIs 2ERMSi nued for
1 20 hoys adusfasieichré BRinfs@fedDrdlBUMHE addve!iNEEibR TPt Svith Baudi§ gt | On

m xture was partitioned with e'gpa/f acetate and 5% KHSO, sol ution and the
aqueous | ayand spepsnding pgesised! drsired: eemajn swestaningeand/pp Savasing iapdler @9t acet at e
sol ution ! 5% KHSO, sol ution, saturated sodi um bi carbonate
sol ution (2%‘2}{\@%{2l ??é\%&eg’nd brine, dried over sodiumsulfate, and
concentrated to gi ve Tae pehapheepgial epmassitongdef phisdingéntio® 5mdy i alser dei on of

the powder wt.h ether afforded the title product (.1.734 7099 . TLC
(ot hanot / nieeTigEira T e Sportf oriep s ocbl RA e oo oot
J=8.0, 201, cah bel)prepéred|by-nfixih} a(dsmpatfd, of thit Gnviehibn Witiba Guitablenondirrithting. 96 (d,
J=0.5, 1 H), 6.67 (bs, 1.H,6 4.25 (d. J=5 2. . 4.05 (s, 3H),.3,82 (s,
3. Vo OveliRssEhE lﬁebtﬁ/ﬁtr9°%ew§ér?t\ﬂeebe*h§ﬁl‘f*%E%‘Parfftac&%@&%gﬂt%-G‘F'gf i ne.
PCTNS00/ 056 8efidls Mednkié! bGd eleeno? -1GimEddony ey @b Viiitee b¥edviax! andSpdtyetilylen@87 0,
6.85 mml) was dissolved in 1,4-dioxane (10 nmL.) and was treated with 1 N
l'ithium hyd?lﬁﬁlﬁe (7.0 5 nm, ag) with stirring. The reaction mxture turned
clear immediately angoyRy adhidisirhifed BF the phhrdate B CRiHoSRbARLEAREsO remove
1,4-dioxane to result In a purple precipitate. The precipitate was
filtereds wastnsidnvis tebpegiatle rusefalnwhely theddesinedy lreayment anyplves ar¢as ari arganspr oduct

I 482 %:....JLC: t . h i de; h | : ti
ot 8, 507 copRRl Fleatybyge ' 1obisal abicarinyy ok (RN S OhiQlb 1 SRATGR1 - 2051 €
7.44 (dd, 1phadmdeebticaDcdinpotitibh sholdBee orm@atednwith aHjujtable didtnderd Qorftaiming H), 7. 04

, 1 H), 4.08 (s, 2H), 3.99 (s, 3H) ..EXANPLE 19 . . .
225) - 3-H)~( 1-the aégl}sﬁwlcP?ﬁ%ﬂleeiszi“ééfiﬁ%g? )déF‘;JHIXEE’] AnAsra SETeR oRBIPRIFA ¢ Aci d,
t-Butyl Estgimisefition! fo@en8mpbddVRE itk iindaliar 8ckidé,banrd gbtyhimi& (0186 Ny,

0.8 mml ) was di ssol ved )
30 mineral oil, liquid petroleum, white petroleum, propylene glycol, polyoxyethylene,

polyoxypropylene compound, emulsifying wax and water.  Altemnatively, the



in methylene chloride (5 nL) and DMF (1 nL) and the resulting solution was
treated with |-hydroxybenzotri azole hydrate (129 ng) 0.84 mmol) and EDAC
(215 ng, | wife/bgdRE) under a nitrogen atnosphere and the gepgdobedadn Xt ure
stirred for 10 mnutes at 20 0OC. 3(S)-Am no-4-oxobutanoic acid, t-butyl
ester sem carbazone p-toluenesulfate (332 ng, 0.8 mml) followed by

N- et hyl nor pholine (0.09 nm.) 0.8 nmol), were added to the reaction m xture
and the mxture was stirred for 1 hour at OC and an additional 4 hours at
room t enper ghamaceulibd cagobitiom qahxbmrfMeqoawmi ti sutelrle Hetioe®n @édny |
acetate and 50/t L?P %,ng t he qurOdUCt re Lgl ted out dgrj‘%gethe wor k- up.
The 25 whi t EOPPEEBINT &S FYBRYPHEEGRASE L SPERY IR ABE e PR caggers
filtration amgudepisitiafchomiinitedvidt mﬁnemdnlﬁiohﬁfan mdAGtdedte, POlytdrbate 66, celyl t e
preci pitate was obtai ned by centration of the organic Iayer and
trituration STt Wa%r etsagl el Gﬁﬁ'\"ﬂ %‘PF%%“"FH%" L bepgvhalgokal cnidp Meisf-e WA t he
title progu It I I silica
gel) RT83j4%haIﬁ]%%nw C@c@monﬂc@ %ﬁéﬁ%ﬁ@xﬂgﬁ éxf% a0 ﬁ:nﬁ)pféma)o agﬂﬁd 1! fe 21|
7.19-7.13 (AgwezHntestin t@caﬁyoms@!a ssxrpqsmwu@oowletmsr 7n 05 spigable fOCIﬁE) | H),
?S 25 gﬁb 93 (M%B gop9é11§ %ppl?eh')trans%e%l £>§tChe§ a.x@also%nc?u%egmﬁﬁls qmnt?c!ﬁ) 1.41
(3S) - 3-[ (1- Met hyl i ndoThe-phaBzckuicst| coBipysiiions|of Ans ineention maBbe adwinisteded d,

Sem car bazonpe. S) - 3-[ (.l - Met hylLi ndol e- 2-.car bon | ycinyl .

ami no- 4- oxoB4t® ?%058E$rdnhagatlﬁ %V"he?fné’f’“g%aﬁeaqr%“ﬁ%%r"i%°°(‘§1]¥%1°n‘§°,h"tﬁ“§% mmol )
was di sspj vedlliikhowR i B Qrt(d? pRarfladentitd forultyibe Agd ﬁw Béﬁ @paréLasio)utiond t he
resulting solution was treated with TFA (.1 10 e resulting solution

was stirred¥ oling. RRleying depzrh "r%‘iOtthg’én"tﬁf’rrﬁ“s‘}ﬁh@r Bresarvatiyesm Abe9rBEe Rt ur e.
The reacti onydRoddie WianeOBBMAIERGSOT fluBro¢ABHR, %H@op%%ﬁ%mmmgﬁmyl ene
chloride to give a green solid. Trituration of the solid with etCher

af f orded t hdispersing agantsdaewn ithgaryr een powder (88 ng) 87% . TLC (methyl ene
ehl ori de: net hanol : (CD30D;) :
8 7.63 15 7.08 (m 6%]4&0@’3&91? mgﬂli& ,em?ﬁ"lo (s?‘%f, B_ZFQB%?"(‘S“,”EE 73,77 (d,
J=5.8, 2H). ceAMRIDE!l 2fti-inflammatory agents or with matrix metalloprotease inhibitors,

3S)-3-[(1-Methylind =2-Carhb 1) yecinyl]- ~- (OX0- But Acid. (3
(S 1 e le s G B B A A B ot ' ¢
aci d, sem carbazone (Tie din? ofmeliy ineshtioh Sal Wesl b admifistéred einof
me!thanol (3 nL i for( dgﬁnpqrq#é i s)37%\t/lvt aq)ua d aceitlcstaﬂg dl( 1 nl)
and the ni xfeP "Wi’g é" 1Fo (Frés: BFABIEING. ARY-PYRAT,2lRRA s héﬂ"e at room

t enper at ur eamﬂaayreamz 0N GMXISF| € WikEhi6ifIRC € Nénkaghaln,i N iNe&eton dialpphed with
water, extracted twice wth ethyl acetate. The conbined et hyl acetate

sol ut i ordd weiedhyldibioserbamats, B nedpsis dagiohr naltexonyi 49t SEXGhtes, Withd
concentrat e?m%ﬁ glThiRs, BeoC prétéht PErOEdHRat V\ﬂ' PEeM@édtéléeTaw @;ﬁﬂox‘f‘{kt&cﬁtﬁer to
afford the titl e product as a light yellow powder (29 44% . TLC

(et hyl ene &tflammatien.met hanol : acetic acid, 8:1:1 ) S|I|ca gel): RTO.61; M

for C 6H "N30f: M+tH-, 0 90-3.8 (m
THY, 2.72-2.47 (m 2 &th@'%%‘gﬁﬁ%ﬁ" ﬁ?&&w@ ‘%‘E“‘%&‘gf%ég!ﬂ?‘%é

(39)-3-[( 1 Benpick iwithodtker 2gétag, lﬂmyhz)y%aaadmylbt]eiémsemxeﬂ@@oBubx&nﬁemlyAml d,

t - But yl r Semc bazo Benzyl i ndol e~ 2-car boxylic acid (477 nmg, 1.9
N R e T R

seni car bazoge cdxﬁ&ﬂsedmf a aon&ummk of A\&Inehothd S oviitla i1 Aindeddiber @féﬂlp@lﬁichrl de (8

m.) and both DVAP (232 ng, ,1.9 mol) and EDAC (498 ng, 2.6 nmmol) were added
to the sol uPT(’BhYlﬁﬁ‘\‘éIéEe“émﬁi“tan‘b@?"%t nmosphere at OC. The resultant solution
mas stirred for 1 NOuhodhselle did RhicRASl! b BahedorBHbichicd by BRMeEAPEr At Ur e.
The reaction mxture was diluted with ethyl acetate, washéd 10 successively
with sat ur apkaimecsdiiceinchpesitioon inchide.obuttaro hotalimitdst fon éflanimiatedy diseases odi um

sul fate, concent I um

chr omat ograg‘hl l(r:mﬁ)ulﬂlfel i Cagl%ﬁ I%F%?ﬂ% %/r%g‘]ﬁ %YSJ& i cW%"“F?a ) nhrrlg nqulaﬂ%fihyl ene
chl ori de 2- 5¥dptoaisfiaveledd inhiclienti¢ dénjmryodunht asascl&mAmrtje—yptavmﬂerhcéﬁle gy, 569% .
TLC (met hanol / met hyl ene chloride:1/9) silica gel): Rf-0.38;, ' H NW
(CDC13): 8 R 60 (bs, 1 H, 7.67 (dd, J=8.0, 1.1, 1 H, 7.50




15 (d) J=8.0, 1 H). 7.33-7.01 (m 8H), 6.79 (d, J=7.4, 1 H, 5.78 (s, 2H),
4.87-4.83 (m 1 H) 4.67-4.62 (m 1H), 2.73-2.43 (m 2H), 1.46 g“d J=7.
3H), 1.39 wehi/édkhs. EXAMPLE 23 PCT/USOO/OS
(3S)-3-[(1-Benzyl i ndol e-2- Car bonyl ) Al ani nyl [ Am no- 420 Oxo- But anoi ¢ Aci d,
Sem car bazone. (3S)-3-[(1-Benzylindol e-53-carbonyl)al ani nyl ]

am no- 4- oxobut anoi ¢ acid, t-butyl ester sem carbazone (247 ny, 0.46 mol)
was dissolved in anisole (0.5 nL) and nethylene chloride (2 nmL) and the
resul tant mr?()tddﬁr&al/\ﬂx&rétfoﬁﬁtb@ﬁn\& b1 sthdkR), (and kidhdy (e B)dsdhemit killig GRbidhi on was
stirred for 3.5 hours under a nifrogen at rmsg_gere at room 25 tenperature.

The reacti orM‘Fﬂ‘Q&SlPrf @dmwtw&énﬁffeawdma%n ehihseadovgrdescrihed Pharerreedinlor i de to
give a light,g i ded the
11 e pr oquaeHREREbnst emmdle S AR (S hecifs BRlepls ok S Uk e

chl ori de: net(thands, : thesst uffesing dfror: mﬂﬂmn@mry odasegsls AutfinONBE; disedsédyRndCD, OD) :

8826 de J=8. 9 PCT/ LS00/ 05648 J=8.0, 1
7. 3% 1ader j’gﬁgc%"kg‘iimg‘sg% %—% ﬁ‘}ﬂ’\fl\g“%%iggﬁ% ‘“§ﬁ)‘ IVERURR. (4 3=7. 4, 2H),
?32;3 g ?(91([2 lHJ) ; /Fﬂot?:rgpﬁm of|2t11£I 1nﬂaﬂ31n&§1noﬂq§4a4meﬂﬁg ?Emhﬁﬂg 5
- o- - be i.ndol e Irno anl n m no Q- but.anqQl ¢ Cl
(35)-3-[(1-8%‘?? i ‘N&m@*‘zl’%}&%&%ﬁ’&%‘n ﬁél‘gfasaﬁﬁ%'a‘& SUBLISEREAT BV d,
sem car bazorbsmgﬁs?@g ABmintstedihg NP leffe¥pe Sth&mPlofafle ipharmRcOARA! cé éﬁm,))

f or mal dehyde ( , 37%wt. aqg) and acetic acid (1.5 nL) an
resul ting midiscnssed abake Wiaiparien if pred of ishigatmebler a ni trogen at nosphere at

room t emperature. TheAiéS’aeQEH %hégaemoéé Bﬁ?&;e\ﬁ@ém%ﬁﬂ?&efgi {r&hid .Ad%ﬂa‘éx?ag#gyl

diluted wth water ext(acte tw ce h et cet at
acet at e sol diseasss, vmmommhedhsmaeh trurgoviegendrativegl dumc aséd:remmsmg fisshamic and

concentratedto uct 'th et.her to
afford the tPt Tye %c?s“%sﬁg |geh?pnén\r,\25%u%s W embt)(i ?eUEﬁ_a(?::

(et hyl ene (cbhnpﬁsmtmsntfdrmmbvacetl c acid, 20:1:1, SI I [ ca gel) Rf-0.38; M
for C, ~H, 3N~-05; 15M+ﬂ422 —42(;,* H-NI\/R% d J80 I
H, 7.37 (dd. J=8.2, @flgnmytopy 5"5%35% hopay e tseisq °SP§’76'§C%“

4.60-4. 495 ( réxard ,) egru@gho@k 2$ep(|66mxi a0d, adlt68shirdtdry( H'Istre%")smdlroxﬂé- (ﬂugeﬁ =7.1, 2
sets, 3H). EXA 20 (38 ((3.1 {4' - But enyl ) | ndol e- 2- Car bant

1) Val i nyl j A@W%SGF%&?}‘OF‘& ydei dor examppls| rfﬁgrpgwdsmta% bRstemic. lypus

1-(4' -Buten SalT8Rm

3{S) (vali ny?él)r})éf%é?%gcl_sﬁa]_ Sﬁggﬁ@%%drg%?ﬁwdlﬁ%y ﬁleggigste%re sem car ggsct)?]ttlas ( 163
nmg, 0.5 mmolidsuliedepeddens aliabstési meltlFBtShydummglhﬂ demolgti¢ npinja, abtoitmhiuge sol uti on
was added baqth DI\/AP 5 EDAC | ) under
a nitrogen a’tlteum?ﬁﬁ m% 9%8%%113 cthgenngr]%gﬁ? ?%gttms e asghleglﬁ gmng'iﬁanf’i V\%gfg stirred
for 1 ho2e atlefbéisaﬂ‘drgmwnbdegenemm‘&e «ﬁsdasnsnmchmb fboermnpmmmya’mphe lai¢tab
reaction m xture, s. diluted wi N acet at . cessi y with
ot ur at od S SRR bA A BB oS P AT SAGSEP MG PR AT JOrosta i

sul fate, anghagiacaiitdl dbMgoditongiofahid iednti®Wmiap ano b-ErllsEd“'t@-tpl‘det@fwohﬂ? f oam
w th ether WO 011 00658 40 PCT/ USQ0/ 05648 afforded the ti deEJJroduct as a
slightly yelhegiigpohiest diseasss pgsocistsey withresmfihe apORERSIS/ HPRGT BIQEISC Ko%K i de:

\%/ g OSI lll I(ii)a agé%uated a'lthQSé’fxgmlc ﬁMnél%%)ocmﬁl)agm@a?ctms ztrokeHg.nd ,Zdﬁﬂm(H;i

5. 85- 5. 735 ( dqxdnt}«l)insease owmphgmnaemnc@mpmpqslwnf i igyeptigHnay BsGbe med® (m  4H)

(350 [ 1- (- teoinlehuu sifeady oborigfpock ke Sl S8 oo ¢ Aci d,
Sem car bazone. 10 (3 Bie-18m (effeet(vé’ anfduntd mafery tondboage-l@vetsauftiengttigr of from
valinyl Jam ngout 00(% Hln%rgnqs "(J: about 140 milligrams per kilogram of body weight per day for
use in the treatment of the above-indicated conditions (typically about 2.5 milligrams to
30 about 7 grams per patient per day). For example, inflammation may be effectively

treated by the administration of from about 0.01 to 50 milligrams of the compound per



aci d, t-butyl ester sem carbazone ( 126 ng, 0.24 mol) was dissolved in
anisole (0.2 nL) and nethyl ene chloride (2 nmL) and the resulting sol ution
was treategoWisiessTFA { 1 nlL). The acidified reaction nm RETUSIONEESEst | rred
for 4 hours under a nitrogen atnosphere at roomtenperature. The reaction
m xture was concentrated and chased 1 s.with nethylene chloride to give a
crude solid. Trituration of the solid With ether afforded the title product
as a purple powder (99 ny, 88% . TLC (nethylene chloride: methanol :acetic
aci d, 20: 1: kjlogehrh iof BodehightRr 3 awazwmn@g}am 2 1 H)
8.12 (d, J= 8'102&4??-1) e il 46 %553?’&@ ‘P PRy iH,
731721(mfd2}‘b 731705(m 2H) 584570(m 1H, 499478(m 3
H, 4.62-4.57 (m 20 - 2H) o 52-2. 46
(m 2, 236336 (e pmofinc ST vl poprbolyls o P Eipfipfis Ghmiaide wit

(39) - [ (1- (ht' camBiat matetiyls triprbducg a@algbcdwag)e\fem will Yaaniepending2dpo@ilzbhdsanoi ¢

Aci d. - 3- But eny| ndol e-.2- ¢ rbo va | 1 am.no: 4 but anoi c
Coi a0 o cRrnidastidng ARl ol OPpaifiEREGRC O bl RS i St )

f or mal dehy dgor(thelorilladmiriSration oﬁﬁ))ma’iﬂ(ih@(behﬂaﬁx fegih 0.5(mifligdm)s ta3Cgritieof £sul ti ng
m xture was sti rred for 7 hours,under a nitrogen atnosphere at room

t enper at ur ecomprand of Fora 1 aambined opisan anprerripte aygosonsuast gmepst o g
concent rate d:&a&aﬁmy-aéeebum%damemhm va@mnﬁassﬁt%%%bumgécém# et hyl
acet at e. et hyl coibi ned acetate solutions were washed w brine, dried

over sodiu m@uptfah@@w&ﬁém@: oResees weit fams wilheensrally ceniele bpmeeuGemalbethl was

triturat t t {ight purple povvder
(24 g GaofiiBieEt e Spainh R et dokiecpipiidr im0 207
silica gel ): R--0.60;t WBI bopnderstadd, Mv@yeryitdt the|sdecifid Hffective. axnohhﬂ\ll\fa (CD30D)

8 8.09-8 6 (d .

| -7.25 (m a’i”%""c f%““?‘?ﬁgp ‘{eﬁf"g‘ﬁ)“ 2/ aﬁHéy§¥?f‘°(S§1‘j‘83‘H‘g g’fi aS‘é‘”E?{ O@5(5“‘*( m 3H)
4.62-4.54 ( @ecﬁid)conﬂo&iﬂ enpdéyed he AgD, bo&y Waight, 46nefdNhedlitl) sex? did2-tineldf (M 1
H, 1.06-1.02 (m XAi V] PLE

(3S)-3-[(1- edzmnﬂa“qn W%RE@“*"@%‘)% RRIF Yf §udetien egieombinatien apdhyle Ani no- . 1

- Oxobut 21301 gevBiity bt te paHicilbr disth@f und@gbiag Eka&meﬁ or therapy.
[-j2'-(1" -t-Butoxy-1' -oxo)ethyl]lndol e-Z-carboxylic acid (220 ng, 0.8 15

mol ) and 3(S) - (al aniAjeygnthisonventgn geEn on dheawse @f the-qompgunds diselosed

sem car bazo 2 iR \; t de (3
m.) and DIVFH%EFl %&)ﬁg’ﬁgﬂ?{gﬁe re?ljlln i ngl @g&ﬁtﬂi o‘%qa%gs] itgfgecg%ﬁ g'ﬂvﬁﬁst @({)ét h DVAP

(98 ng, O. 8invemion camdSCHEBA@ect @inhibagpry agentsifomither cidtging metedsesant reacti on
m xture was stirred f e comgﬁ,ﬁﬁ% %m@‘f&eﬁc"&a{xbgﬂ%ﬁ&ﬁﬁ%" rgcrngal & he?x s at

roomtenperature to give a reci reaction mXture ~0 was
concent r28t edhich elﬁémwb' bied foythe rh@E/«:hi B)Ifami@ afhe:ysmme pediede vt bihebeysteiddSO,

solution. The white so col | ect ed b on, washed with water
and ether aR®S#HSSedFre W%%‘Bat B or tcp,rép?qnﬁ é?p“”éd‘ﬂb"tn"% and, fheiTe pownder
(297 g, 66WPrivatitds, EEbd@RO m&mbea@s@bmm@epephdé 9) m8y bé 8&iv@gled: R~-0
.27.'H—NI\/R(§CD30:8765(d)J H., 7.41 (d,” J=8.0, 1 H), 7.26

(s, 1 H 7toobind 9 a sy rgsin gs q_p;:ther;zd fsbsgrati {or(qf]‘f]‘lmty cpﬂomaggraghyggppéxaano‘gls,z 2, 2H),

4.94-4.89 (fhesd afi othé-usék Wifioh charfetdrizekolinercal zgte(lﬂpprgtkgse inhitt@rs(wlil =7 4,
3H). WO 01/ 00658 42 EXAMPLE 29 PCT/ US00/ 05648
25 evident to those of ordinary skill in the art.

The following Examples are intended to illustrate but not limit the
present invention.
In the following Examples, proton NMR spectra were obtained at 300
MHz; chemical shifts are quoted downfield from internal tetramethylsilane.
30



(3S)-3-((1-(Carboxynet hyl)-Indol e-2-Carbonyl ) Al ani nyl] Am no- 4- Oxabut anoi c
Aci d, - Sem carbazone. (35)-3-[(1-(2'-(1'-t-butoxy-I'-oxo)ethyl)

i ndol e- 2- cgplapspgss) | am no-4 5 oxobutanoi c acid, t-butyl «TaISH0RS648 car bazone
(274 ny, 0 51 mol ) in nethylene chloride (2 rrL) was treated with TFA ( |
mL). The resulting solution was stirredéfor 2 hours under a nitrogen

at nosphere at roomtenperature. The reaction m xture was concentrated and
chased with nethylene chloride to give a solid. Trituration of the solid
with ether gave the title product aEXAMEIgEE gray powder (262 ngy). TLC 10
(et hyl ene chl ori de: net hanol : acetic acid. 8:1:1. silica gel): R- = 0.08.
"HNWR (CD,OD): 8 7.65 (d, J=8.0, IH), ?.41 (d, J=8.0, 1H), 7.26 (s, |H),
7.22 (d, J=3.0. 1H) Assaytf@erAnhibion of ICHYced3 Bidtdade Family Activity), 4. 94-4.89 (m
1 H, 4.54 (q, J=7.1, 1 H, 2.76 (d, 2H), 1.48 (d, J=7.4, 3H). 15 EXAMPLE
30 (3S)-3-[(1-(Carboxynet hyl)I ndol e- 2- Car bonyl ) Al ani nyl] Am no-4

Oxobut anoi ¢ Aci da, ( 33etdmpipdiionGRIGO¥Inat hyl ) i ndol e- 2- car bonyl )

al ani nyl ] am no-4 oxobut anoi ¢ aci d)” sem car bazone (2'41)'35;}9 0.47 nmmol) was
di ssol ved i n net hanol Flugresqsnes gnzyime assayscistRgteg the aglivit e_mmpounds) ofand

acetic ac d folmflls)1 AfiznRCtnk CREhbiRGh: SRIE/GhOITMAY SlAES by pectorifid’ S Under

a nitrogen atnosphere at roomtenperature. The reaction m xture was
concent r at edssentiallycgenrdigg Itmﬁb@rnbam&i&_m6563%6&’1976t(é992t))/w1dé*1mh0t1$wnet hyl

acetate. The,c ine ti brijne, dried
under sodi um-guw%’ﬂ-r@ aShl con %)?}ef%eﬁpilegy éﬁe\}'gm iher §aseglgr¥a’ie£n T)' rch was
triturated Rﬁelmmcl?otﬂérhﬂmest oTaé fsotsthate hfer thehd &ssﬂrsodmhcﬁﬁl Byrslal-ghi-Ayp-yel | ow
powder ( 114 630 TLC. net i de: met ha cet cid, 8:1:1,
T on el ) amge-LmgtilcoumeiniAMOBBON® 165588 ehs ASBIgSr-DH oA (o
J=8.2, L4V, mﬂn@&m@ﬂé?coﬁﬁhmlfd")he O_'Pl%é ah8 Mchs llisays? . Bftyrhe }ctiofs werddun 5. 36
and 5.26 (AB, J=I HMS 20 (m 1 2.72-2.48

(m 2H), 1.4%1CH buffer7(25m HEP§Sst§~)f E ”1‘%%@%@% % suerespLE 35
PCT/ US00/ OSQéﬁta&ﬁ?Q'rﬁﬁlr\]’%l_ﬁh th?’rom(n]temﬁerﬁwecmuup}lcatgéﬂ')e a§§%9§/ {vye %gx%rﬁleg b

Car bonyl ) Al ani ny Oxobut anoi ¢ Aci d, Edt er Sem car bazone. 5
1-(3' - (1' -t -nduingxthe-following Ppmpgeehtsi ndol e- 2- car boxyl | c acid (147 mg, 0.51

nmmol ) was di ssol veg- |5§) %%h%hg‘ag%g\g%%%ﬁg@§? g‘igggﬁqg)lu qjﬁls\g%added

both DVAP (68 ny, t|rr|ng was
conti nuetS f or 10 corcentfationg) nekpectizeln) énzpme in KEErbsffdraoatamingOdiher 8.0 (ICE,

(3S) - 3- (Al ani nyl 1L NO- obut LC id. t-butyl ester sem earbazone (|54
ng, 0.51 nmol) ng%ncg’gé%ﬁrbzt%ﬁg’p%}) 'on m xture, and the m xture was
stirred for 1 hour ats@d a@dhérmrtoa,@o\aﬂdifrbmlérmusfea(tcm{tfmrmnd
tenperature. The reaction mxture was partitioned between 5% KHSCa sol ution

and et hyl acetate. Thid0gt! W?Oi&\‘fét‘%ﬁ'é‘esol ution was washed successively with

5% KHSGa sol ution, saf iAtheSaH WeNcdmo@hd Q0 aHAmSIa! vttwa 4séafkd alde br i ne,
,cried over sodiumsulfate.” and concentrated to give foam as crude

pr oduct . 20 ipreincubited in e migretitre plate wells for 30 minutes at room temperature prior to
the addition of substrate to initiate the reaction. Fluorescent AMC product formation
was monitored for one hour at room temperature by measuring the fluorescence
emission at 460 nm usinz an excitation wavelength of 360 nm. The fluorescence
change in duplicate (control) wells were averaged and the mean values were plotted as a
25 function of inhibitor concentration to determine the inhibitor concentration producing
50% inhibition (ICs;). The reference compound for this assay was Cbz-ValAlaAsp-H,
which had an IC,; for ICE of 0.064 uM and for CPP32 of 47 uM. .



15 foamw th ether afforded the title product as a white powder (161 .-~ng.
~5% . TLC (nethanol/nethylene chloride: 1/9, silica Bell: R-~0.36; 'H NMR
(CD3UD) : awddigesss d- J=8.0, 1 H), 7.50 (d, J=8. 2) 1 H),pCi/ido/fd648 J-8.7?, 1
H, 7.22 (d, J=3.0, 1 H), 7.16 (s. 1 Hj, 7.11 (t, J=7.4, 1 H, 4.96-4.90
(m 1H), 4.82-4.72 (m 2H)) 4.56 (q, Jgr.1, 1 H), 2.78-2.66 (m 4H), 1.49
(d, J=7.4, 3H), 1.40 (s, 9H), 1.28 (s, 9H) . 20 EXAMPLE 32
(3S)-3-[(1-(2'-Carboxyet hyl ) I ndol e- 2- Car bonyl ) Al ani nyl ] Am no-4 Oxobut anoi c
Aci d, Sem car bazBne. Helerfiina f the di¥ocibtidin constBnttk) xid itteversiblepatopyl ) 1 ndol e- 2
25 carbonyl ) al ani nyl ) anmi no; 4- oxobut.anoi.c. .aci d. t-butyl ester senicarbazone
( 140 ny, 0.24 nmot) 2 VSRR RS e (0.7 nl) and net hyl ene
chloride (3 nlL) and trye tgUisle@nsblo mhiEifiod beatied/calBIFaiiid Kroteasdlehzynldre
resulting solution was stirred for. 2 hours under a nitrogen atnosphere at
room t enper ¥ithacomppidivedggersiple inhibitos asipg thecnoded rpresented Binthe dollosarg wi t h

met hyl eng Cg’lﬁ‘@mage to give a solid. Trituration of the WO 01/ 00658 44
PCT/ US00/ 05 solid with ether gave the title product as a col orl ess
powder ( 107 ngy, 95%. TLSI]_—?(_FnieLhﬁene hi_of} dg: rTEtj;anol ;acetic acid, 8:1:1,
silica gel): RT0.17; 'HNWR (CO30D): ©°7.62 (d, 3=8.0) 1 H), 7.50 (d.
J=8.2, 1 H 7. 32-7.27 (m 1 H, 7.23 (d, J=3.0, 1 H, 7.13-7.08 (m 2H),
4.97-4.90 (m 1 H), 4.80-4. %M%ﬂ.___(_q, J=7. | , 1 H, 52.82-2.73
(m 4H)) 1.49 (d, J=7.1, 3|E)§+. EXAVPEE E+P

(3S)-3-(1-(2' - Carboxyet hyl ) I ndol e- 2- Car bonyl ) Al ani nyl ] Am no- 4- Oxobut anoi c
Acid. 10 (3 - 3- - (2" - ' e-2-carbonyl) al ani nyl]am no-4
oxobut anoi CTIS%:?%?‘LC&gogrnmééornbagg%ﬁgéi{%gmr%,}és%g%' nol ) was di ssolved in

met hanol (3 nmi), formaldehyde ( 1 nm, 37%w. aq) and acetic acid ( 1 nl)
and the resultant solution V\ﬁs {g]p(r, G Ror 4»‘,410 s‘%’ﬂj der a nitrogen

at mosphdfe at roomterrpel[é}.& 1y {‘Q‘? e ioh mixtur'e lwas concentrated to
remove met hanol, diluted with water “and’lextracted 15Jtwice with ethyl
acetate. The conbi ned et hyl acet at Egeitiohilons were washed with brine, dried
over sodium sul fate and concentrgted .to give a gl assy material which was
triturated Wﬁ?rﬁ ['z:lt[i’lé-:l(il gl g{ffdgpoae 2y |egzy eod'i‘]‘gl?‘%é’s %“%’P"%@‘Hﬁ“ﬁ BEl | ow
powder (20 jBibitdPmpldlind(cawildny brepmedttibitor dadutetrbspbdivelaC ahe &, adiglis 8: 1: 1,
silica gel): RTO.26; 'HNWR (CD, qg): b 7.62 (d, J=8.ag) 1H, 7.~ 1 (d J=1
H) 7.32- 7. B qvegall digspeiatipn ronstanpyaf excrsibly binding stepsp and ki thg insygrsible’ 68- 4. ~2
(m 2H 15 ~rae é!ogzthnt?"mé [8] add i, vaRieS4re Zre2lbdtiite cHlentrdtichandl the disdciatton 3H, 2

sets). EYAWPL
constant of the substrate bound to the enzyme, respectively. [E]" is the total enzyme

concentration.
The above equations were used to determine the K, and k, values of a
given inhibitor bound to a ICE/ced-3 famiiy protease. Thus, a continuous assay was run
20  for sixty minutes at various concentrations of the inhibitor and the substrate. The assay
was formulated essentially the same as described in Example 1A above, except that the
reaction was initiated by adding the enzyme to the substrate-inhibitor mixture. The K,
and k, values were obtained by simulating the product AMC formation as a function of
time according to Equation 1.  The reference compound for this assay was Cbz-

25 ValAlaAsp-CH,F.



2, 6- Di chl or obenzyl oxyet hanol . 25 Sodi um hydride (1.76 g) 0.044 nol, 60% wt

in mneral oil) was slowy added to a solution of ethylene col (11 2 rrL)
in dry THFwOD@Oo6s8}. The resultant m xture was stirred b"r‘ié"?ﬁé Stfder a

ni trogen at nosphere at room tenperature. oe-Bronp-2,6-dichlorotol uene
(9.894 g, 0.04 nmol) was added to the n2&ture and the m xture was stirred
for an additional 5.5 hours under a nitrogen atnosphere at room WO

011 00658 45 PGINS00/ 05648 tenperature. Additional sodium hydride (0.400 g)
was added and the mixture was thenEXAMEREX or 24 hours at room
tenperature. The reaction m xture was concentrated to renove THF, and the
resi due was partitioned between ether and water. The aqueous | ayer was back
extracted wth e(3s- [(12B(l)ethy‘ﬁhéole-@fﬂfﬁrhewlmlgninymmm-mnbuuaaomashed 5wth
wat er and brine, dried over s,%d} nh,ﬂb ,age lcL}bItered and concentrated to
give a crude oil. The oil waSY% FEIRTEROREPISAEIEME on silica gel with

et hyl acet ate/ hexanesl mmyﬁﬂ%)e-z-emmmcmm t(l(17| mgprmduﬁmoasm y}S)BOW oi |
(4.56 g, 5199 . (et acet atel/. an s, 3017 R~ = 0.26

(cDal,): 8 (ﬁ'@sn n? °x8 pytanojc 4 (‘;j’ Igyter ?ﬂ?ﬁﬂ@ﬂze'ee (13§ IEH96‘V16’ @~CAI\/PLE
35 5- (2 6' n&&mv%%%awd RXBME (tz-rhwlfh@mbo& M}dr&ﬁ@r%ﬁﬁ%l@-hﬁﬁh@ (9§ - Butyl
Ester. DIVBO was added dropwi se to a solution oxal yl ‘chl ori de
15 (7.5 ni, me5 03nmmpel) ando!-(A-dimethytmynoprepybti- myld@)bodmn hlydrasBlerident

27 6- D ol or Ranc) (8] b G50 R Pyt odled e Ll mivies wndes s piromen o1 g

(5 nm) was auittsﬂmeth“anmﬁs&lmugwaecqm:)nwdrfer hhwintah@(}nn)dtamaédlml rZ(hbdsnrstl rred

for 15 utes under a nitrc t nosphere a C. Tr| Iamn mL,
66" ot Y1 ae Tatn st ants. <078 S RbT PRRAE! Sar i Yd o ied ot

m xt ur e 20 v@gessivelyrwith §aﬁli'atéxﬂaqm:dmsabdmx_r’18ﬁcarﬁdh% salutiomexsd Ebrﬂley\ﬂdidﬂil dwver 0OC (over
a period of dRprom mat ecL g A rret yI ene chloride SOLUU on of
tert-butyl SOHRE SBYRGE %“"(’T 39 BiY§ ° | Trifpragiony of, 691?} Wit hyl ene

chloride) wefePgd@§idedd heRMeSHod Rt h.ha ghgw yam»\n})a%& 2 eNghgt APy Xttt e was
stirred for 1 hour. The residue was extracted W|th et her and t he resultant

white sol i d(metbanolmedyleas) chigride: |1(3. ilicargel)Ryed. bk JHN MRS (GRGlat CELP)25 washed
wi th 5% KHS n rb I and
concent rig{_'eé)7 9%%%%‘6611}& uéé%orhlql( ﬁgg o ”ﬁ !ﬁ ﬁ%d-} W{]n%‘ﬂﬁg,[ e% %So fl ash
chr omat ogr apHy, 4)911 6u,| ilHa4.62Kq, v!i=t7h HﬂhyﬂOla(e,eIHa)t é/SBex?ar(ms JE5. !Ii P.7.t2a)af ford
the title pr t y il (2.917 g, 749 . TLC (ethyl acetate,
hexanes, /l%gld& JR?? :%I) 1954 8 "011 00658 46 EXAMPLE 36 PCTI US00105648

3- Ami no- 5- (2 6 D i chl orobonzyl oxy) - 4- Hydr oxy- Pent anoi ¢ Aci d, t-Butyl
Ester. A m xt ure of 5-(2',6'-dichl | ,oxy) - 4- hydr oxy- 3- ni t r opent anoi c
5 acid t-butyl ester (2.213 g, 0.0MLL%M wet Raney nickel (3.4 g) in
met hanol (150 mL) was stirred for 2 hours under a hydrogen ball oon at room
tenperature. The reaction m xture was filtered through Celite and the
filter c¥ke was (83AdM-MethylindolerZ{carbonybidlaninyliAmimor@xelytianaie r at ed and
chased with nethyl ene chloride tgy &ls\égmtapgaz[,hg | e product (2.078 g, 100%.
TLC (et hanol / met hyl ene chloride 11'9): Rte- 0.21. 10 EXAVPLE 37

N- (1, 3- Di met hyl i ndol e39)-El(1 dMaipiliniek+ rearbomVaRn{n3 § Aminp- 4-Excibummlc)ac1dnd EDAC
(748 ny, 3. a_sol uti

2o a et hy FERRbrer SEREe BT (7 80 Homb RS SRR rinele O3 5 )
and the resuhd methylth«thidridev@ snlstand Iﬂedsuﬁplhsxdrﬂwﬂﬂ tetedswittn dflur@aceétictachigen

25 (TFA) (1 mL). The resulting solution was stirred for 2 hours under a nitrogen
atmosphere at room temperature. The reaction mixture was then concentrated and
chased with methylene chloride to give a purple foam. Trituration of the foam with
ether gave the title product as a purple powder (108 mg, 97%). TLC (methylene
chloride:methanol:acetic acid, 20:1:1. silica gel): R=0.27; 'H-NMR (CD,0D): & 7.62



at nosphere at 0C. A nethylene chloride solution of the nmethyl ester of
valine (553 ng, 3.3 mmol, in 5 nL of methylene chloride) was addéd to the
m xture, apg jfgssm xture was first stirred far one hour rarvS@osésen for 5
hours at roomtenperatwe. The reaction m xture was partitioned between
ethyl acetate and ~ro FtF-i SO, sol uti onyg and the 20 aqueous sol ution was
back-extracted with ethyl acetate. The conbl ned et hyl acetate washes were
in turn washed with ~% | CHSO, sol ution saturated sodi um bi carbonat e

sol ution (2x) yag, ﬁii)' AQ4 (&“JEQQ m/)ev 2&9%%% haven, 133(9{3'295"3093QH firpd to

give the titl'e product as a yellow syrup (90 mg) di oxane sol ution
(5 nL) of tH&bdadwa lys) R8sy tp ZVVa?s(d{Jréét%Pdl) 249 . tI7. é,rﬂfﬁqueous sol ution of
lithiumhydroxide (1.0 MLiOH 3.0 nL) and the resultant m xture was
stirred for 1 hour at roomtenperature (the m xture becane honbgeneous).
The reaction mxture was acidifi ed BXAMPLEM hydrochl oric acid and extracted
with ethyl acetate (3x). The conbi ned ethyl acetate sol utions were washed
with brine, dried over sodiumsulfate, and concentrated to give the title
product as a ygjslqm{ imﬂﬁﬁ%uemhrbmmmi ARbBnd4-debatdadie/QrH48 ' H NMR
(CD30D):87.58 HZ! d, J-8.0, 0.8, 1H), 7.29-7.24
(m 1H), 7.12-7.06 (n€3513+€51 Mathslwde -2- ga*hons alanipyl] ammingd-qebutanqjc ac, 48 (s,
3H), 3.34-2. EXAMPLE
38 N (L 5 Bt e 2ot v Jeroflelin helidndt i Tohal i (P

Hydr oxy- 5- ( ML, 6?7mmqorao®emlyla9»d;&)lnehl andothe respltant mix@eet yis gened for 4

%mw;jr%?/ge%%tér In?groi %"R%%{ ?%'ﬁbséh]eﬁel?,orl ?ig]mg ilédl(')elh ggdﬁﬁ%%(,éﬁ& %yl i ndol e

10 2-car m)nydil)mtaImrhewaitaﬁ&dngc,tradzecnmrmbvuh |erhyBaattateof Thetthyll ®eetechludon de) . The

resul t ant mxtureh\ﬁa ﬁ? Jred for 10 mnu %s under a nléro en atnosphere at
room terrperé‘faﬁr“éas A WiR RUPe fisied Qv g, Pdums ) Ggpcentrated to give a glassy

3- am no- 5- ( Znatiat dh&hlwag eReARy Matk)e red RydoRkip Gl ;ifwua a8 igfhy pbwhest(yd ester

(364 ng. 1.0 mpl ., in m. of methylene chlorid was added to the reaction

m xture and Mg &2%- x?hpén\ﬁﬁ'#"’f‘? phieridsimethaggl:aegtic 2041 silir2 gabB044hi t r ogen

at nosphere aiNMR (@B dﬁeshtsp(d J@mquw‘ﬂt(daqemstﬁm@r)ai%¢32'<Frhem eaction
m xture was partltlone between et hyl acetate and 5% I'CHSO, sol utlon and

t he aquebus 7dM8t1t3 om Ads 419343 RH 1%l (-t ed- ﬂ%/r& éblét-a‘tffé T3rtme 2Bnbi ned
ethyl acet atgg §9I u_fslji)ons were washed with 5% KHSO, sol ution, saturated

sodi um bi car bonat g solution (2x) and brine, dried over SOdI um sul fate, and
concentrated to give crude product (583 0 ng). The crude product was

subj ected to flash chronmat ography gel with ethyl acetate/hexane
(2/3) to give the title product asmmld (260 ng). TLC (ethyl

acetate/ hexanes 1:1 ): RJ 0. 38. EXAMPLE 39 25

T TR B T WA Y TN Y -

peri odi ngne (195 nm) wasxoaﬂﬁiﬁﬂo.aaca BBhiylE tor Sertiehibakdie. Of
N-((1, 3-di net hyl i ndol e- 2 carbon¥ vallnl - 3-am no- 4- hydr oxy- S- -di chl
B

oro benryl oxy) pent anol-¥Meshiigdols- HP%YllésaF@r (103 6mey P.58 WDRB@“Ql@é)’m ). The
resul ting (prolinyl)amino-4-oxobutanoic acid. t-butyl ester semicarbazone (189 mg, 0.58 mmol)

were dissolved in methylene chloride (2 mL) and DMF (1 mL) and then both 4-
dimethylamino pyridine (DMAP) (71 mg, 0.58 mmol) and EDAC (155 mg, 0.81 mmol)
25 were added to the mixture under a nitrogen atmosphere at 0°C. Stirring was continued
for 1 hour at 0°C and an additional 2 hours at room temperature. The reaction mixture
was partitioned between ethyl acetate and 5% KHSO, solution. The ethyl acetate
solution was washed with saturated sodium bicarbonate solution and brine, dried over

sodium sulfate and concentrated to give 153 mg of brown foam. The foam was purified



WO 01/ 00658 48 PC1'/US0O0/ 05648 sol ution was stirred under a nitrogen
atmosphere at roomtenperature for thirty mnutes, then partitioned between
ELOAc and g%t hoess! "€ Or gani ¢ phase was washed with wat erpd120s00/68848 bri ne,
dried (Na~ 0? and concentrated to give a white solid (83 ng). Flash
chromat ographi ¢ purification with EtOAcghexanes (1:1) afforded the title
product as a 5 white solid (54 ng}. TLC (Et OAc/ hexanes; | :1, silica gel):
Rf = 0.52. EXAMPLE 40

N-[ (1, 3- D mepyhyibinnel@bhatdg Ranlic \Gl Lsiyd PY3metHandl-flethiéhe chloride as the
5-(2',6'-Di chI orobenzyl oxy) Pentanoi ¢ Acid, 10 A solution_ of N

1, 3- Di net hyI?H‘H’éI © zg‘\‘,"ar‘BBnWI“) \RIPAUR |35 8. gty drowm foam (50 mg).
0x0-5- (2, @J eﬁwgﬁezcmomy)wrsmepga%q%@nt'}mm ASEL %ﬁ@&g( '1 )

anlsole(02 m_) and rret hyl ene chlorid wastrea ed Wit
and stirred §887%6s, iHUT-65 (dideér, H{h|7t3|8t7g5=9n(nat21ﬂs@Héﬁel-"a(tm,rlébnﬁ B&Miper at ure.

The resul t.an hylene chl ori de
to give atsmhflfl)égs?gﬁ @Qé“ﬁ?‘ﬁ %éfﬁg‘{e("iéﬁgro c?i]&q’ﬁ(’gi)a% n%&Oduct was
triturated with ether to yield the title product as a white powder (34 ny).
M5 for C aH'Cl: N, 06: WMH'=576/578; (Eg —gZé/ 576. EXAMPLE 41 N-[ (1, 3-Di net hy
| i ndol e- 2- Car bonyl ) Val i nyl ] - 3- Am no r oxy- ~- Fl uor opent anoi ¢ Aci d,
t-Bucyl Ester. 4-Dinethylam nopyridine (DVAP) (67 ng, 0.55 mml) and 1-(3'

di met hyl am nopr opyl ) - 3- et hil(l car bodii m de hydrochl oride (EDAC) ( | 25 ny,
0.6~ mml) were added @®-FHlMethylndglegyEahonyhProlinglj Amino-+-

1, 3-d~net hyl i ndol e- 2- car boxygi & pafanbic AR, gg?lcgr&zgﬁpl int nL of DWF), and
d

the resultant reaction mixture was stirre 25 10 m nutes under a
ni t rogen 18t nosphere atGYS-[(A \ﬁ@hxﬂlydfdné-ceﬂbbwl}m@mdIaunm<131¢rombumn01c acid,

(valinyl)-3-amno-4-h dr Ql, e t- but t 153 nmg,
08 ol i o GO R ebkene o186 RRERRBNNE AhRe in Bt (DL e
reaction m xmumgalema:&loﬁ—iidesz m&}) mfdrtmjrcilmamlsohtim wad tré€edavich Tlhﬂe(l thDy, Fhihours at

roomtenperature. The reactjon m rtitioned between ethyl
acetate and %‘WS@X“ESIYﬂsl%W SHE {ﬁ 6‘8 ersh Piioegh atm effl?bfyﬁg‘B 49

PCT/ US00/ 056¢&peRsird acikhe xtdeast enlxiotet k»aetdau&ena&ea ah 9acubhgndC erddedaddtket hyl
acetate solutions were washed with 5% KHSOs sol ution, saturated SOdI um

bi car bondfe Betilenaehleride to @ik ByPladiimd g dilm s e teskh sl Fiher te affardy

concent r at edgt.o [ ah | t t ed h nlhexane to
yield the ti !Ehl%e tglr odﬁ%’?ﬁgs % V\/m ?gﬁgol Id (134{57 lHi@G% Y%ETL%B%}E&EI i

acet at e/ hexashderideandthanoRfcetiQ adi@, 20: 14, NiliRa €EIDAR,~9-18 H'HANBR (GD,0D)= 868 1 H,
7.37 (d, J = 1, 2 7.0 9-4. 26
(m 5 H), 5 68 @7‘%}“%673“’%3 H. 04D 2?% - Fr)%“ (57451 Fs2 ﬁ)n(;m 4’“&\)
1.45-1. 41 (mz49w|3))(m 1H), 2.15-1.90 (m, 3H).
20
EXAMPLE 7

(3S)-3-[(1-Methylindole-2-Carbonyl)Prolinyl] Amino-4-Oxo-Butanoic Acid.
(38)-3-[(1-Methylindole-2-carbonyl)prolinyl] amino-4-oxobutanoic acid,
semicarbazone (87 mg, 0.22) mmol) was dissolved in methanol (3 mL), formaldehyde
25 (1 mL, 37% wt. aq) and acetic acid (1 mL) and the resulting mixture was stirred for 4
hours under a nitrogen atmosphere at room temperature. The reaction mixture was

concentrated in_vacuo, diluted with water, and extracted twice with ethyl acetate. The

ethyl acetate solution was washed with brine, dried over sodium sulfate and

concentrated to give brown oil (22 mg) which was triturated with ether to afford the title



1.09-1.03 (m 6 H). 10 EXAVPLE 42

N-[ (1, 3- Di net hyl i ndol e- 2- Car bonyl ) Val i nyl ] - 3- Am no--1 Oxo-5- Fl uoropent anoi c
Acid, t-Butyl Ester. Dinethyl sulfoxide (0.09 nm., 1.25 dded to a
sol ution of#%ﬂ’('éqofﬂs chloride (0.19 m_, 2.0 M 0.38 mml)n?gjr@%mg?gne
chloride (4 nL), and the 15 resultant gy xture was stirred for 10 m nutes
under a nitrogen atnosphere at -78C. A"dry nethyl ene chloride solution of
N- [

1, 3-di nmet hylj |.e-,2 [(AeToTalY i - i - [ 5- .opent anoi ¢
acid, t-but ljIogﬂci,‘lés?tagra Izéﬁé) ny. l’ %\V%g (grﬁo%) ?rnLaC?Ln(’%%ﬁ%QX%F l§/)lé>r{r%et'rﬁ§/t %ﬁé&%ﬁ? ori de),
was added daai\R0sel,sidica pad): Ri=0t285 B1SfdCiHhN,OediE=8 20 (C B AGOidil =ATRt ur e was
stirred for 15 min at -78C. Triethylamne (0.21 nL) 1.5 nmol) was added 20
dropwi se, and the react~on m xture was then stirred for 10 m nutes at -78C.
then was allowed to warmto room t @XXVMPRLESe. The reaction m xture was
partitioned between ethyl acetate and 5% KHSO,, solution and the agueous

| ayer was back-extracted with ethyl acetate. The conbi ned ethyl acetate

sol utiong were washeds3@-$J1 MetliadolSRiCdtbayn¥afAnRjAGo-4" i ed over sodium
sul fate, and concentrated to give a crude product. 25 The crude product was
chromat ogr aphed wi t h etQnptButanqie acid.tButyldisterSemicarbazonei | i ca gel gave the

title product as a i i . 08 cod h t xanes,
2:1): RJ= 0. S8. m%hé%'é‘g’g‘@z?ﬁé%%i%@ @c%’?%gggl&%‘ﬁg%@ Bsps:

N ( (1, 3- Di n@tdtiyil hamliab-@-dXeBlazdoinadid, Webtyh etpr Smicdrbazede (266 nie, Fl.Liemoghent anoi ¢
Acid. A solution o - - di met.hyl | ndol e~ 2-carb valinyl]l-3-am no-4 5
oxo- 5- f | uor 8’5’&1‘??8&?&%@@ at@gﬂgﬁ rx%tb{lg}e %lﬂf'dﬁ% '?q;}y'g%ﬂ @%‘i‘ %‘%P gﬁlrﬂ_) and
met hyl en@ chig00i506nd) Bhd EDAE {158 @i . Whinbl)twdré hededaa ke dolutfivdlddr al ML) ,

and the resultant reaction_m xture was stirr?d for 30 m nutes under a

ni trogen atMYSIEABO e’reéb%cr esr?‘ﬁ%?ga‘f"i‘frcép""\“ﬁ@.?réahﬁuf 6‘r9°§iaﬂ‘§&?@j_d&€é§‘al .
concentrat eg 1RO £"35AGkeMbériufEt iNd RARIANINAIrE SvdspadtitibRed b&Rkddethine sol i d
was triturated with ether to yield the title product as a brown powder 10 (
17 mg). TLCqetts and Ba&KEIP.oelugen mbbhethyl scalastsolutian iwgs waghed succpssivRly = 0. 40.
Ms for Cz, 5O =/ ..20: @4 GrumER M G . . .

N[ ( 1- Met h;&" R o RS @8%’%55 e %ﬁ‘ﬁ’ m $iltbardaee)bjysion and brine solutions,

Hydr oxy-15- Finek ope sadwnisalfates iaod conc@uated tEgivera. yelDvkFodn®.5 Trigpration #8ttenol ) and
EDAC (200 1. 04 I r de soldd.to a sol uti of

1-met hyli ngg’iag]-‘ﬁl?%g E)ro%%oi“lyé@ ﬂgec‘?l?f ?rg%%?%a l@ﬂ')’é’lycﬁlﬁ’o ?0%%5%3 mg, 86%).

N- (val i nyl ) TBEitethanchntetgtenx yhibridel %, siiendge)nRj=0.1aci d, t-butyl ester (227
ng, 0.74 mmol) in nethylene chloride (5 nL), and the resultant solution was
stirred fer 1 hour 20 under a nitrogen atnosphere at OC and then 4 hours at

roomtenperature. The reaction EXAMPLE 9
20 (3S)-3-[(1-Methylindole-2-Carbonyl)Valinyl] Amino—4-

Oxo-Butanoic Acid Semicarbazone.
(3S)-3-[(1-Methylindole-2-carbonyl)valinyl] amino-4-oxobutanoic acid,
t-butyl ester semicarbazone (170 mg. 0.36 mmol) was dissolved in anisole (0.2 mL) and
methylene chloride (2 mL) and the resulting solution was treated with TFA (1 mL).
25  The resulting solution was stirred for 3.5 hours under a nitrogen atmosphere at room

temperature. The reaction mixture was concentrated in vacuo and chased with

methylene chloride to give a purple foam. Trituration of the foam with ether afforded

the title product as a solid purple powder (133 mg. 89%).



m xture was partitioned between ethyl acetate and 5% KHSO, sol ution and the
aqueous solution was back-extracted with ethyl acetate. The conbi ned et hyl
acet ate solyyg dgiRbgswere washed with 5% KHSCa sol uti on, saporasmasa®di um

bi carbonate solution (2x) and brine, dried over sodiumsulfate, and
concentrated to give a foam The foamé\%s 25 triturated with ether to yield
the title product as a slightly brown lid (224 ng, 6~% . TLC

(et hanol | mret hyl ene chloride, 1:9): R~= 0.46. WO 01/ 0065S 51 EXAMPLE 45
PCTNS00/ 05648 N-[ (3- Cbl oro-1-1 ~I et pyl\nisiof §g 2- Car bonyl ) Val i nyl | - 3- Ami no

4- Oxo- 5- Fl uor opent anoi ¢ Acid) t-BuTy . DMSO (0.06 ni, 0.9 nmmol) was
added to a solution of oxalyl chloride 5 (0.14 n., 2.0 M 0 28 mmol, in 4

T OB R 5 B R LBk A, 10wt

N-[ (I met hyl i ndol e- 2- ¢38)EBftyMethsaindsty-2}carbofylivalinyt} Bmeifooacysxe%uiah&eramaent anoi c

acid, t-butyl .ester (85 ng, 18 1) .in dry nme Iene chlori de
was added dsfeﬁﬂ%i"?émtedlﬁ@gr Qggt”?”b‘ﬂm) fissolyed pyme ‘?h 2 et ‘\’/'\'i&%ld@tyé‘?red for

1 ~ m nukes hy - 386wt Hg) ewydea@m@ul&m Qnd fhesulithg QRixAHP Whs WaRd 6ided

dr opw se to the’ reaction mxture and the mxture was stirred for 10 minutes
at - 78C andhqunenndend nilrpgenedimespheys ratrean teseperaterap ckhet igagion Thikturee¥es i on

m xt ur e Wasco%%‘énﬂrakg‘?ﬁ'%LuQe&nYéﬁe%”w% QX%r,%ﬁﬁ%@a@te@%c?%iﬁh | ade? ét&'t g and the

aqueous | ayer atk-extracted wt acetate e co |ne et hyl
acet at e sol etmboins edei ecerans sohdions tvbreSvaskddSath sk udried pvemnsadiom sué"ate @nd ed over
sodium sul fate, 15 and concentrated to give,a brown f he f

triturated FAFEPUALEALRYAQIOtp @Ive R PyiRle f?e}"?@'\(‘ﬁpo“éﬂﬁé?méaéecgw% ﬁi’g‘f 8 povvder
(64 no). 10|V5thEOlhtlgzpidau@lEB\BQSpuz@M‘l)powﬂ%/G@Gngxﬂ%FLE 'HIEC (methylene
N[(3-Chloro-1-1~lethy lin dc [RzrVaI

Ani no- 4- Oxof Qrﬂemhﬁaeh%ca%?% R0il4- S*A{C%Sﬁlh qri6; MS f°erHnN30s+H =374;

N-[ (3-chl or g; I]{nﬁlﬁ tisnglol e- 2- car bonyl ) val i nyl ] - 3-am no-4

0X0- 5- quoropentan c acid, t-butyl ester (47 ng) in anisole (0.2 nL) and
met hyl ene chloride (2 nm.) was treated with TFA ( 1 nL) aiid the resultant
reaction mxture was stirred for lpQQwfplyfger a nitrogen atnosphere at room

tenperature. The reaction 25 m xture was concentrated and chased with
met hyl ene chloride, then triturated with ether to afford a bro~. <<n powder

Wth metanol et hyl G0kt S Ph ARk Ho L PR TR SE R L acia to give
the title product (25 OQ)unTA:Gw(MﬂJIth&ﬁEEmE& S)ermdﬂybaﬂdd%anol 9:1): R~
g'xiﬁ,pL'\E/SL?r C2oH, , ClFl\ﬁ(é)thyhnl\é'_'le-’)-carboxch acl\g H)70 _31%8/5' -?f 0mmol) ang 15 (% 638 52
(Leucinyl)amino-4-oxobutanoic acid, t-butyl ester semicarbazone (131 mg, 0.4 mmol)
were dissolved in methylene chleride (2 mL) and both DMAP (49 mg, 0.40 mmol) and
20 EDAC (107 mg, 0.56 mmol) were added to the solution under a nitrogen atmosphere at
0°C. Stiring was continued for 1 hour at 0°C and an additional 3 hours at room
temperature. The reaction mixture was partitioned between ethyl acetate and 5%
KHSO, solution. The ethyl acetate solution was washed successively with 5% KHSO,
solution, saturated with sodium bicarbonate solution (2x) and brine, dried over sodium
25 sulfate, and concentrated in_vacuo to give a crude solid. Trituration of the solid with
either afforded the title product as a white powder (156 mg, 80%). TLC
(methanol/methylene chloride: 5/95, silica gel): R~0 .42; 'H-NMR (CDClI, + CD,0D):
5 8.18 (s, 1H), 7.66-7.11 (m, 6H), 6.97 (s, 1H), 6.32 (d, J=7.7, 1 H). 4.95-4.88 (m, 1H),




PCTI USOQO' 0s648

N-[ ( S- Fl uor o- 1- Met hyl i ndol e- 2- Car bonyl ) Val i nyl ] - 3- Am no4- Hydr oxy- 5- Fl uor ope
nt anoi ¢ Acivwb otfgoddwt y! Ester. 5 DVAP (257 ng, 2.08 mmvl) aothusdodssss 427 ny,
2.23 mmol) were added as solids to a sg]ution of

5-fl uoro- 1- et hyl i ndol e- 2-carboxylic atid (359 ng) 86 mmol in 3 nL of DW))
and the resultant reaction m xture was stirred for 10 m nutes under a

aci o, t bt JT0Gedp iy ofon O YRR TEeb el 2L B PR e BRE" R ©

resul ti ng 10, s®@B,GH)on was stl rred for 1 hour under a nitrogen atnosphere at
0C and 4 hours at roomtenperature. The reaction m xture was partitioned
bet ween et hyl acetate and 5% KHSO, sol ution and the aqueous sol ution was
back-extracted with ethyl acetate. EXAMRICE®2 ned et hyl acetate sol utions
were washed with 5% KHSO, sol ution, saturated sodi um bi carbonate sol ution
(2x) and brine, dried over sodiumsulfate, and concentrated 15 to give the
title prgduct as a s -M/eei. nﬂwoﬁqubG 1f2ehac wik6=4-

(et hanol / met hyl ene (k:hgf;f)y;il(y y 9): Qy% n;%F]‘I;“E 48

1' r-{(3- Chl or o- 5- Fl uor o- 1- WFWPmam@xszemmabammTal i nyl ~- 3- Ami no20

4- Oxo0- 5- Fl uor opent anq r ‘PI}{E, | ) was
added to a net hyl ene c% %ﬂligetg%ﬁg%llxgrf 0?&8;(1% y gcﬁg? ?%e%anﬁmrﬁ_ﬁmg oM
4.2 mol, inbifd ester sfmiparbizphe(id2 oig) G271 mimp]) veas dissdieed ioswisolarif.2 mdaatd on

m xture was_s red for S under a nitro at. -78C. A
net hyl ene CWF%\P’ CH%CQIST‘ﬁPt ﬁ)ﬁﬁ% (LI- (rgsuﬂ1n§osls)8“t’fn wagﬁvﬁfﬂcmﬁp?g‘&g% mL).

car bonyl fovafrhdydshitidg 36Iution 4vab gt fpr 3-Houtsoumipe atritiden akfbsphert abdoy! est er
(820 ng. 1. i mol, in 8 nL of dry nmethyl ene ch|oride), and O (0.4 nl)
wer e added GF@BW‘%% t &% HErCHUL Syt W?%(f?ﬁcéméar’l dajvacugy apg, chased Wit ¢ o5 at
-78C. TEA (thethyithe chna?e tUEEWe)a pirasStoat defutaioh BEhEifddny (vith dhepyifos®dand t he

m xture was stirred m nutes at -78C) then was allowed to warmto
room t enper B¥&r @rOdlIﬁTe ?Seaét iR Pordsr e (W08s pgr t BYned TLGO(wehpewsss 53

PCT/ US00/ 05&4%&%&@5{3; Q&hwaaa%m esﬂﬁg%eﬁo/&%@"ﬁgH m}m'gt B Ad¥e aqueous

| ayer was backextracted with ethyl ‘acetaté he conbi ne eih | acetate
sol uti onl$ V\Biteh&d)sﬂeld 14t h4 S UAKHSO, Ocfo 1 Hd.i B3-Tdvd (thr 2hide 7. léfﬂ&l(m;\?é’r) sodi um

sul fate) an nate h ct_ S yel | ow
solid. Tri t% p%ﬁ ]?llt)l P&{ %2\? a’ﬁfﬁgrg%% hﬁ) g.ﬁd@ %r@%t}g{)’ iskzgi‘% YV\?hI te
powder (7053H};1.0&5&’;)J—6])me,0799hhﬂreﬂ1 3H). hyI ene chloride, 1:9): R-= 0.63. M
for C24H3aCl FZN3O,: WMH =514/516; (M H)-=512/514. EXAMPLE 49

N-[ (3- Chl or 0- 5- Fl uor o- 1- Met hyl i ndol e- 2- Car bonyl ) Val i nyl ] 10

3- Ami no- 4- Oxo- 5- Fl uor opent anoi ¢ ACEXAMRIIOIVL i on of

N-[ (3-chl oro-5-fluoro-t-nethylindol e-2-carbonyl)valinyl)3-am no-4-o0xo-5-flu
oropentanoic acid. t-butyl ester ( 682 ng) in anisole ( 1 nL) and nethylene

chloridey( 10 @)s. (Yjﬁs{wuh?ﬁﬁ.ﬁﬁle mrboﬁme(u%mmxm.am GRentAaskhaat reaction

m xture was stirre m nutes under a ni troaen at nosphere at room
tenperature. 15 The r(é&l:H(érM??hxlmM@MbO%}@éw aménp-axpbelaagieacid t h

] e e B S B lgiad o or s

(M H)' =456l 45837%MVBhEaﬁDa02®c acid (1 mL) and the resulting solution was stirred for 7

N-[(2-(3 - PFen rop gulndole 2hCarbo %Valin I]ﬁ . .

Nt o s 1y ARy uBAGrR p Bt B here D Fabn festaife LIfe reacER IS Mg 1. 0

mol ) angd EEfMcer 24 iflraduod ditii@l Withekter, asidedragted ikt drahtemyaadama skeut i on of

1- (3 phenyl propyl )i ndol e- 2-carboxylic acjd (27 2 nin
and tﬁ’gy]r @SYHIE asplution x ey vashed with (g, 1d8F 1‘UePnSﬁﬂiP@s sylfstferand 25

ni t rern at pRIPREEA Blvalle AVl IHHIERRmCRhiek WiS uf@iatthi VAt Qfier to afford

N- (val i nyl ) - 3-am no-4 hydr oxy-5-fl uoropentanoi c acid, t-butyl ester (306
my. 1.0 mmothei nitle produet st Ay Pemls epwvédri &) meas Beed T5Cr hnathylreei on

m xture and the m xture was stirred for 1 hour under a nitrogen atnosphere
at 0C and then 4 hours at roomtenperature. The yell ow reaction m xture was
partitioned between ethyl acetate and 5% | CHSO, solution and the




WO 01/ 00658 54 PCTI USO0/ 05648 aqueous sol ution was back-extracted with

et hyl acetate. The conbined ethyl acetate solutions were washed with 5/a
KHSO, , sol wo ewopessat ur at ed sodi um bi car bonate sol uti on ( 2&rusewbséasi ne,
dried over sodiumsulfate, and concentrated to give a crude solid (0.827
g). The crude solid was subjected to flsgsh chromat ography on silica gel
eluting with 5 ethyl acetate/hexanes (1:2) afforded the title product as a
slightly yellow solid (171 ng). TLC (ethyl acetatel hexanes 2:1): R~= 0.57.
EXAVMPLE 51 bhl6ride:methanol:acetic acid, 20:1:1, silica gel): R=0.45; MS for C,H,N,O;

1- (3" - Pheny rl_ggyéﬁ) Mgfl Car bonyl ) Val i nyl ] - 3- Am no- 4- Oxo-5 10

Fl uor opent a A Ester. DMSO (0.11 nmL, 1.5 mmol) was added to
a nmethyl ene chloride soluti on of oxalyl chloride (0.22 n., 2.0 M 0. 44 mol
in 3.5 nm in nethylene chloride), and the resultant solution was stirred
for 10 mnutes under a nitrogen at BSAMBLE 14t -28C. A nethyl ene chloride
solution of N-[( 1-(3'-phenyl propyl)indol e-2-carbonyl)valinyl]-3 15

am no- 4- hydr oxy-5-fl uoropentanoi c acid, t-butyl ester (169 ng) 0.3 nmol in
1.5 nL of5 dry net hga&)ﬁe[(bMemhjliind))levla€a|aaddyelaﬂténphldnﬁfyl)amﬁinbh«e resul ting
solution stirred for 15_m ne(O 25 nm, 1.8 nmol)
was added dropw se to tﬂéa 35?'f8ﬂd’rﬁ€"[qﬂlr%;t§$#f"¥ PR ®REUre was stirred for
10 minutes at -78C> thyethylindsle-Deudoxiilio Wed M720nigpo0 | epRNab B(S)Ihe
reacti on m xture was tltloned bet ween et hyl ~G acetate and ~%

KHSO,
sol uti on an&Phemdalaginyimine-Appbuiproiq,and. toyty} ésé?resdméﬁafbﬁz‘é’ter@?“ #gebdle. The
conbi ned et mﬁkol)a%kaal%omh%lmmeeﬁr&no%él(reﬂm 2hB pott KRBGY (550! b g9 and

brine, dried over sodiumsulfate, and concentrat ed to give a crude product.
The crud¥ prmniandBRBAL (109 me A3 Tvinmel) Meseaasded toothy jselution heder atniiteogem oduct  as

Fn 8 go SEAYPRIFG, sup i Bl o iy B eplafpRibriaige = 1)

N (12- ( 3' Pemyinpempgrht)ltmd'ﬁlhe;ezet'@arrﬂlj@m;el wasdglartitiph¢d BetWadmethyl acetate and

IO:((:g SDEL‘ﬁS {52@?%%5@;] ?ﬂ%‘%{ﬂéc IS%C%SngE)Bh ejzl 9 a‘i:r Sﬂgl}].llrl[ glfge and concentrate to give a

am) no- al oxo#ﬁlné lsoted. ﬁlﬂfﬁﬁirz&imﬂldf the ;scd;,d with) ethyrl af&ﬁdﬁl’tﬁé %ide rm)dubtnasadlwagé eh( 0.2
m.) an t ne. chl ori wa reated with_ TFA and t he
resul tant> r Qé\‘f‘f ’é]n79rﬂ’gct839§' &ﬁg%ﬁhﬂ"i{ﬂ‘eﬂ%?“i gide: ﬂﬂ@éfhcagﬁw tﬂfﬁ)g’é"n

at nosphere at roomtenperature. The reaction m xture was concentrated and
chased with nethylene chloride, then triturated wwth ether to yield the
title product as a slightly yel | owEXMMREE 34 ng). TLC 10 (net hyl ene

chl ori del met hanol /acetic acid) 20:1:1 ): R = 0.4; M5 (El') for C, ZH, FN, Cs:
WMH, =510; (M H)-=508. EXAMPLE 53

N- [ (1- Pbenyl i ndol e{(38)Gal(bdfethylindblerdyCirbgnyl)Rhenyldlaninytjomyino -4-

Oxobutanoic Acid, Semicarbazone.

20 (35)-3-[(1-Methylindole-2-carbonyl) phenylalaninyl]amino-4-
oxobutanoic acid, t-butyl ester semicarbazone (154 mg, 0.30 mmol) was dissolved in
anisole (0.2 mL) and methylene chloride (2 mL) and the resulting solution was treated
with TFA (1 mL). The resulting solution was stirred for 4 hours under a nitrogen

atmosphere at room temperature. The reaction mixture was concentrated in vacuo and

25 azeotroped with methylene chloride to give a purple solid. Trituration of the solid with
ether afforded the title product as a purple powder (141 mg, 100%). TLC: (methylene
chloride:methanol:acetic acid. 20:1:1, silica gel): R=0.25.



15 5-Fl uoropentanoic Acid, t-Butyl Ester. DVAP ( 122 ng) 1.0 mmol) and EDAC
(249 ng, 1.3 nmmol) were added as solids to a DVF sol ution of '

1- phenyl i ndwo @/08658ar boxylic acid (237 ng, 1.0 mmol in 2 str/Didepsésmnd t he
resultant reaction mxture was stirred for 10 m nutes under a nitrogen

at nosphere at 0C. A nethyl ene chloridedXsol ution of N-(valiny~)-3-amno-4 20
hydr oxy- ~-fl uoropentanoi c acid, t-butyl ester (306 ng, 1.0 mmol in 2 nL of
nmet hyl ene chl oride) was added to t &Lign m xture and the m xture was
stirred for |I hour under a nitrog dob®re at 0C and 4 hours at room
tenperature. The yellow reaction mxture was partitioned between et hyl
acetate and 5% KHSO, sol ution and the aqueous sol ution was back-extracted

with ethyl d38r3d@-Meythxlindnle;?-Cagbanyh¥henyddaninyl Aming-+-Gxgbytangie Asidnashed

w th 5% KHSO, sol uti Satl e%’i;*ﬁﬂdcﬁ@--i i ] Hbigon (2x) and
brine, dried over so |§Eu)m guw at'e, an c%@é&?&@?gﬁhﬁgﬁ%be a colorless

gl ass (0. 82@xo}ytandibhacids seducapragahedl | bvmg, &2H ot paeredissolxehinchetbamal Ggr aphy on
silica gel wth_ ethyl acetat.e/ apnes. (L.L:2).tgo.yield the title product as
2 whi ¢ e PoalipasaraliEny 5T ir 205 3B land fbod Rt Gl B e a0 2
011 00658 56sdhxiRds stirréd OEY/hbin® Qhded G 4frogen atmosphere at room temperature. The

N-[ (1- Pl tenylindol e- 2- Car bonyl ) Val i nyl ] - 3- Am no-4- Ozo-5 Fl uor opeat anoi c

Aci d, t - But iFRcta(raixture Wafsesceriraies’ inyVacdo, glilicd) Withyyater fad FXiresied Pty | ene
chloride soluh e@P1 REaRXahY kthfitkcahitk 98ukdh W Wished2nith MineOdra@ ovBbdiufh 4 nL of
met hyl ene chl oride), and the resultant solution was stirred for 10 m nutes
under a ni t subfgtenangt eppsgivered @ EIVEGCSTude peodigt whieh oias driteatedswith ethemtoof

N-[ (1- phgnyldendo)e- 27 By L9 vabiotu!l bs hB0m4h%dEoxy 19 f nt anoi c
aci d, t-(gut{l/tilf gs'lthgrt%}eZ E)cmrrg, 0. BEOmTD%O‘?dr??Z% ?erg’f )égr/ 3? 13%%%#}?@%%

chl ori de) wetdoridicacihatobawefis eacan 20 lekubilic ggebi xR&0.83:5MS rfed €,d1,N,®5ni nut es
at -78C. Tr| Yi-3m Ne- 30 nL, 2.1 mmol ) was added dropwi se to the

m xt ure. angﬁ}ﬁé‘{z?%nwuﬁt%%g m xture was stirred for 10 mnutes at -78C, then
was allowed to warmto roomtenperature. The reaction m xture was
partitioned between ethyl acetate % O solution and the aqueous

| ayer was back-extracted with eth - The 15 conbi ned ethyl acetate
solutions were washed with 5% 1 CHSO, solution and brine, dried over sodium
sul fate. and concentrated to, %i ve a crude product. The crude product was
trituratléd to yield tH&MsthylidglegqGasboneGlysine.d¥iethyl Esten. oww powder (181 nm).
TLC (ethyl acet at e/ heyaregi 3521, 0 ¥l ParfiED RO (E38 U Endt were added

N-[ (1- Phenyl i ndol e- 2- Car bonyl ) Val i nyl ] - 3- Am no--1 %)(o- 5- Fl'uor opent anoi c
Acid. A sol at sadids ¢d anofution o dripathyiingdele-2 zatbaxtiisraeld (lal52ngsl §-013maltiand- 4- oxo- 5

fl ¢ . ; \ g ) . q
(1 tor OPEt 00k e L chis WENANSERA 244 £ FBhob Ty RUSHE i (3"
resul tant rasicDMM(Sn:k} under wagrogen atmesphieer atdi€. Mimingiwee congnuwidt foodjen

t h t t Th ti 1 Xt trated d
Chased a0, hASHE (& ABRCHFD FF doMo i fop R PR wl P AR PORG M ¢ ho
title produgdri@sned Wit e@ypasetier afd SAOKHBY, sdifon( ARt el KNeous layer was

chl ori de/ met hanol / acetic¢ acid, _20:1:1): R-= 0.38, M5 for C sH=6FN: 05:
MH =468; ( Mqiaagtgﬁg@_h ethyl acetate. 'The combinéd ethyl acetate solution was washed with 5%

KHSO, solution, saturated sodium bicarbonate solution (2x) solution and brine, dried
over sodium sulfate, and concentrated to give a purple powder as crude product.

25 Trituration of the powder with ether afforded the title product (1.734 mg, 70%). TLC
(methanol/methylene chloride 1:9): R=0.61; 'H-NMR (CDCl,): & 7.65 (dt, J=8.0, 1.1,
1H), 7.41-7.31 (m, 2H), 7.16 (dd, J=6.6, 1.4, 1H) 6.96 (d, J=0.5, 1H), 6.67 (bs, 1H),
4.25 (d. J=5.2, 2H), 4.05 (s, 3H), 3.82 (s. 3H).
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N[1-(2'-((1" -t-Butoxy-1'-0Oxo)Ethyl)Indol e-2-Carbonyl)

Val i nyl ] - 3wawinessd- Hydr oxy- 5- Fl uor opent anoi ¢ Aci d, t - But PET/ESQ0@5648 5 DIVAP
(122 mg, 1.0 tnnol) and EDAC (249 ng, 1.3 mmol) were added as solids to a
DMVF solution of ( 1-(2'-(( 1'-t-butoxy3s' -oxo)ethyl)indole-2-carboxylic
acid (275 ng, 1.0 mol in 2 nL of DWF), and the resultant solution was
stirred for 10 m nutes under a nitrogen atnosphere at 0C. A nethyl ene

chl oride solution of N(valinyl ~3-aEiXadMBLEM#r oxy- 5-f| uor opent anoi ¢ aci d,
?-butyl ester (306 ng, 1.0 nmmol in 10 2 nL of nethylene chloride) was added
toit, stirred for | hour under a nitrogen atnosphere at 0C and 4 hours at

roomtenperature. The yell q\lv.\naay:]mm zuoﬁw;m)m&,dzartl ti oned between et hyl
acetate and S% KHSO- sol ution and the aqueous sol ution was back-extracted

with ethyl acetate. Th2MetBrndalsct-erpraylslyens msthybrsir QP87 e SSaERBd Wit h
5% KHSO, solyt | @gbnvea%qr@als&nw(fdﬂmﬁy and At B8 AR AhisAl HylibRe(7y) and

brine, 15 dried over sodiumsulfate, and concentrated to gi've a col orl ess
gl ass (0.582mlgprq) Withestiringl e Ther reaition Wefm%clmnmd@tghaqgﬂdem@mdmem ca gel

(461 ) i 0] AT RAERe il b Senkd g fifackyd KR P Yl o7 1O

N-[(1-(2" - (([The pt-ecﬁm'ra«axvyaslﬁhdad))ﬁsﬁr;ﬂ yikindales-and @aed dmyhcuo to give the title

\I\/fl( I( ]n_yl( ]2._ 3 ?gdggt ag&t%éo SE_GFVL%E ?"?o 'Bfg (glethtylelgléI E’:X]Oﬂ es ;[ng&ano'?\agelu)ét ure of
car bonyl )Va|ab13,\/idt3 s'il'iﬂa )4R%1Y)QBO'¥VN5ﬁi QNOopE. aﬂtdi ﬁe@lzd,mt) buhxéid ester
(230 ny. 0.41 25 mol

hyl mor phol | ne N-oxi de mmol ) and
powder ed!GroPebdl GF 1§)e7fé%'7(29(§5‘ k) 7r1H o - Qé‘h@ &Iﬁ) %Sdév D, F‘d?? was
stirred for hours under a nitrogen atnosphere at room tenperature.
Tetra(propyl%an%ronl um percuthenate (7 ng) was added and the resulting
mxture was stirred for 2 hours under a nitrogen atnmosphere at room

tenperature. The reaction mxture ﬁé\tﬂ’“ﬁbed t hrough silica gel WO

011 00658 58 PCTNS00/ 05648 with eth as the eluent. The filtrate
was concentrated and chromat ographed on silica gel with ethyl

product. as a yel | ow oo THoMbgy a2 Earbg DGRl Amadnes 30/ 70): Ri= 0
?7. S EXSVWLE 58 Oxo-Butanoic Acid, t-Butyl Ester Semicarbazone.

N-((1- (Carboxymet hyl) | ndol e- 2- Carbon II)VaI i nyl J- 3Am no-. ~- Oxo0-.5- Fl uor opent a
noic Acid. A soluti On(ld\fleth[l{ndple@faﬂwy )glycine 8/186 mg, 0.8 mmol) was dlssolved

1'-t-butoxy g%meeg%smxhae B%L?ar%%M‘PQ'i‘YAI)fVaﬁh wﬂeslnél(ga;almawaemaéaf | uor ope

nt anoi ¢ aci ester ani sol e ) and net hyl ene

chloride (2 Vmb)1 hﬂboxmbe@{fm!@zw thhdr’citFAl@ mg.f.§4 mmed and HPAGHZ1Y macl-idn
m xture was n§nﬁ]1gu§&rfa%tr% n m Uérﬁe?e Aadge re’alctwnt;&&gg] éﬁ‘?ﬁrpft?@%u?és of 0om

t enper at ur e. reactio e was concentrate ased W th
met hyl en20 cloPOr i 3(8)- Atrrhmﬂ-toxolimmatceatxd/,\n tttutyd telster stmoicyrbadode tpateluendshidatypr oduct

20 Y Sy DS Gl O sl 1)
added to the reaction mixture and the mixture was stirred for 1 hour at 0°C and an
additional 4 hours at room temperature. The reaction mixture was partitioned between
ethyl acetate and 5% KHSO,, and the product precipitated out during the work-up. The
25  white precipitate from the aqueous portion was obtained by filtration and washing with
water and ether. Another portion of white precipitate was obtained by concentration of
the organic layer and trituration of the residue with ether. The combined precipitate was
the title product (297 mg, 66%). TLC (methanol/methylene chloride: 1/9, silica gel):
R=0.42; '"H-NMR (CDCl;) & 7.65 (d, J=8.0, 1H), 7.41-7.34 (m, 2H), 7.19-7.13 (m, 2H),



EXAMPLE 59 N-[(1- Met hylindol e-2-carbonyl)valinyl ( , ,

- 3-am no- 4- hydr oxy- 5f | uoropentanoi ¢ acid, t-butyl ester. 20 To a solution
of 1-met hy*&gg&kﬁ- 2-carboxylic acid (130 ng. 0.74 mml) paifisoo/os64s

N- (val i nyl ) ="3-am no- 4- hydr oxy- 5-fl uoropentanoic acid, tert-butyl ester in
met hyl ene chloride (5 nL) and cooled tg OC. Solid 4-di nethyl am nopyri di ne
(DMAP) (95 ng, 0.78 mml) and

| - (3" -di net hyl am nopropyl ) - 3-et hyl carbodi i mi de hydrochl ori de (EDAC) (200
ng, 1.04 mbo) (dnaxes,aldihed.o6 6. 23hen, dbl),ut. 006, 2H), @.03. (s,T3Id), 257922390, @)1 Xt ur e
was stirre @t 0. Cfor 1 h and allowed to warmslowy to roomtenperature.
After 4 ht e ion was partitioned between ethyl acetate (EtQAc) and 5%
KHSO, aqueous sol ution. The organic |ayer was washed wi th 5% KHSCa
solution, saturated sodi um bi carbonate solution, brine, dried (Na, SO ,) and
concentrated to a foam The crude 2¥AMPLEZLS triturated with di et hyl ether
and the solid filtered to afford WO 011 00658 59 PCTNS00/ 05648 the title
conmpound as a light brown solid (224ny, 65%yield). TLC(MeOH. CH Clz, 1:9):
ltf- 0.486. EXAMPLE 6(3S¥3-[(1-Methylindole-2-Carbony!)Glycinyl)Amino-4-

N-(L-Netby! i ndol - 2-carbonyl) gl Rk Lk 8 Agrdz 0~ 5 11 uor opentanoi ¢ aci d,
t-butyl ester. To a solution o

N-[ (1- net hyl i ndol e- 2¢3)+3B@nMethydibdaierb-farBergiiglyoingi] hy dr amxiie-8-okbhntanojeent anoi c
acid, t-butyl, este 51 0.11 nupol) i 1. s adde

oo, M 1 iR Atespierep (1Rl p B ariih wat ARSUS BABPEBZe t he 10
reaction mmxt g M@syle dhidride N2 shL etdBe Fesaltiiy bol@fuatvidsQreaed wil tTeia. (1 The
organi c | ayer was washed with water and brine, dried and concentrated to a

whi te sdPi dnbirr Theresuitis slutin ok stiAd fet Adrusnidenot pEEErDAMSFPheffeats ol i d
aff orded t hgoh tEnjngergtgFEp ofidreaSioft niituteCwROMAE AR il Yacud L ¥h&Rbd ith
TLC(MeOH: CH, CI',, 5:95): R -- 0.48. 15 EXAMPLE 61 ~

N- [ ( 1- Met hythethdepeechPorila thaing B grean satigl Frwation abthe solskwitiseth¢rafodpdiieanci ¢
acid. A solytion of N ((1; i e-dg carbonybival i ]

- 3-am no- 4-t§§<eo-gr9? Cﬁora%péanrgiﬁg%{c pg‘g?éé) (tgg bg{i‘ll rk)gs/%)'er (Tg&'ngsme&y(ﬂ]f mol )
and 20 ani schla@idé@nethanblacitic i, Q0 : 1 ilind pelndy=0.47% aHNIMRI (OD,0D): fdl L6H-oacet i c

acid (0. t o] a 1 er ] ) ion m xture was
concentr]gt e@d&aﬁa Gwag%%ﬂﬁ’m(ﬁﬁ@ﬁ{e&c(ﬁﬁ ){7%27 Mj:f’#eg’?m'de resi due was
triturated with diethyl ether and the solid filtered to afford the title
conpound as a |light brown solid (12 Eﬂl’ 2% vyield). TLC(AcOH MeCH: CH, Ch,
1:1:20): Rf= 0.59. Mass Spectrum f : E N, 03: [IVH + 25 406, [MH]"' 404.
Fol |l owi ng the nethods set down in Exanples 59-61, the follow ng conpounds

wer e prepared: WO 011 00658
(3S)-3-[(1-Methylindole-2-Carbonyl)Glycinyl]-Amino-4-Oxo-Butanoic Acid.

(3S)-3-{(1-Methylindole-2-carbonyl)glvcinyl] amino-4-oxobutanoic

20 acid, semicarbazone (76 mg, 0.20 mmol) was dissolved in a mixture of methanol (3
mL), formaldehyde (1 mL, 37% wt. aq) and acetic acid (1 mL) and the mixture was
stirred for 6 hours under a nitrogen atmosphere at room temperature. The reaction

mixture was concentrated in vacuo. diluted with water, extracted twice with ethyl

acetate. The combined ethyl acetate solutions were washed with brine, dried over
25 sodium sulfate, and concentrated to give a crude product which was triturated with ether
to afford the title product as a light yellow powder (29 mg, 44%). TLC (methylene
chloride:methanol:acetic acid, 8:1:1, silica gel): R~0.61; MS for C,;H,;N,O;:M+H",
330. 'H-NMR (CD,0D): § 7.73-7.08 (m, 5H), 4.90-3.8 (m, 7H), 2.72-2.47 (m, 2H).



60 E~CAMPLE 62 PCTI US00/ 05648 N-[(1, 3- Di net hyl - 5-t| uoroi ndol e- 2- car bonyl)
val i nyl]-3 -am no-4- oxo-5-fl uoropent anoi ¢ aci d. 57% yi el d;

TLC( MeOH: OWo®1/658 5: 95): R, .= 0.56. Mass Spectrum for 5 RETYSOURS6ABOS [ VH] *
438, [MH' 436. EXAMPLE 63

N-[I - honoal | yl i ndol e- 2- car bonyl ) val i ny£ - 3- am no4- oxo- 5- f | uor opent anoi ¢
acid. 10 29%vyield; TLC(MeOH. CH, Cl =, 1 Rf = 0.33. . Mass Spectrum for
C~HZ$FN30s: [MH ' 446, [M\a]' 468, [MH' 444. EXAWVPLE 6d

N-[ 1- Met hyl - 5-f | uor oi ndol e-2-carb | I'ﬁ/l]lS
3- am no- 4- oxo- 5- f | uor opent anoi ¢ ac el d; TLC( MOH CH Cl=9:1): R~
0.14. Mass Spectrum for C, H-3F, N, 05: 424, 422. EXAMPLE 65 20

N-[(1-Methyl-3-isobu - - | | am no- 4- oxo-5-f1 uoropen
tanoi ¢ acid. 50% yi e #) 3@&%@&“@‘ %@ybaaﬁ) ﬂ}/'“hbg'?ﬂ“"%ass Spectrum for

C, ; H ZFN305: [MH' 4620xpMtancddAcid, t-BidyDidte 0t cibdrdde00/ 05648 61 EXAMPLE
66

N-[ (1 - Met hyl - 3- phenet!HRAnPHindPls-27eaeborplih acidy 44T yng, 316?ni"|‘fb°1)1 o 3691 | uor open
tanoi c agi dg laﬁﬁn@&hﬁb@o%b%@)ﬂxd @m{é}@tﬁmr E@ﬁﬁ@d}ﬁﬁon néB' £9 Ghrdel) Mass

Spectrum 5
N-[ (1- Met hywers-dGselsed;in; mmhulqwzhbad@(ﬁww %l‘@iIhOﬂyDMAG’a(r%ﬁ?—lmgéH Gxomsl) andior opent a

noi ¢ aci d. 39 Mass
Spect rum 7 of RS YR KBRS i) Sl lr Gt Sy LT o g abipne b

N- (1, 3- D meodty | ThendallantZsobaioh evay ktirvéal fony lhed 1 Oﬂ(tﬁambax‘ﬁamml 2-heureaPent anoi
Acid, t-But Ester 1-Hy ¥benzotr| azol enirj]. drate 20. 8 ) and
1- (3" - di net ?‘r’ﬁf“a?ﬁ%ﬁ;‘%yﬁ“ TRAEHYRD WS o4 ‘i‘& ‘ﬂy”d‘f" E‘hY P‘?ﬂ&é (5. 60
g, 29.2 10MDéyccddiv@y el thednirQeAscliiunt biRetbomikelidhidn Qhd Vnﬁard@i@b%mayﬂoampar bonyl
valine (5.24 208mm|) in methyl ene chlorideidi methyl formam de (DW)

(60 ni' 30 n?‘)“%?ﬂ apyl copesnisderbio giver dgeiow Apame,  Hlashnpolump shagmategraphicy

a-met hyl , [ budRbdobi bnt: tﬂéxﬁ’%ﬁf!a ded- Hahamu%&h&em&nwa@s%;ck@fard%a ti Solid
foll owed by neat 4-neth émn phol 1 ne (2. After stirring at

OC for | hotitle pradiicaes 3 Whita podeed 4 BFBe%f’/z)r Tscﬁmﬁlsnolwyrhnmcmosdwb{g,
partitioned ﬁ§ %\_@e %tﬁvlamgﬁ ‘38606’(5{3"‘?12 tj% Th?ngfJﬁP“S
e

sol uti on vvas “tracted W ace and ’ne conbi'n éxtracts
wer e waslhed(dm+0,2H)sas3+7 8t éd, HHCTY (dad:eﬂ hrlﬂ—heﬁ 781¢si 2H), dh8Fr4. 800, UuMH)sul f at e,

and concentr to giv solid, . Tri i ther afforded of
N-[ car boben%‘?fg%é’é‘r g%%giﬂi?a‘ﬁ H‘y?ljnaéﬁéﬁ J,g'r'}lfﬁn ltgb‘se yl, [i-tert-butyl
diester as a white solid (8.36 g, 92% . TLC(CH, Cl,/MOH, 95/5): Rf=0.48.
WO 01/ 00658

EXAMPLE 23

(3S)-3-[(1-Benzylindole-2-Carbonyl)Alaninyl| Amino-4-
20 Oxo-Butanoic Acid, Semicarbazone.
(35)-3-[(1-Benzylindole-2-carbonyl)alaninyl} amino-4-oxobutanoic acid,
t-butyl ester semicarbazone (247 mg, 0.46 mmol) was dissolved in anisole (0.5 mL) and
methylene chloride (2 mL) and the resultant mixture was treated with TFA (1 mL). The
resulting solution was stirred for 3.5 hours under a nitrogen atmosphere at room
25 temperature. The reaction mixture was concentrated and chased with methylene
chloride to give a light green solid. Trituration of the solid with ether afforded the title
product as a green powder (215 mg, 98%). TLC (methylene chloride:methanol:acetic
acid, 8:1:1, silica gel): R=0.50; 'H-NMR (CD,0D): 3 8.26 (d, J=8.0, 1H), 7.65 (d,



62 PCT/ US00105648 A solution of the above product (4.00 g, 9.17 mol) in
200 M of net hanoI was stirred with palladiumon acti vat ed carbon (0a45 g)
under an a e of hydrogen (1 atm for 50 min. Epd196ebhaaly M Xture
was then fil ere through a pad of Celite and the f||ter cake was washed
wi th net hanol and nethyl ene chloride. The 5 filtrates were conbi ned and
concentrated, and the residue was chasé® with nmethylene chloride to give

N[ val i nyl Jaspartic acid, a-nethyl, ~-tert- butyI diester a white solid (2.75
,.99% . TL CH. C12/ Me 9 0at re of the
gbove /?)r odugtg((( JHy b5 t}? (dg_(ﬁ it‘fﬁ) )mgr?c?éfo(g ﬁé’? 19 @dgTﬂ %a‘?%&ﬁ?i c acid
(1.9~ g, g{;‘» 1Pl 77- Q@zl@I}{FQ[([)'SQ 431(3 Jums @yded 10 4-di met hyl am nopyri di ne
(DVAP) (1.2 10. 3 nmol 1- (3

di et hyl am nopr opyl ) - 3-et hyI car podi i m de hydrochl oride (EDAC) (2.37 g, 12.4
mrol ). The reaction m xture was stEfmwyﬂg@r a nitrogen atnosphere at O C
for 1 hour and at roomtenperature Tor ours. The reaction m xture was
then partitioned between ethyl acetate and 5% KHSO sol uti on and the

aqueous [ uti r . The, conbi ned
e>c<]t ract ssso\/\ere @g)sﬁ@ l?r\ﬁ‘tzhh eu"??t dmﬁatht mys] ?'61?16‘0' arpo'cﬁfbd brine,

dried over sodi um suI(Bst)t-B[(1auﬁzﬂmdctentda&beﬂ)atamml]\aanﬂo-smkbtdnanmacﬁpI id was

triturated with ether t glv 4

1, 3-di et hy PemifpIBAzane Qi yl%almt)m’éﬁa‘#tswe%ctnd methanal (35 mL),
-tert-but Ykorﬁithﬁ&{)@[z (8§ nd, Vﬁ%t\et BOVMAB lacelid a8ld (U5 nflf%hd ttﬂr@srflt@é‘iﬁkt&é\/‘a CH)

95/ 5: R. 0 An aqueous solution of lithium hydroxide ( 1.0 2.98

m) was addé’GS EWUS\KPTS‘E“?‘BS andsr 3 pETREFLIMPTEeTa BbiPempERTatry Hheqgacon 2, 98

nmol ) i £hd, &l Withl Wik I QeI L ETRES L&yf Or 30

m n) th(ra]mrlegh ’ﬁt”.@r(fgég?{é‘if?‘g&‘g&s%f |ﬂgd W {h r16\1I£ndy dr oct% g@?c@ggr glyfsol ution

and di | ut edastatds Teet eshyl afetatersekition wngwmpd emprbem piried togervaadivoodulfetet ed by

suction fill rcﬁt I Or’lftr]_a{.égé\,\%s\g f? C}%g&.l%l Xrﬁxcy wV\aI.ls Ernur\g‘%dgfvnhaaﬁer% EHOI% LEI’TB' I 25

anount of effef
1, 3- di et hyliti¢ np‘iedhe:t 2asad tltgrhylgwai ipoykddragpir tmy d2%0, (B:C:erimbdiylyhe est er as

a white po Q% . . TL 90,10 To a

sol ution om%é%?}g@%b?ﬁfﬂﬁc‘fc"tl %g‘_{g)m’fa rrrﬁjﬂ'& % y%%ﬁtﬁ?ﬁhﬁ#phorl i ne
(0.35 my5 3MAraIoOM- rréuztiHmM@Rm;m aD): si@ﬁ«um 181 7.90@4. 29 2vas. added
dropwi se i sobutyye-_)'4 chl or of or mat reaction m xture

G AT R ORI ORI T M R

cake was  YWau @/ 496931 6B JPLT/IUSR0IPHO648 washed with dry THF and the
filtrates were conbi ned and cool ed to O C The filtrates were then treated

with a freshly prepared ether solution of diazonethane (excess). After the

m xture was stirred at OC for 1 ho g ¥§ ure of hydrobromc acid (48%
wt. aqg. solution) and acetic acid %%AM) was added dropwi se till the

gas evolution ceased. 5 After another 5 mn, the reaction m xture was

concentrgted and parjd.t d bet d. vva er. The aqueous
| ayer vvaz:0 back- ext rac%)egdav&s‘t -Rutsp I"H?i et%?g“m%/zﬁ'wlg‘g ll"b' “ayers were
conbi ned, washed with mmxam&tma&mtﬂm@eseﬁnhwuzm and brine, dried
over sodr um sul fate) and concentr d Th e tritur W th
ether to give the titlf é‘g ﬁt‘?ﬂOlﬁ ‘gh@g m%{\a&§) ) 8’%0/aeg)

TLC( CH=Ch/ Maatiny %1@4 oi@ou@nmcoacﬁis t-b éf'-:serh%&arbazone (163 mg, 0.5 mmol)
N-[(13D|rrethyl-|ndole2carbonyI~Va|n [ -3-am no-5

(2, 6- di chl ometsetissolyrd inapethylencachinaide &hold Efcthtf sotutipm was addsd bpth GMAPTo g
m xture of ?s(}@gg' o@%@@ﬁ%@%ﬂ&t @sh Hﬁ( &7 Qv Aindd- ajxﬁtﬁ lad m t pﬁeré’&toaés' um

fluoride (O room tenperature u ogen was added
N ( and the resultant reaction mixture was stirred for 1 hour at 0°C and an addmonal 5

1, 3-di net hyl-i ndol e-2-car ony 3-am ono- 4- nt,anoi c

2 d. tent BT red Brpitge iy ettt 3 A TR SRR St i ng
at room t enpRcakivele »txmrsaftwttdt@ﬁmﬂxﬁbxmtsqnafe haumw@nurbemwaﬁxeaahadrtsbdamd bet ween
et hyl acetate_and ter. The 2Q or ic.laye ed. ~Yith Quate-,
saturated N& FORCPRFedag VS E‘R’Wd@?ed iRiLel {]tﬁrfg%rrf“atheet hezng
concentrated. Trituration wth ether gave the title conpound as a white
powder (0.051 g, 79%. TLC(CH Cl,/IvleOH 9515): Rr= 0.88.



EXAMPLE 70 25 N-[N-(1, 3-Di net hyl -i ndol e- 2-carbonyl ) -Val i nyl ] - 3-am no-5

(2, 6-di chl orobenzoyl ) oxy--t-oxo-pentanoic acid. Trifluoroacetic acid (2 niL)
was added mwo®r08es8rred solution of N-(1,3 PCT/US00/05648

di et hyl -i ndol e- 2- car bonyl ) -val i nyl - 3-am no- 5- (2, 6-di chl or obenzoyl ) oxy- 4- ox
0 pentanoic acid, t-butyl ester (0.034Qypg, 0.0526 mmol) in nethyl ene

chl ori de contai ni ng WO 011 00658 PCTI USO0/ 05648 64 anisole (0.2 nmL). The
reaction mxture was stirred at roomtenperature under nitrogen for half an
hour and coaffedddr @tee ditle Tproduce sisdu eslighdy azmvrm&ﬂr wil4é mgt bykeneTedl ori de

and triturajed with ether to thetl c whi 't e povvder
(0.0270 g, Q‘i‘gbm“ﬁﬂ @EP"CF}?‘ %—%Z?c@%ca e ﬁfﬁ%p R‘C'i%&"o(sc@s) RBEPdbs. C

eH, 9C1zN-~0, 1Hj, Wdh d559~@I059ﬁ)751{7M°ﬂ(m, 518§3I6599Qs, 1ED) 6.9Md) 3=4 51€1 HYES. klslgslset down
in Exanples 69-70, the follown s_were prepared: EXAVPLE 71 10

und
N- (1, 3- Di metthyiH)j %8@148941%3%%'§ 45/&% ) 3§28rﬁ0r(§h§Hd1 HhERYS Mobidhi nyI ) oxy
- 4- 0x0- pgnt gaggscgﬁfllqﬁ 1265’/ | d; TLC(CH G, /MeOF AcOH, 20/1/1): R.
0.31. Ms for 618, 616. 15 EXAVPLE 72
N- (1, 3-Di net hyl -i ndol e- 2- carbonyl) VaI [ nyI 3-am no-5-(1phenyl -3-(trifluorom
et hyl ) pyra2ol - 5-yl ) oxy- 4- oxo- pent a 49% vyield;, TLC(CH C,/ MOCH,
90/10): R . - 0.29. Ms for C3, H,,Fm%ﬁ' 628, [MH' 626. 20 EXAMPLE
?3

N- (1, 3- Di net hyl - i nd val | . .
i 5 napit hyl) B 3 B Dins e g DU P eer e ) acy "OCar bo

80/20): R = 0.46. M for Co&hBa«Nn&cAczﬁs&MalLrba%& [IVH] 661. WO
011 00658 65 EXANPLE 74_PCT/ US00/ 05643

N (1, 3- BiOnet hyI -i ndol@S)A- Héﬁﬁoﬁfy?wl)\%épﬁeﬁwarbynblm MeJing!lamino-4-oxobutanoic

$Tc?cacfabgpxéxa %@%9 Qefaaczf}b%ge mat@wzﬁ JBfbY wa‘é%séfv@%% Bisq5,492

[ VH ' 535. @K\ \etiiglene chlonde (7 mL) and the resulting solution was treated with TFA (1

S37,

mL). The acidified reaction mixture was stirred for 4 hours under a nitrogen
atmosphere at room temperature. The reaction mixture was concentrated and chased

15 with methylene chloride to give a crude solid. Trituration of the solid with ether
afforded the title product as a purple powder (99 mg, 88%). TLC (methylene
chloride:methanol:acetic acid, 20:1:1, silica gel): R=0.36; '"H-NMR (CD,0OD): 5 8,46
(d, J=8.0, 1H) 8.12 (d, J=8.2. 1H), 7.62 (d, J=8.0, 1H). 7.46 (dd, J=8.5, 0.8, 1H), 7.31-
7.21 (m. 2H), 7.31-7.05 (m, 2H), 5.84-5.70 (m, 1H), 4.99-4.78 (m, 3H), 4.62-4.57 (m,

20 2H), 4.39-4.33 (m. 1H), 2.88-2.69 (m, 2H). 2.52-2.45 (m, 2H), 2.24-2.15 (m, 1H), 1.07-
1.02 (m, 6H).

EXAMPLE 27

(3S)-3-{(1-(4'-Butenyl)indole-2-Carbonyl)Valinyl] Amino-4-
25 Oxobutanoic Acid.
(3S)-3-[(1-(4'-Butenyl)indole-2-carbonyl) valinyl]amino-4-oxobutanoic
acid, semicarbazone (79 mg, 0.17 mmol) was dissolved in methanol (3 mL),
formaldehyde (1 mL, 37% wt. aq) and acetic acid (1 mL) and the resulting mixture was

stirred for 7 hours under a nitrogen atmosphere at room temperature. The reaction



N- (1, 3- D net hyl -i ndol e- 2- car bonyl ) - Val i nyl - 3-am no-5

(di met hyl phosphi nyl ) oxy-. 1- oxo- pentanoic acid. 10 76% vyi el d;

TLC(CH, CI /l\/EC]—I 90/10): R .= 0.12. Ms for CZ H3, PN30,, 4,

492. EXAI\/PE’I‘:’“VB 6r'{?i(val i nyl)aspartic acid, a-nethyl, (3- tl[e%ﬂ%)OI?%?s di est er
15 HOBt (3.19g, 20.8 nmmol) and EDAC (5.60 g, 29.2 rrrml) wer e added to a
stirred solution of N carbobenryl oxycatbonyl valine (5.24 g, 20.8 mml) in
met hyl ene chloride / DMF (60 ml / 30 m) at OC under nitrogen. After I S
mn, aspartic acid anethyl, p- tert butyl diester (5.00 g, 20.8 mmol) was
added as a ¥WFeVEOtInees@ e daracueedilyadity Watkr. sad ewwdmcemﬂgethﬁm ).

At ter stintlgg alt'heogh)];locfon?j: xgh‘aua[ceéi%dso i P%eZQa%@mgﬁmgWHg ed 05 hourss,

the m xture was partitione tween et acetate an "utii on.
The aqueousodiuhutifaen andieonbertiated t¢ gisc s etddw\pmduoewmph vers étitutate dawith d:ther conbi ned
over sodi um

tract wi t h, sat brige,,.dri
cul fate, aft Boncin R ErRARECit BRRpolt FoafiPt e LChCBRAR 1 1 or ded
g[ca{ bobsanzyio%y?amgmsétemal IdﬁMl] ?mpa,rz tisﬁxc$ﬁic:@el)a e ﬂtb,i\/b[an_lstgfdr/ bgtyl
iester as a_white 3. ~
0. 45, GOl QrMBRSF 4 M ortige HrBRAED P18 SP5 0% tmafith .62 200 mi o
rret hanol wgsg, 5tm [ ode\id, h-pal 0. admm @meskmvm)ed 1881, ®0¢n, (A1)45.885.79nder an
at nosphere of rogen (1 r’r) 50 The reaction m xture was then

filtered trﬁmoh’é% 4aP9p4a%P 3H)\/\G36211456(§@5§ﬂ664ﬂ>e1?/0tjse@/fbs%l%26é|(m éHxnd t he
filter cake g@ gﬁ{,hﬂﬂ and methyl ene chloride. The filtrates
wer e conbi ne and conéentr at e d the residue was chased with nethyl ene
chloridi®0to give the title product, N-[valinyl] aspartic acid, a-nethyl)

[3-tent-butyl diester as a white p E 35 g, 999%9. TLC (CH O, / MOH
95 / 5): R . = 0.10. 5 EXAWPLE 77%—&‘ met hyl - i ndol e- 2- cabonyi )

val inyl] aspartic acid, (3 tent-butyl ester To a stirred turbid m xture of
N-(valinylj aspartic ,S?%i-;t rt but ster (2.75 g, 9. | 1
mml) and 1, 3-di met hyléhﬁ'ﬂ@ (gp(! i/'bB Y-l é@F&‘y('%&d@S' g, 10 10.3 nmol) in

DME (30 m) asbonyPAthninyd] ABinbyL @fobatinsic Abid) @-BuAiRker(Semicd®balond.0- 3 Mol )

and EDAC (2.37 g, 12.4 ntnol). The reaction mxture was stirred under a

ni trogen atnmosphere k2 Tﬁbtﬁﬂmxi lh@wet@ﬂmd@ie-%%\aﬁ%mrdaﬂ%% 208 hours.
The reagd i qgmdi Kﬁ&‘%ﬁt) Y@ﬁnﬁ}hfaﬂnrpﬁtf B*th@ﬁkﬁéa&@t:%ﬁm eSO Yemidd e(ﬁ@f‘d S~0

| CHSU, solution an gueous sol ution was back-extracte
acetate. Theg, @csrrbmnbdvee«dlmé\tcé i methypiers chiaside @3 mbt) hn@@Mﬁ 6t mbl) AllHEO 3

sol uti on, I entrated to
ove. b ol oy okl Mo AR 4 HE Bl i BEACTAF Y
, 3-di nmet hyl1:li mdml)e -Theqaduttant] rhaction mmyvhr]: vas paérrddi for achod; atlOBGaddythen mt er t -

bUt yl Mdl gStg'i iﬂ'daﬂsﬂl ? h%‘é%&& Omgﬁeéagw goegnge av@hlt@prempltat uf%glile%ct?c%l %}x!tucr)cn of LiOH

20 was concentrated to remove methylene chioride and quenched with 5% KHSO,
solution. The white solid was collected by filtration, washed with water and ether and
dried in_vacuo to afford the title product as a white powder (297 mg, 66%). TLC
(methanol/methylene chloride: 1/9, silica gel): R=0 .27. 'H- NMR: (CD;0D): & 7.65
(d, J=8.0, 1H), 7.41 (d, J=8.0, 1H), 7.26 (s, 1H), 7.22 (d, J=3.0, 1H), 7.16-7.11 (m, 1H),

25 5.32(d.J=2.2, 2H), 4.94-4.89 (m, 1H), 4.54 (q, J=7.1. 1H), 2.76 (d, 2H), 1.48 (d. J=7.4,
3H).



20 to a suspension of the above product ( 1.41 g, 2.98 mmol) in 1, 4-di oxane
( 10 M. After stirring at roomtenperature for 3G nmn. the resulting

cl ear sol umwon/eas a-~iditied with 1 N hydrochl oric aci drenusmoiosiss and
diluted with water. The resulting whitg,precipitate was collected by
filtration and washed successively with water and with a small anount of
ether, affording the title product, N-(1,3-dinethyl-indole-2-cabonyl)
valinylj aspartic 25 acid, [3-tentgRUivwPLESder as a white solid ( 1.18 g,
86% . TLC (CH,Clz / MeOH, 90 / 10): R f=0.2Tl. WO 011 00658 67 EXAMPLE 78
PCTNS00/ 05648

N-[(i,3-dimethyl-in ) gfm(b ~- 0X0- pent aaoi ¢
acid, tert-butyl esggéf'}ia o) ?”%ﬁ@?‘kﬂ'ﬁ 1, QR%ZAJEE‘?' ndol e- 2- cabonyl)
val i nyI] aspartic 5 aci dAm@M-meutayblcésideSer(ucirmoqg 2.24 mol) and

i U1 ogen was added aABRA LT IEBTRGR PP o Bttt sEeoMDeS o) )

The reacti oskobiishdié AciiR I-bfyl lekted stﬂd:QibaﬂinE [(QDE fhgal0.511Rmdl0in Aethylefle and
filtered. The filter cake vvai washed with dry THF and the filtrates were

then treat eehlofRder2 mlastasyregied yathd Aetlrak)- medfﬁ“BH‘géPl“HP&ZVéﬁﬁ‘FFFérf@ 2 excess).
10 After thgoud Xhdef & rYi@égcﬁt dtﬁlB%ex@tat Qodm r@fipetanit® U Phelreslribh L}ﬁﬁtu?é was

hydr obrom c acid (48% aq solution) and acetic acid (6 nl) 11 1) was
added dr opwfangentiatet] E{nﬁeChwd wittomgthylspe elderidecto give e solithotlnturationmifithe t he

reaction m r rt 0 sek.hyl tate and
wat er. The %’E‘ge‘gﬂwﬁﬁa"geﬂ{mw %gg%rg(ﬁ"gtr g%t eiééﬂ\}\,i %}%g@tgﬁ%}e?éet Ey ch organi c
| ayer s ifr e(neaigiénmechlondeshebhni:sdetic atidr 8tleld sNidalCga1): sB) &t 0.08), 'EBNMRI bri ne)
dried over [ I Lo ang . .c ntrate resj.d _triturated
wth etnor ROPHRS 1rsRIrel Hoddine R . 736 A FHYE 18330

1. 3-di et hy. 1647dcpl(@r 2HY;, 332 J=2\20 2 H)) W94 3-8nim) OHP, 40540PI=4- 19 B, [2eT6t @ 0i C

acid, tent- but){ ester as.a white powder ( 1.00 g. 83%. TLC (CH C, /
MeCH, 95 / 148 (¢ Jg7488HR0 EYA~I PLE 79

N-[(1, 3-di rret hyl -i ndol e- 2- cabonyl ) val i nyl ] - 3-ami no- 5-[3- (i m dazol - 2-yl ) - nap
ht hyl 2-oxy]-4-oxo-pentanoic acid, tent-butyl ester Potassiumcarbonate ( 1
~.5 ng, 18.112 mmol ) was added to &&Mﬂbﬁ-ﬁﬁ of

N- (1, 3-di net hyl -i ndol e- 2- cabonyl ) -val i nyl - 3- am no- 5- br onp- 4- 0xo- pent anoi ¢
acid, 25 tert-butyl ester (60 ng, 0.112 mml) and

3-(imdazol -2-yl )(3$1)a?p[(11+1C2rlmkymmy[ilndgle-ncarbzny’MIa)ndyn Adbdimo{4t. 5 nl ). After
stirring at roomtenperaturefor ?f tthe reaction m xture was
partitioned between ethyl acetate ’Q Ha\ﬂ/ﬁ’tc The aqueous |ayer was back

extracted with ethyl (3®e3- ﬁwcarﬂ'mﬁtaﬂgamwcba;y@bﬁy]y\ere calamihylRghinoadshed wit h
sat ur at ed NaHCO- sol ut| on, rbne dried over m sul f at e, 8nd

concent r at eProbyapoic acid dﬁf:émca: azone 41 mg, 0.47 mmol) was 1sso ved in methanol
20 mL), formaldehvde (1 mL, 37% wt. aq) and acetic acid (1 mL) and the resulting
solution was stirred for 3 hours under a nitrogen atmosphere at room temperature. The

reaction mixture was concentrated in vacuo, diluted with water and extracted twice with

ethyl acetate. The combined ethyl acetate solutions were washed with brine, dried
under sodium sulfate and concentrated to give a glassy material which was triturated

25  with ether to afford the title product as a slightly yellow powder (114 mg, 63%). TLC
methylene chloride:methanol:acetic acid, 8:1:1, silica gel): R, = 0.16. 'H-NMR
(CD,0D): § 7.65 (d, J=8.0, 1H), 7.40 (d, J=8.2, 1H), 7.33-7.27 (m, 1H), 7.24 (s, 1H),
7.16-7.10 (m, 1H), 5.36 and 5.26 (AB, J=17.9, 2H), 4.64-4.50 (m, 2H), 4.34-4.20 (m,
1H), 2.72-2.48 (m, 2H), 1.45 (d, J=7.14, 3H, 2 sets).



WO 011 00658 68 PCT/ USO0/ 05648 was triturated with ether to give the title
product, N-(1,3-dinethyl-indole-2-cabonyl)

val i nyl - 3- agé Bamess[ 3- (1 m dazol - 2-yl ) - napht hyl - 2- oxy] - 4- oxer/Dsyelesda®i C aci d,
tert-butyl ester as a greenish solid (21.8 ng, 29 %9. TLC (CH-Clz / MeOH,
90 / 10): Rt = 0.49. S EXAMPLE 80 43

N-( (1, 3-di net hyl -i ndol e- 2- cabonyl )val i nyl ] -3-am no-5-[ 3- (i m dazol -2-yl ) -nap
ht hyl 2-oxy] - 4-oxo-pentanoic acid Trifluoroacetic acid (1.0 mM) was added
to a solution of N (1, 3-dinethyl

i ndol e- 2- cabonyl ) -val i nyl - 3-am no- %’L&‘(ﬂ‘ ?336120' ?-yl)-napht hyl - 2-oxy]-=t-o0
xo 10 pentanoic acid, tert-butyl e nmg, 0.032 mmol) in nethyl ene
chloride (2.0 m) contai ning anisole (0.30 m). The m xture was stirred

under nitrogen for entr d.. The e was re-dissol ved
in methyl ene chlori de 2#8 léﬁ@dr‘f' ﬂa&l @?f“é??ggné’(sf"ﬁf\#jt h ether to give
the titled pr ngﬁbtnyﬁﬁlaﬁltizy@i‘dﬂnlhbﬂ\lﬂxmm{c Acid, thlﬁylrEbtel%%lcargthné CHzCl z /

MeOH, 90 / 10): Rf FI 3sN; 06) { 61 M—g 60 15
EYAMPLE 81 1-(3'-(1'-t-Butoxy-1 -oxo)propyl)mdo e-2- carboxyhc acxd (147 mg, 0 51

N-[ (1- met hy | %\Bptaﬁsxélvwm)bwzqﬂbpm t)owﬂé lrLhihe oMol Qv AR Pt - 0X O
pent anoi c aC| tent-butyl ester The titled prod ugt was prepared 1n the

same way as DM&E (6&md, 9-56 AOndEXadIRAC (1AMl 0778 mmpBr tSitirdpgf wasraontinued

L rethyl - 3+ iggOht i p0als 3 RALRR MbGia% 8 82 B8 L, BhRRS! O

N-[ (1- met hyloxdbutmoiaicid, t-bugbbster Zemivhrbaaong vlasl4|n‘ng/I(1513mmmas4adﬂdem5mé 2,3,5,6

25 tetra uor ophen Xy ent anoi ¢ acid rt-buty ter SSi um

ruor i dold 5 fesglorgmiyse i B RS Wathiend fos T Houcit e oS ben ap paditonal 4

1- met hyl - 3- ihs@Rut domi BEPEBLZ: CﬁQQ&éthﬂ;ﬂuﬂh’Was araﬂm«a b'inwe%% KHE®O- pent ano
ic acid, tert-butyl ester (86.1 0.149 mol ) and

6- t et r af | uoreipheSN cthyyaqsiay, the ephg) WEIWB‘SWBQWS@SFG%WB‘YO‘“%% mol ) i n

DVF (2.0 mM yd t &fuidhi L3 3bdilAONEA-SIHRE! Slutics éfaszy and HPME SdriddN&ef €ACtT ON
m xture was partitioned between et hyl acetate and water. The aqueous |ayer

was back- exisediwn sdlfag.tand evnsentraiediagive 2 Tosn oy gudd proflugreTitymtion afohdbi ned,

washed V‘15t h a?ﬁ Wi teRde ,'[?llﬂglv% tl?,h 1&5‘ t Buer 304 v.t?ﬁt% :_L:?swdgrr {l%?‘ ﬁ%’ eSLS"/éOdl‘Llim

sul f at e, concent ra dué’ has tura ther  to give
the titl ed punctdmt/memy{cﬂxe niEbtidd: -113?L lsﬂwbgﬁly IR=0.36; 'H-NMR (CD,0D): 6 7.62 (d.

| ndol e- 2- calopy |} Vol Y| - 3309 4 @515 FafiILEH! k) YFeREY! O - Pe
7.11 (t, J=7.4, 1H), 4.96-4.90 (m, 1H), 4.82-4.72 (m, 2H), 4.56 (q, J=7.1, 1H). 2.78-2.66
(m. 4H), 1.49 (d, J=7.4, 3H), 1.40 (s. 9H), 1.28 (s, 9H).
20
EXAMPLE 32

(3S)-3-[(1-(2'-Carboxyethyl)Indole-2-Carbonyl)Alaninyl] Amino-4-
Oxobutanoic Acid, Semicarbazone.
(3S8)-3-[(1-(3'-(1'-t-Butoxy-1"-oxo)propyl) indole-2-
25 carbonyl)alaninylJamino-4-oxobutanoic acid. t-butyl ester semicarbazone (140 mg, 0.24
mmol) was dissolved in anisole (0.2 mL) and methylene chloride (2 mL) and the
suspension was treated with TFA (1 mL). The resulting solution was stirred for 2 hours
under a nitrogen atmosphere at room temperature. The reaction mixture was

concentrated and chased with methylene chloride to give a solid. Trituration of the



acid, ten-butyl ester as a white solid (43.8 ng, 449% . TLC (hexane / EtQAc,
.50/ 50): R, = 0.50. 10 EYE-1MPLE 83

N[ (1- et hwloo3negs@but yl - i ndol e- 2- cabonyl ) val i nyl ] - 3- am npeT/Usoonss4b- (2, 3, ~, 6
tetrafl uorophenyl oxy) - pentanoi ¢ aci d Treat nent of

N- (1- et hyl - 3-i sobut yl -i ndol e- 2- cabony -val i nyl -

am no- 4-oxo-5-(2,3,5,6-tetrafl uorophen oxy) - pent an0| c acid, tent-butyl
ester (40 ny, 15 0.060 nmol) with TFA as described in Exanpl e 80 ga~~e the
titled prod rB;rH”E 3FaN~C) 6,
[MeH ' = 603& [W’f&em%ﬁ thQ@z\ E%SZ%OMEJ:S%OWH Ei107|\{§g, ﬁ% e

N- [ (1- met hy(mahylaebhidridenttiasei2cazbanill )& &llj rlich- gelyxniRyed. 17, oXid-NMR4 20

B AT T SRR RIS Tl s, (7

the product lHi 7E1>ga7rot ngl}{ﬁ 689710490 (m) 1 M8, 415004 59 (;aotm;m sand, | mon| qu) (15.

ng, 0.27 nmol and 4-f rophenol (13.4 ny, 0.12 mml)lnDIVF( 0n1)
TLC (hexdne2B '@t7@4€”4§@) 1/495(&)1*715Q~3Ii) 0.48. 25 WD 01l 00658 70 EXAMPLE 85
PCTI US00105648

N-[ (1- met hyl - 3-i sobutyl -i ndol e- 2- cabonyl ) val i nyl ] - 3-am no-. ~- oxo-5- (4fl uoro
phenyl oxy) - pent anoi ¢ aci d Tr eat menEXAMPLE 33r oduct of Exanple 84 (72 ny,
0.118 mml) with TFA 5 as described in Exanple 80 gave the titled product
(42.0 ng, 68% as a pale yell ow powder. M5 C3H36FN30C6, [ MtNa]' = 576,

[MH ~ = 552. TLC (ha&)me(u(zEcmxy&mylxlnwm -Girbon3PAlaiEAYPLE 86 10

N-[ (1- nmet hyl - 3-i sobut yl -i ndol e; 2: capqan '%val in I] 3-am no-. ~-0oxo0-5-(2fl uoro
phenyl oxy) - pent anoi ¢ aci d, tertmHr ﬁ%‘é t%'?o'el"ﬁ titled product (76 ng,

1 0099 wep prepared ag3s)- wmlt(e' %bdx@etﬁﬁl)ﬂ&ﬂ@ﬂlcmﬁn}lm Ex anpinthy82mitoag t he
product of Exanp~e 81 (72.0 , 0.124 mmol)) potassium f] uoride S 16.5 ny,
0.281 mmol )oxq;hwerngqucw@rsefﬁﬁérheqonf I3mg. gl rmmllmvaﬁnﬁimsglvqelsm metwrel (2.0 ).

TLC (hexanerr( %E}'o% Ide /(ligﬁ 3% Wl aeﬂmcﬁﬁw d87l mL) and the resuitan

N-[ (1- et hy SO cabonyl)vallny am no- 4- oxo- 5- szIuorop
henyl oxy) - peslutamovas S@UFdI f@@ hpusamdens mmgemd["QOSphere at room temperature. The

et hyl - 5 Labu el &8s 6RRNVIRAL bitWle) 30LAG5 9 8 (alkyor opheny

| oxy) - pent anor c aC| ester
descri bexb i m;&wnpbmyBibegm/érhthmbmtd ﬂhlvlpmdumlut(oas.“@rermashéiﬁ%h brsnea white

Poé\g)e r RtN.B: 6&2 fverzso mn[l J}E}l and conce’ntrLt% Hcl g1 Sg%a'ss;'r I?nCatén / Et QAc, 50

triturated with ether to afford the title product as a slightly yellow powder (20 mg,
20%). TLC (methylene chloride:methanol:acetic acid, 8:1:1, silica gel): R=0.26; 'H-
NMR (CD,0D): § 7.62 (d, J=8.0, 1H), 7.51 (d. J=1H), 7.32-7.27 (m. 1H). 7.13-7.08 (m,
20 2H), 4.80-4.76 (m, 2H), 4.68-4.52 (m, 2H), 4.37-4.25 (m, 1H), 2.84-2.50 (m, 3H), 1.47
(d, J=7.1, 3H, 2 sets).

EXAMPLE 34

2,6-Dichlorobenzyloxyethanol.

25 Sodium hydride (1.76 g, 0.044 mol, 60% wt. in mineral oil) was slowly
added to a solution of ethylene glycol (11.2 mL) in dry THF (100 mL). The resultant
mixture was stirred briefly under a nitrogen atmosphere at room temperature.
o-Bromo-2,6-dichlorotoluene (9.894 g, 0.04 mol) was added to the mixture and the

mixture was stirred for an additional 5.5 hours under a nitrogen atmosphere at room



WD 01! 006S8 PCTNS00/ 05648 71 EXAMPLE 88

N-[ (1- met hyl - 3-i sobut yl -i ndol e- 2- cabonyl ) | euci nyl ] - 3- ami no- S- br onp- 4- oxo
pent anoi ¢ woodsg! L - butyl ester The titled product was n the
same way a?g%bejlsoggrl bed in 5 Exanples 7? and 78 using Ieuc?ﬁg |ns€ké%d of
valine. The titled product was obtainegsas a white powder with Rf = D. 39
(hexane / EtQAc, | / | ). EXAMPLE 89

N-[ (1- et hyl - 3-i sobut yl -i ndol e- 2- cabonyl )| euci ny! [ -3-am no-5-(2,6 10

di chl or obengmipkratues yAdditormal sxmim-ﬁhpirmemumb g)twas hddedtanl tieshixturd Was thed | ed
product (63 ng 1000/ white SOlW&% epar ed as described in (!lExarrpI e 82
using N-[( 15%9#9'[ 24 hows 3t FoAm FgirS. smwc)q BHIEHRR YV AS- oPneRmrafed &0

br omp- 4- 0XOpRRVE FRT ﬁncﬁﬁieC}ema@J Wasbébhﬂion&ﬁﬁe@\ﬁeeﬁ%e? B water 08%e AHRbbs
pot assi um fl uori de mol ), and 2, 6-di chl orobenzoic acid (17.1

P 080, mispa s eI dhey DXL e Renindd reEIOROnEOwS Bohed R . | =

0. 39.
N[ ( 1- et hyfvﬁg | ée(gbaﬁf]yqnpf’n%nﬁd over sodbony l)fz}teé uﬁéﬁefﬁc/il ?nd concentrate u( §1vg a
di chl or obe nmgﬂ 9il.oXlye dil was ﬂad'ntlummtcgra;duedi oR6ilida gdtwnﬁnethyﬂf acbtal[e(hexanes

imm:;ghyl (2, Q%%%y&%‘gg&%ﬂ% °83 n% %l eug‘kﬁ%ﬁh {% 6,81 1 ¥enfLHUEM! est er

(63 ng, O. Oﬁs%tamkanew 30170DFR, aso zlsesu{.NbﬂU(a:mmﬁxaerjsm 89 (@aSH), 48 (ts;tled
product (34,1 mg, 60% as_ a whlte powder. M C, zH'ChN30 ) [ MtH]" 646,
[MH ' = 643D, HE3EGeP MeoH 90 / 10): R = 0.23. 25 WD 01100658
PCTNSOO/1Q5648 72 EXAI\/PLE 91

N-[ (1- met hyl - 3-i sobut yl -i ndol e- 2- cabonyl )| euci nyl ] - 3- am no- 4- oxo-5-(2, 3,5, 6
t et raf | uor ophenyl oxy) - pent anoi ¢ acﬂlé.ﬁ/.écﬁioutyl ester The titled product
(47.6 ng, 72% white solid) was prepared as described 5 in Exanple 82 using
t he product of Exanple 88 (57.6 ng, 0.097 mmol), potassiumfluoride ( 18.5
nmg) 0.24 mol ), and 52(236'9?'@hloe¢heai\ﬂwb-éﬂh@n@y X-Eitrd_PngtanGicow mmol ) in DVF
(2.0 mM). TLC (hexane / EtOAc, 2B E N 0.5S. EXAMPLE 92 10

N-[ (1- met hyl - 3- |sobutyl-|ndole 2 ca{lbonyfy)l euc| nyI) 3-am no-a-o0xo-5-(2,3,5,6
tetrafl uorophenyl oxy)DMSOt\ea%mddedadrbplm?df ©ad svbition @f (M5 (mL) oxalyl chloride

1-met hy|1-53 é OmEt ){5 Olnrxlxggll 3-0 Clg%)e%l nle% ¢ gle){ lalxd the resultant reaction mixture
was stirred for 10 min at -78°C. 2,6-Dichlorobenzyloxy-ethanol (2211 mg, 10 mmol) in
dry methylene chloride (5 mL) was added dropwise to the mixture and the mixture was
then stirred for 15 minutes under a nitrogen atmosphere at -78°C. Triethylamine (8.4
mL, 60 mmol) was added dropwise to the reaction mixture, and the resultant mixture
20 was stirred for 10 min at -78°C, then allowed to warm to 0°C (over a period of
approximately 20 min). A methylene chloride solution of tert-butyl 3-nitropropionate
(1927 mg, 11.0 mmol in 5 mL of dry methylene chloride) was added dropwise to the
reaction mixture and the mixture was stirred for 1 hour. The residue was extracted with
ether and the resultant white solid was collected by filtration. The organic filtrate was
25 washed with 5% KHSO, solution (2x) and brine, dried over sodium sulfate, and
concentrated to give a crude oil (3.95 g). The oil was subjected to flash
chromatography on silica gel with ethyl acetate/hexanes (1:2) to afford the title product

as a yellow oil (2.917 g. 74%). TLC (ethyl acetate. hexanes, 60/40): R, = 0.54.



am no-4- oxo-5-(2, 3,5, 6-tetrafl uorophenyl oxy) - pentanoi ¢ acid, tent-butyl
ester (47.6 ng, 0.070 mol) with TFA as described in Exanple 80 gave the
titled pro%dq,tw&g@.o ng, 15 6?% as a white powder. NS (@dirbsobiossss [ M+-Na] '
= 644, [MH~ = 620. TLC (CHC =/ MOH 90/ 10): R = 0.19. EXAMPLE 93
N-[ (1- et hyl - 3-i sobut yl -i ndol e- 2-cabanyl6) | euci nyl ) -3-am no-5 20

(di phenyl phosphor oxy~4- oxo- pentanoi ¢ aci'd) tert-butyl ester The titled
product (30.0 ng, 93% an oil) was prepared as described in Exanple 82

usi ng the product of Exanple 88 (2(;3,@4@! ﬁ6o44 mol ), potassium fluoride
(6.4 mg, 0.11 mmol ), and di phenyl phosphrnrc acid (9.7 ng, 0.044 mol) in

DMF (2.0 m). TLC (hexane / EtOQAc, 50 / SO: R .= 0.11. 25 WO 01100658 73
EXAMPLE 94 PCTI US00/,05648 ' &) T .

N-[ ( 1- et hyl - 3- i sobatyPinesd & -Dichlarghonzyloxy)t-Hydrexy-Eaptanpic

(di phenyl phosphor oxy~- oxo- pent anoA¢idasBeatylEqéad. nent  of

N-[ (1- nmet hyl - 3-i sobut yl -i_.ndol e-2- cabonyl )| euci n

1Y yl]-3 5 . .
am no- 5- (di pheny! phosPhdRisige - &%o-OpUrtaRBsRYIaEy)ef-bydspxy-3raitppentapoisr (30. 0
ng, 0.041L d1)r B ; de. j ahdw . ‘ ey pr oduct
(Cia 7 g o %‘S‘“‘%ﬂ?ﬁ?faﬁﬁﬁ".‘“ﬁ‘g W RSRAE) ok (R Behd (B, By DO
672. TLC (o) wasvst@red fry 2 hewy unger a hydyogen ballgorE}ArgoInE tgperature.  The

N ((1- et hyl - 3. o - J.cycd ahe ipyl 13- an.no-5- brom
0-4 oxo- pentr%agflgr?gﬂgacj?@d “] agg?{e&gﬁm%gg?té Eelge éfrﬁde&tlai @?‘{Jégéag?o uc%as\:%/%cgmﬁtrﬂepar ed

i n the sane malanab Tiedilratbeds concénuarey hadchasedarvith mMm&hyishachlarydelto pisx yHeal ani ne

orasend o Ak N0 BhE) BL7SedS ROt ) e AT -
N- (( 1- metdnyl - 3-i sobut yl -i ndol e- 2- cabonyl ) cycl ohexyl al ani nyl ] - 3- am no- 4- oxo-

5 (2,3.5,6-tetral 7uorophenyl 0?~y) - pent anoi z aci d, tent-butyl ester
( phenyl 0?~y) - BRIt ABPE47 y

N-(1,3-Dimethylindole-2-Carbonyl)Valine.

DMAP (367 mg, 3.0 mmol) and EDAC (748 mg. 3.9 mmol) were added

as solids to a solution of 1,3-dimethylindole-2-carboxylic acid (568 mg. 3.3 mmol) in

15 DMF (5 mL), and the resultant mixture was stirred for 10 minutes under a nitrogen

atmosphere at 0°C. A methylene chloride solution of the methyl ester of valine (553

mg, 3.3 mmol, in 5 mL of methylene chloride) was added to the mixture, and the

mixture was first stirred for one hour at 0°C then for 5 hours at room temperature. The

reaction mixture was partitioned between ethyl acetate and 5% KHSO, solution and the

20 aqueous solution was back-extracted with ethyl acetate. The combined ethyl acetate

washes were in turn washed with 5% KHSO, solution saturated sodium bicarbonate

solution (2x) and brine, dried over sodium sulfate, and concentrated to give the title
product as a yellow syrup (900 mg).

A 1,4-dioxane solution (5 mL) of the above yellow syrup was treated

25 with an aqueous solution of lithium hydroxide (1.0 M LiOH, 3.0 mL) and the resultant

mixture was stirred for 1 hour at room temperature (the mixture became homogeneous).

The reaction mixture was acidified with 1 M hydrochloric acid and extracted with ethyl

acetate (3x). The combined ethyl acetate solutions were washed with brine, dried over

sodium sulfate, and concentrated to give the title product as a yellow foam (839 mg).



20 The titled product was prepared as described in Exanple 82 using N-[( 1
nmet hyl - 3-i sobut yl -i ndol e- 2- cabonyl ) cycl ohexyl al ani nyl ] - 3- am no- 5- br ono- 4- ox
opent anoi ¢ wighhosskert - butyl ester (50.8 ng, 0.08 mmol ), poteswiossas fl uoride
(12.0 ng, 0.? 1 nmol), and 2,3,5,6-tetrafl uorophenol ( I 3.3 ng) 0.08 mmuol)
in DMF (2.0 m). TLC (hexane / EtOAc, § / 1): R.=0.25 25 WD 01100658
74 EXAMPLE 97 PCT/ US00/ 05648 7

N-[ (1-met hyl - 3-i sobutyl -i ndol e- 2- caboayl ) cycl ohexyl al ani nyl ] - 3- am no- 4- oxo-
5(2,3,5,6-t enyl t Tr gat 0 [

22, 3 o 6 LRI was Bieny!sgin 160NN, A @a, V88! 08 0200 (o,

cabonyl ) cyclB))@xg7a0cagm, )] 4.37 {di Jr6-84118) G-80-(§, 313, 3.48-(5,3H)ab Baaregheny! oxy) -
pent anoi ¢ ag¢j.d t - pyt W FA as described in Exanple 80 gave
the titled Eﬂ%&ah?&ez@%*bgfﬁﬁié%% powder. MBS C, ~H3gF, N30B, [MNa]' =
684, [MH' 66C. TLC (CH,C12 / MeOH, 90 / 10): R .= 0.24. 10 EXAMPLE 98
N-[(1-net hyI 3 i sobut yt -i ndol e- 2- cabonyl ) cycl ohexyl al ani nyl ] - 3-am no

-5- (2, 6di*chl or obenzoyl ) oxy- - 4- oxom& acid, tert-butyl ester The
titled product was prepared as described in Exanple 82 using the product of
Exanmple 95 (72 ng, 0.114 mmol ), potassiumfluoride ( 16.i ng, 0.28 mol),
15 and 2, 6-di chl oroU&ri(zlea-eixacxhulh(@1e-BCnrgbon®l)\Ia_lmmm>lA)nmn-4E)|\/F (2.0 M). TLC

(I\I-h[ez(inrere{ h)lflt P ?(33'6'/6? gp"? %%%WC’S/%’T%%@)‘ZV? 5PaR ESter 3- ani no

-5-(2, 620 di chI or obenzmdrt)x}(bxmoﬂiamMe-hpﬁﬁﬁeam mgaMOdme’oﬁadnﬁmL'DAOf(ZM-[(

1-met hyl - 3-iso -1 ndol cabonyl ) Jal anj nyl

-5-(2, 6-di CWBOE% })Xylﬂ)e a‘é%ﬁ O£ BK Y'b’é%‘ﬁ‘i?ﬁ‘g 3/l‘été:ci“d"tj Pt’éh% dHUTt{}?flmé‘%lf 'r wth
TFA as d@SCIJcQBQ-gIl)DalEiéG(m ﬁmggﬁ) 0GAME!. nxheniu Jﬁr@éih)ﬂé&ddm&nde'ﬁdﬁge fBliaAé a White
powder. MS C'Ha = 686, I L = 684. TLC 25 (CH, C, / MOH

90 / | 0): Mixture gaggured f%dodmnmss%del?sn sphae POPREOCTFESBUS. A
N-((1-met hyhlet?{feﬁé)bmc‘ﬁlori'd@dm eon&i&]aboeyl )%.k, ﬁ'eahﬁmopaﬂeizg% ?mno 4- 0xo0-

5- (1phenyl rifluoronethyl)pyrazol - ~- ent anol ¢ aci ent - but yl
ester The t hydrexypentangicc acid.56butyl 382‘0/6364\/388 p’r%p'ameld ins2 duls oofi hetblylene Exanpl e

5 82 using %_}JQ(?%QL%gé‘g&dfgfto Elﬁagggét?on%m&x?e anfl P midu B0 HRY dirreBFEASS UM

fluoride (
1- pheny|153 Kdur ivhden @rmitradeh yakhgephaz @t 0°F; aiid therl for A 6rtpursOat @8dm nemdefature, DVF (2. 0

i TLC ( h = . : = 0, 29. EXA 10, .
N-% 1- net hy ag?ecg%ﬁ’t’ P’W?&BF%‘%‘Q‘%@J’BF%WW 3@58?%%%?‘%3% Aﬁ’%lsfhﬁmbﬁﬁdno 4- oxo-
il— % plhenyl - (e Gfjuebild sannion®abickpkiractead wilir athyd Xélatd) ETHedRIbEeA &ihell dbe@at ment  of

rreE hyl - 3- | SOBERy Vere ratd- WA IS Qyeittte iratrd sadiym Picsrbapits splutiosy o- 5-
1- phenyl - 3- ((z&mdlwﬂeocmmwkaMr@zailfaéymmcem&fiﬁog&e @rﬁaéibma&&ggl@utyl

ester ( SS ng, O. i) with TFA as descri bed 0 gave the
titled pPodmer Y@nsiemgodums%s sybiegiedylqiflagh %mpéqgramsocsgm F‘ wWHoshyl[ MeH] © =
746. [ MH| g: 4 ?51 Q - 261 jLE 102
N-((car bobencg?@%%nglr-( /J tlh? a%cgasrt |wg'tg)c§?ldﬁ ( 6|U-é3%)r uty ester

acetate/hexanes 1: 1) Rj O.:8

EXAMPLE 39

25 N-[(1,3-Dimethylindole-2-Carbonyl)Valinyl]-3-Amino-4-Oxo-
5-(2',6'-Dichlorobenzyloxy)Pentanoic Acid, t-Butyl Ester.
Dess-Martin periodinane (195 mg) was added as a solid to a solution of
N-{(1,3-dimethylindole-2-carbonyl)valinyl)-3-amino-4-hydroxy-5-(2',6'-dichloro-
benzyloxy)pentanoic acid, t-butyl ester (96 mg) in DMSO (1.5 ml). The resulting



20 To a dry flask under nitrogen was added H Asp(QtBu)-OH (12.07 g, 63.8
nmol ) ‘and dry CH3CN (210 m ). The cloudy solution was stirred and treated
with neat BdiRedsg4 M, 127.5 mmol) via syringe. After SPCT/UStQ@s68 room
tenperature for 30 min., a clear solution was obtained. To this solution
was added Z-Val-O Su (22.2 g, 63.8 mmlg as a solid in one portion. The
resul tant solution was stirred under nitrogen 25 at roomtenperature for 48
hours. The solvents were renoved in vacuo and the residue treated with
300l of watdhitionRhs SxdréBeidesla Mirb o héraxarooﬁh@n e T8thitfydRihes, | ayer s
were washed with 5% 1 CHSO' brine) dried over filtered and

concent r at ethen pargjiionedibavesp FdeAp reshiyater- (T, %yngf P'@EF Bas Yhﬁde with oBY) as an
oil. The 5 / ri at ed

wi th ether Wpr oVl e&?%og(rfl t(%ysggrcgé‘%ﬁéatg‘gt%ggl%amvgﬁgg &?jné) l:tlzwl78% VS
C, ,HoNOQO, cl(mm;togqla_]}hlc purdfiéatiof Mith E@Acﬂ:ei@gs (18X AKMPrded tlj_e()@tléproduct as a
N-[(carb ben Io Y- 3- 0go- X0- pentanoi ¢ aci d,
tert butyI% ?soﬁgﬁ{) 2 %qgétb%)é@‘éme ll‘\:/vagseb HDI éagd but using

N[ (car boben ~| oxycar bonyl ) -val i nyl ] aspartl c acid, [i-tert-butyl ester to
prepare the titled product as a \/\/n&Z e 19| (6 39 g, 12.80 nmol, 85% . MS
C, ~H-, BrN~O~, [M + Na]' 10 52| = 497 | 499. E~MPLE 104
N-[ (car bobenzyl oxyear bonyl ) val i nyI] 3- ani no- 4 oxu- 5 (2,3,5,6tetrat!| uorophen
yl oxyrpentanoic acid, tert-butyl ester 15 To a solution of

N-[ (car bobenzyl oxyéthérRﬁp)Wliﬂﬁyk']l@ar&ﬂﬂHbY%VWwwﬁ%ent anoi ¢ aci d,

ten-butyl ester (3.36 g, 7 % @ﬁ? ) was added dry Nal
(0.20 g, I .35 mmol) and sg(gt g'sgcgfr% be.h%’l ét?lga?]rogtfz‘lgugdr 0) - phenoxi de (1.37 g,

6. 73 mmuol0) at room t efpehaicor ef dhﬂlstmirﬁeéﬂluﬁ@te }carbmyl)vmhwl]rlemmoen m xture

was diluted w S red and
concent r at egxo—%—@?%ﬁﬁ?ros&p%ya%y e’“P""‘c’i'cvavé‘il‘sza £ }lt e Sé?r @%\T ?"Hsoll H)?pr ovi de
the titled ﬁﬂ.@dﬂ@heﬂ@le&ewhiohde SO LY was ve@ded)with TFA (L) a®PSGrredNbr 30

C, gH3, N~01, H& Ng = GOMM - H' = 583. EYAl‘llr'PLEu%tQS .

N- [ ( car bobe MR SARELr LYY APPIRFTS 28108 Pty g5 rpsisagisolitian yos,

t et raf | uor ophiRENHaRNYInd PAseANWItE neHyltne mbhdéau,t dle aStigfe D18k Uhd Brdof

N-[ (car bobenryl oxicar bonyl ) val i nyl| ]y 3-am no-4-o0x0-5(2, 3,5, 6-tetrafl uorophen

yl oxy) - pént areeucs. Abe eruds pradyst s taareted with ether tg yieldthe titlgaroyctiana white NeOH/ THF

(100 M) wa l was W O 01100658
77 PCTNS00/ 8%‘%%3 ﬁ&ﬂ%d I\g%d’ﬁst‘l rt egi, ?ér}vﬂ% gélﬁ};s gfﬁe%é%t()l on was dil uted
with saturated NHACL and extracted with CH ClZ (2x). The conbi ned organic

| ayers were washed with brine, dri B AMNEL E ~SCa, filtered and concentrated
to give the titled product as a wh (6. 14 g, 10.46 mmol, 98% . M
CzeH'NzO,, [M+ Na)+ = 609, [M- H' = 585. 5 EXAMPLE 106

N (val i nyI ) - 3- ami no- QX 6 te phenyl oxy) - pent anoi ¢
acid, tert-butyl est r"%g éméﬁ‘l’h‘s‘?"dﬁzgi’”h"“)R’ai'“yqloggm'“"

N-[ (car b,nbenzyl oxycar bogyddox!si Fikbdopentandia Acid, thiuryl Ester.
hydr oxy-5-(2, 3,5, 6-tetrafl uorophenyF pentanoic acid, tent-butyl ester
(6.12 g, 10a0 nmol) |4nDP%f(§‘-¥%'B’OBPYrﬂd)ne éﬂhé@ T8y, H2 1P AN 63T bon

(0.92 g) at g 0 mnﬂgww.@my&mﬁa&é '}R'Gro\éﬂﬁn&t w&m@ﬁm%@ & under

hydrogen ( 1 nfiltefed through™a pad of celite. The fllter cake
was washed wntcﬂl) W&ﬁde?ﬂhlewlldsm aDdRspdution o€ &atdmagtdindolePacachoxylis gsidovi de t he

LB OO i 5l ) b S o el WPl - 1
N-((1, 3-25 nmeo hyhmtsndﬂlaxea gitoaaoabiphateian 91Q. - A-mnhylenebhloyide ealytdn ¢fN-3, 5, 6
(valiny!)-3-amino-4-hydroxy-5-fluoropentanoic acid, t-butyl ester (153 mg, 0.5 mmol in
1 mL of methylene chloride) was added and the resultant reaction mixture was first
stirred for 1 hour at 0°C and then for 4 hours at room temperature. The reaction mixture

was partitioned between ethy! acetate and 5% KHSO; solution and the aqueous solution



tetrafl uorophenyl oxy) - pentanoic acid, tert-butyl ester 20 The procedure of
E.canple 77 was followed using N (valinyl)-3-amno

4- hydr oxy- vd Bieksd, 6-t et raf | uor ophenyl oxy) - pent anoi ¢ aci picr/Usooodses vyl est er
(213.9 ng, 0.47 mmol ), 1, 3-dinethylindol e-2-carboxylic acid (107 ng, 0.57
mmol), NW (0.3 m, 2.8 nmml)) HOBt ( Jpl ng, 0.99 nmmml), and EDAC (198 nm,
1.04 mmol) in nmethylene chloride to prepare the titled product (210 ng,
719% . 25 WD 01/ 00658 PCT/ US0O0/ 05648 78 EXAMPLE 108

N-[(1,3-di rneatshwalckmﬁme‘a- Witk 288 akdunal 'W'Jon;ﬁuﬁmé?ﬂ&l“acgﬁfé' solktfons werd

tetratl uor ophenyl oxy) - pentanoic acid) tert- butg‘ ester To a sol ution of
N-( (1, 3-di neash Winh eKlz‘S@asdnwy- \ﬁaqurawll Jodigmp hicaogatg solution (2x). and

hyd 5- t t
(200 . "o Bige Bidh bk BUnHOLRRRE N4 Belr R AAVE S, R ol OLET
181 ng, O. 4dturaved 9v1thrad:et/lm<as®tqmeldnhesuﬂer predict asraizmmsnhd 4134rragni6%).

e ub T Bk SRR RS, R PR B T4 b o ec
in vacuo. T‘nﬂmudemr Qa; t7.29e5240uh,1 T Hy,O7. mnom@rrmtmgma@hc}/zé@n(s 1 Et OAc |

hexane) to give the titled groduct as a white solid (135 64 /<)
EXAVPLE 109°-81-3.79 (m,3H),26 2.47 (m, 5 H), 2.22-2.10 (m, 1 H), 1.45-1.41 (m 9 H),

N-[(1, 3-di n,eg 1Y b3 | rgcg)hja 2- cabonyl ) valinyl]-3-am no- 4-oxo0-5-(2, 3,5, 6

tetratl uorophenyl oxy) pentanoic acid 15 The procedure of Exanple 80 was

fol  owed using N-[(I, 3-di nethyl

i ndol e- 2xcabonyl ) val i nyl J- 3- am no- ﬂXQWﬁ"l 2.3,5,6-tetrafl uorophenyl oxy) - pe
nt anoi c%gm d, tent- butyI ester to oL e titled product. M5

C'H,, F~N~06, [M ~-Na]' 588, [M - - = 564. 20 EXAl ~i PLE 110

o S A 2.5,

Exanpl e 77 was fol |l owed O&bﬁg?lhh&pmtﬁduchcxﬂit- npéter.106 ( 197.0 ny, 0.44

mmol ), |-methylindole-2-carb C 152 0.87 25 nmmmuol), NWM (0. 047
m , 2).44 rmnlgllHCBt 1&%&*% 3% I rﬁl’%wm |Epyee addedsty #rgolu “Qermél) in

met hyl ene _chl.gi icfiBridd mrﬁmrmtrtaeobgt,ﬂ,ﬁq B Ao I 16 8 5B and b0
011 00658 PCT/%rSOO/BsfsSS ey pLe 1 Ehikn id¥04 mEPfand the

N- ( ( 1- méfhytesyliapionixture wabsirydd) oal mmu}es Inderiamésrogen @inepsphqre a8 787G A

th’E E a}‘ ! uot h&lp ?%ﬁx)cglg g%ony o?xvog‘fq:- 3 J:.%Ezhylﬁx‘d&%'v &gﬁo%l)@in%]-%@én&lﬁd-o” of

hydr oxy- 5- (Qhﬁqr@;yeS-ﬂa@mmdtammo@i@WbUkys)crﬁéWt agoO-@S awndl, int tml- budryl ester (

141 ng, 0.23 methylene chloride), was added dropwise to the mixture and the resultant reaction
mixture was stirred for 15 min at -78°C. Triethylamine (0.21 mL, 1.5 mmol) was added

20 dropwise, and the reaction mixture was then stirred for 10 minutes at -78°C. then was
allowed to warm to room temperature. The reaction mixture was partitioned between
ethyl acetate and 5% KHSO, solution and the aqueous layer was back-extracted with
ethyl acetate. The combined ethyl acetate solutions were washed with 5% KHSO,
solution and brine, dried over sodium sulfate, and concentrated to give a crude product.

25 The crude product was chromatographed with ethyl acetate/hexanes (2:1) on silica gel
gave the title product as a white solid (48 mg. 41%). TLC (ethyl acetate/hexanes, 2:1):

R,=0.58.



mmol) in CHzCh (5.0 nl) was added Dess-Martin periodinane ( 128 ng, 0.3
mmol ) and the solution stirred for 10 min. at roomtenperature. 'The
reaction di6gaghed with Na~SZCa, diluted with Et OAc, pefisHoxdsd h NaHCO3,
and brine, dried over Na, S04, filtered and concentrated in vacuo. The crude
product was purified by chromatographysd0 ( 1:1 Et OAc / hexane) to give the
titled product as a white solid ( I 29 ng, 92% . EXAMPLE 112

N-[ (1- et hyl - i ndol e- Z- cabonyl ) val i nyl ] - 3-am no-4-oxu-5-(2,3,5,6

t et raf | uor ophenyl oxy) - pent anoi ¢ acggaMppUE g$it nent of

N- [ (1- et hyl -i ndol e- 2- cabonyl ) val i nyT |- 3-am no- 4- oxo-5

(2,3,5,6-tetrafl uorophenyl oxy) - pentanoic acid, tert-butyl ester (120 ng,
0.20 mmol) with TFY @fas ' bR Y es .1 ed product (104
T 95% A a whi 1 Rl Raolk 2. AR B Embdio Y P, By LT
20 EXAMPLE 113 5-Fluoropentanoic Acid.

N-[ (5-fluoro-1-nmethyl,indal e-2: Jval i - 3- am no-4- hydr oxy-5-(2, 3,5,
6 tetrafl uorophenyl o@)s-og"g’ﬁf’aﬁgiclg'?@rtyl %%eﬁgﬂ%ptﬁ'wg%ﬂ@?lmfﬂé'?5?’8%'36ur e of
Exanpl e 37 wass-fladrbpanemoltsiciyy 1bag] psterd4o tmg)fin BxRoR! (0.2146) axdl BetiyRBe 0. 47

mol ), 5-fluoro-1-nethylindol e-2-carboxylic acid (181 25 , 0.94 mol),
NVM (0. 05 nfhlorisie {2 minyyas trepfegwith tmByorpaceticjacish(lmb), pnd thege reachen g, 1. 03

nmmol) in ne ! t.0: i 00658
) rsno; 0@%@ 3\%5 E?(lerﬁ/JP {dé%fl@mwe@ BRYeP alntfogbs binfospHePdbiChoom teferBide!

N- [ ( 5- f | uor Shelreagsiohyrhixtunel wae concertratadydnyl\chised with-iBethylemochioridedo Rive2s 3, 5, 6
tetrat!| uorophenyl o - j i er.t,- but est er so| ution of
8 oo TSR e RADLAGAS w18 hor L M Y SEAR o€l

am no- 4-10y d(1Gxyg)5-TIA; 8méth@lehe thlaridelmatipbidaeyticoacyd, -20ent)aRpFd.40ci MS foent - but yl

ester (112. : mpl) N CH Cl2 (5.0 m) was added Dess-Martin

peri odi naneé{'ggF%&5%?g¥mg the solution stirred for 10 mn. at room
tenperature. The reaction was quenched with NazS~O-, diluted with Et QAc)
washed wi th NaHCO,, and brine, dried over NazSCa, filtered and concentrated
in vacuo. The crude product was pum&%ﬁ 10 chromatography ( 1:1 Et OAc !
hexane) to give the titled product as a white solid (which was directly
taken to the next step in Exanple 115). EXAMPLE 115

N-[ (5-f | uor o- 1- net hy| Nri{trfeshylindalec?<Ganbenyl) Yaliny L] 3-Aminp4~ S- ox0-5-(2,.3,5, 6

Evaml o 5y 4On P ey OX iy el 81UsroPetiholl £48. TR DRaebe P OTLCL AW
my, 42% as a white [DMABr(95NEe,Q). BHRAN-8G) EDMENEDO mg,5004 nmimblHWere= 568. 20
EXAMPLE 11 6 . ] . . .

N-{ [ 1- (t ent 24569 9% Joid R 2 8Bitior 9b{ RATYIRdRlS-Eeab@sylis AsiA (3] Mgy 974 3mel no- 4

and N-(valinyl)-3-amino-4-hydroxy-5-fluoropentanoic acid, t-butyl ester (227 mg, 0.74
mmol) in methylene chloride (5 mL), and the resultant solution was stirred for 1 hour

20 under a nitrogen atmosphere at 0°C and then 4 hours at room temperature. The reaction
mixture was partitioned between ethyl acetate and 5% KHSO, solution and the aqueous
solution was back-extracted with ethyl acetate. The combined ethyl acetate solutions
were washed with 5% KHSO, solution, saturated sodium bicarbonate solution (2x) and
brine, dried over sodium sulfate, and concentrated to give a foam. The foam was

25 triturated with ether to yield the title product as a slightly brown solid (224 mg, 65%).
TLC (methanol/methylene chloride, 1:9): R = 0.46.



hydr oxy-5-(2, 3,5, 6-tetrafl uorophenyl oxy)-pentanoic acid, tert-butyl ester
The procedure of Exarrpl e 77 was followed using the product of Exanple 106

(400.0 nyg, ‘&2%?8’ {Egg 1-[(tert-butyl oxycarbonyl) net hyl ]%‘;Qgg(ﬁm&“’ZSGB

car boxylic Orrg) 0.73 mml), NW (0.1 m),

mol ), and EDAC (304 ng, 1.60 mmol) i nsyret hyl ene chI oride to prepare the
titled product (341 ng, 68%. WD 011 00658 81 EXAMPLE 11 7 PCTNS00/ 05648
N-{[1-(tert-butyl)oxycarbonyl netbyl -i ndol e- 2- cabonyl ] val i nyl } - 3- am no- 4- oxo
-5 (2,3,5,6-tetrafl uorophenyl oxy) -EXAMBIE 45 aci d, tent-butyl ester To a
solution of N-{[1l-(ten-butyl)oxycarbonyl nmethyl-indole-2 5

cabonyl ] val i nyl } - 3- am no- 4- hydr oxy-5-(2, 3, 5, 6-tetrafl uor ophenyl oxy) - pent ano
i c acid, tent-butyN-E3Cdloro298letiiylin@olé-2-Carbboy)Valigyl] Bl Amide-0 m ) was added
Dess-Martin peri odi nane (204 0.48 mpol ), and the solution stirred for 10
min. at room tenper at ur &70%¥& %&P?W%c‘ﬁdmwth Na, S, O' diluted

with EtGAc, washed %mé\l@ctmnm@ rl%bmas dide&th 28l ﬁzalya clibrideer €d and

concentrated in vacuv. The 10 cfude product was purif y “chr omat ogr aphy
| : | Bt ed4/mlh@avied.28 mmplyie 4 mb of mthalgnmhhmdcl araﬂsthaswlhmrewsohqnd (235

ng, 82%. VP
N-{[1-(car béwg?rh£¢wl?uﬁ%fo%de a m ¢ e?l Peﬁ‘iua'} '7§ am no n8>‘30°f§ E(k 3,5,6 15
tN_eE { <|51f I(;Jg:] ?ﬁgﬁﬂmhmy}mg?gganfulm¥lﬁd+ad;inﬁé@aémgms -flioropentanoic acid, t-butyl

- u Y - - .
cabonyl ] val Iy %@ %ﬁ g’)r/ﬁ%rfﬁr-"ﬂﬁé&ggg?%{éy,l?‘,%g{?f‘fi%@r'ﬁlﬂ' was aisisd Irsdsh)te Bnt anoi ¢
acid, tert rleHti)H] nftfthi@r andi thé) mbktAreasasttined kad rﬁxﬂutEé(aﬂmB?C 8(?rngmyxammae titled

product as a whit I\&owder M5 C ,H sF, N308, [MH]' = 596, [MH"' = 594. 20
WO 01/ od@sa(oeém remeh) avapaddeddrapwise touis reasion MiNUFe 2tsh iR GRINEE WS | Csa

Val ues stirred for 10 minutes at -78°C and then was allowed to warm to room temperature.
The reaction mixture was partitioned between ethyl acetate and 5% KHSO, solution and
the aqueous layer was back-extracted with ethyl acetate. The combined ethyl acetate
solutions were washed with 5% KHSQ, solution and brine, dried over sodium sulfate,

15 and concentrated to give a brown foam. The foam was triturated with ether to afford the
title product as a light brown powder (64 mg). MS for C,,H;,CIFN;O: (MH)=494/496.

EXAMPLE 46

N-[(3-Chloro-1-Methylindole-2-Carbonyl) Valinyl}-3-
20 Amino-4-Oxo-5-Fluoropentanoic Acid.

A solution N-[(3-chloro-1-methylindole-2-carbonyl)valinyl]-3-amino-4-
oxo-5-fluoropentanoic acid, t-butyl ester (47 mg) in anisole (0.2 mL) and methylene
chloride (2 mL) was treated with TFA (1 mL) and the resultant reaction mixture was
stirred for 1 hour under a nitrogen atmosphere at room temperature. The reaction

25 mixture was concentrated and chased with methylene chloride, then triturated with ether
to afford a brown powder (28 mg). The powder was subjected to flash chromatography
on silica gel with methanol/methylene chloride containing a drop of acetic acid to give
the title product (25 mg). TLC (methylene chloride/methanol, 9:1): R= 0.29. MSfor
C,H,,CIFN,0,: MH™=440.442; (M-H)=438/440.



PCTI USO0/ 05648 The representative conpounds listed in Table 1 were assayed
by the 5 procedures set forth in Exanple AL Tab a COZH' H IO A H 10
Formul a A w06%/bdssd Bl TORY CONCENTRATI ONS | Cso FOR FORMUL ACAESANPR6ES R

Am CECPP32I1 Cso (!1MI1Cso (NM4 CH3 Al a0. 177> 107 CH Proll. 7>5010 CH3

Val 0. 6312. 4813 CH Leu5.525. 6216 CH3 Pg%& 3449. 821 CH, dy34.7>5024 CH, Ph

Al a0. 393>6027 (CHZ) 2CH=CHz Val 0. 313! .4530 CH, CO H Al al. 63>6033 (CH,)=CO H
Al a0. 198>50ref erence --- ---0.06447.0 WO 011 00658 83 B. Val ues

PCf 1US00/ 05648 Representative conmpounds of Fornula B bel ow were assayed by
the procedures set forth in Exanple 1 B. 5 X\ RR COH/ ~ NH~ ~F Formul a
B The conpounds of Exanples 43, 46EXAMPERWI55 58 and 61-67 were found to
have K, 10 values (mM CE) of less than S pM whil e conmpounds 52, 55) 58,

61- 64 and 66-67 had K, values of less than 1 ~M Representative conpounds
of Formul a C bel ow Nw{SeFlabenl-Mahylindoly2-Cirbopy Y dihylle3Aasihof ort h i n Exanpl e
IB. CH3 COzHH N~ N _ I~ = H ~ X 15 CH3 Q ~, O Formyla C The conpounds of
Exanpl es 43 and 70-75 ﬂﬁyq(?"x/‘ﬁ'l%‘&“lﬁ‘i‘f@jcQﬂ"d’é'%')(hr%‘r‘“]'ess, whi | e
compounds; 71, 72 and GidaRagst mial 0sean@) dheEDAOIN L gl ROmbidnagdi i on,
conpounds of Exanpl es 80, 90, 92, 94, 97, 99, 101, 109, 112, 115

3, 8 . . .
and 118 wer eddedaneplids thagelutien ofc-Buqrenl apsthybindgle-2sarbeayliciacid {358men86igh t he
i nvention h e ' i : ; |ded above,
1 shout d el BED teSEDMIG et ih'sch Bl Gk bibabid v R B R ALEET, Pout
departing f rmwier & hitroger atinosphkretd 8°G. (N -€Helinyh-3-swinor diydrpixy-5-flseopentarai¢ i on i s

limted onl Xcié),%-btupy? e(s:tlela.t%'mg, 1.86 mmol) in DMF (3 mL) was added and the resulting
10 solution was stirred for 1 hour under a nitrogen atmosphere at 0°C and 4 hours at room
temperature. The reaction mixture was partitioned between ethyl acetate and 5%

KHSO, solution and the aqueous solution was back-extracted with ethyl acetate. The

combined ethyl acetate solutions were washed with 5% KHSO, solution, saturated

sodium bicarbonate solution (2x) and brine, dried over sodium sulfate, and concentrated

15 to give the title product as a slightly yellow solid (0.827 mg). TLC

(methanol/methylene chloride, 1.9): R,=0.52.
EXAMPLE 48

N-[(3-Chloro-5-Fluoro-1-Methylindole-2-Carbonyl)Valiny!}-3-Amino-
20 4-Oxo0-5-Fluoropentanoic Acid, t-Butyl Ester.

DMSO (0. 60 mL, 8.5 mmol) was added to a methylene chloride solution
of oxalyl chloride (2.1 mL, 2.0 M, 4.2 mmol. in 15 mL of methylene chloride), and the
resultant reaction mixture was stirred for 10 minutes under a nitrogen atmosphere at
-78°C. A methylene chloride solution of N-[(5-fluoro-1-methylindole-2-

25 carbonyl)valinyl]-3-amino-4-hydroxy-5-fluoropentanoic acid, t-butyl ester (820 mg. 1.7
mmol, in 8 mL of dry methylene chloride), and DMSO (0.4 mL) were added dropwise
to the reaction mixture and stirred for 15 minutes at -78°C. TEA (1.4 mL, 10.2 mmol)
was added to the mixture dropwise and the mixture was stirred for 10 minutes at -78°C,

then was allowed to warm to room temperature. The reaction mixture was partitioned



WD 01/ 00658 84 CLAIMS W claim 1. A conpound of the follow ng formnula:
,CO-R3 R (CH~n ~B A-N O H O wherein: nislor2: PCT/US00/05648 R is alkyl,
cycl oal kyl W (o(f/ﬁ(ﬁskzpal kyl)al kyl , phenyl, (substituted)phemdrusobiesess al kyl ,
(substitut eé))p enyl al kyl, heteroary~l, (heteroaryl)alkyl or (CH)nCOR ',
wherein m= 1-4, and R is as defined BBglow, R' is a hydrogen atom
chluro) al kyl, cycloal kyl, (cycloal kyl)al kyl, phenyl, (substituted)phenyl,
phenyl al kyl . (substituted)phenyl al kyl, heteroaryl, (heteroaryl)al kyl or
(CH, ) pQ0, R5betwrar ethpl peetatg-and 3 dKHSO] solatondarid twdapebesniay®® was backaydr ogen

atom al kyl cl Kk | oal I h | al kvl . or .
(substitut e%‘%ﬁtg?\y 'gjl %}*l;a{c%&i glanael&%y %Séélr}]lyla CS%]pélsaq?‘ﬂV%f’ WEVCY%SQ?(%(W‘P

51 CéC| oal kyl y%d K};I};(% @fmal rmlalmldlblﬂne.l dﬁec(i (cysulbedirﬂli(lu:‘.nft‘di),mlert)zshcﬁhkat{:d foli&nlld) the &
ydrogen atom a , C oa , (cycl oal kyl ) al ky enyl al kyl ), or
(substi t ut eH)li)Pi"@ﬁSﬁt/&T’ R?ﬁ_\‘/gﬁ“])( )icbg‘ésﬂ%ﬁ Lﬂg’é‘i‘m&ﬂ"‘ﬂ %{g’ﬁ}’%ﬁfg%ﬂ pltdepyducg | s g
hydr ogen st gim whitdSWERF (103 db, B3v) AITKE | (meiifol/RRlH ehe chIENE, 93):KY DREKY! |
phenyl, (substituted) hegl I-?’hegfll al kyl . (substituted)phenyl al kyl,

het er oaryl , Mhier 6rHab NP« MH =R/ et =S85 ¥rR6) CH, OCO(aryl ), ~ or

CH, OCQ( heteroaryl), or CH OPQQR )Rg, where Z is an oxygen. OC(=0) or a
sul fur atom WO 011 00658 85 PCTI USO0/ 05648 R6 i s phenyl, substituted

phenyl , phenyl al kyl, (substituted EXAMPLEURYy| K6 heteroaryl or
(heteroaryl)alkyl; R and R are independently selected froma group

consi sting of alkyl, cycloal kyl, phenyl, substituted phenyl, phenylal kyl)
(substituted phenyl¥43kghloasd-Fworotcdethylindld<d-Carbed )X atigl]-Y ar e

i ndependently sel ected fr t he grou onsi sting of a hydrogen atom hal o,
trihal onBthyi, amino, pr o?’g‘%f"é't?' -9*&-5:55%03%%99%9@; nono- subst i t ut ed

anmi no, di-substituteds 8§fuiiéh oLRI[BYoro-BIRbRCL-REhG BN Y-carBoiBVvARYMYL at e
salt, hydroxy, protected hydroxy, a salt of a hydroxy group, |ower al koxy,

| ower al ky| BHemino-4pks f-flueripsptanqig acid-rheil estes (98¢ angyin anisglestli mix eed
cycl oal kyl, pfefyehoghibmbe alokkl) watReddd WL erh (¥ Ghio2 {&argéﬁ ¢ fBREY!
substituted pﬁl)gny?) pﬁengll al ki/l , and (slubsti f(ut eg’ ;%‘b?/ényl aﬁn Ir;
mixture was stirred for 45 minutes under a nitrogen atmosphere at room temperature.
15 The reaction mixture was concentrated and chased with methylene chloride, then
triturated with ether to afford the title product as a white powder (500 mg). MS for

C,oH,,CIF,N,0,: MH =458/460; (M-H)=456/458.
EXAMPLE 50

20 N-[(1-(3'-Phenylpropyl)Indole-2-Carbonyl) Valinyl]-3-
Amino-4-Hydroxy-5-Fluoropentanoic Acid, t-Butyl Ester.

DMAP (122 mg, 1.0 mmol) and EDAC (249 mg 1.3 mmol) were added
as solids to a DMF solution of 1-(3'-phenylpropyl)indole-2-carboxylic acid (279 mg, 1.0
mmol, 2 mL in DMF), and the resultant mixture was stirred for 10 minutes under a
25 nitrogen atmosphere at 0°C. A methylene chloride solution of N-(valinyl)-3-amino-4-
hydroxy-5-fluoropentanoic acid, t-buty! ester (306 mg. 1.0 mmol in 2 mL of methylene
chloride) was added to the reaction mixture and the mixture was stirred for 1 hour under
a nitrogen atmosphere at 0°C and then 4 hours at room temperature. The yellow

reaction mixture was partitioned between ethyl acetate and 5% KHSO, solution and the



or a pharmaceutically acceptable salt or stereoisoner thereof. 2. The
conpound of ‘claim1 wherein Bis CH Z R . 3. The conpound of claim?2

wher ei n B&éoﬁaﬂs&ﬁ( =U) R6. 4. The conpound of cl ai m 3 whes@Einsobioseiss
substituted phenyl. 5. The conpound of claim3 where Rb is heteroaryl. 6.
The conpound of claim2 wherein Bis CH OR6. 7. The conpound of claim®6
wherein R6 is substituted phenyl. 8. T¥e conpound of claim7 wherein Ris
tetra(hal o) phenyl. 9. The conpound of claim8 wherein R6 is opti onal |y
substituted na hth

11 0065 NS00/ 05648 1 orrpound of
claim9 wheiddf “§°‘h§‘ﬁ¥\gﬂ -eXIRAp's |“E’@teé§[\ﬂﬁ‘ﬂ° %ecﬁmgw é?"éaé?yl
groups. 11. so&tlen@&%%yﬁedcvath PRS0 I sbRflort, QRFate3l sBGiush &@ﬁmwe%mm&l aiml
and a pharnmaceuti cal :%1 acceptable carrier ‘thereof. 12. A method for
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DMSO (0.11 mL, 1.5 mmol) was added to a methylene chloride solution
of oxalyl chloride (0.22 mL, 2.0 M, 0.44 mmol in 3.5 mL in methylene chloride), and
the resultant solution was stirred for 10 minutes under a nitrogen atmosphere at -78°C.
A methylene chloride solution of N-[(1-(3'-phenylpropyl)indole-2-carbonyl)valinyl]-3-

15 amino-4-hydroxy-5-fluoropentanoic acid, t-butyl ester (169 mg, 0.3 mmol in !.5 mL of
dry methylene chloride) was added dropwise and the resulting solution stirred for 15
minutes at -78°C. Trethylamine (0.25 mL, 1.8 mmol) was added dropwise to the
reaction mixture and the mixture was stirred for 10 minutes at -78°C, then was allowed
to warm to room temperature. The reaction mixture was partitioned between ethyl

20 acetate and 5% KHSO, solution and the aqueous layer was back-exiracted with ethyl
acetate. The combined ethyl acetate solutions were washed with 5% KHSO, solution
and brine, dried over sodium sulfate, and concentrated to give a crude product. The
crude product was triturated with hexanes to yield the title product as a slightly yellow
powder (129 mg, 77%). TLC (ethyl acetate/hexanes 2:1): R, = 0.69.

25
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15 S-Fluoropentanoic Acid, t-Buty! Ester.
DMAP (122 mg, 1.0 mmol) and EDAC (249 mg, 1.3 mmol) were added
as solids to 2 DMF solution of 1-phenylindole-2-carboxylic acid (237 mg, 1.0 mmol in

2 mL DMF), and the resultant reaction mixture was stirred for 10 minutes under a
nitrogen atmosphere at 0°C. A methylene chloride solution of N-(valinyi)-3-amino-4-

20  hydroxy-3-fluoropentanoic acid, t-butyl ester (306 mg, 1.0 mmol in 2 mL of methylene
chloride) was added to the reaction mixture and the mixture was stirred for 1 hour under
a nitrogen atmosphere at 0°C and 4 hours at room temperature. The yellow reaction
mixture was partitioned between ethy] acetate and 5% KHSO, solution and the aqueous
solution was back-extracted with ethyl acetate. The combined ethyl acetate solutions

25  were washed with 5% KHSO, solution, saturated sodium bicarbonate solution (2x) and
brine, dried over sodium sulfate, and concentrated to give a colorless glass (0.827 g).
The crude product was subjected to flash chromatography on silica gel with ethyl
acetate/hexanes (1:2) to yield the title product as a white foam (400 mg, 78%). TLC
(ethyl acetate/hexanes 1:1): R,= 0.27.
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combined ethyl acetate solutions were washed with 5% KHSO, solution and brine,
dried over sodium sulfate. and concentrated to give a crude product. The crude product
was triturated to yield the title product as a slightly yellow powder (181 mg). TLC
(ethyl acetate/hexanes 1:1): R, = 0.43.

20 EXAMPLE 55

N-[(1-Phenylindole-2-Carbonyl) Valinyl]-3-Amino-4-
Oxo-5-Fluoropentanoic Acid.

A solution of N-[(1-phenylindole-2-carbonyl)valinyl]-3-amino-4-oxo-5-
fluoropentanoic acid, t-butyl ester (154 mg) in anisole (0.2 mL) and methylene chloride
25 (2 mL) was treated with TFA (1 mL), and the resultant reaction mixture was stirred for
one hour under a nitrogen atmosphere at room temperature. The reaction mixture was
concentrated and chased with methylene chloride, then triturated with ether to yield the
title product as a white powder (100 mg). TLC (methylene chloride/methanol/acetic

acid, 20:1:1): R, = 0.38, MS for C,;H,FN;0,: MH™=468; (M-H)=466.
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carbonyl)valinyl]-3-amino-4-hydroxy-5-fluoropentanic acid, t-buty! ester (230 mg. 0.41

25 mmol), N-methylmorpholine N-oxide (71 mg. 0.61 mmol) and powdered molecular
sieves (205 mg) in dry methylene chloride (2 mL) was stirred for 1.5 hours under a
nitrogen atmosphere at room temperature. Tetra(propyl)ammonium perruthenate (7
mg) was added and the resulting mixture was stirred for 2 hours under a nitrogen

atmosphere at room temperature. The reaction mixture was filtered through silica gel
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N-[(1-Methylindole-2-carbonyl)valinyl] -3-amine-4-hydroxy-5-
fluoropentanoic acid, t-butyl ester.

20 To a solution of 1-methylindole-2-carboxylic acid (130 mg. 0.74 mmol)
and N-(valinyl)-3-amino-4-hydroxy-5-fluoropentanoic acid, tert-butyl ester in
methylene chloride (5 mL) and cooled to 0°C. Solid 4-dimethylaminopyridine (DMAP)
(95 mg, 078 mmol) and I1-(3'-dimethylaminopropyl)-3-cthylcarbodiimide
hydrochloride (EDAC) (200 mg, 1.04 mmol) were added to the solution at 0 °C. The

25 reaction mixture was stirred at 0 °C for 1 h and allowed to warm slowly to room
temperature. After 4 h the reaction was partitioned between ethyl acetate (EtOAc) and
5% KHSO, aqueous solution. The organic layer was washed with 5% KHSO, solution,
saturated sodium bicarbonate solution, brine, dried (Na,SO,) and concentrated to a

foam. The crude residue was triturated with diethyl ether and the solid filtered to afford
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15 EXAMPLE 61

N-[(1-Methylindole-2-carbonylyvalinyl]-3-amino-4-0xo0-5-
fluoropentanoic acid.

A solution of N-[(I-methylindole-2-carbonyl)valinyl]
-3-amino-4-oxo-5-fluoropentanoic acid, t-butyl ester (19 mg, 0.041 mmol) and
20 anisole (0.1 mL) in CH,C1, (1 mL) was treated with triflucroacetic acid (0.5 mL) at
room temperature. After 30 min the reaction mixture was concentrated and chased with
methylene chloride. The crude residue was triturated with diethy] ether and the solid
filtered to afford the title compound as a light brown solid (12 mg, 72% yield).
TLC(AcOH:MeOH:CH,Cl,, 1:1:20): R= 0.59. Mass Spectrum for C,H,,FN,0,: [MH]+

25 406, [MH] 404.

Following the methods set down in Examples 59-61, the following

compounds were prepared:
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C,,H,,FN,0,: [MH]" 446, [MNa] 468, [MH] 444.
EXAMPLE 64

N-[l-Methyl-5-fluoroindole-2-carbonyl)valinyl]-
15 3-amino-4-0xo-3-fluoropentanoic acid.
89% yield; TLC(MeOH:CH,Cl,,9:1): R= 0.14. Mass Spectrum for
C,H,;F.N;O,: [MH]" 424, [MH] 422.

EXAMPLE 65

20 N-[(1-Methyl-3-isobutylindole—2-carbonyl)valinyl]-3-
amino-4-oxo-5-fluoropentanoic acid.
50% yield; TLC(MeOH:CH,CL,.9:1): R=0.20. Mass Spectrum for
C,4H3,FN;O,: [MH]" 462, [MH] 460.
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E PLE 67

N-[(}-Methyl-5-Obenzylindole-2-carbonyl)valinyl]-3-
amino-4-oxo-5-fluoropentanoic acid.
10 78% yield; TLC(ethyl acetate: hexanes, 1:1): R= 0.17. Mass Spectrum
for C,,H,,FN,0,: [MH]" 512, [MH] 510.

EXAMPLE 68

N-(1,3-Dimethyl-indole-2-carbonyl)-Valinyl-3-
15 Amino-5-Bromo-4-Oxo-Pentanoic Acid, t-Butyl Ester
1-Hydroxybenzotriazole hydrate (3.19 g, 20.8 mmol) and
1-(3'-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDAC) (5.60 g, 29.2
mmol) were added to a stirred solution of N-carbobenzyloxycarbonyl valine (5.24 g,
20.8 mmol) in methylene chloride/dimethy!l formamide (DMF) (60 ml/30 ml) at 0,C
20 under nitrogen. After 15 min. aspartic acid a-methyl, B-tert-butyl diester (5.00 g, 20.8
mmol) was added as a solid followed by neat 4-methylmorpholine (2.40 ml, 21.8
mmol). After stirring at 0°C for 1 hour and at room temperature for 5 hours, the mixture
was partitioned between ethyl acetate and 5% KHSO, solution. The aqueous solution
was back-extracted with ethyl acetate and the combined extracts were washed with
25 saturated NaHCO; and brine, dried over sodium sulfate, and concentrated to give a
solid. Trituration with ether afforded of N-[carbobenzylaxycarbony! valinyljaspartic
acid, o-methyl, B-tert-butyl diester as a white solid (8.36 g, 92%). TLC(CH,C!,/MeOH,
95/5): R, = 0.48.
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<010 o8 {) 10h e TEC UMD PABR G, {5090 e ()- 28 1095 o& ()-
789: FxnbC To a turbid mixture of the abovc product (2.75 g, 9.11 mmol) and
1,3-dimethylindole-2-carboxylic acid (1.95 g, 10.3 mmol) in DMF (30 ml) was added
10  4-dimethylaminopyridine (DMAP) (126 g, 103 mmol) and 1-(3-
dimethylaminopropyl)-3-ethylcarpodiimide hydrochloride (EDAC) (237 g, 124
mmol). The reaction mixture was stirred under a nitrogen atmosphere at 0,C for 1 hour
and at room temperature for 3 hours. The reaction mixture was then partitioned between
ethyl acetate and 5% KHSO, solution and the aqueous solution was back-extracted with
15 ethyl acetate. The combined extracts were washed with saturated NaHCO, solution,
water, and brine, dried over sodium sulfate, and concentrated to give a solid. The solid
was triturated with ether to give N-[(1,3-dimethyl-indole-2-carbonyl)valinyl]aspartic
acid, o-methyl, p-tert-butyl diester as a white powder (2.87 g, 67%). TLC
(CH,Cl,/MeOH, 95/5): R=0.59.
20 An aqueous solution of lithium hydroxide (1.0 M, 2.98 ml) was added
dropwise to a suspension the above product (1.41 g, 2.98 mmol) in 1.4-dioxane (10 ml).
After stirring at room temperature for 30 min, the resulting clear was acidified with 1 N
hydrochloric acid solution and diluted with water. The resulting white precipitate was
collected by suction filtration and washed successively with water and with a small
25 amount of ether. affording N-[(1,3-dimethyl-indole-2-carbonyl)valinyl]aspartic acid,
B-tert-butyl ester as a white powder (1.18 g, 86%). TLC(CH,Cl./MeOH. 90/10): R; =
0.21.
To a solution of the above product (1.03 g, 2.24 mmol) and
4-methylmorphorline (0.35 ml, 3.14 mmol) in THF (20 mL) at -10°C under nitrogen
30 was added dropwise isobuty! chloroformate (0.380 ml, 2.92 mmol). The reaction

mixture was stirred under nitrogen at -10,C for 15 min and filtered. The filter cake was
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10\ \ er another 5 min, the reaction mixture was ¢oncenfrated and partitioned between
ethyl acetate and water. The aqueous layer was back-extracted with ethyl acetate. The
organic layers were combined, washed with water, saturated NaHCO, solution, and
brine, dried over sodium sulfate, and concentrated. The residue was triturated with ether
to give the title compound as a white powder (1.00 g, 83%). TLC(CH,C1./MeOH, 95/5):

10 R,=0.88.

EXAMPLE 69

N-[(1,3-Dimethyl-indole-2-carbonyl)-Valinyl]-3-amine-5
(2,6-dichlorobenzoyl)oxy-4-oxo-pentanoic acid, t-butyl ester.

15 To a mixture of 2.6-dichlorobenzoic acid (0.023 g, 0.12 mmol) and
potassium fluoride (0.015 g, 0.25 mmol) at room temperature under nitrogen was added
N-[(1,3-dimethyl-indole-2-carbonyl)valinyl}-3-amino-5-bromo-4-oxo-pentanoic  acid,
tert-butyl ester (0.054 g, 0.10 mmol) in one portion. After stirring at room temperature
for further 16 hrs, the mixture was partitioned between ethyl acetate and water. The

20  organic layer was washed with water, saturated NaHCO, solution, and brine, dried over
sodium sulfate, and concentrated. Trituration with ether gave the title compound as a

white powder (0.051 g, 79%). TLC(CH,CL,/MeOH, 95/5): R, = 0.88.
EXAMPLE 70

25 N-[N-(1,3-Dimethyl-indole-2-carbonyl)-Valinyl}-3-amino-5-
(2,6-dichlorobenzoyl)oxy-4-0xo-pentanoic acid.
Trifluoroacetic acid (2 mL) was added to a stirred solution of N-(1,3-
dimethyl-indole-2-carbonyl)-valinyl-3-amino-5-(2,6-dichlorobenzoyl)oxy-4-oxo-

pentanoic acid, t-butyl ester (0.0340 g, 0.0526 mmo!) in methylene chloride containing
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TLC(CH,Cly/MeOH/AcOH, 20/1/1): Ry = 0.43. MS for C,4H,,Cl,N,0,, [MH]" 590/592,
5 [MH] 588/590.
Following the methods set down in Examples 69-70, the following

compounds were prepared:
EXAMPLE 71

10 N-(1,3-Dimethyl-indole-2-carbonyl)- Valinyl-3-amino-5-
(diphenylphosphinyl)oxy-4-oxo-pentanoic acid.
24% yield; TLC(CH,Cl,/MeOH/AcOH, 20/1/1): R, = 0.31. MS for
Cy3H,PN,0,, [MH]" 618, [MH] 616.

15 EXAMPLE 72

N-(1,3-Dimethyl-indole-2-carbonyl)-Valinyl-3-amino-5-(1-
phenyl-3-(trifluoromethyl)pyrazol-5-yl)oxy-4-oxo-pentanoic acid.
49% yield; TLC(CH,Cl/MeOH, 90/10): R, = 0.29. MS for
C,,H,,F,N,O,, [MH]™ 628, [MH] 626.
20
EXAMPLE 73

N-(1,3-Dimethyl-indole-2-carbonyl)-Valinyl-3-amino-5-(3-
(N-phenyl)aminocarbonyl-2-naphthyl)oxy-4-oxo-pentanoic acid.
68% yield; TLC(CH,Cl/MeOH. 80/20): R; = 0.46. MS for C,;H,N,0,,
25 [MH] 663, [MH] 661.
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N-(1,3-Dimethyl-indole-2-carbonyl)-Valinyl-3-amino-5-(2-
aminocarbonyl-1-phenyl)oxy-4-oxe-pentaneic acid.
61% yield; TLC(CH,Cl,/MeOH/HOAc, 8/1/1): R; = 0.32. MS for

5 CyH,N,0,, [MH] 537, [MH] 535.
EXAMPLE 75

N-(1,3-Dimethyl-indole-2-carbonyl)-Valinyl-3-amino-5-
(dimethylphosphinyl)oxy-4-oxo-pentanoic acid.
10 76% yield; TLC(CH,CIl,/MeOH, 90/10): R, = 0.12. MS for C,;H,,PN,0,,
[MH]" 494, [MH] 492.

EXAMPLE 76

N-(valinyl)aspartic acid, a-methyl, p-tert-butyl diester
15 HOBt (3.19g, 20.8 mmol) and EDAC (5.60 g, 29.2 mmol) were added to
a stirred solution of N-carbobenzyloxycarbony! valine (5.24 g, 20.8 mmol) in methylene
chloride / DMF (60 ml / 30 ml) at 0°C under nitrogen. After 15 min, aspartic acid o-
methyl, B-tert-butyl diester (5.00 g, 20.8 mmol) was added as a solid followed neat 4-
methylmorpholine (2.40 ml, 21.8 mmol). Atter stirring at 0°C for 1 hour and at room
20 temperature for 5 hours, the mixture was partitioned between ethyl acetate and 5%
KHSO, solution. The aqueous solution was back-extracted with ethyl acetate and the
combined extracts were washed with saturated NaHCO, and brine, dried over sodium
sulfate, and concentrated to give a solid. Trituration with ether afforded N-
[carbobenzyloxycarbonyl valinyl] aspartic acid, a-methyl, B-tert-butyl diester as a white
25 solid (8.36 g, 92%). TLC (CH,Cl,/ MeOH. 95/ 5): R, = 0.48.
A solution of the above product (4.00 g, 9.17 mmol) in 200 ml of
methanol was stirred with palladium on activated carbon (0.45 g) under an atmosphere

of hydrogen (1 atm) for 50 min. The reaction mixture was then filtered through a pad of
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, | diesr&s é)zvlute SOBH(R:76 e, ?9%)0%182 (OH,CYE¥NOH, 95/ 5): R, =0.10.

EXAMPLE 77

N-[1,3-dimethyl-indole-2-cabonyl) valinyl] aspartic acid, B-tert-butyl ester

To a stirred turbid mixture of N-[valinyl] aspartic acid, a-methyl, B-tert-
butyl diester (2.75 g, 9.11 mmol) and 1,3-dimethylindole-2-carboxylic acid (1.95 g,
10.3 mmol) in DMF (30 ml) was added 4-dimethylaminopyridine (DMAP) (1.26 g,
10.3 mmol) and EDAC (2.37 g, 12.4 mmol). The reaction mixture was stirred under a
nitrogen atmosphere at 0°C for 1 hour and at room temperature for 3 hours. The
reaction mixture was then partitioned between ethy! acetate and 5% KHSO, solution
and the aqueous solution was back-extracted with ethyl acetate. The combined extracts
were washed with saturated NaHCO; solution. water, and brine. dried over sodium
sulfate, and concentrated to give a solid. The solid was triturated with ether to give N-
[1.3-dimethyl-indole-2-cabounyl) valinyl] aspartic acid, u-methyl, B-tert-butyl diester as
a white powder (2.87 g, 67%).

An aqueous solution of LiOH (1.0 M, 2.98 mmol) was added dropwise
to a suspension of the above product (1.41 g. 2.98 mmol) in 1,4-dioxane (10 m}). After
stirring at room temperaturc for 30 min, the resuiting clear solution was acidified with 1
N hydrochloric acid solution and diluted with water. The resulting white precipitate
was collected by filtration and washed successively with water and with a small amount
of ether, affording the title product, N-[1,3-dimethyl-indole-2-cabonyl) valinyl] aspartic
acid, B-tert-butyl ester as a white solid (1.18 g. 86%). TLC (CH,Cl, / MeOH, 90/ 10):

R,=0.21.
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To a solution of N-[1,3-dimethyl-indole-2-cabonyl) valinyl] aspartic

5 acid, B-tert-butyl ester (1.03 g, 2.24 mmol) and 4-methylmorpholine (0.35 ml, 3.14

mmol) in THF (20 ml) at -10°C under nitrogen was added dropwise isobutyl

chloroformate (0.380 ml, 2.92 mmol). The reaction mixture was stirred under nitrogen

at —10°C for 15 min and filtered. The filter cake was washed with dry THF and the

filtrates were then treated with freshly prepared ether soluticn of diazomethane (excess).

10  After the mixture was stirred at 0 C for 1 hour, a mixture of hydrobromic acid (48% wt.

aq solution) and acetic acid (6 ml, 1 / 1) was added dropwise till the gas evolution

ceased. After another 5 min. the reaction mixture was concentrated and partitioned

between ethyl acetate and water. The aqueous layer was back-extracted with ethyl

acetate. The organic layers were combined, washed with saturated NaHCO, solution,

15 and brine, dried over sodium sulfate, and concentrated. The residue was triturated with

ether to give the title product, N-(1.3-dimethyl-indole-2-cabonyl)-valinyl-3-amino-5-

bromo-4-oxo-pentanoic acid, tert-butyl ester as a white powder (1.00 g. 83%). TLC
(CH,Cl, / MeOH, 95/ 5): R;=0.88.

20 EXAMPLE 79

N-[(1,3-dimethyl-indole-2-cabonyl)valinyl]-3-amino-5-[3-(imidazol-2-yl)-naphthyl-
2-oxy]-4-oxo-pentanoic acid, tert-butyl ester

Potassium carbonate (15.5 mg, 0.112 mmol) was added to a solution of
N-(1,3-dimethyl-indole-2-cabonyl)-valinyl-3-amino-5-bromo-4-oxo-pentanoic acid,

25  tert-butyl ester (60 mg, 0.112 mmol) and 3-(imidazol-2-yl)-naphth-2-o0l (23.5 mg, 0.112
mmol) in DMF (1.5 ml). After stirring at room temperature for 3 hours, the reaction
mixture was partitioned between ethyl acetate and water. The aqueous layer was back-
extracted with ethyl acetate. The organic layers were combined, washed with saturated

NaHCO, solution, and brine, dried over sodium sulfate, and concentrated. The residue
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N-[(1,3-dimethyl-indole-2-cabonyl)valinyl]-3-amino-5-[3-(imidazol-2-yl)-naphthyl-
2-o0xy]-4-oxo-pentanoic acid
Trifluoroacetic acid (1.0 ml) was added to a solution of N-(1,3-dimethy!-
indole-2-cabonyl)-valinyl-3-amino-5-[3-(imidazol-2-y])-naphthyl-2-oxy}-4-0xo-

10  pentanoic acid, tert-butyl ester (21.8 mg, 0.032 mmol) in methylene chloride (2.0 ml)
containing anisole (0.30 ml). The mixture was stirred under nitrogen for 1.5 hour and
concentrated. The residue was re-dissolved in methylene chloride and concentrated and
triturated with ether to give the titled product as a pale brown powder (17.4 mg, 89%).

TLC (CH,Cl, / MeOH, 90 / 10): R, = 0.12. MS C,,H,,N,0,, [MH]" = 610, [MH] = 608.
15
EXAMPLE 81

N-[(1-methyl-3-isobutyl-indole-2-cabonyl)valinyl}-3-amino-5-bromo-4-oxo-
pentanoic acid, tert-butyl ester
The titled product was prepared in the same way as described in
20 Examples 77 and 78, starting from 1-methyl-3-isobutyl-indole-2-carboxylic acid and the
titled product of Example 76.

EXAMPLE 82

N-[(1-methyl-3-isobutyl-indole-2-cabonyl)valinyl]-3-amino-4-0x0-5-(2,3,5,6-
25 tetrafluorophenyloxy)-pentanoic acid, tert-butyl ester
Potassium fluoride (21.6 mg, 0.37 mmol) was added to a solution of N-
[(1-methyl-3-isobutyl-indole-2-cabonyl)valinyl]-3-amino-5-bromo-4-oxo-pentanoic

acid, tert-butyl ester (86.1 mg, 0.149 mmol) and 2,3,5, 6-tetrafluorophenol (27.0 mg,
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Treatment of  N-(1-methyl-3- lsobutyl -indole-2-cabonyl)-valinyl-3-
amino-4-ox0-5-(2,3,5,6-tetrafluorophenyloxy)-pentanoic acid, tert-butyl ester (40 mg,
15  0.060 mmol) with TFA as described in Example 80 gave the titled product (23.5 mg,
0.039 mmol) as a white solid. MS CH,,F,N,0,, [M+H]" = 608, [M-H] = 606.

EXAMPLE 84

N-[(1-methyl-3-isobutyl-indole-2-cabonyl)valinyl]-3-amino-4-0x0-5-(4-
20 fluorophenyloxy)-pentanoic acid, tert-butyl ester
The titled product (72 mg, 100%) was prepared as a white solid as
described in Example 82 using the product of Example 81 (68.0 mg, 0.12 mmol),
potassium fluoride (15.6 mg, 0.27 mmol), and 4-fluorophenol (13.4 mg, 0.12 mmol) in

DMF (2.0 ml). TLC (hexane / EtOAc, 50/ 50): R;=0.48.
25
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10 N-{(1-methyl-3-isobutyl-indole-2-cabonyl)valinyl]-3-amino-4-oxo-5-(2-

fluorophenyloxy)-pentanoic acid, tert-butyl ester
The titled product (76 mg, 100%) was prepared as a white solid as
described in Example 82 using the product of Exampie 81 (72.0 mg, 0.124 mmol),
potassium fluoride (16.5 mg, 0.284 mmol), and 2-fluorophenol (13.9 mg. 0.124 mmol)
15  in DMF (2.0 ml). TLC (hexane / EtOAc, 50/ 50): R;=0.44.

EXAMPLE 87

N-[(1-methyl-3-isobutyl-indole-2-cabonyl)valinyl}-3-amino-4-o0xo-5-(2-
fluorophenyloxy)-pentanoic acid
20 Treatment of  N-[(l-methyl-3-isobutyl-indole-2-cabonyl)valinyl]-3-
amino-4-0xo-5-(2-fluorophenyloxy)-pentanoic acid, tert-butyl ester (76 mg, 0.124
mmol) with TFA as described in Example 80 gave the titled product (25.0 mg, 36%) as
a white powder. MS C;H, FN,0(, [M+Na]™ = 554, {[M-H] = 552. TLC (hexane /
EtOAc, 50/50): R;=0.21.
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EXAMPLE 89

N-[(1-methyl-3-isobutyl-indole-2-cabonyl)leucinyl]-3-amino-5-(2,6-
10 dichlorobenzoyl) oxy-4-oxo pentanoic acid, tert-buty!l ester
The titled product (63 mg, 100%, white solid) was prepared as described
in Example 82 using N-[(1-methyl-3-isobutyl-indole-2-cabonyl)leucinyl]-3-amino-5-
bromo-4-oxo-pentanoic acid, tert-butyl ester (52.9 mg, 0.089 mmol), potassium fluoride
(13.0 mg, 0.22 mmol), and 2,6-dichlorobenzoic acid (17.1 mg, 0.089 mmol) in DMF
15 (2.0 ml). TLC (hexane / EtOAc, 50/ 50): R, = 0.39.

EXAMPLE 90

N-[(1-methyl-3-isobutyl-indole-2-cabonyl)leucinyl]-3-amino-5-(2,6-
dichlorobenzoy!) oxy-4-oxo pentanoic acid
20 Treatment of N-[(1-methyl-3-isobutyl-indole-2-cabonyl)leucinyl]-3-
amino-5-(2,6-dichlorobenzoyl) oxy-4-oxo pentanoic acid, tert-butyl ester (63 mg, 0.089
mmol) with TFA as described in Example 80 gave the titled product (34.5 mg, 60%) as
a white powder. MS C;,H,,CLN,0,, [M+H]" = 646, [M-H] = 644. TLC (CH,Cl, /

MeOH, 90/ 10): R,=0.23.
25
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The titled product (47.6 mg, 72%, white solid) was prepared as described

5 in Example 82 using the product of Example 88 (57.6 mg, 0.097 mmol), potassium

fluoride (18.5 mg, 0.24 mmol), and 2,3,5,6-tetrafluorophenol (21.1 mg, 0.097 mmol) in
DMF (2.0 ml). TLC (hexane / EtOAc, 50/ 50): R;=0.55.

EXAMPLE 92

10 N-{(1-methyl-3-isobutyl-indole-2-cabonyl)leucinyl}-3-amino-4-0x0-5-(2,3,5,6-
tetrafluorophenyloxy)-pentanoic acid
Treatment of N-[(l-methyl-3-isobutyl-indole-2-cabonyl)leucinyl]-3-
amino-4-0x0-5-(2,3,5,6-tetrafluorophenyloxy)-pentanoic acid, tert-butyl ester (47.6 mg,
0.070 mmol) with TFA as described in Example 80 gave the titled product (29.0 mg,
15 67%) as a white powder. MS C,H,;FN,O,, [M+Na]" = 644, [M-H] = 620. TLC
(CH,Cl,/MeOH, 90/ 10): R;=0.19.

EXAMPLE 93

N-[(1-methyl-3-isobutyl-indole-2-cabenyl)leucinyl]-3-amino-5-

20 (diphenylphosphoroxy)-4-oxo-pentanoic acid, tert-butyl ester
The titled product (30.0 mg, 93%, an oil) was prepared as described in
Example 82 using the product of Example 88 (26.2 mg, 0.044 mmol), potassium
fluoride (6.4 mg, 0.11 mmol), and diphenylphosphinic acid (9.7 mg, 0.044 mmol) in

DMF (2.0 ml). TLC (hexane / EtOAc, 50 /50): R;=0.11.
25



& 10965& ()-'18& & 109658 ()-'!&

& 10%me ()-'!y1096& ()-z109%& ()-abcdpzl ~P11 | 41096& ()- 1055 1055 1055!s'
10965& () - wg@o (1)%%5&' ()-mcs' 109 ()-m $g1096& () - ps] heRddsses

| 4109109%6& e (V-1 @

10%TBNB&: () - f Z1096& ()- |* S1096&’ () - S@RYEE ()-gaaB Pll | 410 1096& ()- 9F
10968 ()- 1096& ()- 109%& ()-!D 10%65& ()-2z9 109%& ()- & dEAPLL

| 4108- 10968 ()-Y +109%B& ()-*10%B& ()- (1096& ()- | %2 10968 () Y" 10968 () - DbCl
| 4101094 ()- F10%& ()- 105 105 FOG{NM@YE&4()- L0 109%6& ()-.1096& ()-f=dEbCl
| 410Y S109%4& ()-10%& ()-1°10%& ()-L

109448 () - 109%4& ()-|9f 10948 () - =eUdEbCL

| 4108&! 10%4 () - 1094 () - NxnbCl
| 410Fs310068 % ) - 1 e TRk k‘éﬂ%"@"cmr‘meﬁ-w@%mm& (0)-

10948 () -' ! 109448 () sl31¢iMy phoFphvERYEH-dx0 PR AtapoBUEEl () - L

| 2({%&1(()2%52'1 ?ﬁ’@f‘g%% A § %}%8@% %@&f&)@&x‘%%ﬁ?%& ?%% qg}ﬁ)e‘.??}y{]f-'om dEnbCL
| 410(! 1096 &imino-9-(digHatfaghdsphefody) Uk of penidfioid BB, &extibutyl ester (30.0 mg, 0.041
109%& () - & 1010/(\5;\/8&1 %Al alg%%sclnﬁgé) OO/ e(8)0 gla:n%elt g txtlQ product (13.7 mg, 50%) as

a white powder. MS C;,H,N,0,P, [M+Na]' = 696, [M-HJ = 672. TLC (CH,C, /

MeOH, 90/ 10): R, = 0.22.

10 EXAMPLE 95

N-[(1-methyl-3-isobutyl-indole-2-cabonyl)cyclohexylalaninyl}-3-amino-5-bromo-4-
oxo-pentanoic acid, tert-butyl ester

The titled product was prepared in the same way as described in

Examples 77 and 78 using cyclohexylalanine instead of valine, giving the titled

15 compound as a white powder. R;=0.22 (hexane / EtOAc, 3/ 1).

EXAMPLE 96

N-{(1-methyl-3-isobutyl-indole-2-cabonyl)cyclohexylalaninyl]-3-amino-4-o0xo-5-
(2,3.5,6-tetrafluorophenyloxy)-pentanoic acid, tert-butyl ester
20 The titled product was prepared as described in Example 82 using N-[(1-
methyl-3-isobutyl-indole-2-cabonyl)cyclohexylalaninyl]-3-amino-5-bromo-4-oxo-
pentanoic acid, tert-butyl ester (50.8 mg, 0.08 mmol), potassium fluoride (12.0 mg, 0.21
mmol), and 2,3,5,6-tetrafluorophenol (13.3 mg, 0.08 mmol) in DMF (2.0 ml). TLC

(hexane / EtOAc, 3/ 1): R;=0.25.
25
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(2,3,5,6-tetrafluorophenyloxy)-pentanoic acid
Treatment of N-[(1-methyl-3-isobutyl-indole-2-
5 cabonyl)cyclohexylalaninyl]-3-amino-4-o0x0-5-(2,3,5,6-tetrafluorophenyloxy)-pentanoic
acid, tert-butyl ester with TFA as described in Example 80 gave the titled product (55.5
mg) as a white powder. MS C,H,FN,O,, [M+Na]' = 684, [M-H]" = 660. TLC
(CH,Cl,/ MeOH, 90/ 10): R;=0.24.

10 EXAMPLE 98

N-[(1-methyl-3-isobutyl-indole-2-cabonyl)cyclohexylalaninyl]-3-amino -5-(2,6-
dichlorobenzoyl) oxy--4-oxo-pentanoic acid, tert-butyl ester
The titled product was prepared as described in Example 82 using the
product of Example 95 (72 mg, 0.114 mmol), potassium fluoride (16.5 mg, 0.28 mmol),
15 and 2,6-dichlorobenzoic acid (21.8 mg, 0.114 mmol) in DMF (2.0 ml). TLC (hexane /
EtOAc, 3/ 1): R;=0.20.

EXAMPLE 99

N-[(1-methyl-3-isobutyl-indole-2-carbonyl)cyclohexylalaninyl]-3-amino -5-(2,6-
20 dichlorobenzoyl}) oxy-4-oxo-pentanoic acid
Treatment of N-[(1-methyl-3-isobutyl-indole-2-
cabonyl)cyclohexylalaninyl]-3-amino -5-(2,6-dichlorobenzoyl) oxy--4-oxo-pentanoic
acid, tert-buty] ester with TFA as described in Example 80 gave the titled product (54.2
mg) as a white powder. MS C;H, CLLN,0,, [M+H]" = 686, [M-H] = 684. TLC
25 (CH,Cl,/MeOH. 90/ 10): R;=0.30.
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mg, 0.22 mmol), and 1-phenyl-3-(trifluoromethyl)pyrazol-5-ol (19.7 mg, 0.086 mmol)

in DMF (2.0 ml). TLC (hexane / EtOAc, 2/ 1): R;=0.29.

EXAMPLE 101

10 N-[(1-methyl-3-isobutyl-indole-2-cabonyl)cyclohexylalaninyl]-3-amino-4-oxo0-5-[1-
phenyl-3-(trifluoromethyl)pyrazol-5-yloxy}-pentanoic acid
Treatment of N-{(1-methyl-3-isobuty!-indole-2-
cabonyl)cyclohexylalaninyl]-3-amino-4-oxo-5-[1-phenyl-3-(triflucromethyl)pyrazol-5-
yloxy]-pentanoic acid, tert-butyl ester (55 mg, 0.071 mmoi) with TFA as described in
15 Example 80 gave the titled product (24.6 mg, 48%) as a white powder. MS
CyH,FN,O,, [M+H]" = 746. [M-H] = 722. TLC (CH,Cl,/MeQH, 90/ 10): R, = 0.26.

EXAMPLE 102

N-[(carbobenzyloxycarbonyl)-valinyl} aspartic acid, p-tert-butyl ester

20 To a dry flask under nitrogen was added H-Asp(OtBu)-OH (12.07 g,
63.8 mmol) and dry CH,CN (210 ml). The cloudy solution was stirred and treated with
neat BSTFA (34 ml, 127.5 mmol) via syringe. After stirring at room temperature for 30
min., a clear solution was obtained. To this solution was added Z-Val-O-Su (22
63.8 mmol) as a solid in one portion. The resultant solution was stirred under nitrogen

25  at room temperature for 48 hours. The solvents were removed in vacuo and the residue
treated with 300mL of water and extracted with EtOAc (2x). The combined organic
layers were washed with 5% KHSO,, brine, dried over Na,SO,, filtered and

concentrated to give the crude product (41.55 g, 98.34 mmol, >100%) as an oil. The
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The procedure of Example 78 was followed, but using N-
[(carbobenzvloxycarbonyl)-valinyl] aspartic acid, B-tert-butyl ester to prepare the titled
product as a white solid (6.39 g, 12.80 mmol, 85%). MS C,,H,,BrN,0,, [M + Na]" =
10 5217523, [M-H] =497/499.

EXAMPLE 104

N-[(carbobenzyloxycarbonyl)valinyl]-3-amino-4-0x0-5-(2,3,5,6-
tetrafluorophenyloxy)-pentanoic acid, tert-butyl ester
15 To a solution of N-[(carbobenzyloxycarbony!)valinyl]-3-amino-5-
bromo-4-oxo-pentanoic acid, tert-butyl ester (3.36 g, 6.73 mmol) in acetone (20 ml) was
added dry Nal (0.20 g, 1.35 mmol) and potassium (2.3,5,6-tetrafluoro)-phenoxide (1.37
g, 6.73 mmol) at room temperature and stirred for 1 hour. The reaction mixture was
diluted with EtOAc, washed with brine, dried over Na,SO,, filtered and concentrated.
20 The resultant solid was triturated with ether to provide the titled product as a white solid
(3.53 g, 6.04 mmol, 89%). MS C,;H;,N,0,. [M + Na]” = 607, [M - H] = 583.

EXAMPLE 105

N-[(carbobenzyloxycarbonyl)valinyl}-3-amino-4-hydroxy-5-(2,3,5,6-
25 tetrafluorophenyloxy)-pentanoic acid, tert-butyl ester
A solution of N-[(carbobenzyloxycarbonyl)valinyl]-3-amino-4-oxo-5-
(2,3,5,6-tetrafluorophenyloxy)-pentanoic acid, tert-butyl ester (6.18 g, 10.57 mmol) in
1:1 MeOH/THF (100 ml) was cooled to 0°C and NaBH, (1.20 g, 31.72 mmol) was
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EXAMPLE 106

N-(valinyl)-3-amino-4-hydroxy-5-(2,3,5,6-tetrafluorophenyloxy)-pentanoic acid,
tert-butyl ester

To a solution of N-[(carbobenzyloxycarbonyl)valinyl]-3-amino-4-
10 hydroxy-5-(2,3,5,6-tetrafluorophenyloxy)-pentanoic acid, tert-butyl ester (6.12 g, 10.50
mmol) in MeOH (300 ml) was added 10% palladium on carbon (0.92 g) at room
temperature. The reaction was stirred for 3 hours under hydrogen (1 atm), then filtered
through a pad of celite. The filter cake was washed with MeOH. The filtrate was
concentrated in vacuo to provide the titled product as a viscous yellow oil (4.69 g, 10.30

15 mmol, 98%). MS C,;H;(N,O;, [M + Na] =475, [M - H] =45!.

EXAMPLE 107

N-[(1,3-dimethyl-indole-2-cabonyl)valinyl]-3-amino-4-hydroxy-5-(2,3,5,6-
tetrafluorophenyloxy)-pentanoic acid, tert-butyl ester
20 The procedure of Example 77 was followed using N-(valinyl)-3-amino-
4-hydroxy-5-(2,3,5,6-tetrafluorophenyloxy)-pentanoic acid, tert-butyl ester (213.9 mg,
0.47 mmol), 1,3-dimethylindole-2-carboxylic acid (107 mg, 0.57 mmol), NMM (0.3 ml,
2.8 mmol), HOBt (151 mg, 0.99 mmol), and EDAC (198 mg, 1.04 mmol) in methylene

chloride to prepare the titled product (210 mg, 71%).
25
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To a solution of N-[(1,3-dimethyl-indole-2-cabonyl)valiny!}-3-amino-4-
5 hydroxy-5-(2,3,5,6-tetrafluorophenyloxy)-pentanoic acid, tert-butyl ester (209 mg, 0.33
mmol) in CH,Cl, (5.0 ml) was added Dess-Martin periodinane (181 mg, 0.43 mmol)
and the solution stirred for 10 min. at room temperature. The reaction was quenched
with Na,S,0,, diluted with EtOAc, washed with NaHCO,, and brine, dried over Na,SO,,
filtered and concentrated in vacuo. The crude product was purified by chromatography

10 (1:1 EtOAc / hexane) to give the titled product as a white solid (135 mg, 64 %).

EXAMPLE 109

N-[(1,3-dimethyl-indole-2-cabonyl)valinyl]-3-amino-4-0xo0-5-(2,3,5,6-
tetrafluorophenyloxy)-pentanoic acid
15 The procedure of Example 80 was followed using N-[(1,3-dimethyl-
indole-2-cabonyl)valinyl]-3-amino-4-oxo-5-(2.3.5,6-tetrafluorophenyloxy)-pentanoic
acid, tert-butyl ester to prepare the titled product. MS C,,H,,F,N;0,, [M+Na] = 588,
[M -HJ = 564.

20 EXAMPLE 110

N-[(1-methyl-indole-2-cabonyl)valinyl]-3-amino-4-hydroxy-5-(2,3,5,6-
tetrafluorophenyloxy)-pentanoic acid, tert-butyl ester
The procedure of Example 77 was followed using the product of
Example 106 (197.0 mg, 0.44 mmol), I-methylindole-2-carboxylic acid (152 mg, 0.87
25 mmol), NMM (0.047 ml, 0.44 mmol), HOBt (144 mg, 0.96 mmol), and EDAC (183
mg, 0.96 mmol) in methylene chloride to prepare the titled product (156 mg, 58%).
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mmol) in CH,Cl, (5.0 m!) was added Dess-Martin penodmane (128 mg, 0.3 mmol) and
the solution stirred for 10 min. at room temperature. The reaction was quenched with
Na,$,0,, diluted with EtOAc, washed with NaHCO,, and brine, dried over Na,SO,,
filtered and concentrated in vacuo. The crude product was purified by chromatography

10 (1:1 EtOAc / hexane) to give the titled product as a white solid (129 mg, 92%).

EXAMPLE 112

N-[(1-methyl-indole-2-cabonyl)valinyl}-3-amino-4-0x0-5-(2,3,5,6-
tetrafluorophenyloxy)-pentanoic acid
15 Treatment of N-[(1-methyl-indole-2-cabonyl)valinyl}-3-amino-4-oxo-5-
(2,3,5,6-tetrafluorophenyloxy)-pentanoic acid, tert-buty! ester (120 mg, 0.20 mmol)
with TFA as described in Example 80 gave the titled product (104 mg, 95%) as a white
powder. MS C,H,,F,N;O,, [M+Na]™ = 574, [M-H] = 550.

20 EXAMPLE 113

N-[(5-fluoro-1-methyl-indole-2-cabonyl)valinyl]-3-amino-4-hydroxy-5-(2,3,5,6-
tetrafluorophenyloxy)-pentanoic acid, tert-butyl ester
The procedure of Example 77 was followed using the product of
Example 106 (212.5 mg. 0.47 mmol), 5-fluoro-1-methylindole-2-carboxylic acid (181
25 mg, 0.94 mmol), NMM (0.05 ml, 0.44 mmol), HOBt (151 mg, 1.03 mmol), and EDAC
(196 mg, 1.03 mmol) in methylene chloride to prepare the title product.
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(112.6 mg, 0. 18 mmo!) in CH,Cl, (5.0 ml) was added Dess-Martin periodinane (95 mg,
0.22 mmol) and the solution stirred for 10 min. at room temperature. The reaction was
quenched with Na,S,0,, diluted with EtOAc, washed with NaHCO;, and brine, dried
over Na,SO,, filtered and concentrated in vacuo. The crude product was purified by
10 chromatography (1:1 EtOAc / hexane) to give the titled product as a white solid (which

was directly taken to the next step in Example 115).

EXAMPLE 115

N-[(5-fluoro-1-methyl-indole-2-cabonyl)valinyl]-3-amino-4-0x0-5-(2,3,5,6-
15 tetrafluorophenyloxy)-pentanoic acid
Treatment of the product from Example 114 with TFA as described in
Example 80 gave the titled product (43 mg, 42%) as a white powder. MS
C,H,,F,N,0,, {M+Na]" = 592, [M-HJ = 568.

20 EXAMPLE 116

N-{[1-(tert-butyl)oxycarbonylmethyl-indole-2-cabonyl]valinyl}-3-amino-4-
hydroxy-5-(2,3,5,6-tetrafluorophenyloxy)-pentanoic acid, tert-butyl ester
The procedure of Example 77 was followed using the product of
Example 106 (400.0 mg, 0.90 mmol), 1-[(tert-butyloxycarbonyl)methyl]indole-2-
25 carboxylic acid (200 mg, 0.73 mmol). NMM (0.1 ml), HOBt (246 mg, 1.63 mmol), and
EDAC (304 mg, 1.60 mmol) in methylene chloride to prepare the titled product (341
mg, 68%).
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ITMLO% & ()-'!10% & (l‘)) 74 0%ofation - Sof 1R K(tén-butyl)oxycarbonylmethyl-indole-2-
5 cabonyl]valinyl}-3-amino-4-hydroxy-5-(2,3,5,6-tetrafluorophenyloxy)-pentanoic  acid,
tert-butyl ester (290 mg, 0.42 mmol) in CH,Cl, (5.0 ml) was added Dess-Martin
periodinane (204 mg, 0.48 mmol) and the solution stirred for 10 min. at room
temperature. The reaction was quenched with Na,$,0,, diluted with EtOAc, washed
with NaHCQ,, and brine, dried over Na,SQO,, filtered and concentrated in vacuo. The
10 crude product was purified by chromatography (1:1 EtOAc / hexane) to give the titled
product as a white solid (235 mg, 82%).

EXAMPLE 118

N-{[1-(carboxymethyl)-indole-2-cabonyl]valiny(}-3-amino-4-0x0-5-(2,3,5,6-
15 tetrafluorophenyloxy)-pentanoic acid
Treatment of N-{[1-(tert-butyl)oxycarbonylmethyl-indole-2-
cabonyl]valinyl}-3-amino-4-oxo0-5-(2,3,5,6-tetrafluorophenyloxy)-pentanoic acid, tert-
butyl ester with TFA as described in Example 80 gave the titled product as a white
powder. MS C,,H,;F,N,0,, [M+H] = 596, [M-H] = 59%4.
20
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The representative compounds listed in Table 1 were assayed by the

5 procedures set forth in Example 1A,

Tablel
H COH
N | AN
LT
10 Formula A
50% INHIBITORY CONCENTRATIONS IC,,
FOR FORMULA A
Example R A mICE CPP32
IC,o (UM) ICs (M)

4 CH, Ala 0.177 >10
CH, Pro 11.7 >50

10 CH, Val 0.531 248

13 CH, Leu 5.52 5.62

16 CH, Phe 3.34 49.8

21 CH, Gly 34.7 >50
24 CH,Ph Ala 0.393 >50

27 (CH,),CH=CH, Val 0.313 1.45

30 CH,CO.H Ala 1.63 >50

33 (CH,).CO,H Ala 0.158 >50
reference ~-- --- 0.064 47.0
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B. K Values

Representative compounds of Formula B below were assayed by the

procedures set forth in Example 1B.

X R® COMH
| [ H\/ﬁ\ /%A
N
N "N F

R oo A1 g
N

Formula B

The compounds of Examples 43, 46, 49, 52, 55, 58 and 61-67 were found to have K,

10 values (mICE) of less than 5 pM, while compounds 52, 55, 58, 61-64 and 66-67 had K,
values of less than 1 uM.

Representative compounds of Formula C below were also assayed by the

procedures set forth in Example 1B.

CH; COH
N
N 7N X
| H
0 /\ 0

15 CH3

Formula C

The compounds of Examples 43 and 70-75 had K, values (mICE) of 8 uM or less, while
compounds 71, 72 and 74 had K, values of less than 1 uM.

20 In addition, compounds of Examples 80, 83, 87, 90, 92, 94, 97, 99, 101,
109, 112, 115 and 118 were found to have an IC,, (mICE) of less than 1 uM.

Although the invention has been described with reference to the
examples provided above, it should be understood that various modifications can be
25 made without departing from the spirit of the invention. Accordingly, the invention is

limited only by the claims.
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wherein:
nislor2:

R' is alkyl, cycloalkyl, (cycloalkyl)alkyl, phenyl, (substituted)phenyl,
phenylalkyl, (substituted)phenylalkyl. heteroaryl, (heteroaryl)alkyl or (CH,),CO,R’,
wherein m = 1-4, and R’ is as defined below;

R? is a hydrogen atom. chloro. alkyl, cycloalkyl, (cycloalkyl)alkyl, phenyl,
(substituted)phenyl, phenylalkyl, (substituted)phenylalkyl, heteroaryl,
(heteroaryl)alkyl or (CHZ),,COIR’, wherein p = 0-4, and R’ is as defined below:

R’ is a hydrogen atom, alkyl, cycloalkyl, (cycloalkyl)alkyl, phenylalkyl, or
(substituted)phenylalkyl;

R is a hydrogen atom, alkyl, cycloalkyl, (cycloalkyl)alkyl, phenylalkyl, or
(substituted)phenylalkyl;

R’ is a hydrogen atom, alkyl. cycloalkyl, (cycloalkyl)alkyl, phenylalkyl, or
(substituted)phenylalkyl;

A is a natural or unnatural amino acid;

B is a hydrogen atom, a deuterium atom, alkyl, cycloalkyl, (cycloalkyl)alkyl,
phenyl, (substituted)phenyl, phenylalkyl, (substituted)phenylalkyl, heteroaryl,
(heteroaryb)alkyl, halomethyl, CH,ZR®, CH,OCO(aryl), or CH,OCO(heteroaryl), or
CH,OPO(R"R®, where Z is an oxygen. OC(=0) or a sulfur atom;
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or a pharmaceutically acceptable salt or stereoisomer thereof.
2. The compound of claim | wherein B is CH,ZR".
3. The compound of claim 2 wherein B is CH,0C(=O)R®.
4, The compound of claim 3 wherein R® is substituted phenyl.

5. The compound of claim 3 where R is heteroaryl.

6. The compound of claim 2 wherein B is CH,OR®.

7. The compound of claim 6 wherein R® is substituted phenyl.
8. The compound of claim 7 wherein R® is tetra(halo)phenyl.
9. The compound of claim 8 wherein R® is optionally substituted

naphthyl.
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10.  The compound of claim 9 wherein R°® is naphthy] substituted with one

or more heteroaryl groups.

11. A pharmaceutical composition comprising a compound of claim 1 and

a pharmaceutically-acceptable carrier thereof.

12. A method for treating an autoimmune disease comprising
administering an effective amount of a pharmaceutical composition of claim 11 to a patient in

need of such treatment.

13. A method of treating an inflammatory disease comprising
administering an effective amount of the pharmaceutical composition of claim 11 to a patient

in need of such treatment.

14 A method of treating a neurodegenerative disease comprising
administering an effective amount of the pharmaceutical composition of claim 11 to a patient

in need of such treatment.

15. 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 11 to a patient in need of such treatment.



