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PCT/ US96/ 18000 . —PROTEASE
"FI ELD OF THE | NVENTI ON . This invention relates in general to
~hydrazi dyl, bis-hydrazidyl and bis- 5 am nonet hyl carbonyl protease
‘inhibitors, particularly such inhibitors of cysteine r%ng%ﬁdggoe

prot eases, noWm@Id6483cul arl y conpounds which inhibit cystei es,
even nore particularly conpounds which inhibit cysteine proteases of the
papai n superfam |y, yet nor gﬁ%_ﬁg?ﬂmounds whi ch inhibit
cystei ne proteases of the c amTy, nost particularly
conmpounds whi ch inhibit cathepsin K. Such corrpounds are particularly
useful for treating diseases in W are

i nplicated, especially diseases m@‘s artilage loss, e.g.,
ost eoporosi s, peri Odo'lfﬁl's‘itiv%nu&ﬁ‘éla&%tnﬁlﬁéﬁeta? to hydrazidyl, bis-hydrazidyl and bis-
BACKGROUND G: THE | NVENTI ON Cat hepsins are a famly of enzynes

which are par® omwgupmwmqammuom partiyfariy\syeleinhibitpgs of eystaing
Cat h B, H a;ﬁﬁ.iqﬁg% teraldl
Receﬁltoisgl,nscat hep5| n a@ ‘q’ypeptl e an "&ﬁz% Wgh@g&ﬂ%mgzagyswﬁcﬁ 8&

pol ypepti de wer eev:hnsndmsatﬁcularly)cﬁnpdﬂadewmcmmhﬂm mm@@eottasa df ¢k papbinepsin O

t herein). Cathepsin een rece expressed, .puri fi and
characterized. 28"P° rtjéﬁggaﬁ’ m°f\ﬁp35"°“paé{yy°3fnpg ﬁé@%ﬁh @“L’é g?‘mecgfgtﬁ?se 9%,
12517-12524; Dr aliR cathepsin faéiilypinost particularly i:&ﬂﬁdunds which inbiBiedithepsin K. Such
271,12511-12516; Bromme, D., et al (11996 . .Biol. Chem

271, 2126- 21330 compounds are partigylggy,usefpl foreeating diseases i yiich ¢y HeinG Prokrass
cathepsin O or caeligpidatedOdspbdially diseasds/d® exdebsivetoné Br calti8gd i8Sy, sgat ion
cathepsin Kis considered to be the nore appropriate 25 one

Cat hepsi ns functPWWSlsmnﬁé?ms-qgﬁM@F%gl cal process of prote| n

degradation in animals, including humans, e.g., in the degradation of
connective tissue. However, el evated | evel s of these enzynes in the
body can result in pat hBACKGROUNDOF THIEINGENTHONt o di sease. Thus,

Ctates, i mel T ng. butCHEPSIER AECUARILE OF rrF B Poich aypan of e et syep ity °7°¢
carinii, trypsanefigysteine protedsésy [Cattitpsias B/ HCE]N biid € Rive teadd&mﬁdauﬁiuﬁ
literature. Recently, cathepsin K polypeptide and the cDNA encoding such
polypeptide were disclosed in U.S. Patent No. 5,501,969 (called cathepsin O
therein). Cathepsin K has been recently expressed, purified, and characterized.
20 Bossard, M. )., et al., (1996) J. Biol. Chem. 271, 12517-12524; Drake, F.H., et al.,
(1996) J. Biol. Chem. 271, 12511-12516; Bromme, D., et al., (1996) J. Biol. Chem.
271, 2126-2132.
Cathepsin K has been variously denoted as cathepsin O or cathepsin O2 in
the literature. The designation cathepsin K is considered to be the more appropriate
25 one.
Cathepsins function in the normal physiological process of protein
degradation in animals, including humans, e.g., in the degradation of connective
tissue. However, elevated levels of these enzymes in the body can result in .
pathological conditions leading to disease. Thus, cathepsins have been implicated as
30 causative agents in varipus disease states, including but not limited to, infections by

pneumocystis carinii, trypsanoma cruzi, trypsanoma brucei brucei, and Crithidia
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PCT/ US96/ 18000 fusiculata; as well as in schistosomasis, nmalaria,
tumor netastasis, metachromatic | eukodystrophy, muscul ar dystrophy,
anytrophy, and the like. See International Publ i cati on Nunmber WO
94/ 04172, qudﬁﬂgﬁson March 3, 1994, and references reresde/igeeg €1 N.
See al so European Patent Application EP 0 603 873 Al, and 5 ref erences

cited therein. Two bacterial cysteine proteases from P, gingivallis, called
gi ngi pai ns. havisigelata; aswell asdn schistesominsispmplatia dwraey @el@ﬁ‘»asgﬁv mg‘avhrpmgnc

Pot empa, J., et | Desi gn,
2, 445-458. leukodystrephy, ‘é‘i‘?ﬁ'@%@f’ﬁ@%?‘%ﬁ%y@& a‘(’?g Tihatiode o r ol e
in di seases of hﬂxheaximlﬁxdﬂnnwo94!041’12;pniﬂishéd®g\dal‘cb§sl993mmre&ranoesposed of

Py oxyapat 1t o St ety prsdiepronspf Bofe Chpmlicgion BREESHIAT R © o

structural ot Rfdtenés R0 ehefINPTWE bildleridd ay@mdﬁb@hses AOf R igidghRlIR! &llies n

matri x. The remaining 10% of patrix is congose a nunber of

non- col | agenousgingipains, b@ml@msnplwﬁ@ emihﬁg Qﬁe@mfcﬂ"iﬂ“’lbﬁ oPalergpa; datls .
osteopontin, o0s t r,gge I n, and bone

si al opr ot ei n. 55{%6(1(?2?42#83 n‘gwﬁsn er g ?@ngage% 2 éfstsdl screte foci

t hroughout life. Thm@mnﬂixsbellmdrmtﬂhjamglsmnetdc: in dmcasesmﬁdme@veebonycl e
consi sting of a bon sorption phase. f wed by. a phase of, bon

repl acenent.  °rearti fTage Tos3. gfets FE’?B‘?S&I gﬁpﬁ%e"bﬁ‘f‘%f‘éﬁ e’&’ff?‘ spipdisz P%@ﬁ‘least s,
which are mg tigh stdl€of Hydeoxyapatite ard'REBPORRIETYpe IlcolapRf feprekbiits th

ost eocl ast s adhefupe‘dd??the b}gne guprface and form ayqtél ?@go seal i r?g zone,
fol l owed by ext/BHeF siictuEalproseia of benecomprisng apREpximatsly 3% pf the protein
resorbing) surf@gfy Thi Rnfaifiag ﬁ%%ﬂmﬁﬂﬁ'x@&ﬁﬁ’pv@é&é%ﬂﬁ&@h&%ﬂé&?ﬁﬁm on
t he bone surface that i's acidified by proton punps in the

menbr ane, and ipreteing4inelpding osteocalgin, protesglyranst osepeniineesteaneetio| yt i ¢ enzynes.
The | ow pH of t "Bbro tals at
t he bone surfaclgl?mﬁv@%%%%lhe p?%cttlgb n;‘/lg):ogégeihlz@% d%&)%glﬂgjgés‘%ﬁte s[S)I’OtEI n
matri x. | n Shi semedelling atdso:epﬁtﬁomhﬂoaghnmhfeoﬁhpsetfpcuerrhmpdﬂms mmsl he

That Cis o agednatar omefios 374 G pltion PSR BTN b FET |

ost eoporosi s artdeRa:g&ht S di sease t he nor mal baI ance between bone
resorption and for lon is .disru re is net | gss, of
bone at each cycl en%lf]f‘? FSIQmPHpY Is c?ﬁie °Pb%?d%“%°8‘%aﬂ‘é 47 My ”t“ﬁ'gars"ﬁﬂs % one
gnd may resul '{Mt)iegl?t/o?giéggﬁﬂﬁgé T lobte 6c dst sSddhive tdthBbBhe Gk fabd &1dTBrm a tight

PCT/ Us96/ 18800 sealing zone, followed by exiepsiye mepprasseifliag onithedr ifpblderonst rat ed
that i nhi bit or SeQinif %,%L&a&e This creaté?.raﬁreﬁéﬁﬁa eﬁ&&emh&%m pifimeht dn'the Bdel N9

ost eocl ast - medi at ed bone resorption, i nd |cate an _essential role

for a cysteine sgﬁmeéh@e%mmﬁgbbnepm@g@nm irthe pffledmemptage, and into which

the osteoclast secretes proteolytic enzymes. The low pH of the compartment

dissolves hydroxyapatite crystals at the bone surface, while the proteolytic enzymes
25  digest the protein matrix. In this way, a resorption lacuna, or pit, is formed. At the
end of this phase of the cycle, osteoblasts lay down a new protein matrix that is
subsequently mineralized. In several disease states, such as osteoporosis and Paget’s
disease, the normal balance between bone resorption and formation is disrupted, and
there is a net loss of bone at each cycle. Ultimately, this leads to weakening of the

30 bone and may result in increased fracture risk with minimal trauma.



Del ai sse, et alL, Biochem J., 1980, 192, 365, disclose a series of protease
inhibitors 5 in a nouse bone organ culture system and suggest—that—

i nhitbrtors of cysteine prot eases (e.g., |eupeptin, '
Z-Phe-Ala-CHN err]) prevent bone resorption, while serine pr ot ease

I nhibitors were ineffective. Del ai sse, et alL, Biochem Biop

Commun. , 1984y0o ©24%433441, discl ose that E-64 and | eupeptin aré al'so
effective at preventing bone resorption in vivo, as nmeasured by acute
changes in serum cal gj - ; | { mhibRbrs@f 8{steind-€r Ner, et
al., J. Bone Mnm Res.,gé“légaé%,gbh/s?’gd4%§‘§l§s&%a@&&%g%ggﬁ%%g%&cysta in, an
endogenous cyst giawmsesrane effeceivé attinliibitiog ostealdstmediated bone resorptian, aad at ed bone

resorption in npuse. cal vari.ae. he ' el @] et
o Bone, 1057 Mg csGiniiioieTol ysitn BriiBpsp i nd RacttulE P Bimets o 0
Everts, eDeRlisse, ef al., FibthemPRy1980] 192, 368 disclbidda se2idd of promaseliniyibitdrs a

correl ation between inhibition 15 of cysteine :R;Qte se aé;[yi vity and bone
resorption. JFezikamouse bope organ cylfust sysiemeand suggest thatjalybitors Brysteings | naoka,

et al., Bioche rd%%m)!?z éﬁ?&pﬁnﬁlﬂi}!&la pre¥ieRt boBE resorption, WWHile dine €t al,

FEBS Lett., 1995, , Lz I'sclose that under normal conditions
cathepsin K, a psptaast inbibitorstweese ineffectivehDelaisse, etala Bincherm BfophysReseoc| ast s

The abundant selamPige 10/ eb3eT, GRIE RRFESA ol Eipthun ot HAraRei®e 0 O

suggests that t Bieventingbohe teSorpaSERtvival asffidasiied by aasochparin sertumalchmh ect i ve
I nhi bition ~of cathepsin K may provide an effective tr%%ment for

di seases of 18xcinsais\on calsinm deficient digtss Leingp etigh- g BonaMin, Bes-4 192+ 24380,

ost eoporosi s, gjRgi ' Mefal 'Ieg'éinhib‘t Al prgodonti ti s,
Paget' s di sease?ﬂﬁ%"g‘%?:ta %@?8@%‘?@3%&5@%*& rret_alb%.f I C ll)one 25

di sease. Cat hepstimulited bonel ssdrpticn in Imposdalvarige nOther studiess such ap by Blelajsse.ed i n

chondrocl asts of qgsteoar iJ i ovi T sel i Ve | Lbi&i of
e haper ok Cerdl pGeg b5 s, BAFY G CH incif, 5804, 58, 1 18l B, O
cartilage or napddrXjoedl PAsisI01992, 150, 221 Nido18pditia cotiélationbelwesh idibitien
osteoarthritis and rheumatoid arthritis. Metastatic neopl astic cells

al so typical¥y efqysteine pndtoase aetivity and borerrgsaspriop: Tezwkiay b s/-Bigh Chem. degr ade
the surroundi ng gt beg 'llaé]qﬁmki%tsftéié@e}épgf@ﬁé}%gg& ehmhih ! 8995, Bok sgBy al so

be useful for treating certalrn neoplasti

3 WO 97and6Sk3 ez al., FEBS Lett., 1995, 357, 129 disclose that under normal conditions

PCT/ US96/ 18000 . . Several cysteine protease inhibitors are
known. Pal ner, f@@gpl@._aqvgamcpmwase,lsébgﬁéﬁnﬁgg}g n @@Fﬁ%@m’g’@ﬂ%n
vinyl ‘sul fones wainthor cyStehe protddlse/ prediint idithese ¥8llsei e prot eases, such
as the cathepsins B ch, S, 82 andprgruzai n. ther classes of

conpounds, 2@ich as afkecabpndant sqlective expessign pEcathepsip &nip osicgrlasis sHepngly

hal omethyl 5 LLWRge ehfll AL flm 3} S PSR Rk tive iBhiBiifen.

ket onet hyl sul fo?\'}lég%n sa?l%ﬂs'ge %Ey e%g?g%%gﬁ%{:ﬁgn ?‘ conmpounds ‘F]ave al so been
reported to i nhofixathepsis Kanayprovide ameffective treatmesdfor disgangsrof exegssiygbpne

ref erences ci teﬁéﬁtv ﬂ@e‘f?ﬁ%‘&'gmnm limited to, ost?'o S fP%L@]%I mﬁegs&k%séfé%iﬁﬁs%l oses

peptidyl fluoro nes as PEve e ITnhibrtors cysteine
pr ot ease. Publ i aidgsrioddmitis Ragersaliseie; kyperchidemia’gfmalignancy, antignetaiolio bomel 172,

and Eur opeags Pa ggse A@B.Lelp%%} Ik?e@efgl%gve ESF()) b%eé %émonstrated to be elevated in
chondroclasts of osteoarthritic synovium. Thus, selective inhibition of cathepsin K
may also be useful for treating diseases of excessive cartilage or matrix degradation,
including, but not limited to, osteoarthritis and rheumatoid arthritis. Metastatic
neoplastic cells also typically express high levels of proteolytic enzymes that
30 degrade the surrounding matrix. Thus, selective inhibition of cathepsin K may also
be useful for treating certain neoplastic diseases.
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420 A, EP 0 603 873 Al, and EP 0 611 756 A2 descri be al koxynet hyl and

nmer capt onet hyl ketones which inhibit the cysteine proteases cathepsins B, H
and L. I nternational Patent Application No. PCT/US94/08868 and and
Eur opean Pat ent Application No. EP 0 623 592 Al descri be al koxynet hyl
and nercapto ket ones which inhibit the cysteine prﬁéggéﬁﬂ .

I L-1[err] COQS%F*Q Al koxynet hyl and nercaptonethyl etonesmﬁgve

al so been described as.inhi bitors of th ..erineégrote ki.ni nogenase

(International Patent YR cysteinsprajgase pihibirgsyare 93’7@)? mer, (1995) J. Med.

Azapeptides whi chcagm, $8:3168) Qtbclofe &dtain“Rhyl 'sBifors dafthReversibly ihitlil\& sl Ve
site of serine proteases and whi ch possess a good | eaving group, "are

di scl osed by 20 Dproteassssueh asthe catippsion Byl, 3, 02 amigguzain Oth Sofker et

al ., Biochem J., g{ o h 977 33,
837, Gupton et al coﬁ%}ﬂnﬁr 0 ha&ﬁldehydggg'ﬂ%a&k&& l%%“%(bg’\é??e%‘?

J. Biol. Chem§ I1etohes, moma&m keaors, aeyldmymhyldcetombs lkeﬂomethylsulfaﬂﬁmrsﬂts
prot eases. In addit.ion, 35, 427 i.scloses certain

dj
Do ear oo tat o s epoApUEriRg CompOU bais Alscthees reporadto inhibi cysieing:pfotean

and | eupeptin ar %’e@?ﬁﬁﬁdfhﬁdmﬂ%cfe@ﬁéés%nbhw' bitors of cysteine
protease in McConnel |l et al . . Chem, 33, 86; and al so have been

di scl osed as i nHd-Bi EQWSNQF‘*%& 52@%%&3%1@1"!1% ketoneg as, 45

Meth. E . 6% Il -k
cytst ei ngzgrgt easeﬁlen%m éllet ors ‘%%arcryg'te I{eﬁ;\%}&ﬂ@t Eﬁ‘blﬂ a%%?ﬁ%!%\se andnown

G i nde, Bi ochi®m Ajpliciticn NOAW®,94/04072, aBd Bpropean Patent Apphcatmn Nos. EP 0 525
4

PCT/ US96/ 18000\/\0“% AERD 603 878 Ad, apl ER 0,611,756 A2 figscripe glkgrymsthyl aad -

1, 3- di ani do- propmmﬂhﬂfkewnbs\bm“bhmmbn the E¥stéidty proRasee cathepsins B, Hand L.

1, 3-di am do- propzigones mgg,e al so_been escr|,8ed as anal gesi c agents

(U.S. Patent Nos © Pcfpplisatto S94108868andanct§qrpaqaﬁpatem
heterocyclic der IA@thtmm mmmlmd&m gmd Igm 5
art. For instance, Hamada, et al., PEPTIDE CHEM STRY, 1983. oceedl ngs of

t he 21§t Sptepesswhish inkibitthe ryptcinspmaicaser .- %xqmsanalksmwl@pd al .
Tet. Lett., 1994, [ . and
Bor g, ot ai .. 1oGereoptme] poliicshabe BS tecl ECBF ol bt B B untl die
derivatives. kininogenase (InfémnationaltRateni Appticaa'quocEE'I‘IQBOIbgﬂaém)hydr azi des)

as peptide mnetics h ge osed anda, J
Am Chem Soc. 1996, %ggé%ﬁm J"X dgmg&d%ﬁgl‘lvﬁ 31: ?%%cf'ﬂ?oa{#f 'S‘F (vaer se
variety of cyste ismeoﬁnenhemasdshaxhl whiclspdssese a bemhleavmg grouplaand difdlesdd by
However; the wn in rs e e fo S
t her apeuti c 2@ %gm?'ﬁ ﬂ4 %@%zp%ﬁ?iqﬁiﬁﬁ& E’aéig‘g“ héy{%ﬁf ?Q' from
various shess apay e, Truhedroh 4979 99, B, Gdgfdn%Fl | PBloL Chent) fOBY) V' ty,
cytotoxicity, poor 15 ~solubility, and overl asma cl ear ance.
need t heref ore exPeid279,Rowees d¢talls/. Biol. Chem., 1_984 259, 4288, and are known to mhlbxt
serine proteases. In addition, J. Med. Chem., 1992, 35, 4279, discloses certain
azapeptide esters as cysteine protease inhibitors.
25 Antipain and leupeptin are described as reversible inhibitors of cysteine
protease in McConnell et al., J. Med. Chem., 33, 86; and also have been disclosed as
inhibitors of serine protease in Umezawa et al., 45 Meth. Enzymol. 678. E64 and its
synthetic analogs are also well-known cysteine protease inhibitors (Barrett,

Biochem. J., 201, 189, and Grinde, Biochem. Biophys. Acta, , 701, 328).



of treating di seases caused by pathol ogical |evels of cysteine proteases,

I ncl udi ng cat hepsins, especially_cathepsin K and for novel inhibitor
compounds useful 1n such met hods. . W& have now di scovered
a novel class of hydrazidyl, bis-hydrazidyl and bis- 20 am nonet hyl

. carbonyl conpounds which are protease inhibitors, nost particg .

“of cathepsin R¥O97/16433 SUMVARY OF THEEI’%%)I%‘I‘I“&\I

An object of the present invention is to provide hydrazidyl, bis-hydrazidyl
25 and bi s-am nomet hylS. PaeixaNy. |5, 2056 deseribesl, Hdiamidn-proparionesvhich jnhibic h

I nhibitors of stei pe and serine protea re rticylarly such
conpounds whi ch I’III\IIPBI/ tgase. 13"11%‘}‘9?'8@@“%"5?@’&?;‘9% WFE? §SSIC B v
such conpounds Wi ShpatéiiiNes 4, 7a9 702 ahi€4,638,010)01 Ot eases of the papain
superfam |y, yet nore_partj cularl y such corrpounds whi ¢ i nhi bit

cysteine proteases of Certpin haterneysdic derivatives,of awysqacpﬁam@%hﬁeaﬂrsylosqmthe

conpounds 30 . C t e M@@ﬁﬁ PT%%EIH: reating
di seases whic mn%It/ EoeIIl E H erap}eIzlel cal no |"I| ed?%y alteri rgg

activity of suc hzm Sympasann on Peptide Chemistry (1984), and Boden, et al., Tet. Lett., 1994
5 7/ 1
PCT/ US96/ 18000 8271 (1994) disclase thiszolp derivatives;and Bora, ef 4l 1223, 60; 312,

i nvention provi dﬁﬁcl@se%ﬁﬁi%%dmml@&?ﬁw Eg to Formula I. In

‘anot her aspect, I'S invention provides armaceutical conposition
conprising a corrpoundrl'&@&mheﬁl alz@tldéa(m!uaaylh}'mdﬁ) ppeptidemimetics hasy

repont e n{ gn I’ ovi %Q bghagéﬁ&gﬂ!ﬁ?t f rea I n C l”k n]]%eiSﬁnOt ner

aspect, t hi S I nve I séases 1n

whi ch the disease loat-{mlsmm@@\;&arﬂﬁayweﬁtdmmmwﬁbmwhlblhed: ng
prot eases, partigu y.cysteine and serine proteases articularly
cyst ei ne L&Iﬁgegh EVRErthess Kooy inhibe ?’Ffi‘m(ﬂ?gi'@?’g gleéarsl&g 3%t the

papai n _superfam thétapet@it gems:W@&ﬂeewlﬁhmmﬁywcmwrse&mvmoukhe
cathepsin famly, nost particularly cat hepsin K In a

particul ar aspecshortamingss s rigsea horteamings include Bek phelest Wtte SYRIOXICIYPAIE of Ul
for treatingi Sﬁﬁﬁﬂﬁy%ﬂ@ﬁ@lﬁ* apidpiasphé RARfce. O ﬁeedstﬂﬁéfo?éeﬁﬁi ﬁﬁ‘ﬂﬁtﬁbﬁks and

glnglval di seases, such as gingivitls an periodontitis
excessive carti IQfgsamgWxausg@bﬁpghdaamﬂdwelsaﬁcwtaaewmmdudmgs and

r heurat oi d arthr P@Iﬁ! L ﬁfﬁI ON
The present i nvenIhIag spFSS\‘}'?‘é'eYs“co %lﬁi&gdo n%erl nI'IIIIbaIt : QSPSI% E)-I:'I’
methods.
We have now discovered a novel class of hydrazidyl, bis-hydrazidyl and bis-
20  aminomethyl carbonyl compounds which are protease inhibitors, most particularly

of cathepsin K.

SUMMARY OF THE INVENTION
An object of the present invention is to provide hydrazidyl, bis-hydrazidyl

25  and bis-aminomethyl carbonyl protease inhibitors, particularly such inhibitors of

cysteine and serine proieases, more particularly such compounds which inhibit

cysteine proteases, even more particularly such compounds which inhibit cysteine

proteases of the papain superfamily, yet more particularly such compounds which

inhibit cysteine proteases of the cathepsin family, most particularly such compounds
30  which inhibit cathepsin K, and which are useful for treating diseases which may be

therapeutically modified by altering the activity of such proteases.
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Accordingly, in the first aspect, this invention provides a compound
according to Formula I.

In another aspect, this invention provides a pharmaceutical composition
comprising a compound according to Formula I and a pharmaceutically acceptable
carrier, diluent or excipient.

In yet another aspect, this invention provides a method of treating diseases in
which the disease pathology may be therapeutically modified by inhibiting
proteases, particularly cysteine and serine proteases, more particularly cysteine
proteases, even more particularly cysteine proteases of the papain superfamily, yet
more particularly cysteine proteases of the cathepsin family, most particularly
cathepsin K.

In a particular aspect, the compounds of this invention are especially useful
for treating diseases characterized by bone loss, such as osteoporosis and gingival
diseases, such as gingivitis and periodontitis, or by excessive cartilage or matrix

degradation, such as osteoarthritis and rheumatoid arthritis.

DETAILED DESCRIPTION

The present invention provides compounds of Formula I:

O
|
D—C—Q
I
wherein:
R
ol o g
\A/ \ \N/ 2—9.
\RC RUB— \g/ IR
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wher e:

Lprrl

derr]al kyl,

CH(Rlerr])Ar,

Sderr]; 10
10

Ar-d err]al kyl,

WO 97/16433

[err]

R43
1
R® N R
N Y
H o g%, I
Q::
12

Het - C[err]al kyI
CH(R[err])OAr', NR[err]Rerr];

L

CH(R[err])NR[err]R[err]
O,
RN it



T = A, Het; 15 V =
-CN, -CF[err], -NJerr], -COR e
-Sgerr]NHR[err], -NHSO err] R e , -NHCOR[err], -OCOR[err], -SRerr],
NR Rlerr], NR (C=NH)NHR[err], O, Br, I, F; X=Y= Z =N,
O Sor CRerr )
WO 97/16433 WO9M643 A I,
provided that at least two of X, Y and Z are heteroatons

and at least one of X, Yand Zis N, or one of X, Yand Z is

C=N, C=C or N=N and whereot her two are CR[err] or N,

provided that X, Y and Z together conprige at |east two N, 5

[err] indicates a single or double nd fin the five-nenbered

het er ocycl e; - 2; n =1
to 6; A=absent, = 0,11, 2; 10 Ar = phenyl,
napht hyl, optionally substituted by orR® or nore of

Ph-Clerr]al kyl, Het-Clerr]al kyl, Cerr]al koxy, Ph- C[err]al koxy,

Het - ( err] al koxy, OH, (CH[err])[err]NR[err]R[err]

Cl err]cycl oal kyl ; W= H,
Cq rr]R[err], -CONHR[ err],

QO CHerr])[err]NRlerr]R err]; R® Ar' = phenyl or

napht hyl, optionally substltuted by one-Qr of 15

Ph- C[err]al kyl, Het-Cerr]alkyl, err]ngﬁﬁxy,l Ph-C[ err] al koxy,

Het - C[err]algoxy, OH, (CHgerr Z%‘ﬂﬂR[ero]R[g?‘r}

O CHerr])[err]NRlerr]R err], oy:halogen _ R = H,
Cerr]alkyl, Ar-Clerr]alkyl, Het-Cerr]al kyl; R err]
= H, C[err]al kyl; 20 Rlerr] = (Jerr]alkyl, Cerr]al kenyl,

E&”.Z%'[ errlalkyl. Rlerr]cd= %@%’Fg&gﬁeﬁwf ﬂe@c@g'aucyﬁqﬁkﬁé)ﬁd@o@ék

CH(R56)Ar, CH(R66)OAr', NROOR67:
~ M=C(0),505;
10 G=

~r

X—=Y

J = C(0), SOy;
T = Ar, Het;
15 V = C3-7cycloalkyl;
W =H, -CN, -CF3, -NO3, -COR7, -CO,RS, -CONHRS,
-SO,NHRS, -NHSO,RS, -NHCOR7, -O-CORS, -SRS,
NR'R6, NR'(C=NH)NHR, Cl, Br, L F;
X=Y=Z=N,O,SorCR4,



Rlerr]OC(O -, R err]NHCO; Rerr] =
Ar-CJerrlalkyl, Het-Clerrlalkyl: R
Ar-[err]alkyl, Het-Cerr]al kyl; 25 Rerr] =
CH err]CFlerr], Ar-Clerr]al kyl, Het-Cerr]alkyl;

Rerr] = derr]alkyl, Ar-Clerr]al kyl, Het-Cerr]alkyl; )
Rlerr] = H C™166Bkenyl; Cerr]al kynyl; Het; Ar; C[err]allf<(§'i’l,lsgmsmm

optionally substituted by OR, SR, NR 2, CO2R,

COerr]NR [err], N(C=NH) NH er r Jprovigead that apjeast opo of X, Y and Z are hetgpatpmp = H

H (derr]alkyl,
errl—= —
H, derr]alkyl,

Cerr]al kyl, Ar-Clerr]alkyl, 1 53% ; ZisN FfX YandzZ il €rr]
= C[err]alkyl, Ar-Cerr]alkyl, &g{selr)r %ﬁand is N, or one of X, Y and Z if{

9 WD 97/ 16433  C=N, C=C or N=N and the other two are CR or N,

PCT/ US96/ 18000 . err]. = er.r]al k

Ar-Clerr]al kyl, Het-C[err]al kylp,rov&}ed thatx,g{anditogeﬂérco pnsJ%lea\Q two N;
[err]- 5 == indicates BsiRgle]or double Edndrin el flioetmenitberéd err] al kyl ,
Het - err]al kyl ; . Rlerr] = H derr]alkyl,
Ar-Cerr]al kyl, Het-d errhEiemsycle [err]

Rerr] = H (err]alkyl, Gherla:kenyl, (err]al kynyl, Ar, Het, or
Cerr]al kyl optionally substituted by ORerr], NRerr].

CONR[ err], N(C=NH) NH, HethD} tog;; Rlerr] =
Cerr]al kyl, Cerr]al kenyl¢,= le5r]al kynyl, Ar, Het, or (err]alkyl 10
optionally substituted by eri]l, SR err], NRerr], CJerr]Rerr],
CONR[ err], .NfCC=NH) NH-, HetAre+ phényl, naphthyl, optionally substituted by onigjoe mofe of H,

Cort]aiky! opttonal Ly subst i ¢ uPBFogPRsR s 0 ol - il BfGo-alkoxy,
CJerr]Rerr], Het alkom,QCH]Z) ONESBIINH-, Het or Ar, 15
Rerr] = R[fa_rr] =H {err]al k}/)l(CH J ?ﬁssﬁ%grr é(O)-,: R[err]C(S)-z
Rlerr]0C(O) -; 271 r Rl err] Cerr]al kyl;
ﬁare; ]r g?LgFHY{/_ C[CEarG; ]r gfi;: in"'l _%%}r/ﬁrgaﬁléﬁli c;ptionally substituted by one or more of
T- (CH err])err] CH(T) (CH err] &o:qa,lkybﬁ‘{erﬁoasaﬂsvl&lbsqum Blr-Qoypathexy.or
two hal ogens, SRerr], OR[err] M&M&ﬁﬂﬂ (@ﬁzﬁ[mﬁgﬂsbyl X
O(CH3);-6NRI8R39, or halogen;
R’ = H, C]-galkyl, Ar-Cg_galkyl, Het-Cp_galkyl;
Rl =H, C}.6alky); |
20 R2 = C4.6alky), C4-galkenyl, benzyl;
R3 = C-galkyl, Ar-Co-6alkyl, Het-Cg_galkyl, R3CO-, R3SO,-,
R30C(0)-, RONHCO-;
R4 = H, Cj-galkyl, Ar-Co-galkyl, Het-Cy_galkyl;
R3 = Ar--galkyl, Het-Cg._galkyl;
25 RS = H, Cj.galkyl, CHyCF3, Ar-Co-galkyl, Het-Cq_galkyl;
R7 = C}-galkyl, Ar-Co-6alkyl, Het-Cq_galkyl;
R8 = H; C7.-6 alkenyl; C2-6alkynyl; Het; Ar; Ci.galkyl,
optionally substituted by OR’, SR’, NR'3, CO2R’,
CO2NR'9, N(C=NH)NH;, Het or Ar;
30 R? = H, C}-galkyl, Ar-Cg_galkyl, Het-Cg_galkyl;
R10 = Cy_galkyl, Ar-Cq._galkyl, Het-Cq._galkyl;



20 Rlerr] = Rerr]CO Rerr]OCO

Rlerr] = (ferr]alkyl; Cferr]cycloalkyl; Ar; Het; T-(err]alkyl;

T-(CH err])[err]CH(T)(CH err])[err]; optionally substituted by one or
two hal ogens, SRlerr], ORerr], NRerr]Rerr], ([err]alkyl;

Rlerr] = Rerglognas’r] = Rlerr] = Rerr] = Rerr] =H, qeﬁéﬂlﬁé&!ﬁ/ﬂm

Ar-Clerr] 25 [err]al kyl, Het-C[err]alkyl;
10 WO 97/ 1643811 = 4 1. Ar- kvl Het L o
PCT/ US96/ 18000 1 salky[:%r r‘]:1~6““‘y » Het-Co.galkyl, or

R"R’—NJ\ :

R12 = H, Cy_galkyl, Ar-Cq.galkyl, Het-Cq_galkyl;

R13 = H, Cy_galkyl, Ar-C_galkyl, Het-Cp,galkyl;
RIO

R14 = /kN-n'n”, Ac;

5
R15 = H, C;_galkyl, Cy_galkenyl, C;._galkynyl, Ar, Het, or
C}.galky! optionally substituted by OR, NR?,,
CONRY,, N(C=NH)NH-, Het or Ar;
R16 = C;_galkyl, C;_galkenyl, C;_galkynyl, Ar, Het, or Cy_galky]
10 optionally substituted by OR?, SR9, NR%), CO5RY,

CONR?,, N(C=NH)NH-, Het or Ar;
R19 =H, Cy_galkyl, Cy.galkenyl, C;_galkynyl, Ar, Het, or Cy.
galky! optionally substituted by ORY, SR9, NR9,, CO4R?,
CONR?,, N(C=NH)NH-, Het or Ar;
15 - R17=R72=H, C}-galkyl, R10, R10C(0)-, R10C(S)-, R100C(O)-;
R2! = R26 = C5.galkyl; C2-galkenyl; C3-] 1cycloalkyl; T-C3-
6alkyl; V-Ci-galkyl; T-C2-galkenyl;
T- (CH2)nCH(T)(CH2)p; optionally substituted by one or
two halogens, SR20, OR20 NR20R27 or C}_4alkyl;
20 R27 = R28C0, R280C0;

'R28 = Cj.6alkyl; C3- 1cycioalkyl; Ar; Het; T-C).-galkyl;
T-(CH2)nCH(T)(CH2)n; optionally substituted by one or
two halogens, SR20, OR20, NR20R73, C}_galkyl;

R20 = R22 = R23 = R24 = R25 = R73 = H, C; _4alkyl, Ar-Cg.
25 galkyl, Het-Cq_galkyl;

10



Cbz-leucinyl-; 2-, 3-, or 4-pyridyl thyloxycarbonyl

| euci nyl -; 4- |n1dazole acetyl-leucinyl- nhenyl acetyl

| eGernyl, N N-di methyl-glycinyl |eucinyl, 4-pyridyl acetyl- 10 |eucinyl,
2-pyridyl sulfonyl-Ieucinyl, 4-pyridyl carbonyl -

| euci nyl, acetyl -1eucinyl, benzoyl-Ieucinyl, 4-phenoxy- .
benzoyl -, 2- WP93168%nzy| oxybenzoyl -, bi phenyl acetyl, PCT/US6/18000
11

PCT/ US96/ 18000 WD 97/ 1643829 = al pha-

i sobutyl - bi phenyl acetyl, Cbz-phenyl al ani nyl, Cbz-

norl euci nyl -, Cbz-norvalinyl-, Cbz-glutanyl-, Cbz-epsilon-

(t-butyl ester)-glutanyl; acetyl-Ileucinyl-, 6- or 8- quinoline
carbonyl , biphenyl acetyl, alpha- isobutyl-biphenyl acetyl, 5

acetyl, benzoyl, 2- or 3- benzyl oxy benzoyl, 4-phenoxy

benzoyl -, s H Cbz-am no acid-; 2-,3-, or 4-
pyri dyl nmet hyl oxycar bonyl - R N am noaci d-; aryl
Cerr]-Cerr]al kyl oxy carbonyl -am no

heteroaryl CJerr]-C[err]al kyl oxy car t@nyl 'am oo &ler,N;l\QJ\

aryl CJerr]-Cerr]al kyl oxy carbonyl - aci d-,

heteroaryl Clerr]-C[err]al kyl oxy car bonyﬁ -am no aci @@, Cﬁaﬂ]

@@(

/ |
N
/©/ \Ils N
I/ \‘ O o
(8]
___‘g:o
O ocH,Ph B10C™ g

Cbz-leucinyl-; 2-, 3-, or 4-pyridyl methyloxycarbonyl-
leucinyl-; 4-imidazole acetyl-leucinyl-, phenyl acetyi-
leucinyl, N.N-dimethyl-glycinyl leucinyl, 4-pyridy] acetyl-
10 | leucinyl, 2-pyridyl sulfonyl-leucinyl, 4-pyridy} carbonyl-
leucinyl, acetyl-leucinyl, benzoyl-leucinyl, 4-phenoxy-
benzoyl-, 2- or 3- benzyloxybenzoyl-, biphenyl acetyl,

11



( err]al kyl oxy carbonyl-am no acid-; (err]-Cerr]al kyl carbonyl, aryl
Cerr]-Cerr]al kyl carbonyl, heteroaryl Cerr]-C[err]al kyl carbonyl,

aryl Cerr]-Cerr]al kyl carbonyl, heteroaryl Clerr]-C[err]al kyl carbonyl,
15 Cerr]-Cerr]al kyl sulfonyl, aryl Clerr]-Cerr]alkyl

:3: ;8%: 2?%‘%%?‘%] - err]al kyl sulfonyl, het eroarqu or M pamspaky!
%er r1-qerr]al \5\}8 ggyllgzg)él : a]g}Qa- isobutyl-biphenyl acetﬁ,[&;zr-;lhe:ylilﬁﬁinﬁ,[ &gz[] alkyl;
PCT/ US96/ 18000 norleucinyl, ©bk-horvalinyl-, Cbz-glutamyl-, Cbz-epsilon-
(t-butyl ester)-glutamyl; acetyl-leucinyl-, 6- or 8- quinoline
carbonyl, biphenyl acetyl, alpha- isobutyl-biphenyl acetyl,
S acetyl, benzoyl, 2- or 3- benzyloxy benzoyl, 4-phenoxy

benzoyl-,
Cbz-amino acid-; 2-,3-, or 4- pyridylmethyloxycarbonyl-
aminoacid-; aryl Cg-Cgalkyloxy carbonyl-amino acid-,
heteroaryl Co-Cgalkyloxy carbonyl-amino acid-,

10 aryl Cg-Cgalkyloxy carbony!-amino acid-,
heteroaryl Cp-Cgalkyloxy carbonyl-amino acid-, Cj-
Cgalkyloxy carbonyl-amino acid-; C1-Cgalkyl carbonyl, aryl
Co-Cealky! carbonyl, heteroaryl Co-Cgalkyl carbonyl,
aryl Cp-Cgalkyl carbonyl, heteroaryl Cg-Cgalky! carbonyl,

15 C]-CGalkyl sulfonyl, aryl Co-Cgalkyl sulfonyl, heteroaryl
Co-Cgalkyl sulfonyl, aryl Cg-Cgalkyl sulfonyl, heteroaryl
Co-Cgalkyl sulfonyl;

20 R30=_H, C}-¢ alkyl;

12



Cbz-leucinyl-; 2-, 3-, or 4-pyridyl

5

met hyl oxycar bonyl - v leucinyl-; 4-i
acetyl -l eucinyl-, phenyl acetyl- | euci nyl
N, N- di met hyl - gl yci nyl | eucinyl, 4-pyridyl acetyl- 10

leucinyl, 2-pyridyl sulfonyl-Ileucinyl, 4-pyridyl carbonyl- .
| euci nyl, acetWQ9V¥&8i nyl , benzoyl -1 euci nyl, 4-phenoxy- PCT/US9G/18000
benzoyl -, 2- or 3- benzyl oxybenzoyl -, biphenyl acetyl,

13 R31 =

o >
o)
™~
P Q o J
¢ o ° 7N
Me -
T A
Ng Se
rak
o O
0
_,__,“sso
~N
//s“ /n
o © OCH,Ph EtO,C s

Cbz-leucinyl-; 2-, 3-, or 4-pyridyl methyloxycarbonyl-
leucinyl-; 4-imidazole acetyl-leucinyl-, phenyl acetyl-
leucinyl, N,N-dimethyl-glycinyl leucinyl, 4-pyridyl acetyl-
10 ' leucinyl, 2-pyridyl sulfonyl-leucinyl, 4-pyridyl carbonyl-
leucinyl, acetyl-leucinyl, benzoyl-leucinyl, 4-phenoxy-
bcnioyl-, 2- or 3- benzyloxybenzoyl-, biphenyl acetyl,

13



WD 97/ 16433 ' . PCT/ US96/ 18000
al pha- isobutyl - bi phenyl acetyl, Cbz-phenylal aninyl, Cbhz-

norl euci nyl -, Cbz-norvalinyl-, Cbhz-glutanyl-, Cbz-epsilon-

(t-butyl ester)-glutanyl; acetyl-Ileucinyl-, 6- or 8- quinoline

carbonyl, bip etyl, al pha- isobutyl-biphenyl acetyl, .
acetyl, benzongjﬂlag’r 3- benzyl oxy benzoyl, 4-phenoxy PCT/US96/18000
benzoyl -, Cbz-am no acid-; 2-,3-, or 4-
pyri dyl met hyl oxycar bonyl - alpha- isobutyl-biphenyl acetyl, Cbz-phenylalaiimdChzd- ; aryl

- | kyl bony! - ani i d- _ _
heterbaryl Clort ]~ or 1 a6 ky! oAPESEGr F hoRvplisylsc P sutasg, Coz-epsilon.

aryl Clerr]-Clerr]al kyl oxy car espyta@higuasys acetyl-leucinyl-. 6- or 8- quinoli
heteroaryl Clerr]-Cerr]alkyl oxy Cgr bonfﬁl- amyno gci s y . rr] - quinoline

Cl err]al kyl oxy carbonyl - ani no &@rbgnyl, Fiphenyl acetyk plphax isobuty bipheoplacetyar y |

- | Kyl b I, h | b |,
Syl Clerr] - Qertlalkyl car bonyFayhBibylid-SF 5t euefibky Raf FRIBORL bony
15

d err] - Clbenzolyk] kyl sul fonyl, aryl C[err]-Cerr]alkyl
sul fonyl, heteroaryl err]-Cerr]al kyl

ajl fo]nylct arill I E[farr] IfC[ erlr] al IShz-aming i) ?‘*ﬁ?él’é?@ﬁidﬁmth)’ﬁ}’%;ﬁyl- A
err]-Clerr]alkyl sulfonyl;  aminoacid-; aryl Ca-Cgalkyl oS- Ami err] Ar,
OCH2 [ err]al kyl, aryl substituted (Jerr aﬂgqu kyloxy ¢ yl-Amino ’

het eroaryl substituted { err] albeigroand CoiGealiyloxy carbonyil-emino agid;, 20

3-, or 4-pyriglyl met hyl neneoxy; I'eh O} thyl ene. . 2- .

pyridyl sul f(k)d;lyl , 4-pyridyl, ar“é[]%u%%{%yg%%ﬂ@?‘ﬂ“gﬁﬂ‘}poxy,

heteroaryl substituted C err] alhigtoaryy Co-Cgalkyloxy carbonyl-amino acid-, (gterr] =
Cerr]alkyl, -CHerr]Ph, -CHer err err R%E_rr ;

Rlerr] = -H derr]alkyl; 25 é&%xyci'b%%ﬂ‘@g"f’ “l';kdjcdng'h?a,"bmyl'af}'l

Rl err] - Aryl, heteroaryl, pyri allivB Skl ' ; g
Rlerr] = (Jerr]alkyl, -CHerr] FC)%}’(EQ G%erﬁ%%?gt?ﬁglchrcwlecﬁﬁo?ﬂ’
Rlerr] = Cbz; (err]alkyl or aepiCodlgalkytaarteyl, heteroaryl Co-Cealkyl carbonyl, Cbz;

Cerr]al kyl (£0 benzoyl; C[er 'a]?éé%}i:lylﬁﬁfoﬁ]);l}':iryl?&)-ctgalkyl sulfonyl, hetgrlé%%'lt I tuted

benzoyl ;
WO 97/ 16433 Co-Cealkyl sulfonyl, aryl Co-Cgalkyl sulfonyl, heteroaryl

PCT/ US96/ 18000 Co-Ce alky{ s%[t{nl yi;
R32 = OCHAr, OCH2C| _galkyl, aryl substituted Co-galkyl,
heteroaryl substituted Cg-galkyl,4-imidazole methylene; 2-,
20 3-, or 4-pyridylmethylneneoxy; 4-pyridyl methylene, 2-
pyridyl sulfonyl, 4-pyridyl, aryl substituted Cg-galkyloxy,
heteroaryl substituted Cg-galkyloxy;
R33 = Cy-galkyl, -CH,Ph, -CH;CHyCOoR34;
R34 = .H, Cy-galkyl;
25 R35 = Ar, HetAr,
R36 = Aryl, heteroaryl, pyridyl, isoquinolinyl;
R37= C;-galkyl, -CHPh, -CH,CH,CO»R34;
R38=Cbz; C 1-6alkyl or aryl substituted
| Cbz; C}-galkyl -CO; benzoyl; C;-galkyl or aryl
30 substituted benzoyl;

14



5 Cbz-| eucinyl-; 2-, 3-, or 4-pyridyl
nmet hyl oxycar bonyl - s _ +eucinyl -; 4-i m-agazote— -
acetyl-Teuci nyl -, phenyl acetyl- | euci nyl ,

N, N- di et hyl - gl yci nyl 1eucinyl, 4-pyridyl acetyl- 10

| euci nyl, 2-pyridyl sulfonyl-Ieucinyl, 4-pyridyl carbonyl - -
| euci nyl, acewQ9Ir&dxi nyl , benzoyl -1l euci nyl, 4-phenoxy- PCT/USHE/8000

benzoyl -, 2- or 3- benzyl oxybenzoyl -, biphenyl acetyl,

15 R39=

yAiRen
@"@g(

o)

H
Z

/

\

ll
(o) ON\

\ \ |
g /
"o

o” o
o © OCH,Ph EtO,C

Cbz-leucinyl-; 2-, 3-, or 4-pyridyl methyloxycarbonyl-
leucinyl-; 4-imidazole acetyl-leucinyl-, phenyl acetyl-
leucinyl, N,N-dimethyl-glycinyl leucinyl, 4-pyridy] acetyl-
10 leucinyl, 2-pyridyl sulfonyl-leucinyl, 4-pyridyl carbonyl-
leucinyl, acetyl-lencinyl, benzoyl-leucinyl, 4-phenoxy-
benzoyl-, 2- or 3- benzyloxybenzoyl-, biphenyl acetyl,

15



WD 97/ 16433 _ : PCT/ US96/ 18000
al pha- isobutyl -bi phenyl acetyl, Cbz-phenylal aninyl, Cbhz-

norl euci nyl -, Cbz-norvalinyl-, Cbhz-glutanyl-, Cbz-epsilon-

- (t-butyl ester)-glutanyl; acetyl-leucinyl-, 6- or 8- quinoline
car bonyl , bi ps?e&w sgsgetyl al pha- isobutyl -bi phenyl acetyl, pcpusesisoso -
acetyl, benzo o - benzyl oxy benzoyl, 4-phenoxy _
benzoyl -, Cbz-am no acid-; 2-,3-, or
4- pyri dyl nmet hyl oxycar bonyl - alpha- isobutyl-bipheny] acetyl, Cbz-phenylalangnyil,/baci d- ;

aryl (err]-Cerr]al kyl oxy car bo aci gd- .
heteroaryl C[err]-Clerr]al kyl oﬂ?’g‘éﬁ“ﬁ’&‘n ZH ﬂ@y]écqb&'glu%% Coz-epsilon-
aryl Cerr]-Cferr]alkyl oxy car tmﬁmyr@m)ngmmyﬂacem@emrm or 8- quinoline

Clerr]-Cferr]al kyl oxy carbonyl -am no aci d d er rl]m Cer rl] al kyl oxy

carbonyl - anino acid-; ([ err] - Clcerbeny) bépheﬂtlaﬁcﬁbhﬁp oYty -blphcn}'lacetyl
Cerr]-Cerr]al kyl carbonyl ]

aryl (err]-Cerr]al kyl car bon%&&&ﬁ@% er%lgiryr%d r’? HC?I"M ar bonyI

15 d err] - Geazayl-al kyl sul fonyl, aryl C[err] Cerr]al kyI
sul fonyl, heteroaryl al kyl

sul fonyl, aryl Cerr]-Clerr]al @z—aggpq%ﬁ-mamﬁeﬁlydxy% y]
Cerr]-Cerr]al kyl sul fonyl; id-; aryl Co-Cgalkyl ﬂ,&ﬁ,{_ Heignd
Cerr]alkyl ; aminoacid;; aryl CoCealkylony Cray ] apipo Aid s

Rlerr] = (err]alkyl, aryl subshetemméd:o@mllw}mwbo agido ary|

bstit t d Ik I, ; I tituted
Gorr]alkyl: Bnd het et oar vl S %&%ﬁéﬂh‘@g%ﬁfﬁ%mﬂaﬁé‘%ﬂps e
Rl err] C[err]al kyl, aryl subs(Id-Cgulle_,dm(i[mrbohﬂJrahyﬂoamﬂ,(hpC@ﬂkyl

bt'ttd IkI,;HWh I bt'ttd25
ajefriarksl qaﬁ(r:lr]hgt e%loa'ryl su%g'it’s{‘ﬁla\?{f’ls qﬁ?h{:ﬁ’g*yli ary pPUStIe
Rlerr] = CH(Rerr]) NRlerr] Reridyc ﬁkﬁ%ﬁoﬁkmﬂﬁ J@gahcyicarbony

err]= err]= err err \ rr]al kyl,
,?[J-qurF[al ky} E[et C][errF[aI ky}atyl 0-Cealkyl carbonyl, Ctemafyl Co-ﬁ[selkyl]cagonrl ]Hety

ag E[[ 2; ; } g QR{ erC'r_|]( E[[ 2; ; } ) CAr, Nﬂé@ﬂﬁ ’s%’lfong{ ﬁ'w (]I(gbééﬂcyl sglponyl, heteroaryl
16 Cp-Cealkyl sulfonyl, aryl Co-Cgalkyl sulfonyl, heteroary]
" Co-Cgalkyl sulfonyl;
R40 = H and C}-galkyl;
R4! = H and Cy-galkyl;
20 R42 = C|-galkyl, aryl substituted C|-galkyl and hetero aryl
substituted C}-galkyl,; H when R43 is C|-galkyl, aryl substituted
Ci-galkyl; and heteroaryl substituted C;-galkyl;
R43 = C;-galkyl, aryl substituted C;-galkyl and hetero aryl
substituted C-galkyl,; H when R42 is Cy-galkyl, aryl substituted
25 Cj-galkyl; and heteroaryl substituted C3-galkyl;
R44 = CH(R33)NR45R54, CH(R5)Ar, C5_galkyl;
R45=R46 - R47T=R48 =R¥9 =R0O=-R51 -}, C1-galkyl,
Ar-Cy_galkyl, Het-Cg.galkyk;
R32 = Ar, Het, CH(R56)Ar, CH(R36)OAr, N(R56)Ar, C_galkyl,
30 CH(RS6)NR46R57;

16



WD 97/ 16433 PCT/ US96/ 18000

Rlerr] = Jerr]alkyl., Ar-Clerr]alkyl, _Het-Clerrlalkyl

R53 and R45 may be connected to forma pyrroli di ne or

pi peridine ring; Rlerr] = Rerr] = Rerr],
5[ (I-?{{ (ra]r ?]( O):1 R[R[u%s;vlns(agﬁ 1 C[Rgaﬂ]rlaloglq Ar - g[ err]al kyl, Het- C[ erlﬂ(%%g"mmﬁg el
I[Q[ere;]rial Ey:—l (err]al kyl, R?=Ca. 6315)[71 Ar-l’.‘o_ﬁale[yl Het‘CO-GEE‘YA - C[_erR[r ]e;llr LyI: or
gat [Qe%))e,ra;] alCIﬁ{:?;[ err]) A, NCRI lelrszr" dR45 BLgBé ¢onmedbFoTbRh K Pyrrolfifine &€t -
CH(Rerr])NRlerr]R err]. plpendmenng, Rlerr] = Rerr] = Rerr] =

H Jerr]alkyl, (CHerr]) {@U -ﬁ_ew%b?ai @4'7.:(9,11470%3;”] _

Ar-Clerr]al kyl, Het-Cerr

Jerr]al kyl, g CH[ err])[er R]SSG[kﬁﬁr:} RIEL @M, CQAgalllicAr-Tgldalklyl, Het-Co.
Het - C[err]alkyl Rlerr] and Rl err]. may be conbined to form 15
a 3-7 nenbered nnnocycllc or 7688 henber ed bi cyclic

carbocyclic or heterocycl p60Ligh],= R&*W“Wmtyﬁ“@ﬁ wth
[err] of CJerr]alkyl, Ph-Cferr]al kyl, Het C[err]al d err] al koxy,

Ph-( err]al koxy, Het-(err]al kéfcﬁﬂ-@#)' @dﬁFéCO-]G}’M'r]NR[err]R[err]

CH N = 6%0zr, NREYAr-
Lo Ler ) Ler 10 r ) L o G, . ey, SHBEOHOR Nl
Rlerr] OC(O NB[ err] CI—|(R[err])(CCH(R 9)NR6 thd pharmaceutical ly acceptabl e

salts thereof. _ K 0 .areqbydrazidyl,

bi s- hydrazi dyl and bi s- J{agr?i"n mfﬁ@ﬁéﬁi‘ﬁg%ﬂ&bﬁgtﬁ?&% ﬁg’(/‘r ng in
common key structural featuresAQ-ao_ I HepCoalkyl;ot ease substrates, nost
particularly cathepsin K stra st ructur tures endow
t he present conpounds vvitﬁ‘afﬁ la@gkyéﬂ%%6‘ﬂ@ i’J] {%-@#%Yge necessary
to fit into the enzymatic actipg Akyl! RO®IRIRETOM S cortbiedto forire, and

to react with a sulfhydryl grou g-@(}ikt he active site, thereby blocking the

site and 15 inhibiting enz |rnermhem;g¢@aycl§@rﬂxﬂprrpemmcbbr¢mg to
Formula I, such structural 30 . cf‘o%hb:%cy&x%.{r}g %lﬁb&hﬁ‘ﬁ&mh' lic

carbonyl, a peptidyl or peptldom bone on either

side of the central carbonyl, Hpéﬂmmkwl Ph-Co._galkyl, Het-Co.aalkyl Ci.salkoxy,
17 WO 97/ 16433

58p59
PCT/ US96/ 18000 car bobenzyFMalkOXYelf?c(oéGmoxy‘C%H CHL?@P% Ror a

mmic thereof, on the backboneO@@Hy);.gNRISR
20 R68 = R70 = R62, R62C(0), R62C(S), R620C(0),
 R620C(O)NRSICHR71)(CO);
and pharmaceutically acceptable salts thereof.
The compounds of Formula I are hydrazidyl, bis-hydrazidyl and bis-

aminomethy) carbonyl compounds having in common key structural features

25 required of protease substrates, most particularly cathepsin K substrates. These
structural features endow the present compounds with the appropriate molecular
shape necessary to fit into the enzymatic active site, to bind to such active site, and
to react with a sulfhydryl group on the active site, thereby blocking the site and
inhibiting enzymatic biological activity. Referring to Formula I, such structural

30 features include the central electrophilic carbonyl, a peptidyl or peptidomimetic

: molecular backbone on either side of the central carbonyl, a terminal
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one or both sides of the carbonyl, and optionally, an isobutyl side chain
ext endi ng fromthe backbone on one or both sides of the carbonyl.
[err] 5 Conmpounds of Fornula | wherein D = [err] and Q
= are preferred enbodi nents of the
present invention. For the sake of conveni ence, such pefRssEndce0ar €
referred to HEP&VI4F ter as conpounds of Formula I1. 10

More preferred enbodi ments of the present invention include conpounds of
Formul a 11 wher earbobenzyloxy moiety (e. QQ:sz-lb’mﬁiyl) anal nidmid, thereof, on the backboe6iH,
Y=S, and Z=N Y=N, . an =S: .. 15 X=N, Y=N, and

7=0 and ' one or boty(ijﬂ?s éj.%& myk 0 uonhlly, an isobutyl sxﬁ, %%'&q‘ er r]

is H nethyl or ffos:otwbyékboi?é@i&rablbmﬂ@& of the @arsbonylLt v .

Preferably R2 is isobutyl or benzyl. 20 Preferably Rerr] is
Rlerr]OC(O -, particularly benzyl oxycarbonyl . Preferably Ais
a D or L- amno acid or is absent, preferably A ig absent.

Preferably Wis CN, NHR[err], SR err], CONHR[ err] or CJerr]Rerr].

Suitably Rerr] is H, Cerr]al kyl, phen;ﬁa orybenzyl. Typically, Wis
Cerr]H CJerr]-(err]alkyl, C02-Ph, CI)Z- “A” h, ©ONH2, NH2 or SH.

VO 97/ 16433
PCT/ US96/ 18080 Compoundsof Ferpmla L whesein 50 unds o'? 18MRF a 11 are

particul ary preferred;
(2S,1'S)-2-(benzyl gxycar bonyl ) am no- N-[ 1' - ( 2- car boxyt hi azol -4-yl)-3' -
met hyl but yl ] - 4- metfhyl pen¥anam de;
(2S5,1'S)-2- (benzyl'oxyc b )am no-N-[1' - (2- car boxam dot hi azol -4-yl)-3' -
5 nethyl butyl 14 Zent anam de;
1
R are preferred embodiments of the present invention. For the
sake of convenience, such compounds are referred to herein after as compounds of
Formula IL
10 More preferred embodiments of the present invention incjude compounds of
Formula IT wherein:
X=S, Y=CH, and Z=N;
X=CH, Y=S, and Z=N;
X=N, Y=N, and Z=S§;
15 X=N, Y=N, and Z=0; and
X=N, Y=N, and Z=N.

Preferably R1 is H, methyl or isobutyl. Preferably R! is isobutyl.
Preferably R is isobutyl or benzyl.
20 Preferably R3 is R30C(O)-, particularly benzyloxycarbonyl.
Preferably A is a D- or L- amino acid or is absent, preferably A is absent.
Preferably W is CN, NHRS, SRS, CONHRS or CO,RS. Suitably RS is H,
Ci.4alkyl, phenyl or benzyl. Typically, W is COoH, CO2-Cj.4alkyl, CO2-Ph, CO5-
CH,Ph, CONHj,, NH; or SH.
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(2S,1'S)-2-(benzyl oxycar bonyl )am no-N-[ 1' - ( 2- car boet hoxyt hi azol - 4-yl)-3' -
nmet hyl but yl ] - 4- net hyl pent anam de; -
(2817 Sy 2Z-(benzyl oxycar bonyl ) am no-N-[ 1' - (2- cyanot hi azol - 4-yl ) - 3" - met hyl but
yl]- 4- et hyl pent anam de; 10

(2S,1' 5)-2- (benzyl oxycarbonyl ) am no-N-[1'-[2- (N - benzyl carb i.azol -
4- yl ] v@oeTmuassy| but yl ] - 4- net hyl pent anami de; Pabibbod

(2S5, 1'9)- 2 (benzyl oxycar bonyl ) am no-

met hyl propyl ) car boxarﬁ“dd‘]"t‘fﬁ'ﬁ%b‘l’"“ﬁ’“"ﬁ '%" ré*llug“t%f%%“'rwﬁy Rethyl pent anani de:
(2S5,1'S)-2-( benZ&SQWQ&b&m?wxyen‘hmnhm[nb-N{[E-(thrbpzyml:afol-‘t-yl)-3-

phenyl et hyl ) car boxa thia Oﬂgﬁl? -yl ).]-3" - et hyl butyl ] -4-net hyl pent anam de;
(2S5,1'S)-2- (benz'§}1= 5‘55’?9‘?’ t?fé‘“‘é‘[ - (4- car boet hoxyt hi azol - 2-yl)-3' -
met hyl butyl ] - 4- @ m;,é&bonyx)mno-N J4-(2-carboxaxmdoth1azol-4—yl) -3

(25,1'9) - 2- (benzyl ox car bonyl Jam no- N-[ 1 car boxyt hi azol - 2-yl)-3' -
met hyl butyl ] 4 mmﬂ;lyl wtnitl frmpthplpentarpmide

(28 1'9)-2- (ben ?t%?‘ﬂ)q’%ent aggma,w!{ﬁ-(%mah&wmwymol -2-y1)-3

met hyl b
(28 19S)-2- (benz:;:éthydymgﬂﬂemythylgmtuunnﬂe[l -(2-carbo-2, 2, 2-trifl uoroet hoxyt hi

?ggl 1's)-2- <benz¢?3§ﬁe @E%’I&" el XDWJ??Q%%PM%W&M%% BADEE

25 et hyl but yld_mémmpbﬁuhm& ananmi de; (2S, 1
'S)-2-(b I b I I gﬁ t h h | -2-yl
) - (3eflzy oxycarlﬁc))%y@ew{q%;g éam ngglﬁ [[% (N Dol O&‘%Ehx' az ! yl)

(28 1'S)-2- (benzsx 92@{ lmmlﬁm,ﬁ ibrlaidd; 4- car boxam dooxadi azol - 2-yl)-3' -
met hyl but yl ] 4- net )Sg_ént anan de;

(2S,1'S) - 2- (benZ9$d #MWymmDW?NﬁiéaWﬁét hoxyt hi azol - 4-yl)-3' -
met hyl but yl ] - 3- 13- )

15 yl butyl]- W&@h@g&ﬂﬁﬁﬂﬂ&ﬁmmM y1)}-3-methylbutyl]-4-methylpentanamide;

PCT/ US96/ 18000 (2s 18)—2((Ba;zylosycarbonyl)amino-N -[1-[2-IN-(2-

2 oL LTS Bpiisth rat BRI ncthyfo i B et iphabaddidd - 4- Y1) -

3' - et hyl bu
(25,1'S)-2- (benzgﬂ; omqmpmymm})mwmmqummza&h% azol - 3-yl)

-3 - mathylb M% enta amde 5
(2S,1'S) - 2- (benBH i Jﬁf}f“f - (2- mer capt ot hi azol 4-yl)-3' -

met hyl butyl | 4- mqmyIs;xeqbanmasuylmbonyl)a:mno.m1'-(4-carboxymiazol-2-y1)-3'-
(2S) - 2- (benzyl oxycar bon o- N- (4- car-boet hoxyt hi azol - 2-yl ) net hyl - 4-
met hyl pent anani daethylbuty '4'm° an(a“"‘f

fg S 115) ZWE(dt@ﬁnzas ¢ ﬁ@b&ﬁgm&%@%@%&h&ﬂﬁ@eﬁw&wﬁxmmo| 4-yl)
yl but tz pent anam de;
methylbutyl]—4-me yipentanamide;
(28,1'S)-2-(benzyloxycarbonyl)amino-N-[ 1'-(2-carbo-2,2,2-trifluoroethoxythiazol-
4-yl)-3"-methylbutyl}-4-methylpentanamide;
(28,1'S)-2-(benzyloxycarbonyl)amino-N-[ 1'-(4-carboethoxyoxadiazol-2-yl)-3'-

25 methylbutyl]-4-methylpentanamide;
(2S,1'S)-2-(benzyloxycarbonyl-L-leucinyl)amino-N-[1'-(4-carboethoxythiazol-2-yl}-
3-methylibutyl]-4-methylpentanamide;

(2S,1'S)-2-(benzyloxycarbonyl)amino-N-[ 1'-(4-carboxamidooxadiazol-2-y1)-3'-
methylbutyl]-4-methylpentanamide;

30 (2S,1'S)-2-(benzyloxycarbonyl)amino-N-[1'-(2-carboethoxythiazol-4-yl)-3'-
methylbutyl]-3-phenylpropanamide;
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(2S,1'S) - 2- (benzyl oxycar bonyl ) am no-4-nmethyl -N-[ 3' -net hyl - 1'-(2-
phenoxycar bonyl t hi azol - 4-yl ) butyl ] pent anam de;

(2S,1'S)-2-(benzyl oxycar bonyl )am no-4-net hyl -N-[3' -net hyl - 1" -[ 2- ( 2-

met hyl pr opyl oxycar bonyl )t hi azol - 4-yl ] butyl ] pent anam de; 15

(2R 1'9) - W#ﬁ?‘écar bonyl ) am no- N-[ 1' - (4- car boet hoxyt hi agefsbsdsonét hy! |

-4- nam de;
(2R 1'R) - 2- (benz oxycar bonyI ) am_no- N-[ (4- car boet hoxyt hi azol - I )et hyl ]
nmet hyl %)n?a- fheaeyloxycaroonyl-L- eucmyl)anuno-N—[l'-(2-carboethoxytluazo -4-yl)-

(28, 1'S)-N-[ 1 @"rﬂéﬂ:?%@l] dﬁkthﬁp&&naﬁuaémt hyl butyl ] - 2- (benzyl oxycar bonyl ) a
m no- 20 4-net hyl pent anam st particularly preferred
conpounds of For A9, BS)r3-(benezyloxycarbonyl)amino-N-[1 -(S-mercapto-l 2,4-oxadiazol-3-yl)-3'-

(2S,1'S)-2-(benz 1' - (2-carboet hoxyt hi azol -4-yl)-3" -
met hyl butyl ] - 4- rreeﬁlﬁﬁﬁgfnfanam g&h&ﬂaﬂ}f&

(2 gs, 1 s% : 2|- E) b?nlz;ESobiS/)ethmzwd’ﬁyaarbmydl)‘dnﬁﬂd-zle[4'—(aand:roqndnhmlm-plz-a1-- 2-yl)-3' -
e u nam de;, an
2S,1'S) - 2}/( bengyh@@?y@g+%eng REBWBAMIEY ami no- N-[ 1' - (4- car boet hoxyt hi azol - 2

-yl) - 3" - Meg2sy. loxfcafBing PARROINU(A BArBsethoxythiazol-2-yl)methyl-4-

20 V\D 97/ 1651,33 ythi Y y

PCT/ US96/ 18000 ['®gthylpentanamide; Conpounds of Fornula | wherein D =
[err] ~ and Q (28,1')- i-&kﬁz] lo RN @ beRF IO BB LAgn RS ent
i nvention. For the sake ven| nce, such conpounds are e erred
to herein afi®r m gﬂlzlbwﬂqumﬂwlpemenmna 111, Wth respect to

[Cgﬂ)fu nds of For@ylia) )l fenzytoxycdrbéilytafiilold-Thetis1-N-[3-methyl-1'-(2-
phenoxycarbonylthiazol-4-yl)butyl}pentanamide;
(28,1'S)-2-(benzyloxycarbonyi)amino-4-methyl-N-{3'-methyl-1'-[2-(2-
methylpropyloxycarbonyl)thiazol-4-ylJbutyl]pentanamide;

15  (2R.1'S)-2-(benzyloxycarbonyl)amino-N-[1'-(4-carboethoxythiazol-2-yl)ethyl}-4-
methylpentanamide;
(2R,1'R)-2-(benzyloxycarbonyl)amino-N-[ 1'-(4-carboethoxythiazol-2-yl)ethyl]}-4-
methylpentanamide; and
(2S,1'S)-N-[1'-(2-aminothiazol-4-yl)-3'-methylbutyl]-2-(benzyloxycarbonyl)amino-
20 . 4-methylpentanamide.

Most particularly preferred compounds of Formula I are:
(28,1'S)-2-(benzyloxycarbonyl)amino-N-[ 1'-(2-carboethoxythiazol-4-y1)-3'-
methylbutyl]-4-methylpentanamide; |
(2S,1'S)-2-(benzyloxycarbonyl)amino-N-{ I'-(4-carboethoxythiazol-2-yl)-3'-

25 methylbutyl}-4-methylpentanamide; and
28,1'S)-2-(benzyloxycarbonyl-L-leucinyl)amino-N-{1'-(4-carboethoxythiazol-2-yl)-
3'-methylbutyl]-4-methylpentanamide.

20



More preferably Bis [err] or Preferably R err]

Is [err] 10 PreferablyRlerrlandRlerr] are H

[err] Preferably Rlerr] is [err] Preferably Rerr], Rerr],
Rlerr] and Rlerr] are (err]alkyl. More preferably Rlerr] and Rlerr]
are Cferr]al kyl. Preferably Ar is phenyl optionally substituted by one
or two groups WOnrgé#s3from 15  hal ogen, CF[err], N err], SRV o]
NR[err] or Cerr]alkyl. Preferably Rerr] and Rerr] are Rerr]0OC(O)-;
and nore preferably Rlerr] is Ar-Cerr]alkyl. Pref er abl§," F?err] and
Rlerr] are (Jerr]alkyl; nore preferably, R err] and R err] ale i¥Bu.
Preferably R1l7 and R72 are Cbz. /N~N' “R"

21 WD 97/ 16433

PCT/ US96/ 18000 b _dibBdregy oL the Rftvention of
Formula Il is a Co%gmgndgfofgaﬁnﬁgLoPﬁUuin? F: i § [err]
. are preferred embodiments of the present invention. For the sake of convenience,

such compounds are referred to herein after as compounds of Formula II.
With respect to compounds of Formula III:
5 Preferably B is

s Na s s

Y

(o] Bu °

s s H
More preferably B is TJ’ . \&T or j)r \lgu .

R

A

Preferably R11 s AVR°—N" ™

10 Preferably R12 and R13 are H.
R19

Preferably R14 is /k N—-R'R",

Preferably R15, R16, R18 and R19 are C;_galkyl.

More preferably R15 and R18 are C4_galkyl. _

Preferably Ar is phenyl optionally substituted by 6ne or two groups chosen from
15  halogen, CF3, NOs, SR, OR?, NR? or Cj_qalkyl.

Preferably R17 and R72 are R100C(0)-; and more preferably R10 is Ar-C)_alkyl.

Preferably, R16 and R19 are C4 galkyl; more preferably, R16 and R19 are i-Bu.

Preferably R17 and R72 are Cbz.
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5 wherein X, Y, Z HRerr], Rerr], Rerr] and R err] are as described in

Formula I11. Most particularly preferred conpounds of Formula

11 are: '

(1S)-N-[4-(1-benzyl oxycar bonyl am no) - 3- et hyl but yl ] t hi azol - 2-yl carbonyl ] -N

- (N be-%ﬁ.ﬂ?ysﬁar bonyl - L- 1 euci nyl ) hydr azi de; PCT/US96/18000 -

N- benzyl oxycarbony -l euci nyl -N - benzyl oxycar bonyl -L-1 euci nyl -L- 10

| euci nyl hydrazi de; and

(1S) N[ 2-[ (1-benzyl on@parbudgdmhodm)enBOﬁthcWbmmfﬁm@awlmwmnmwl] N
(N benz¥l QNSRS bonyl - L- 1 euci nyl ) hydr azi de.

R22 [err]

Compounds of Fornula | wherein D = Rt [ erg] andr® R25
[err] 15 [err] p1Aale refgrr en}@odl nt s7o0f the present

i nvention. For the sake of v e, nUc or’rﬁéunds are referred to
herein after as conpounds of H For X | v.H 0 A nore
preferred enbodi nent of the present invention is a conpound of Formul a
| V wherein R[err] and Rlerr] are selected fFomthe group consisting of:

22 7/1

FCT/ Uso6/ 18000 wherein X, ¥, Z. RIGRIT, RI9 g RT2 y e 3y 9psspibe ip Fopppla L

N-acetyl -1 euci nyl, NMogpahitilakly preferred compounds of Formula ITI are:
(1S)-N-[4-{(1-benzyloxycarbonylamino)-3-methylbutyl]thiazol-2-ylcarbonyl]-N'-
N-benzyloxycarbonyl-L-leucinyhydrazide;
N-benzyloxycarbonyl-L-leucinyl-N'-benzyloxycarbonyl-L-leucinyl-L-
10  leucinylhydrazide; and
(18)~N-[2-[(1-benzyloxycarbonylamino)-3-methylbutyl}jthiazol-4-ylcarbonyli]}-N'-
(N-benzyloxycarbonyl-L-leucinylhydrazide.

Ra
}

21
NJ
NN
L23
Compounds of Formula I wherein D = O R and Q=
Hg
) 26
N._R
SN
R O
15 are preferred embodiments of the present invention. For the sake
of convenience, such compounds are referred to herein after as compounds of
Formula IV.
A more preferred embodiment of the present invention is a compound of

Formula IV wherein R2! and R26 are selected from the group consisting of:

22



and Rlerr], Rerr], Rerr] and Rerr] are H 5
arly preferred enbod| ments of Formula LV are:
N - bi s- benzyl oxycar bonyl - L-1 euci nyl ) car bohydr azi de;
N - bi s-cycl ohexyl acetyl ) car bohydr azi de;
N - bi s-4- net hyl pent anoyl ) car bohydr azi de;
N -
N -

- =
— =
— el

o 0D

2

(93]

TTNNNNNN

Z 1

bi WOja648dent yl acet yl ) car bohydr azi de; 10 PCT/US96/18000
bi s- benzyl oxycar bonyl gl yci nyl ) car bohydr azi de;
N - bi s- acet yINICbla¢iinyy,IN-Coz-glyoingll, hzacdeyi-leucinyl, N-Cbz-alanyl,
N - bi s- benzyl oxycar bonyl - L-al anyl ) car bohydr azi de; and
nzyl oxycar bonyl L-leucinyl)-2"-[N -(4-nethyl pentanoyl )] carbohydrazid
- (N, N b| S- benzyl oxy@ar bonyl - L- | euci nyl ) car bohydr azi de

is a nmost prefe mant ole aly
[err]. 0 un or ereln D= [err] are
preferred enbodi rrents res nt |nvent r the sake of

conveni ence, 20 such conpoundé are referred to herein after as conpounds
of Formula V. andRZ2, R23 R24IandrR3§ere|cHef erred corrpounds of Formula V, when

= Me
.R[oigé’”]b I‘éh[eé; | Vel e et mx PR et iwwq;&?p ﬁ;ﬁqum s
refera r ] cQ't[oﬂyt Sedewndadng en
IOR[err] C[grr] C[zeerrziNalbliy b’A‘f S rleferabP -t Bu. ide; Even nore

preferred enbodid® N dus-exsiaoberyiacety
b Cbz- | .
18 o ot

bi s- 1, 3- (4- phenoXy- m no-"pr opan- 2- one;
23 WO sz-mzwaus-cyclwentylaoetyl hydrazlde

PCT/ US96/ 18000
1- (Cbz- Ieuc?@yl )2’2 b? lzenz%l{)ﬂcaﬁboxl%lglﬁcllnyl)%%bokg propan 2- one;
1- (Cbz- | euci nyl )Z-HNNN—h%—z(cayl-Lgbummhtbbhma}rde est er) - am no- pr opan- 2- one;

- 2,2-(N,N'-bis-benzyloxycarbonyl-L-alanyl)carbohydrazide; and
2-(N-benzyloxycarbonyl-L-leucinyl)-2'-[N'-(4-methylpentanoyl)lcarbohydrazide.

u
N
N
N
N,
N
N,
N,

DODDNNDNDNDNDNNNDNDN T

15 2,2'-(N,N'-bis-benzyloxycarbonyl-L-leucinyl)carbohydrazide is a

most preferred embodiment of Formula IV.

Rao . A~ R31
RENK - o
H and Q = H

are preferred embodiments of the present invention. For the sake of convenience,

Compounds of Formula I wherein D =

20 such compounds are referred to herein after as compounds of Formula V.
In more preferred compounds of Formula V, when R30=C1-C5 alkyl, R30 s
preferably Me or -CHoCHoMey. When R33=C;-Cg alkyl, R33 is preferably -Pr, -
Bu, or -CHCH,Me,. When R34=C-Cg alkyl, R34 is preferably -r-Bu.
Even more preferred embodiments of Formula V include:
25
- bis-(Cbz-leucinyl)- 1,3-diamino-propan-2-one;
bis-1,3-(4-phenoxy-benzoyl)-diamino-propan-2-one;

23



1- (Cbz- 1| euci nyl ) - am no- 3- (Cbz- gl ut anyl ) - am no- pr opan- 2- one;

bi s-1, 3-(Cbz-1 euci nyl)-di am no-(S)-but anone-2-one; 5

1- (Cbz-1 euci nyl)-am no- 3- (Cbz- phenyl al anyl ) - am no- pr opan- 2- one;

- 1-(Cbz- 1 euci nyl ) -am no- 3- (Cbz- nor | euci nyl ) - am no- pr opan- 2- one;

+ 1-(Coz-1eucinyl)-am no- 3- (Cbz-norval i nyl)-am no- propan- 2- 0Neperuses18000 -
~bis-1,3-(Cbz- &%g{"ﬂﬁ}) -di am no- 5- net hyl - (S) - hexan- 2- one;

1- (acetyl -1 eucinyl)-am no- 3- (4- phenoxy-benzoyl ) - am no- pr opan- 2-one; 10
1- ( Cbz- hono- | eucil'gﬂbf'g]w&%ﬂggr@%%ﬂ?@}” 3 Pr@!%%a%?'z- one;
1- (Cbz- | euci nyl) -1a@baeuidyRCathivib-3L €BEgitAmyl 2 BuR eféMafinolpropsh-2-and DSt

particularly preferred enbodi nrent of the present invention of Formula V.

[err] 1-(Chrpeyginyy)-asping-3r (Ghe-gimamy{-aming-propan-2-one; [err]
and 12 . g, iy ]IE_ g b ]
are preferred em%sd}’%é(r:\?s{eg%ﬁh)ug‘ pre%gsr?tbumone #E’\E}Ee’ntion. For the sake of

conveni ence, $ucH-(Cbajecinyt)-amieo-3«Cbz-phehylalanybramino-pfopan-2-one; as conpounds
of Formula VI. . . . . . C Mor e
preferably, R35 SpfPzlqucinyl)-amipo-3(Chzrnpdeucinylyaming-propancg-opes, ' a5

[err] Ph may-(0bzdsicingl)ainiio-34(0bi-nbiviliey I varhino Prapani2adney | , C[ er r] al koxy,
e AN g Ry WihnS Sy Pt 2 R ™ P 27 PYrT 1

24 WO 1§4éelfiléiny])-amino-3-(4-phenoxy-benzoyl)-amino-propan-2-one;
PCT/ US96/ 18000 { &ﬁ y)I\/bst pé(r tq cul grl y gr)eferrgélopenbodi ments of

Fornul a VI i @l ude(Cbz-homo-igniciny))-gnipa-(Chz-leninyldr3amigerpropparémogy ) - pheny!|
sul f onani do) - pr opan- 2l-Qéﬁ'i-leucinyl)-anﬁno%—(acetyl-leucinyl)—amino—propan—Z-one iS a most
particularly preferred embodiment of the present invention of Formula V.

Compounds of Formula I wherein D = and

O
f
/\T—SI < >—OR35
15 Q= H O are preferred embodiments of the present

invention. For the sake of convenience, such compounds are referred to herein after

as compounds of Formula VI.

Cl
More preferably, R35 =ph, CN or pyridine, even more preferably, R33

Cl
=Ph, CN . Ph may be optionally substituted with C;.galkyl, C;_galkoxy,
20  halogens and cyano groups. When R35= pyridine, R may be 2-pyridyl, 3-pyridy},
or 4-pyridyl.

24



5 bi s- 1, 3- (4- phenoxy- phenyl sul f onam do) - pr opan- 2- one.

Conpounds of Fornmula | wherein D = —_——
[err] and Q= [err]
are preferred enbodi ments of the present invention. For the sake of
-conveni ence, such 10 conpounds are referred to herein after éffg%%mbmds
-of Formul a VI IWO97/16433 More preferably, R36 is select ed” group
consi sting of: [err]

[err] and Rerr] = 'VEM&%ﬂﬁcd@fﬁr&@ﬂé&éﬁ&ﬁlirﬁMUQWﬁﬁcludd:_'Of mila VII.

Particularly preferred enbodi ments of Formula VI are:

1- (Cbz- | euci nyl ) bisn.3réd-E3-chioroR-eyanp-phemmxy)yphesy uifprpmidoliapan2-888: f onani do) -
pr opan- 2- one; 20 1- (Cbz-1 eucinyl)- am no-3-(tosyl -am no) - pr opan- 2- one;

25

S  bis-1,3-(4-phenoxy-phenyl sulfonamido)-propan-2-one.

Compounds of Formula I wherein D =

H
N
"0 R
A ol
and Q= O are preferred

embodiments of the present invention. For the sake of convenience, such
10 compounds are referred to herein after as compounds of Formula VII.

More preferably, R36 is selected from the group consisting of:
JORO Jon
CN
Cl

15 Formula VIL
Particularly preferred embodiments of Formula VII are:

- and R37= Me in the more preferred compounds of

1-(Cbz-leucinyl)-amino-3-(4-(3-chloro-2-cyano-phenoxy)-phenyl sulfonamido)-
propan-2-one; _
20  1-(Cbz-leucinyl)- amino-3-(tosyl-amino)-propan-2-one;

25



WD 97/ 16433
PCT/ US96/ 18000 —
1- (Cbz-1 euci nyl)-am no- 3- ((4- phenoxy- phenyl ) - sul f onam do) - pr opan- 2- one;

1
1
1
1
1
1
a

-(Cbz-1eucinyl)-am no- 3- (2- di benzof ur ansul f onani m do) - pr opan- 2- one;
- (Cbz-hono- 1 eucinyl).-am no- 3- ( 2- di benzof uransul f onam do) - pr o - and
-(Cbhz-1 euci nW‘)ﬁ%‘% - 3- (2-di benzof uransul f onam do) - (S) - but an- §9§ﬁg@§ 5
-(Cbz-1eucinyl)-amn -3;%.4- henaoxy-phenyl ) - sul f gnam, do) - pr opan- 2- one,
- (Cbz- I euci nyl )-’;‘a‘ﬁbﬁgﬁﬁ!_ basbne %b#ﬂf‘&ﬂé%?‘%%ﬁﬂ* mitQHPEORAD-2E:  and
- (Cbz- | euqiorpklewitySmind-3-(gidiRAZThiahailoHArh0 2-om);- but an- 2- one
re nost particularly preferred_enbodi nents of Fornula VII. 10
[err] -(Cbz-h D-asping=3r(rdlibengofiiraasuifonamide)-propag-2-ong; and
and Q= . _ Foabinm 2 (7_di 16\ TR | Led enbodi nents
of the present irllv(gr?t ?%]r?{.ﬁpoa]rm??{g (%ﬂbgnﬁumsnlfong@%@e@g&@é,z %’ﬁbh conmpounds
are referred $o herein after as conpounds of Fornmula Viil. 15

A nore preferred enbodipgent of Forul [ 11l is e rr].js 2-

di benzof ur anyl sul fonyf'.(agz'{eucmylimnngfQ{TR!’&P%YF%&%’%ﬁ“@%’dl@i?ﬁm%ﬂg- of
Formul a VIl arei-(Cbz-leucinyPaniiiesy3-dibefddfuransulfonamido)-propan-2-one, and 1-(Cbz-
[1-[[[ 3-[ benzyl oxycar bonyl - | euci nyl - am ng] - 2- oxopropyl ] -1- 20

(benzyl ) ami no] caf¥einyDaming e 3rjibsnzofurpasyifonamide)-(S)-butan2 e preamost net hy|

[1-T[[3-[(2-dibe f},})sba ' S pyl] - 3-

(benzyl ) am no] ca?ﬁ%@@?‘%&% utlgﬂligg’?ﬁan&t gﬂh‘? (S) - Phenyl et hyl
[1-[[[3-[(2- 8@benzof uranyl sul f onyl ) am no] - 2- oxopr opyl ] - 3- ( 4-

pyri di nyl met hyl ) am nol car bonyl ] - 3- net hyl but yl ] car banat e
26 :

R N
N Y
H O RY
Compounds of Formula I wherein D =

are preferred embodiments of the present invention. For the sake of
convenience, such compounds are referred to herein after as compounds of Formula
VIIL

15 A more preferred embodiment of Formula VIII is when R43 is 2-
dibenzofuranylsulfonyl.

Particularly preferred embodiments of Formula VIII are:

(S)-Phenylmethyl {1-{[[3-[benzyloxycarbonyl-leucinyl-amino]-2-oxopropyl]-1-
20  (benzylamino]carbonyl]-3-methylbutyljcarbamate.

(S)-Phenylmethy! [1-[[[3-[(2-dibenzofuranylsulfonyl)amino}-2-oxopropyl]-3-

(benzyl)amino]carbonyl]-3-methylbutyl]jcarbamate

(S)-Phenylmethy! [1-[{[3-[(2-dibenzofuranylsuifonyl)amino}-2-oxopropyl}-3-(4-

pyridinylmethyl)aminojcarbonyl]-3-methylbutyl]carbamate

26
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1-[[[3-[(2-di benzof uranyl sul f onyl ) am.nal] -2- oxoprgpyt}-~3- (4- pyri diraytrethyl )
benzam de ('S) - Phenyl et hyl

- [1-[[[3-[(2-di benzof uranyl sul f onyl ) am no] - 2- oxopr opyl ] - 1-(4-

- pyridinyl methyl )am no] car bonyl ] - 3- met hyl butyl ] car bamat e. /US96/18000 -

~(S) - Phenyl netwgb?146433[ [ [ 3- [ ( 2- di benzof uranyl sul f onyl ) am no] - 5 oxopropyl ]-

1- (4-pyridi nyl met hyl ) am no] carbonyl ] - 3-net hyl butyl ] carbamate is a nost

I[Og H cularly prefptd R&W@ 'E*‘?’ﬁum?@\?%gﬁr'g?yrl\] %—(ct_-ﬂ»ﬁndmylinemyl) § o

[err] are preferred embodi ments of the present

i tion. For t < f d
to herein after <'§2P§a ?rsﬁmsngﬁﬁ (AR R AR BB 1T 0 2
Formul a | X wher &5 &?«mnylmemylﬁhﬁﬁd}]:arbm@ﬂéﬁhmhylmwmmw Rlerr],

err], err err I nde dent |
EI[—I[ er ]r] RE)en )f]ﬂ Bh%!mé%&;lﬁ E{zdi’m‘%waﬁ#?ﬂf%‘wwm -ox0pro é)ﬁf ( O)?/
20 err] = A,y {dbyfldsd yankiib]ChrBohyT)- Odeth 1 hﬁlﬁfc,lsamost
G‘l(R[RLI’I’]%NR' R[er@]:ig ﬂ&l&%l()arr ]: etﬁx]q- y'liﬁﬂ[]éﬁfb R err] Rerr],
Rlerr]C(O), R[erl?ii}‘l@@{i’@)’!71'¢f°ﬂ""d*31“1!'!|_d!é!lfr'5t ?F““G—f{m'r], i - Bu; Rlerr] =
Rlerr], Rerr]OC(O; 25 Ar phenyl or naphthyl,_optionally substituted
by one or nore of Ph-(err]al kyI, Het-( err]al kyl, {err]al koxy,
Ph-C[ err] al koxy, Het-(err]al koxy, OH (CHerr])[err]
[err]NR[err]llg[err], QCHerr])[err]NRlerr]Rerr];
27

Compounds of Formula I wherein D = O R adQ=

1
\N,N\J,Rsz '

ﬁso are preferred embodiments of the present invention. For the sake
of convenience, such compounds are referred to herein after as compounds of
Formula IX.
15 "~ Compounds of Formula IX wherein:
R4 = CH(R3)NHR>4;
R45, R46 R48 R49 RS0 and R51 are H; .
R#7 is independently CH3, benzyl, 2-pyridinylmethoxy, 4-dimethylaminobenzyl;
J=C(0);
20 R52= Ar, CHR10)Ar, CHRI0)0Ar, NR10)Ar, CHRIONRRL;
R53 = ethyl, i-Bu;
R34 =R47, R47C(0), R470C(0);
R36 = H, CH3, i-Bu;
R57 = R47, R470C(0);

25 Ar= pheny! or naphthyl, optionally substituted by one or more of Ph-Cy.galkyl,
Het-Cy.galkyl, C|.galkoxy, Ph-Cq.galkoxy, Het-Cg._galkoxy, OH, (CH);.
6NR58R59. O(CH>) 1_5NR58R59;

27
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PCT/ US96/ 18000 Rlerr], Rerr] =H derr]Jalkyl, Ar-Cerr]alkyl;

. Het-C[err]al kyl, are nore preferred enbodi nents of the present

. invention. The foll owi ng compounds of Fornula I X are

i particularly .
2- [N-(N-benzyl QB?; %gnyl L-leucinyl)]-2"-[N -(4- PCT/US615000
phenoxyphenylsulf Acarbohydra2|de
2-[ N- (N-benzyl oxyR SPwlH, LC jagaiont) An-Cggalkid; Het-Ogrpalikdybxycar bony| -

Ieu0|nyl)]carbohydra2|de

2-[ N (N- benzyl ox A8 FOBRefered embodigents ofbthe present IAVERHAR | henzoyl ) | car bohydr az
ide; 10 2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2"-[N -(4-

met hoxybenzoyl )] car bohydr azi de;

2- [ N-(N-benzyl oxycarb folLammmuyfsqﬁth(lmemcmﬂy preferred:

phenoxybenzoyl ] R LN

2-(N-acetyl) - O%P?ﬁ?bengyl xyca (I)"nlﬁ?tylf ezuglvnyl )] car bohydra2| de; 15
2- [ N- ( N- acet yl - L-phennxyplenylsulfonyf)i¢arohydrazides| oxycar bonyl -

al anyl )] car bohydr. o Ko
2-[N-(N-acetyl - f@@"ﬁ”&"’“’f%’t’h’%“éﬁ“ﬁﬂ 3x Ci bon Foxlcarbonyl L

| euci nyl)]car bohuelroaigll)qharboh drazide; -

e o SR R s

2- [N(Nbenzyiboxmc?l foxly mﬂym&uanymrd-ﬂﬁd@hydroxy [3-(4-
nmor phol i nomet hyl )] ] benzoy ]car bohydrazi d

2- [ N- (N-benzy| oxyeethasybenz shemﬁqqe-z -[4- (N, N-

di met hyl am nomnet g%, 2P Vibadia1ALE NGVl car bohydrazi de; 25
2- (N-benzoyl ) -2 Ib%er\lﬁ h? Rii %% ar bo?]yliﬁ-l gg‘cdﬁ%]yl )] car bohydr azi de;

2-[ N- (N- benzyl owam%bﬁﬂzoﬂ)lbﬂh@m# -[ 3- (4-
21N (3. benzyl o /aneaymy Rt Wﬁ‘%@kﬁ%m 5-&915'5? Dlsppeqhydazide;
| euci nyl )] carlbo h)ze[ﬂ\hﬂ‘i-demyla(}leucmyl)]-Z'-[N'- N-benzyloxycarbonyl-L- :
2- [ N (N- benzyl oxy arﬁﬁﬁ%ﬁwl euci nyI )]-2'-[N -[4-]3-(N-N-di net hyl ami no) - 1-
propyloxy]benzoyl
28 W(N-ﬁéh’iﬁ-balanyl)}-2 -[N'-(N-benzyloxycarbonyl-L-
leucinyl)]carbohydrazide;
2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2'-[N'-[4-(N.N-

20 dimethylaminomethyl)benzoyl)]Jcarbohydrazide;
2-[N-(N-benzyloxycarbonyl-L-leucinyl)]}-2'-[N'-[4-hydroxy-[3-(4~
morpholinomethyl)]]benzoyl]carbohydrazide;
2-{N-(N-benzyloxycarbony!-L-leucinyl)}-2'-{N'-[4-(N,N-
dimethylaminomethyl)benzyloxy]carbonyl-L-leucinyl]carbohydrazide;

25  2-(N-benzoyl)-2'-[N'-(N-benzyloxycarbonyl-L-leucinyl)]carbohydrazide;
2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2'-[N'-[3-(4-
morpholinomethyl)benzoyl]lcarbohydrazide;
2-[N-(3-benzyloxybenzoyl)}-2'-[N'-(N-benzyloxycarbonyl-L-
leucinyl)]Jcarbohydrazide;

30  2-[N-(N-benzyloxycarbonyl-L-leucinyD}-2'-[N" [4-[3-(N-N-d1methylanuno)-l-
propyloxy]benzoyljjcarbohydrazide;

PCT/ US96/ 18000

28



2-[ N- (2-benzyl oxybenzoyl )]-2'-[ N - (N-benzyl oxycar bonyl - L-
| euci nyl )] car bohydrazi de;

2-[ NN (N-benzyl oxycar bonyl -L-1eucinyl)]-2"-[N -[3-(4-

pyri dyl met hoxy) benzoyl ] ] car bohydr azi de; 5

2-[ N- (4-benzyl oxybenzoyl )]-2'-[ N - (N-benzyl oxycar bonyl - L-
| euci nyl )] car byOYHIE33 de: PCT/US96/18000 -
2-[ N (N-benzyl oxycar bonyl -L-1eucinyl)]-2'-[ N -(3-benzyl oxy-5-

th b | K (N -L-
rzre[ I\If)z(Kl2 bgzxroiy atr?% &Pﬁ%%ﬁm n I}N (Nbe[nl\?doxycall;)bgﬁ%lylroxy4 5- 10
2 [N (R be”lz‘wmémmg b ey oxy-5
enzy Oxélﬁﬁl(g %gxarl cﬁugﬂfi Ciftyl)L 2 [N [3-(dE N2 Y1 OXY= o

et hoxy) benzoyl ] ca

2-[ N- (‘N- benzyl oWylnmﬂ;dxg)b;nzaymc)qboﬁyere (N-benzyl oxycar bonyl - L-
| euci nyl )] carbo azjde;. 15 R

2N (3 benay o %&iﬁ%inZ)’Wbe"mm(zﬂ%éNsz&%{)ﬂfL-

prol i nyl)] car bohyskiRdAjiékebohydrazi

2-[ N ¢N-benzyl oxycar bonyl - -I eu0|

phenyl phenyl acetd NN -erryiprararbony é-{-l)nucmyl)]-Z [1‘9'(3 -benzyloxy-5-
(2"S)-2-[N-(3-b N - (N-benzyl oxycar bonyl - 2- 20
Wdﬁm&yd?m&

am nobutyr yl)]car

-[N, N -[ bi s-2 PN ﬂﬁénwmﬁn,tbm&ylcgqmsdnf%m;@rbmmw 5-
(ﬁ vl phenod® pERREREIKEEb Rbabtes' )1~ 2 L= (%
en eno r
g [N}/(g benzyl gwp&m&;ﬁz}']ox?éarbMyl—Lélemmmzpmm(aMyiy)c}we&-bo hydrazi de; 25

(2RS, 2'RS)-2,2 N -] bj.s-I2-(4-nhenyl phenyl ) 4-
met hyl pent anoy| )°f'¥°f %ﬁ%ﬁbﬁf% g@ﬂ%

(2' RS)-2- [N(NWWWW@WWM%‘&W 24N i (NSengifoxycarbodylilheny | phenyl) - 4-

rret hyl pent anoyl )]] car boh %m (2'RS)-2-[ N-(3-benzyl oxybenzoyl )] -
-[N -] 2- (4 phdsHiFmyR Y met hyl pent anoyl )] ] car bohydr azi de;
2 9 5 W N(ﬂ%%ﬁoxybenzoyl)]—?-m -(N-benzyloxycarbonyl-L-

PCT/ US96/ 18000
2- [ N- ( 3- benzyl oPydlimyhieprbphydrazides - (N- benzyl oxycar bonyl - N- net hyl - L-

l'eucinyl) | car boIiyﬁtf-ﬁ@-%loxycarbonyl-blcucinyl)}-2'—[N'-(4—
phenylphenylacetyl))carbohydrazide;
(2'S)-2-[N-(3-benzyloxybenzoyl)]-2'-[N'-(N-benzyloxycarbonyl-2-

20 aminobutyryl))carbohydrazide;
2,2'-[N,N'-[bis-(4-phenylphenylacetyl)]]carbohydrazide;
(2'RS)-2-[N-(N-benzyloxycarbonyl-L-leucinyl))-2'-[2-(4-
phenylphenoxy)propionyljcarbohydrazide;.
2-[N-(3-benzyloxybenzoyl)]-2'-[N'-(4-methylpentanoyl)]carbohydrazide;

25  (2RS, 2'RS)-2,2-[N,N'-[bis-[2~(4-phenylphenyl)-4-
methylpentanoyl)]}lcarbohydrazide;
(2'RS)-2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2'-[N'-{2-(4-phenylphenyl)-4-
methylpentanoyl)]Jcarbohydrazide;

{2’RS)-2-[N-(3-benzyloxybenzoyl)]- 2'-[N'-[2-(4-phenylphenyl)-4-

30 methylpentanoyl)]jcarbohydrazide;

29



2-[ N-(3-benzyl oxybenzoyl )]-2'-[ N -[ N-(2-pyridi nyl met hoxycar bonyl ) - L-

| euci nyl ]] car bohydrazide; 5 '

- 2-[ N-[3-(4-pyridyl net hoxy) benzoyl ]]-2'-[ N -[ N- (2- pyri di nyl net hoxycar bonyl ) -
L L- IeucinyI]]carbohydrazide;

" (2RS)-2-[N-[ 2- é’é I phenyl ) - 4-met hyl pentanoyl )]]-2"-[ N - [ BcrArsos/18000 -
pyr di nyl met hox ar onyl) - L-1eucinyl ]] car bohydrazi de; '

2-[ N- (N-benzyl oxycar bonyl -L-1 eucinyl )]-2'-[ N -[2-(4-phenyl phenyl)-4- 10

- 2-

met hyl pent anoyl )3-IN-3-beriwytbxgbénieyl)]-2'-[N'-(N-benzyloxycarbonyl-N-methyl-L-

[ N-(N-benzyl o c%éaﬁg% -L-I e c_i nyl)]-2'-[N -[2-(4-phenyl phenyl) - 4-
met hyl pent anoyl ;i%‘j'
2-[ N- (N-benzyl oxypNuhesndyt gwugymm I @N-¢-pyridinyiéhplyeapbpyipny | ) - N- (2-
met hyl propyl ) car banoyl.] ] car ohy razid 15
2- [ N- ( 3- benzy| oxgerimalcarhohydrazides - (- rret hyl - L- | euci nyl ] car bohydr azi de;
2-[ N- (N benzyy oxyg@,r[glgngwm&ﬁwmylﬂ-zw _iN-{9-pjridingimbthoxycarbonyl)-L-
| euci nyl )] carbohydrazi d
[err] leucinyl}jearbehydrigidef Fornula | wherein D = [err] and [err] 20
are preferred e ' f sake of
conveni ence, %@hﬁ%@#@&%@pﬁ%@% ﬁéﬁ{m&ﬁyrg l;I:P@er as conpounds
of Formula X pyndmylmethox&ibmbon)d);bdencmyﬂ]dirhqhudlazxﬂc. Mor e
preferably Gis o @y;ﬁ%&g@mycarbonﬁi fehiciny1))-2'-[N'-[2-(4-phenylphenyl)-4-

PCT/ US96/ 180@0 methylpentanoyl)Jjcarbohydrazide;
2-[N-(N-benzyloxycarbonyl-L-leucinyl)}-2'-[N'-[2-(4-phenylphenyl)-4-
mcthylpentanoyl)]]ca}'bohydrazidc;
2-[N-(N-benzyloxycarbonyl-L-leucinyl)}-2'-{N'-[N-(4-phenylphenyl)-N-(2-
methylpropyl)carbamoyl]jcarbohydrazide;

15  2-[N-(3-benzyloxybenzoyl)]-2'-[N'-(N-methyl-L-leucinyl)Jcarbohydrazide;
2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2'-[N'-(N-methyl-L-

leucinyl)jcarbohydrazide.
R
! 85
~ I}l N M’ R
G— 63
Compounds of Formula I wherein D = L and Q= R

20  are preferred embodiments of the present invention. For the sake of convenience,
such compounds are referred to herein after as compounds of Formula X.
With respect to Formula X:
More preferably G is

25 or

30



More preferably Rerr] and Rlerr] are H and R66 and R69 are i-butyl.

Mre preferably Rlerr] is CHRerr])NRlerr]Rlerr] in which Rerr]l is

i -butyl and Rlerr] is H Mre preferably Rerr] is Rerr]OC(O, in
which Rerr] is [err] Alternately, Rerr] is Ar or
CH(Rerr])Ar, in which Ar in said R65 group is err]
or 10 WO9716433 \pre preferably, L is m(R[err])thyPFW‘QLr],
CH(Rerr])Ar, NRlerr]Rerr], CH(Rerr])QAr', Ar, or Het, in which R66

'?j |-butyland At in R0 plercdhidy'R63 Bnd R64 are H and R66 sh§ RED are i-butyl, -
More preferably R65 is CH(R69)NR61R70, in which R69 is i-buty] and R61
is H. More preferably R70 is R620C(0), in which R62 is

|

, l
H, CH, CH, He
N x N \N
. or .

5 , ’

Alternately, R85 is Ar or CH(R69)Ar , in which Ar in said R65 group is

Lo Lo,
o

More preferably, L is
CH(R6)NREOR68, CH(R66)Ar, NRSSR67, CH(RE6)OAY', Ar, or Het, in which
R66 is i-butyl and Ar in said L group is

4 , 8 ? A

31
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or or Het in said L group is b5 '

[err] More preferably L is NRerr]R err] or
CH(R[err])R[err]R[err] One particularly preferred enbodinment is a

conpound of For gx 10 [err] Anot her partlp@},ggg‘usmo
preferred enb Is a conpound of Fornula H [err]

S

or ;

or Het in said L group is

S
\ //©/C|
s°2

More preferably L is NRS6R67 or CH(R56)R60R68.
One particularly preferred embodiment is a compound of Formula G:

10
o o R®
R 70
\ ’Z‘ INmA 4 R
N ,Y[Lu N
Ar  X=Y o
G
Another particularly preferred embodiment is a compound of Formula H:
FI- )\( \n/k
15 H

The following compounds of Formula X are most particularly preferred:
(18)-N-[2-{(1-benzyloxycarbonylamino)-3-methylbutyljthiazol-4-
20  ylcarbonyl]-N'-(4-phenoxyphenyisulfonylhydrazide;

32



The foll ow ng compounds of Fornula X are nost particularly preferred,;

(1S)-N-[ 2- [( 1 -benzyl oxycarbonyl am no) - 3- net hyl butyl ]t hi azol - 426
ylcarbonyt =N~ (4- phenoxyphenyl sul f onyl t hydra2| de;

32 WD 97/ 1643

(1S)-N-[4-[1-(N-benzyl oxycar bonyl - L-1 euci nyl am no) - 3- .
met hyl but yl ] t woa2eé432- yl car bonyl ] - N - (N- benzyl oxycar bonyl - L-PFaﬁjg?Gr{lﬂ'gohydr az
i de;

(1S)-N-[2-[(1-benzylo y faldii&o! - 4-

yl carbonyl ]-N -(4- phe@%ﬁ&@o@ Jg?é%nﬁﬁ}’waﬁhpﬁﬂfwt:%& s

(|18) BF(Zl ][ (1- bfﬂﬁ( MNM:W)&GB;MM]g@‘nﬂt-hpt)ﬂwtyphrpbmldzbhcmyl)hydrazxde
yl car bony N -[3-(4- t enz )

N-[ 2-(2-chl or ophenoxy@@t&ﬁh%&"i W%?m%i‘y‘?’m]ﬁ“m‘“

pyri di nyl met hoxy @51139591 N‘- _ dau@n
N-[ N-(4-pyridinyl met hoxgcarbon ?) L- I euci nyl ] -

&E 24 §| ) gheﬂ?l ] t hi az@S»-N-[A- ioxyearlany )-3-\Ineth£'lbur|w]2uazlol o
chior 0 car bon -
IR S s

.&‘hl adi azol -

_(lls 2bRS)|]N-[N2 [ (1- biﬁi[w(aecmomyhmb' | tler] Eﬁ‘ﬁrzgl 4-0I s
' carpon 5 ent ano razi de,;

X (2 (3 benzy oxpwémﬁfﬁﬁi‘%oﬂ% G‘r’@é‘?ﬁ%@é@?&?y N2

pyri di nyl met hoxycar b OR[N :i-bm;nl)elb-,leucmyl]-N'-[z-[ri-(l 2,3-thiadiazol-

1RS) - N-[ 2- 4- ph t hi | - 4-yl b IT-N -[ N
E4 pi/rldl[nyl[ thgsy;e)nﬁmﬂﬁyéﬂf F‘gﬁ’é’f’%‘@% az:géo yl car bonyl ] - [

N-[ 2- (2- benzyl oxyphenul[hl[bi(uabroﬁnaﬂmr&ww&ybmwb&&ﬂﬂuaiﬂ-4—ylcarbonyl]-N-

pyri di nyl met hoxycar bonyl )-L Ieu0|nyl

N-[ 2-[ N et hyl - N[PGM-QM ﬂw %rﬁl‘%‘iﬂﬁ‘yﬂmﬁdﬁarbonyl] N - [ N-(4-
pyr i di nyl et hoxycar bop ,twge t4Rimino).3-methylbutylthiszol4-
N- ( N- benzyl oxycar bonyl - L- eum n -N E Ai-‘Bhen yl benzyl )t hi azol -

yl car bonyl ] hydr ayicarbonyibN'-[2'-(4-p enylpheny acetyl methylpentanoyl ydrazide;
L Pher b Eery, TE sty qbolis i -
N- (N- benzyl oxypapj&tdixyﬂlmhthbﬁ;&rb@;t&bﬂhm{x@mb@@dqet hyl propyl ) - N-
L ot s LU
pyri di nyl nmet hoxymﬁﬁmwme&o*mﬁﬂi-mwmmﬂmzm
| N-[2-(2-benzyloxyphenyl)thiazol-4-ylcarbonyl}-N'-{N-(4-
20 pyridinylmethoxycarbonyl)-L-leucinyllhydrazide;
N-[2-[N-methy]-N-(4-phenylphenyl)amino]thiazol-4-ylcarbonyl}-N'-[N-(4-
pyridinylmethoxycarbonyl)-L-leucinyl}hydrazide;
N-(N-benzyloxycarbonyl-L-leucinyl)-N'-[2-(4-phenylbenzyl)thiazol-4-
ylcarbonyl]hydrazide;
25 N-[2-(4-phenylphenylbenzyl)thiazol-4-ylcarbonyl]-N'-[N-(4-
pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide;
N-(N-benzyloxycarbonyl-L-leucinyl)-N'-[2-[N-(2-methylpropyl)-N-
phenylamino]thiazol-4-ylcarbonyl]hydrazide;
N-[2-[N-(2-methylpropyl)-N-phenylamino]thiazol-4-ylcarbonyl]-N'-[N-(4-
30 pyridinylmethoxycarbonyl)-L-leucinyllhydrazide;

33
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N[ 2- (2- benzyl oxyphenyl )t hi azol - 4-yl carbonyl ]-N -[ N- ( 3-

pyri di nyl met hoxycar bonyl ) - L- | euci nyl ] hydr azi de;

N[ 2- (2- benzyl oxyphenyl )t hi azol - 4-yl carbonyl ] -N -[ N-( 2- ;
pyri di nyl net hmgﬁﬁ%nyl )-L-1eucinyl ] hydrazide; 5 PCTAUSIG/18000
N- ( N- benzyl oxycar bonyl - N-net hyl -L-1 euci nyl )-N -[ 2- ( 2-

benzyl oxyphenyl ) t hi az d-PARybeazyibyphitryiptdizl-8-dtcarbonyl]-N'-[N-(3-

N[ 2d[ N- I( 2- [nﬁt %Igﬁ;‘%‘gme}h%%%\en I ﬁg}_ﬁ%y' al%igpigidi'_ yl carbonyl ]-N -[ N-( 2-
pyri di nyl net ho ! 5@5%117 ﬁly ide;
N-[ 2- [ N- (2- et hyl pr opnL ;(&L&Wﬁmmﬁ;giegﬁoﬁ%ﬁwmqﬂ ]-N-[N-(3- 10
Y. | d€,
s

pyri di nyl met hoxycar bonyl ) - L- | €uci nyl A z ;. a

N- [ 2- ( 2- et hoxy p REwdinyimethoxysgarbanyl) einylihydreziden- ( 4-
i di nyl met h b > ' ' . '

pyridi nyl met hgxycar 0ﬂy(N-bénz_i/ﬁ%ﬁhﬁﬁ%ﬁg@?ﬁlcucm%lg-lNo-P-p-

Definitions 15 I nve ncl udes al l
hydr at es, sol vat benzylosyphicoylitbiazol-4-ylcathonyllhydazids; of t he conpounds of this

the active parent dr o ZNAPAHEY PP aeay ipp ieaS LG RpRoR N R o
center or anot hepydfidiyimethorycattonpB-L-leudinyliigtrazide;)r esent in a conpound
of the present inventj.qp, | forns o ch jsomer or isoners, including 20
enant i oPrer s and di astgﬁgﬂ-@?@e‘&‘lmﬁiﬁg@y{aﬂ“ﬁ%ﬂ?%Fﬂ‘H’."[N'tﬁ%'ent i ve
conpounds coId ai PyriiinyimethokytarboRyll-Erleitidylhgdisiae aa8 @ racenic nixture, an

enantionerically enriched m xture, or the racem c m xture nay be separated

usi ng vel 1 - know-242methoxyphegyiahiazol-dpicarbenidl-NeMNeff-i oner may be used

al one. In cases {, -dinylmemwc%g@man t,?,gﬁ@ﬁ?%saturat ed carbon-carbon

doubl e bonds, bo the cis (2 ) isoners are within the
scope of this invention. In cases wherein conmpounds nmay exist in
tautoneric fornms, such as ket o-enol tauﬁﬁﬁﬁﬁﬁf each tautomeric form
I's contenpl ated as being included wthi Mnvention whet her

existing in Efuilibriumor [mhe@fesedaiVehtion Mclade alldiytates, solvates, complextf €
meani ng of any substéJr;JJent at any one occurrence _in Forrmula | or "any 30

subf ornmul a t her BA AR ugds of s iryentiong Prodrugsage weevalently
SubSUI LUENt" S bondSPayinds bhigk el éAbé e aBHFePafelf il atRting 1p TRemLIa 19
vivo. If a chiral center or another form of an isomeric center is present in a
compound of the present invention, all forms of such isomer or isomers, including
20  enantiomers and diastereomers, are intended to be covered herein. Inventive
compounds containing a chiral center may be used as a racemic mixture, an
enantiomerically enriched mixture, or the racemic mixture may be separated using
well-known techniques and an individual enantiomer may be used alone. In cases in
which compounds have unsaturated carbon-carbon double bonds, both the cis (Z)
25  and trans (E) isomers are within the scope of this invention. In cases wherein
compounds may exist in tautomeric forms, such as keto-enol tautomers, each
tautomeric form is contemplated as being included within this invention whether
existing in equilibrium or predominantly in one form.
The meaning of any substituent at any one occurrence in Formula I or any
30  subformula thereof is independent of its meaning, or any other substituent's

meaning, at any other occurrence, unless specified otherwise.
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PCT/ US96/ 18000 ] Abbr evjatians and C\Jlrchn! IS Cgm_n_l_y_.u.s.e.d.—i—ﬁ-—-t- he
. peptide and chemcal arts are used herein to describe the conpounds

- of the present invention. In general, the am no aci d abbrevi ations
foll ow the I UPAC- 1 UB Joi nt Conm ssion on Bi ochem cal Iym,ggg,%re as
descri bed i n wWom97/16133 Bi ochem , 158, 9 (1984). The term "am no acid" as
used herein refers to the Do or L- isoners of al anine, arginine,

asparagi ne, as %bwatﬁ,sg find $¥iboRicBfmotlyiisadlinthe péptidé amd chemmidatlarts
gl ycine, histidine, isoleucine, | euci ne, |ysine, nethionine

phenyl al ani ne, pare bsed diereinstoidescribe Miecserpawnds of thé‘i?ﬁ%hﬁ“""“um Ingonerd; the and

val i ne. 'dn BiGcHeRfidatide
substituted and %m ac‘su@;r%‘}@kétgéd ﬁﬁ@m*é?ﬁyp%ﬁh g?g%ﬁm’. soplr ogyl

n-butyl, isobutyNormertldursas géscribed in Eup dnBtybhennr 158n? (1984). sSkhsderm,| lamlmaope ntyl

S S soreh Rl i R e o ity

hal ogens, SR, amMRd) steft QHaine] gmahucmd e, Wistdicsisoleatihg) | wher e
R is. C[err al k err]al kyl neans that oalkx{egﬂro%mg,resent
in the noiety. Tieugine, me,llye t&FX‘?“‘“ﬁ“& €y SHDF Ag-

"C[err]cycl oal ky% s afdPPdiingd here| nis meant to incl ude substituted and
unsubstituted cy F%propane cyclobutane cycl opent ane, cl ohexane,
cycl ohept ane, d@cl&aﬂwl“amepplmﬁdlemnmttemt@aém tedapd| oundecane.

| k b 20
wherel s calbortiR? %ﬁ%ﬁ%‘ﬁﬁé&h@hﬁ?@r’ep??@i%“6‘3‘"’3@5’?@" Eod o e
go lr)n di Cﬁ S@ntse,rtypen'tymbmp&aql ,aiebpentyh leqd Hexpl anddhesimplealiphatic dsomershut ene,
-but ene, isobu e several i.Soner.i
Both cis and t r dRerePk Sy Gl g&gyl group may be ?&8 sl ﬁa&ﬁma%ﬂg:g??ﬁ?kynyl
nmeans an al kyl %ﬂwah%g&sxm'%kammﬁ CIOINE"B, cinisantyd bhGp-4alkl, whene!R) is

single bond is repl aced a carbon-car o trlgl e bond. %‘ﬁ”] I kynyl

i ncl udes acet yI eﬁbGa"ﬂ'thﬁ’ﬁWbme@sﬁ?"éB? fff'éeménﬂﬁ 134 3 me and
t he ecé:,g‘g;ﬁsr RhleREBLANE and hexyne " Hal ogen
nmeans F, CI cqu " E’ﬁ

napht hyl , optlonal | y "Sabsayeloatkxly aﬁypnmehwnsame%?@ t*f’ .ﬂ]\;‘a kyl ,

Het - err] al kyl, n% :J)§' HulAt, giﬁfc RhéAane, cycloheptane,
[err] al koxy, OH, P e'i‘l] erqufg\li%['e R[err [e‘?[rc])[err]KlR[erpr]R[err]
where R err], R eclopctandicydnonaie, cyclodecane, cycloun ane

35 "Cy.¢ alkenyl" as applied herein means an alkyl group of 2 to 6 carbons

20  wherein a carbon-carbon single bond is replaced by a carbon-carbon double bond.
Cy.¢alkenyl includes ethylene, 1-propene, 2-propene, 1-butene, 2-butene, isobutene
and the several isomeric pentenes and hexenes. Both cis and trans isomers are
included.

"Cz.galkynyl” means an alkyl group of 2 to 6 carbons wherein one carbon-

25  carbon single bond is replaced by a carbon-carbon triple bond. Cp.6 alkynyl
includes acetylene, 1-propyne, 2-propyne, 1-butyne, 2-butyne, 3-butyne and the
simple isomers of pentyne and hexyne.

"Halogen" means F, Cl, Br,and L.
"Ar” or "aryl" means = phenyl or naphthyl, optionally substituted by one or

30  more of Ph-Cp._galkyl, Het-Cg galkyl, Cigalkoxy, Ph-Co.galkoxy, Het-Co.
galkoxy, OH, (CH2)1.6NRI8R9, O(CH3)1_gNRIBRSY; where R38, R = H, C;.
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PCT/ US96/ 18000 [err]alkyl; Het-C[err]alkyl, fromCerr]alkyl, OR,

N(R)[err], SR, CF[err], NJerr], CN, CCIerr]R', CONR), F, d, Br
. and |I. As used herein "Het" or "heterocyclic" represents a

stable 5- to red nonocyclic or a stable 7- to gd&Rekeosd

bi cyclic hete%ggn?‘fé ring, which is either 5 saturated or unsaturated,

and which consists of carbon atons and fromone to three het er oat ons

sel ected from t hgalylHet-Cglyalis, iffteh Of 4dikyl DR 1(1B),, SRY CHENG, ncNheozn
ni trogen and sul f ur hetﬁoﬁftoms may optionally be oxidized, and thé
nitrogen W%t i onal ly be quaternized, and i ncl udi ng any

bi cyclic group In Asusé@ﬁe?éinaﬂéi"Qxf"Hefé?oc?aﬂzv?eﬂ?@stabtg‘EQmBﬁtﬂg%g?%&r i ngs

is fused to a benzene ring. The 10 heteroCyclic ring may b
any het er oat om omangeysdin ong stablefr tohtOrmem bigyclic heteracheliaxingawhish lsmthgr

oy ot es. Sol ett ol Psd EnBBEAnd Ynth SRS bR o il bng s

(E:Xq er Ir IR, f ) hﬁﬂ’d(aﬁtﬂs ,selecte@fromi3he gotp b(()jns)shpg of Rd(_)aﬁd S adraitieity thel
anpl es of such hetero c i ncl ude ridinyl, piperazin
2- o>r<rgp| per azi ny| MEPSE% A5 Y fB“r‘?fV?mﬁmaXePB?&gbgﬁ? 8’98’3&'7 RH-E: ngpl nyl ,

azepi nlyl N pylr rol }iézgroémrxulaeibﬂmmly bayifabephikél, Bﬁ(d mclude andpurc?aelg%u .
pyrazol i di ny I m dazo y ra 0xazo oxazol i ny
oxazol yl, i soxaz&hig Gg?‘f?y‘i/‘ﬁn?‘ﬂgﬁiﬁe CX!F ADEs is fsed san ne ring, The| y| ,

qui nucl i di nyhg 'n&e}ox I y B&¥htzcH QP&HB; m oP SR Thél
benzopyr anyl , b%cnfo riﬁ% ?cureé yrany tetrahy rofur‘%lresultsm
t et r ahydr opyr any Fhe creatiemof 2 stgluje smmdmwnonmqusnMemm mﬂdrmwo de,

thi anor phol i nyl ik h:006e AAGdhs 4 I | 2 ﬂbéh N(R )2, SR, CF g%ﬁﬁ%zkor ove

"het eroaryl” means any heterocyc om:ias
definition of HeCOM(RONF,C, Br anddt where R’ isl&raﬂnyélﬁxampbs of sugh helesoeycles

[err] t. Wil eciated that .the heter ic ring
descri bed when de'ﬂdgﬂpf“dmypglpeﬁg &G P%Pgsi] dg’!ﬂqtrl azol es,

t hi adi azol es15 Oéaibp@i':ﬁlodﬁtyl lzs@coaz"e@ings azéiﬁxyu Saolyil, aaﬂﬁbenddnm , G SiidRiyl, Wi ch
pyrazines, pyrida ri nes, triazipes an trazines

are avail abl e byW’Bfﬁ‘in E‘P‘é?é‘m l)‘n‘eBY"é‘ﬂ’grPéI“&P‘é! - okagopidinylr grazelingi o and
doubl e bonds (i . exazolyt, )sdx&o?ﬂciﬁoﬁﬁblﬁ{w%ﬁiaﬂx@l%ﬂidlﬁ?gﬁdaﬂ%ﬁﬂed upon the

het er oat ons present .so.that the heterocycle is aromatic (e.g., it is
a heteroaryl gr o%‘ﬂ)‘“CWH’é’l drdalyl, q“““’lmﬁ’efs@ﬂ'é}ﬂ?léﬂﬂ benzimidazelyl, henzepyran¥df er s t o

oxygen, nitrogenpgBgxaabivi, ¥ IW I ReraRRirofuRRlEE4hG QBhPUhidn§IPr | ses a
five menberéd ring, Wi$ prlgf Y an ‘el ecltcyr?on &bbby 9 y
36 '20 benzoxazolyl, thxamorphohnyl sulfoxlde, thiamorpholinyl suifone, and oxadiazolyl.

u..,L

"HetAr" or "heteroaryl” means any heterocyclic moiety encompassed by the
above definition of Het which is aromatic in character, e.g., pyridine.

It will be appreciated that the heterocyclic ring described when N = Z

includes thiazoles, oxazoles, triazoles, thiadiazoles, oxadiazoles, isoxazoles,

25  isothiazols, imidazoles, pyrazines, pyridazines, pyrimidines, triazines and tetrazines
which are available by routine chemical synthesis and are stable. The single and
double bonds (i.e., - -} in such heterocycles are arranged based upon the heteroatoms
present so that the heterocycle is aromatic (e.g., it is a heteroaryl group). The term
heteroatom as applied herein refers to oxygen, nitrogen and suifur. When the

30  beteroary! group comprises a five membered ring, W is preferably an electron
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WD 97/ 16433
PCT/_US96/ 18000 Withdraw ng group such as hal ogen, -CN, -CE[err]
-NJerr], -COR[err], -CJerr]Rerr], - CONHR[ err], -SOerr]NHR err],
-NHSO err]Rlerr], -NHCOR[err], -OCOR[err], -SRlerr] or NR Rlerr], or a
simlar electron w thdraw ng substltuent as known in the art .
“Certain radi cAYOJV®Is are abbreviated herein. t-Bu refers t'c’)c't‘lﬂ%%flwiary
5 butyl radical, Boc refers to the t-butyl oxycarbonyl radical, Fnoc

refers to the wxmd‘rz{»ﬂﬁégf&(xbr@&fﬂ@%ﬂ@geﬁo-m -¢ LN@& dﬂR”f Eﬁ‘@ﬁﬁ‘s to the
phenyl radical, Cbz refers to z ycar'i:) gadl cal
Certain reagents GONHRBHSOy 'N@S@ER E@Qﬁe@@@b -SR

or NR’R6 ora

di cycl ohexyl car bo&!! i ror ok I\ dine, EDC refers to
N 10 ethyl - | rre‘?h%%am nopcrhjgg’i/ s-ﬁbc%llrugg{l I'm eﬂpﬁéé# refers to 1-

hydr oxybenzot r| azol e, (oitkinrradieal grdups akie mbbrayiated henaimirit-dBm ref8BRotleS tertiaryt 0

DenEt {1870l A L B AEARSGRRRGR) MR L R0

2, 4- bi s( 4- met hox imethoxycarbonyyl Faditial, Ph 2efers fo thi phaiprudioal) €b2 referd tSthkf i de,
N|V|V|IS N- net hyl mor pholine, TFA 15 refers to trifluoroacetic acid, TFAA
refers to trifl udeBaQVr b%ﬂlnmqaﬂe and THF refers to

tetrahydrofuran. Jonegehgin9&igbnt greaabg,gl,u{‘,ugg,eg,f I3 fedig tri oxi de, water,
and sul furic acid well-known"iIn
37 dlcyclohexylcarbodmmdc DMAP is 2,6-dimethylaminopyridine, EDC refers to N-

10  ethyl-N'(dimethylaminopropyl)-carbodiimide. HOBT refers to 1-
hydroxybenzotriazole, DMF refers to dimethy! formamide, BOP refers to
benzotriazol-l-yloxy—tris(dimethylamino)phosphonium hexafluorophosphate,

DMAP is dimethylaminopyridine, Lawesson's reagent is 2,4-bis(4-methoxyphenyl)-
1,3-dithia-2 4-diphosphetane-2 4-disulfide, NMM is N-methyimorpholine, TFA

15 refers to trifluoroacetic acid, TFAA. refers to trifluoroacetic anhydride and THF
refers to tetrahydrofuran. Jones reagent is a soluﬁoh of chromium trioxide, water,

and suifuric acid well-known in the art.
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PCT/ US96/ 18000 . : Met hods of Preparation

Compounds of Fornula Il wherein X =CH Y =S and Z =N, and W=
~CJerr]Rerr] CN, or CONR R err] may be conveniently prepared by nethods

- anal ogous t0 Jyqelfigae described in Schene 1. PCT/US96/18000

Methods of Preparation
Compounds of Formula Il wherein X =CH,Y=SandZ=N,and W =

CO2R7 CN, or CONR'R7 may be conveniently prepared by methods analogous to
5 those described in Scheme 1.
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PCT/ US96/ 18000 Sc here—t
[ eTT]
WO 97716433 PCT/US96/18000 °
Scheme 1
o R o &
b
Ao —— A g A,
o}
1 2

At

XA "
Y
”J\[N?'“””“’ [
D ﬂJ\ENs\)—cozEt

H

o R o)
SRt Yoo
S S
8

a) FBuOCOCI, NMM, CHaN,, EtOAC, Et;0; b) HBr, AcOH, EtOAc, E120; ¢) HaNCSCO.EL,
EtOH; d) NaOH, H,0, THF; e) i-BuOCOC!, NMM, NH,, THF or BOP, EgN, RNH,, CHCly; f)
TFAA, pyridine, CH2Cly; g) R4OH, Boc,O, Pyridine or R40H, EDCI, CHxCl2; h) piperidine, DMF;

i) BOP, EtgN, D-COzH, CH.Cl,
1-Scheme 1 is treated with isobutyl chloroformate and N-methylmorpholine

in ethyl acetate to give a mixed anhydride which is treated with diazomethane in
5  ether to provide 2-Scheme 1. The diazoketone is halogenated using 30% HBr in
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a) 1-BuOCOCl, NW CHerr]Nerr], EtOAc, Et[err]G b) HBr, AcOH, EtOAc,
Et[err]G c¢) Herr]NCSCJ err] Et. Et OH; d) NaOH, H[err]O THF; e)

i -BuOCOCI, NMM NH err], THF or BOP, Et[err]N, RNH err], CHerr]CdJ[err]; f)
TFAA, pyridine, CHerr]C[err]; g) Rerr]OH Boc[err]O Pyridine or

- Rlerr] OH, EDCl, ar]C [err]; h) piperidine, DM, 1) B&Fusdshsbr] N,
D-Cderr]H, CHerr [err] | -Schene 1 is treated wth isobutyl
chl orof ormmat e and N- net hyl nor phol i ne in ethyl acetate to give a m xed

anhydride which is treated with di azomethane in 5 ether to_provide 2-Schene
1. The di azoket off&t¢ &ighin ethe agetatg/ether splutionde pravide 3-Scheme 1. This material is
39 V\Dr&'t’ddl\ﬁmB&hyl thiooxamate in refluxing ethanol to give 4-Scheme 1. The

PCT/ US96/ 18000 aﬁﬁ% c%sﬁ? {s%éd?uf?etdwltregﬁlﬁ%\?\hﬁﬂ 9?12&5}{1%9 F&L‘re Igﬁn@h h9

provide 3- Scherre I '00Xamat e

in refluxing et hemwwmah hydrexide-gelithium hydfw@éwe@mmq c
ester is sapani fao&ﬂ;_-&mgatmm llicaudli;ah'emddz&hmam [ ctiorbformate a.ndN-

Porboxyl 165, °X*‘a§‘ﬁ&"®9é*°%‘“’° WW%*% el W@%i‘%@é oftfc drpdt B; |
i sobutyl chl orof&ﬁﬁ&d (B & K- Thepnmmem#mw@wnbeﬁ%m@muhwngaseous
anmoni a to prOVIdaﬂ&bhﬁ&faucwpﬂﬂdézﬁgmgﬁcm&e(yMﬁm&uThe primary
am e 1.3 47 et Sl ABRL AT Bt 1. by el GHPURY i e O
am des, 6- ScHe rreasbenmammeaa-mmtmam aryjsobutylamine) @nd 8 peptigle coupling
benzyl am ne, F}:igé)ﬂ @WASEBGFGEDE HCIAHOBT 3 NQ@eth 'ﬂﬂ! ol ﬂm;' i ng

reagent (such as QJ?F°EB’?[%§)[P€“§BWEH‘EI‘9{‘§MHF h&egowﬁ_ﬁﬁ%m The

chl orof ormate) i
carboxylic acid WMIMManedmmhgbmswbﬁchene 1

t2)y2 2- trl;{eatggﬁammlﬁ ﬂ'm% QE a ol a&mh@zggmglpoegfm henol ) and
a dehydr at| ‘8’8#3**{‘8%‘3#%91 l%@@;@i)ﬁg éﬁ@l ?ﬂ“ P (5 c&f%yl‘l di ne)
in an aprotic s dM}@mMéguEBChgr Boc20/pyridine) in an aprotic solvent (such as

dichloromethane or ether). When R2 = 9-fluorenylmethoxy, treatment of 4-Scheme

1 with piperidine in DMF gives 9-Scheme 1. Treatment of 9-Scheme 1 witha

carboxylic acid (such as N-Cbz-L-phenylalanine or N-Cbz-L-leucinyl-L-leucine)

20  and a peptide coupling reagent (such as BOP) in an aprotic solvent (such as
dichloromethane) provides 10-Scheme 1.

Scheme 1A
S [ SMe : R'HN S
HN7 N7 NH, HN N NH, H.N NH,
H :
1 2 2
' )
c NG N_ _NHR'
—> ARN \ N
NH
25 , 4

a) Mel, THF; b) RNH3, i-PrOH,; c) Bromomethyl ketone, EtOH
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di chl oronet hane or ether). Wien R err] = 9-fluorenyl net hoxy, treatnent of

4- Schene 1 with piperidine in DVE gives 9-Schepe 1. Treatnent af
9-Schene 1 with a carboxylic acid (such as N Cbz-L-phenyl al ani ne or
N- Cbz-L-1 eucinyl-L-1eucine) 20 and a peptide coupling reagent (such as
BOP) in an aprotic solvent (such as di chl or onet hane) provi des

10- Schene 1. WO97/16433 Schene 96/18000
[err] a) Mel, THF; b) R NHerr], i-PrOH, c¢) Brononethyl

ket one, EtOH WO

i = = é
97/ 16433 Compounds of Formula II wherein X=CH,Y=SandZ ng&wepﬁg%/ 18000

Conpounds of For hyimgthofs agalogonstohese described-inScheme 1A.—1iScharge bA igfemated

Py rrf:t gods anal O?ﬁmodga‘eméﬁx ﬂ&%ﬁdﬂc%ﬂeht{(s&ﬁh?ﬂ'ﬂﬂﬁafﬂor@g@h mTHmF i's

reat e W Qdo e 1 n oLl C _SOlIV C as

A ford 2- Schens. Wich i SSed il s prind®) B0l (proi R Gt G IRBERD & r ot
sol vent (such$ asgwsé;ﬁsbsmsm&) thipmategal is gnenyeaedswnbnbmmmqtml&eme waal is

then treated wi tproﬁcmlmmmygﬂgﬁ{ogqspm@mmot i c solvent (such as
et hanol) to provide 4-Schenme 1A

Scheme 2
Scheme 2
Ri Hi Ri
a b
BocHN"ﬁ( OH s BocHN)ﬁr N e BocHN/k”’ NFe
o) ) s
1 2 <3
R! R!
2 » N »
BocHN :/)_cozEt HoN - p — COzEt
[ s
4 -
o R! o R!
2 » ! » JL /N
— COEL o N Jy—coH
S
10 [} 7

a) i-BuOCOCI, NMM, NHj;, THF; b) Lawesson's reagent, THF; c) BrCH,COCO,Et,
TFAA, Pyridine, CH,Cl,; d) TFA; ) DCO:H, EDC*HC], HOBT, Et;N, DMF; )
NaOH, H,O, THF

15

Compounds of Formula II wherein X =S, Y = CH and Z = N may be
conveniently prepared by methods analogous to those described in Scheme 2. ]-
Scheme 2 is treated with isobutyl chloroformate, N-methylmorpholine and ammonia

20  in THF to provide 2-Scheme 2. This material is converted to the thioamide, 3-
Scheme 2, by treatment with Lawesson's reagent in an aprotic solvent (such as THF
or toluene). 3-Scheme 2 is converted to the thiazole by condensation with a o-
ketoester bearing a suitable leaving group for displacement by a sulfur nucleophile

41



[err] a) i-BuOCOCl, NWM NH err], THF, b) Lawesson's

reagent, THF; c) BrCH err] COCJ err] Et, TFAA, Pyridine, CHerr]CJ[err];
d) TFA, e) DCJerr]H EDC HC, HOBT, Et[err]N, DW; f) NaOH, Herr] O
THF 15 Compounds of Fornula Il wherein X =S, Y =CHand Z =N

- may be cgveniantly prepared by met hods anal ogous to t hse65éebé Ped
I n Schene 2. W—bﬁm&g&hem 2 is treated with isobutyl chlorofornate,
N- net hyl nor phol i ne and anmoni a 20 in THF to provide 2-Schene 2. This

Lavesson s roagent o aMenO g R R EHloroderhane, 4 JEMRED 8 wellfd WATLIG) 1 (1
3-Schene 2 is coRtP¥ide ﬁ‘iﬁ%"ﬁ?ﬂag‘ 3 3&‘6&&%{%}5“%4&530*{ %‘tﬁ%%;'
ket oest er bear i njj-leucine, Na@bzDHeuvinerog NgyCbz:rb-lewsinyiHLslebcine and & peptida couplingr

nucl eophil e . _ g . VO
97/ 16433 reagent ( such as BOP, EDC HCV1-HOBT or N methylmorpﬁ&hnehs%bewl US98/ 18000
(d, Br, |, dws, chiprgformate) imanapeeticaplysus:(fuchas dichlormasthang, PMFqr IR wi t h
TFAdt (() ) pr oyielies-Schisaited €This mdteiial issiponified by srehtieas with whydrogide basboxyl i C
aci such as N - L i ne gﬁﬁﬁ i | . .
N- Cbz- L- | euci nyl fgE%l'fae& cfar?sé }naﬂ g%g‘id%‘e%fim- e coup#é\%hmﬁmq{y@nde) to yield
carboxylic acid 7-Scheme 2.
10 Scheme 2A
1 0 RI
i i(,fr.cozet a BocR'N\:)LN )\(,N—?, co.e B
S ;2 é- S
1 2
T o oo IS
" N c 5 N
R'HN CO,Et RO N )\(, CO,Et
: vj\@’ ’ Yoy
R R s 0 R R s
3 4

15  a) Boc-amino acid, EDCeHCI, 1-HOBT, DMF; b) TFA; ¢) R30COC], i-ProNEt

Compounds of Formula II wherein X =S8, Y =CH and Z = N may also be
prepared by methods analogous to those described in Scheme 2A. 1-Scheme 2A is
treated with a terr-butoxycarbonyl-protected amino acid (such as N-rert-

20  butoxycarbonyl-L-leucine) and a peptide coupling reagent ( such as BOP,
EDCeHCV/1-HOBT or N-methylmorpholine/isobutyl chloroformate) in an aprotic
solvent (such as dichloromethane, DMF or THF) to yield 2-Scheme 2A, which is
treated with trifluoroacetic acid to provide 3-Scheme 2A. This material is treated
with a chloroformate (such as 2-biphenylmethyl chloroformate, 2-benzylbenzyl

25  chloroformate, 2-naphthyimethyl chloroformate or 2-phenoxybenzyl chloroformate)
and a tertiary amine base (such as diisopropylethylamine) in an aprotic solvent (such
as methylene chloride) to provide 4-Scheme 2A.
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reagent ( such as BOP, EDC. HCl /1- HOBT or
chl or of or nat e)

In_an _aprotic.solvent (such as _dichloronethane,

N- net hyl nor phol i ne/i sobutyl 5
DME-—o+—FHF)

to yield 6-Schene 2. This materi al

is saponified by treatnent with a

hydr oxi de base

l'ithium hydroxide) to yield

(such as potassi um hydr oxi de,

[ id 7-Schene 2. )
15 a) Boc-am no acid, EDC Héc”‘?}%&ﬂ“ DIVF;

carboxylic acid

Schene 2A WO 9716433 [err]
b) TFA; c¢) R err]OCOC, i-Pr[err] NEt
wherein X = S, = CHand Z = N may al so be

sodi um hydr oxi de or

Conmpounds of Fornula 1|1
prepared by nethods

anal ogous to those described in Schenme 2A. 1-Scheme 2A is
a tert-butoxycarbonyl - protected am no acg_gggﬁlﬁ_gch as N-tert-
but oxycar bonyl -L-1 euci ne) and a peptide coupling reagent (

treated with
20
such as BOP.

chl or of or mat e)

in an aprotic

EDC. HO / 1- HOBT or N- net hyl nor phol i ne/ i sobut yl

sol vent (such as di
S treated wt

1
| or omet hane,

DMF or THF) to yield 2-Scheme 2A, which

t ridMeuoroa®etjc acid

me 2A. This

mat eri al

is treal

with a chlor

tgl (such as 2-bi phenyl net hyl

chl or of or mat e,

2- benzyd benzyl 25  chl or of or fat e,

chl orof ormate or 2-phenoxybenzyl

chl or of or nat e)

2- napht hyl net hyl
and a tertiary am ne
as

base (such as diisopropyl ethylam ne)

in an aprotic sol vent (such

met hyl ene chl ori de) to provi de 4-Schene 2A
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10

15

- - BocHNJ\[r JLCOgEt

R1

NHNH,
BocHN

a) Boc,0, Et;N, THF; b) hydrazine hydrate, MeOH; ¢) EtO.,CCOCI, Pyridine,
CH,Cl,; d) Lawesson's reagent, toluene; ¢) TFA, CH;Cl,; f) DCO;H,
EDC-HCVHOBT, Et;:N, DMF

Compounds of Formula Il wherein X and Y=N,and Z =S may be
conveniently prepared by methods analogous to those described in Scheme 3. ]-
Scheme 3 is treated with di-fert-butyl dicarbonate and triethylamine in THF to
provide 2-Scheme 3. This material is treated with hydrazine hydrate in methanof to
provide 3-Scheme 3. The hydrazide is acylated by treatment with ethyl oxalyl
chloride and pyridine in dichloromethane to provide 4-Scheme 3. This material is
converted to the thiadiazole, 5-Scheme 3, by treatment with Lawesson's reagent in
an aprotic solvent (such as THF or toluene). 5-Scheme 3 is treated with TFA to
provide 6-Scheme 3. This material is treated with a carboxylic acid (such as N-Cbz-
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WD 97/ 16433

PCT/ US96/ 18000 Schene 3
. [err] ' 4
| 5 a) Boc[err]O Et[err]N, THF, b) hydrazine hydrate, MeOH c)
- Et err] CCCC &fy, hne, CH err]d[err]; d) Lawessopciudogasiie! .
" toluene; e) TE err]CI[err] f) DCO err]H, EDC. HO / HOBT, -
" Et[err] N, DWF Compounds of Fornmula Il wherein X and Y =

N, and Z =S may PIEHE to
t hose descri bed Pﬁleguﬁe) and ‘ E %hﬁlﬁﬁér)éa%ﬁﬁ(pﬁEE% ?%s tre Q@Pﬁaﬁﬁg&%
di-tert-butyl di dﬁ?‘%ﬁ&f@%ﬁ’ﬁﬂ‘@?‘i"@t‘ﬂ%ﬁﬁ% iy an-pprotic,solvent (such aspr oy de

2- Schene 3. Thi s didfleromeihanes DME at FHFwotyteld 9<bchetnen® hydrate in net hanol to
provi de 3-Schene 3. The hydrazide is acylated by treatnment with ethyl

oxal yl 15 chloride and pyridine in dichloronmethane to provide 4-Schene
3. This materiPal is converted tache@edhi adi azol e, 5-Schene 3, by
treatment with Lawesson's reagent in an aprotic solvent (such as
THF or toluene). 5-Schgnme 3 ij’;,Ltreat ed with TFAto g provi de

6- Schene 3. This nmat eu\a,lrﬁs tlleat ed withga carboxyl ijc aC| d (such as N-Chz-
- _—.—>
43 BocHN N~ TcoeEt BocHN ) COEt

o NsN
1 | 2

R! (o} R!
Ha | )—COE o N W p—cos
4

)\’ >—-com-|2

N‘N

a) SOCl,, pyridine, Et,0, toluene; b) TFA, CH,Cl,; ¢) DCO,H, EDC-HCI/HOBT,
EuN, DMF; d) NH,, EtOH

10

Compounds of Formula II wherein Xand Y=N,andZ=0,and W =

CO2Et or CONH2 may be conveniently prepared by methods analogous to those
described in Scheme 4. ]1-Scheme 4 is treated with thionyl chloride and pyridine in
ether, followed by refluxing in toluene to provide 2-Scheme 4. The resultant

15  oxadiazole is treated with TFA to provide 3-Scheme 4. This material is treated with
a carboxylic acid (such as N-Cbz-L-leucine) and a peptide coupling reagent ( such
as BOP, EDC*HCV/1-HOBT or N-methylmorpholine/isobutyl chloroformate) in an
aprotic solvent (such as dichloromethane, DMF or THF) to yield 4-Scheme 4. The
carboxylic ester is treated with ammonia in methanol to yield 5-Scheme 4.

20



WD 97/ 16433

PCT/ US96/ 18000 L-leucine) and_a peptide coupling reagent . (such—as-
BOP, EDC. HCO /1-HOBT or N- met hyl nmor phol i ne/i sobutyl chlorofornmate) in
ran aprotic solvent (such as di chl oronet hane, DMF or THF) to yield
7-Scheme 3. . 5 Schene 4 |

a) SO [err], WOATIG433e, Et[err]O toluene; b) TFA CHerr] o't%Wﬁ"’I'@i"{

DCd err] H, EDC. HO / HOBT, Et[err]N, DVMF;, d) NHerr], EtOH 10

Conpounds of Fornula Il wherein X and Y nd Z =0 and W=

-CJerr]Et or CONH err] may be conveniently prepared by net hods anal ogous to
t hose descri bed in, Schemre 4. 1:Schene 4 is treat wi _t,h t hi onyl

chl oride and pyri bﬁ] et helg, foll owedgby reflia |n ol uene to
provi de 2-Schene RS Th& I esult ant,L‘i oxadrazotres

provi de 3- Schenef4. ,’.fhis etk or HalV" i SCPMRIted with ca ox iC aC|d
(such.as N-Cbz-L-1leucine) and a peptide coupling reagent fuch R‘

BOP, EDC. HQ / 1- HOBT oj N-met hyl nor ppol i ne/isobutyl chl orofor;frat e) in an
aprotic solvent (such as dichloronmethane, DVF or THF) to yield 4-Schene 4.

The - car boxylic ester |% tre.gted W|th amoni a in nethanol to yield
5- Schene 4.
S S ST
RS N s~ TNHNH,
o R
4

N

Ei
a) EDC'HCVHORBT, Et;N, DMF; b) H,NNH,*H,0, MeOH,; c) CSCl,, Et;N, CHCI;

Compounds of Formula Il whereinX and Y=N,andZ=0, and W =SH
may be conveniently prepared by methods analogous to those described in Scheme
5. 1-Scheme S and 2-Scheme 5 are treated with a peptide coupling reagent ( such
as BOP, EDC*HCI/1-HOBT or N-methylmorpholine/isobutyl chioroformate) in an
10  aprotic solvent (such as dichloromethane, DMF or THF) to yield 3-Scheme 5. This
material is treated with hydrazine hydrate in methano! to provide 4-Scheme 5.
Treatment of 4-Scheme 5 with thiophosgene and triethylamine in chloroform
provides 5-Scheme 5.

15
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20 44 WD 97/ 16433

PCT/ US96/ 18000 _ Schene 5 CJerr]
a) EDC. HO /HOBT, Et[err]N, DM, b) Herr]NNH err].Herr]O MOH O
CSCl[err], Et[err]N, CHCO[err] 5 Compounds of Fornula 11
wherein X and‘{ 71;&%3 and Z = O and W= SH may be convept-gﬂgjﬁmow
prepared by ne ?}&Y nal ogous to those described in Schene . 1-Schene
S and 2-Schene 5 are treated with a peptide coupling reagent ( such as
BOP, EDC. HCl / 1- HOBT or N-net hyl nor phol i n%tyl chloroformate) in an 10
aprotic solvent (such as dichloronethane or THF) to yield 3-Schene 5.
Thi s material is treat ed with hydrazine hydr1ate I n nethanol to provide
4- Schene 5. Treat ngnt of 4-Schene 5 wi t i ophosgene and
triethylarrineinDc or ok or a _ .

— N
N Br D H N SH
H \Ls>—

o ﬂJ\[:\)— N,

a) HoNCS, NH4*, EtOH; b) HyNCSNH,, EtOH

Compounds of Formula Il wherein X=CH, Y=SandZ=N, and W = SH
or NH2 may be conveniently prepared by methods analogous to those described in
10  Scheme 6. Condensation of 1-Scheme 6 with ammonium dithiocarbamate in
ethanol yielded 2-Scheme 6. Altemdtively, 1-Scheme 6 can be condensed with
thiourea in ethanol to give 3-Scheme 6.

Scheme 7
15
O R, JOI\ R,
a b
H (o} H (o)
2
J P
0 'f"\f."
X~"coH
3



provi des 5-Schene 5. 15

45 WO 97/ 16433 - :
PETOS967/ 18000 Schene 6 [err]
5 a) Herr]NCS[err] NH err], EtOH, b) Herr] NCSNH err] . Et CH

Compounds of Fornula Il wherein X = CH Y =Sand Z=N, a s}@ﬂmo. or
NH2 may be cowvoremieadst |y prepared by net hods anal ogous to thoSe described in

Compounds of Formula I wherein X = CH, Y = N and Z = N and W=C may
be prepared by methods analogous to those described in Scheme 7. Treatment of 1-
Scheme 7 with diethylamine N-oxide should provide 2-Scheme 7. Condensation of
5  2-Scheme 7 with a 2,3-diaminocarboxylic acid should then provide 3-Scheme 7,
which may be converted to a variety of carboxylic acid derivatives using procedures
previously described in other schemes.

Compounds of Formula III may be generally prepared by methods common
10 in the art of organic chemistry for coupling carboxylic acid derivatives to hydrazine.
Schemes 8, 9 and 10 are illustrative of a method to prepare compounds wherein B or
E is a heterocycle. Compounds of Formula X may be conveniently prepared by
methods analogous to those described in Schemes 8, 9 and 19-23.

15 Scheme 8

L = ' b L ¢ 3
PYE L o N G S
4

1 2 3

e 11

d I ey I N

L N’)\coun‘”nuz_ Rl Wi TNT RS
0 H

5
[}

20  a)i. i-BuOCOC!, NMM, THF; ii. CHoN», Et0; b) HBr, AcOH, Et70; ¢)
HoNCSCO5Et, EtOH; d) RE3NHNH,, EtOH; e) R65CO,H, EDCeHCI, 1-HOBT,
DMF.

Compounds wherein X = CH, Y =S and Z = N, are prepared by methods
25 analogous to those described in Scheme 22. 1-Scheme 8 is treated with isobuty!
chloroformate and N-methylmorpholine in ether to give 2 mixed anhydride which is
treated with diazomethane in ether to provide 2-Scheme 8. The diazoketone is
halogenated using 30% HBr in acetic acid in ether solution to provide 3-Scheme 8.
This material is treated with ethyl thiooxamate in refluxing ethanol to give 4-
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10 Schene 6. Condensation of 1-Schene 6 wi th anmoni um dithi ocarbamate in
et hanol yielded 2-Scheme 6. Alternatively, 1-Schene 6 can be condensed wth
thiourea in ethanol to give 3-Schene 6.

Schenme 7 15 [err] a)
Et[err]NO b H&?‘r r%NCH[ err]CH(NH err])CJerr]H . PCT/US96/18000

46 648433

PCT/ US96/ 18000 Compounds of Fornula Il wherein X = CH, Y =

N and Z = N and MYThe&uazolb%arbbﬁﬂi&re%ﬁrhmﬁhﬂﬂhl@ﬂﬁhtﬁlmhh@ t hose

N ox! de-shoul d- PERPiRE monaERTE or S hydrpzine) BT vt SSERGRMC AL T
2, 3-di ami nocar baugtd:natlsammdshMMEmm@@de@%ﬁénb“@ne)andamch may
be converted to ca%ﬁig:g ré‘ég)éna&ucﬁ%& Ewhcmmmﬂﬂrawﬁbnaeavaﬁ (s48h BY DM UT €S

previ ously descrl er _schenes. Compounds of Fornul a
1l may be g ner‘%PT‘\)" %%éﬁ@ﬁ-&by met hods conmon

Compounds wherein X =S, Y = CH and Z = N, are prepared by methods
analogous to those described in Scheme 9.

10 Scheme 9

S |
- d

LcoH 2, LCONH, b, LCSNH, _€ . /Q‘_B\co 6
. 2

1 2 3
4
S R
eor JH
|
5 o] H
6 {J = CO, S02)

15 a) i-BuOCOCI, NMM, NH3, THF; b) Lawesson's reagent, THF; c) i.
EtO,CCOCH;Br; ii. TFAA, Py, CHCly; d) HyNNHeH0, EtOH; e) R65S0,C),
Py, CHCly; f) R65CO9H, EDCeHCI, 1-HOBT, DMF.

1-Scheme 9 is converted to 2-Scheme 9 by treatment with isobutyl

20 chloroformate, N-methylmorpholine and ammonia in THF. 2-Scheme 9 is treated
with Lawesson's reagent in THF to provide the thioamide 3-Scheme 9. This
material is converted to the thiazole by condensation with an o-ketoester followed
by treatment with triflucroacetic anhydride and pyridine in methylene chloride to
afford 4-Scheme 21 which is converted to 5-Scheme 9 by treatment with hydrazine

25 monohydrate. This material is treated with a sulfony! chloride (such as 4-
phenoxybenzenesulfonyl chloride) and pyridine in an aprotic solvent (such as
dichloromethane) to provide 6-Scheme 9. Alternatively, 6-Scheme 9 may be
prepared by treatment with a carboxylic acid (such as N-benzyloxycarbonyl-L-
leucine, N-benzyloxycarbonyl-N-methyl-L-leucine, N-(2-
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10 in the art of organic chemstry for coupling carboxylic acid
derivatives to hydrazine. . Schepes 8 90 and 10 are ill ust rative—ef—a——
method to prepare conpounds wherein B or E is a heterocycle.

Compounds of Fornula X may be conveniently prepared by

nmet hods-

anal ogous to those described in Schenmes 8, 9 and 19-23. 15 ,oruso6/18000 -

Schene 8 WO 97116438 ey 1 |
4
20 a) i.i-

Et[err]G c¢)
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H
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described in
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which.is

di azoket one
solution to
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es;ga mmtcﬁwlm%H%@.aﬁE@?ﬁﬁ&V ‘ﬁﬁ 36 28 pargtic soly O EPte

s5tregpD®MF)W t h di azonethane in ether to provide 2-Schene 8. The

i's hal ogenat ed using 30% HBr in acetic acid in ether
provi de 3-Schene 8. This material is treated with ethyl
in refluxing ethanol to give 4-

WO 97/ 16433

PCT/ US96/ 18000 Schenme 8. The th arboxylic ester is treated
wi th a hydrazine (such as hydr azi ohydrate or nethyl %/dram ne)

in ethanol t

0 yi el d 5CSvpemds FherghniB= teﬁxeaarenaéedthyéawtwmﬁ qds gf

carboxylic acid g,éEmb Iﬁﬁhé&s%mdsd@&ﬁrmimws&&mﬁﬁtmde coupl i ng

reagent (suc

h_ as

provi de 6- Sch@ne

R13

H
: RP< N CO gkt
AP J\COZH * HzN)\COzEt 2 H)\n/

N
H o H15

R R18

b RP\ CONHNH » 2 o | nn\ B-R"
—i

O R® R15
4 S

a)  EDCSHCI, HOBT, DMF; b) HoNNH,+H0, EtOH; c) R14-B-COoH,
15 EDCHCL, HOBT, DMF

Treatment of a mixture of 1-Scheme 10 and 2-Scheme 10 with a pept.lde
coupling reagent (such as BOP or EDC*HCV/1-HOBT) in an aprotic solvent (such as

DMF or dichloromethane) provides 3-Scheme 10. This material is treated with
hydrazine hydrate in ethanol to yield 4-Scheme 10, which is treated with a

20 carboxylic acid (such as N-Cbz-L-leucine) and a peptide coupling reagent (such as
BOP or EDC*HCV/1-HOBT) in an aprotic solvent (such as DMF or
dichloromethane) to provide 5-Scheme 10.

49
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Compounds wherein X =S, Y =CHand Z =N, are prepared by nethods

anal ogous to those described in Schene 9. 10
Schene 9 [err] 15 a) i-BuOCOCl, NW NH err], THF;, b)
- Lawesson's reagent, THF; c) i. EtJerr]CCOCH err]Br; ii. TFAA, Py,

;Cl-l[err]CI[err][wé g%wr]rNNH[err] Herr]O EtOH e) R[err]Sq,@,c,ﬁggg,m
Py, CH err]d Q71" Rlerr]COerr]H EDC HO, 1-HOBT, DVF.
1-Schenme 9 is converted to 2-Schenme 9 by treat ment with i sobutyl 20

chl orof ormat e, N-net h¥l hol | ne and_anmoni az?n %}—Fz 2- Schene is,dreated
with Lawesson's reageh® sipf Formplady, waerein R2AnREh 2d are g REE =oR26rh
mat eri al i s convaesetpesbated Hylmethdds analbgousyo thosecdiesibed fiScheind 120
[err]-ketoester followed by treatnment with trifluoroacetic anhydride
and pyridine in nethylene chloride to afford 4-Schenme 21 which is
converted to 5-Scheme 9 by treatnent wit3¢heselbzine 25 nonohydrate. This
material is t§eated with a sulfonyl chloride (such as 4-

phenoxybenzenesul fonyl chl@ride) and pyridine in an pro®i ¢ Mol vent (such
as di chl oronet hane) tjp provide ﬁz’ggh.e.n:&_Q naﬁlelu 6x8cheme 9
may be pr epar edegHN feaumemt With a car boxylj’:’ ad;l Nuch]r

N- benzyl oxycar bonyl - | euci ne, o

N- benzyl oxycar bonyl - N- met hyl - L-1 euci ne, N-(2-

48 WD 97/ 16433 2

PCT/ US96/ 18000
' a) EDC.HCI, 1-HOBT, DMF

Symmetric compounds of the Formula IX having RCO as the terminal
substituent on both sides are prepared by methods analogous to those described in
10 Scheme 11. Treatment of }-Scheme 11 with a carboxylic acid (such as 4-
biphenylacetic acid or 4-methyl-2-(4-phenylphenyl)pentanoic acid) and a peptide
coupling reagent (such as EDC-HCI/1-HOBT) in an aprotic solvent (such as DMF)
provides 2-Scheme 11. '

15 | Nonsymmetric compounds of the Formula IX, and compounds of Formula

IV wherein R22, R23, R24 and R25 are H, and R2! # R26, are prepared by methods
analogous to those described in Scheme 12.
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pyri di nyl met hoxycar bonyl ) - L- 1 euci ne,

N- ( 3- pyri di nyl net hoxycarbonyl)-L-| eucine
N- (4- pyri di nyl met hoxycar bonyl ) - L-1 euci ne, 4-bi phenyl acetic acid, 3-(4-
pyri di nyl met hoxy) benzi oc acid, or 4-nethyl-2-(4-phenyl phenyl) pentanoic

acid) and a peptide coupling reagent (such as EDC. HCL/ }. LN an
aprotic sol vaMe s 5 as DWVF). Pt siod

[err] Conmpounds wherein B = [err] are prepared by
routi ne nmet hods of peptide synthesischemeid! ustrated for instance by
Schenme 10. 10 Schenme 10 [err]

a) EDC. HOl, HOBT, DMF; b) Herr]NNH err].Herr]O EtOH c)
Rlerr]-B-CJerr]H, 15 EDC. HCL, HOBT, DWW Treatment of a

m xture of 1-Scheme 10 and 2-Schene 10 with a pepti de coupl i ng reagent
(such as BOP or EDC HCO/1-HOBT) in an aprotic solvent (such as DVF or
di chl-or onet hane) provi des a3- Sghene 10. This nmat 8Nl is tgeated with

hydr azi ne hydr at eR160.8t hamor R CONHNH 47%em“@, hCA TS treated with a
20 carboxylic acid (such as N Cbz-L-leucind afd a peptide coupling

reagent (such as BOP or EDC*EIC/I -HOBT) in rotic solvent (such as
DVF or di chl orgjmet hane) to provide 5-Schene 10
49

H o] H 0 ll-l

| w |
RY N deorf  RY _N_ _N
Y \NJ\NHNH —_— \n/ N/u\N ~F
| |
O H O H H
a § (F = COR%2, 50,R%2)

a) HoNNH,'Ho0, MeOH; b) Ci,CO, PhMe; ¢) HoNNHL Ho0, MeOH; d) R¥CO,H.EDC-HC,
1-HOBT, DMF: e) R5280,C1 or R52COC!, pyridine, DMF; ) R32C0,COR%Z; g) R32CONRSINH,

5 Treatment of 1-Scheme 12 with hydrazine hydrate in a protic solvent (such
as methanol or ethanol) provides 2-Scheme 12, which is treated phosgene in toluene
to afford 3-Scheme 12. This material is treated with hydrazine hydrate in a protic
solvent (such as methanol or ethanol) to provide 4-Scheme 12. Treatment of 4~
Scheme 12 with a sulfonyl chloride (such as 4-phenoxyphenylsulfony! chloride), an

10  acid chloride (such as benzoyl chloride), or a carbamoyl chloride (such as N-(2-
methylpropyl)-N-(4-phenylphenyl)carbamoyl chloride) and pyridine in DMF
affords 5-Scheme-12. Alternatively, 3-Scheme-12 may be prepared by treatment of
4-Scheme 12 with a carboxylic acid (such as N-benzyloxycarbonyl-L-alanine, N-
benzyloxycarbonyl-L-proline, N-benzyloxycarbonylglycine, (S)-N-

15  benzyloxycarbonyl-2-aminobutyric acid, N-benzyloxycarbonyi-N-methyl-L-leucine,
N-tert-butoxycarbonyl-N-methyl-L-leucine, N-acetyl-L-leucine, N-acetyl-L-alanine,
N-(2-pyridinylmethoxycarbonyl)-L-leucine, N-{4-(N,N-
dimethylaminomethyl)benzyloxycarbonyl}-L-leucine, 4-phenylbenzoic acid, 4-
methoxybenzioc acid, 4-phenoxybenzoic acid, 4-(N,N-

20 dimethylaminomethyl)benzoic acid, 4-hycroxy-3-{N-(4-morpholinomethyl)]benzoic
acid, 3-[N-(4-morpholinomethyl)Jbenzoic acid, 2-benzyloxybenzoic acid, 3-
benzyloxybenzoic acid, 4-benzyloxybenzoic acid, 4-(3-

51



WD 97/ 16433

PCT/ US96/ 18000 Compounds of Fornula IV wherein Rlerr],
Rlerr], Rerr] are H and Rerr] = Rerr] are prepared by nethods
anal ogous to those described in Schene 11.

Scheme 11 Sgwoerne43b€r ] a) EDC. HCl, 1-HOBT, DVpcTriS96/18080 -

Symretric corrpounds of the Formula | X having RCO as the term nal
substituent on both sides are prepared by nethods anal ogous to those

described in 10 dun@yimommylprmn»mzocqacn SbanzydoxyiS-methxybepznidanid:| i ¢ -
acid (such as 443 penzylodid tASbbizoR i, 3be: loxy-S-ethoxybenzoxc acid, 3-(4-

4- et hyl - 2- (4- phen entanot ci,d) ,and a ‘coupl'i ng
reagent (such a&¥ %Eﬁﬁéﬂ%i} Hjcﬁ‘ %ﬂ?‘?’&‘cgﬁﬁ'&gy{ (such as DWF)
provi des 2-Sc helphenylphendz@)propmmc acn&loné-ynnﬂlyﬂ-m(é-pbcnmwnyﬂspenfanmhacﬁbmdﬂ a lX
and Cormoungf })e ﬁt\(s&aﬁkmp Iﬂntforﬂcmﬁi@sﬂorNR[ err] and Rerr]
are H, and ernJHJyEE Hgf ?lﬁox%frﬁ: ? ld anal ogous to
t hose descri bed PR butyl ¢/ ormate manaprouc solvent (such as

dichioromethane, DMF or THF). 3-Scheme-12 may also be prepared by treatment

of 4-Scheme 12 with an anhydride (such as acetic anhydride). Alternatively, 3-

Scheme 12 may be converted directly to 5-Scheme-1 by treatment with a hydrazide

10  (such as 4-methylpentanoy! hydrazide or N-methyl-N-benzyloxycarbonyl-L-

leucinyl hydrazide).

Scheme 12A
15
/—H
b N“" c
R2'CONHNH, — >  R21CONHNHCH,R —> /L -
H21

1 2 3

3 g

R No deorf R® N j\ _No
——

v Yy

0 " O H H

4(ACH, = R3) § (X = COR52, 50,/52)

a) i. PhCHO, EIOH; ii. BH3 THF; b) Cl,CO, PhMe; ¢) HoNNH,H,0, MeOH; d) R52COLH,
EDC-HCI, 1-HOBT, DMF; e) R5280,C! or R52COCI, pyridine, DMF; f) R52C0,CORS2

Nonsymmetric compounds of Formula IV, wherein R23 2 H are prepared by

methods analogous to those described in Scheme 12A. 1-Scheme 12A is treated

20  with an aldehyde (such as benzaldehyde) in a protic solvent (such as ethanol) and
the resulting imine is treated with borane-THF complex to afford 2-Scheme 12A,
which is subsequently treated with phosgene in toluene to afford 3-Scheme 12A.
This material is treated with hydrazine hydrate in a protic solvent (such as methanol
or ethanol) to provide 4-Scheme 12A. Treatment of 4-Scheme 12A with a

25  carboxylic acid (such as N-benzyloxycarbonyl-L-leucine) and a peptide coupling
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50 WD 97116433

PCT/ US96/ 18000 3 Schene 12——fer+]
a) " Herr[NNH err]H err] O I\/EC]-I b) dferr]CO Phl\/e c)

Herr]NNH er]JrH err] O MOH d) Rerr]CJerr]H EDC HO , 1- HOBT, DF;

e) Rlerr]SOerr]d or Rerr]Cod, pyridine, DMF, f) Rlerr] rr];
g) Rl err] CONRWO s Ber r | 5 Treatnent of 1- Scﬁg%glwi%%'ﬁ
hydrazine hydrate in a protic solvent (such as net hanol or ethanol)

provi des 2- Schengedgent (st s BOP{ERGIHCY 1sHOBJ e N-mathylsrarphedine/isobuty} 0 af f or d
3-Schenme 12, Thi %mmfs&hﬁé) ih 8n hpr8aeé &ﬂvem {sicHscHi@ddromethisl, HIMF bf THF POt | C
sol vent (such as mi or, et anol) to provide 4-Schene 12. Treat nent of
- Schene ' onyl chI oride (such as
4-phenoxypheny|su|fony| chloride) an 10 acid chloride (such as benzoyl

chloride), orsa carba@w{po & ﬂ d by methods
nmet hyl propyl ) - N-(4 phen ﬁ*& car ba gﬂ@f&él dngemcn r?ﬁalr%ll nyemfn DIVF
af far ds 5- Schene-283108s {Q.thqse t? 5o H’é may be prepared by

treat ment of 4-Schenme 12 with a carboxyl ic acid (such as
N- benzyl oxycar bonyl - L-al ani ne, N xycar bonyl - L-proline,
car bonyl - 2- am nobut yric

aci d, N benzyl oxycarbonyl - yl -L-1euci ne,
N-tert-butoxycarbonyl - N.nejlhyl - lew! euci ne, N—gce | - L- | eyl:l\ne
° N

N-acetyl - L- al ani ne, P \J\/
2 o _a.__tg_. O/\o \n/\ /\@
o S

|

N- benzyl oxycar bonyl gl yci ne, (S) : N- 15 be

10
a) HBTU, NMM, DMF; b) Jones, acetone

1,3-Bis-amido propan-2-ones may be prepared by acylation of 1,3-diamino-
propan-2-ol ]-Scheme 13 with a carboxylic acid 2-Scheme 13 or a mixture of 2
15  different carboxylic acids (2 and 3) in equimolar amounts and a coupling reagent
such as a dialkyl carbodiimide such as DCC or EDCI or HBTU/ N-methyl
morpholine, followed by oxidation of the carbinol to a ketone with an oxidant such
as Jones reagent.

. Scheme 14
PR Ns a W e s

o
A,

1

a)  NMM, DMF: b) Jones, acetone

25 1,3-Bis-sulfonamido propanones may be prepared by suifonylation of 1,3-
diamino-propan-2-ol 1-Scheme 14 with a sulfonyl chloride 2-Scheme 14 and a base
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N- (2- pyri di nyl met hoxycar bonyl ) -L-1 eucine, N-[4-(N, N
di met hyl am nonet hyl ) benzyl oxycar bonyl ] - L-1 euci ne, 4-phenyl benzoic acid, 4-
met hoxybenzi oc aci d, 4-phenoxybenzoic acid, 4-(NN- 20
- di et hyl am nonet hyl ) benzoi ¢ aci d,
4- hycroxy-3-[ N-(4- nDrphollnonethyl)]ben20|c aci d, -
3-[ N-(4- m)rphaY Wb‘r‘fﬁ"hyl )] benzoi c acid, 2-benzyl oxyben20| C aC| éUS9§118000
benzyl oxybenzoi ¢ acid, 4- benzyloxyben20|c acid, 4-(3-
51 VO 97/ 16433
PCT/ US96/ 18000  such as Nymethyhtroebplins.faliowed by oxidgyonef by carbipel go a ketone
3- benzyl oxy- 5- neiwianlxitant suclnas Jénes reagent. 3- benzyl oxy- 4, 5- di met hoxybenzoi c
aci d, 3-benzyl oxy-5-ethoxybenzoic acid, 3-(4-
pyri di nyl met hoxy) benzoi ¢ aci d, 4-biphenylacetic acid, 2-(4-
pheny!| phenoxy) propi oni ¢ aci d or 4-met hyi S¢hemel8heny| phenyl ) pent anoi ¢ aci d)
and a 5 pepti de coupling reage (such as BOP, HCl / 1- HOBT or N-
met hyl nmor phol i ne/ i sobutyl chl ¢ offon ate) |n an fapnott,c | vent c(such as

di chl or onet hane, DMF or o r ed™Dy treatnment
of 4-Scheme 12 with an drifd% (osuc'ﬁ"a cetlc a ydrlde) Al ternatively,

3 Schene 12 nmay be converted directly to -'- 1 by treatnment with
a hydrazide 10 (such as 4-netfyl pent anoyl hydr
\-«1’.‘5«""E h dr

N- net hyl - N- benzyl oxycar boriyt I eum nyI de)s°'cl
Schene 12A 15 [err] ! a) EtO—l || . BH err] THF; b)
Cl[err]CO PhMe; c) Herr]NNH err]H err] IVEO—| d) Rer]Cderr]H,
EDC. HO, 1-HOBT, DMF; e) Rlerr] S errg C er ] : i dine, DVF;, f)
Rlerr]Cerr] COR err] @/\ ~s,,, e

5 © 3

a) EDCI, HOBT, DMF; b) NMM, DMF, 3) Jones, acetone

1-Amido-3-sulfonamido propanones may be prepared by acylation of 1,3-
10 diamino-propan-2-ol 1-Scheme 15 with a carboxylic acid 2-Scheme 15 and a
coupling reagent such as a carbodiimide or HBTU/ N-methyl morpholine, followed
by treatment with an appropriate sulfonyl chloride 3-Scheme 15 and a base such as
N-methyl morpholine, followed by oxidation of the carbinol to a ketone with an
oxidant such as Jones reagent.

: Scheme 16
iﬂj?\{i“ - @A*’#‘Uv

2 ReN,O  Me
3: RabBr

4: RNy

\L

15

aieas

oA grbwu

7



Nonsymretric conpounds of Fornula IV, wherein Rierr] [err] H are prepared
by met hods anal ogous to.t:hose described_ in.Schepme 12A.

‘treated 20 wth an al dehyde (such as benzal dehyde) in a protlc sol vent

' (such as ethanol) and the resulting imne is treated with borane- THF
-conplex to afford 2-Scheme 12A. whi ch is subsequently téfﬁﬁ§ﬂ?¥%ﬁh
phosgene in t W@&H84B0 af f ord 3- Schene 12A. This materi ted
wi th hydrazine hydrate in a protic solvent (such as nethanol

ethanol) to provide 4-Schene 12A. Treatnent of 4-Schene 12A with a 25
carboxylic acid (such as N benzyl oxycarbonyl -L-1|eucine) and a peptide

coupling . 97/ 16433
PCT/ US96/ 18000 }Amide,3-spifonamido alkapsZ-ones that 41y labéer ghan propan-2'de,

N- et hy| nor phol i 848 aé&&@pgﬂ-one or 5- wﬂrWerr?mp@)cam be prepased By caversing anN- (such
as dichloroneth alpfb teckddpeptidelsdth as Obz-leu-lentOH HSchefn@ 116 %&®itsl Brémo methy] ketone

anal ogous Lo P hosssaaut1 e ot XS 28bbetud 6" AHef o brofhd 2Sheme

Scherme 13 [d.éﬁq displaced with sodium azideyggjve fporoprrespradipg aziderdeSchemedione

1,3-Br Szarr} di g I RRduttion Of'hS cﬁﬁﬁn}b@ﬁhrﬁﬁ&i dg¥ntadot a%tsb&ﬂuﬂor&ryandé %snO-
propan- 2-o C

2 15 different g&ﬁ%%#%dg% gﬁamg'f‘%%ﬂgfé aﬁ?ﬂyﬁs'é ch®
coupl i ng reagent as 1.3-prongndithiel gives thel frag| aming &-Scheme; 16 @u@noagrmmu@m or

HBTU N-nethyd of the mﬂp@mﬂ&khmmh%ﬁﬂ&mnmy,bmaw@ml to a

ketone with an OxargmgltwﬁlllJ an oxidant sucg Oites g!rvgs? & Ysired compounds.

Compounds of Formula VIII may be conveniently made using methods
analogous to those in Schemes 17 and 18.
15 '

Scheme 17

—
1

Ho/\q a5, N,/\(\tmn m’\@ c
O
2

AT s A T g 1G>

4

;uﬁjvr Sy

20 a) NaN3, MeOH, H7O; b) Tosyl chloride, triethylamine, CH,Cly; c)
Ellman dihydropyran resin (3), PPTS, CI(CH»),Cl; d) PhCHNH3>, toluene,
80 degrees C; ¢) HATU, N-methyl morpholine, NMP; f) HS(CH,)3SH,
MeOH, Et3N; g) Cbz-leucine (6), HBTU, N-methyl morpholine, NMP; h)
TFA, CH»Cl9, MesS; i) Jones reagent, acetone
25
Azide opening of glycidol 1-Scheme 17, followed by tosylation of the
primary alcohol gave tosylate 2-Scheme 17, which was coupled to Ellman polymer
3-Scheme 17 as described by described in J. Med, Chem. 1995, 38, 1427-1430 to
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20 Schene 14 [err] a) NIVM

DMVF; b) Jones, acetone 25 1, 3-Bi s-sul fonam do propanones nay be
prepared by sul fonylation of 1, 3- di am no- propan-2-ol 1-Schene 14 with
a sul fonyl chloride 2-Schenme 14 and a base

53 WO g 07333 | PCT/USY6/18000 -
PCTIU896/1800(3}966 such as N-nethyl norpholine. followed by oxidation of
the carbinol to a ketone wi th an oxi dant such as Jones reagent.

?gtr}ggn,s ;get one [E’{’a‘l"c lef?eﬂﬁisé@@% I%Wd%&ddﬁ - ag’g/'&‘%M @%’Eg;r ed
by acyl ation of 1théa washed extemsively witlo parious solvents. THes, the dfidewidreduced wnaXxy! i C
acid 2-Scheme 15 padhrdbanedithiol in MeOH, triethylamine, then was washed extensively with

various solvents. Coupling of Cbz-leucine 6-Scheme 17 with the diamine 5-Scheme

5 17 with equimolar amounts and a coupling reagent such as a dialkyl carbodiimide

such as DCC or EDCI or HBTU/ N-methyl morpholine. Cleavage of the ether

linkage to an alcoho! was accomplished with trifluoroacetic acid with various

scavengers. Finally, oxidation of the carbinol to a ketone 7-Scheme 17 with an

oxidant such as Jones reagent provided the desired final product.

Scheme 18 |
e BN ca S IPUS S ol
° —_— 02 . 0/\0 : Y

10

bede

B %¢J8$i“©

a) 4-pyridyl methyl amine, isopropanol, reflux; b) Cbz-leucine, HBTU,

15 N-methyl morpholine, DMF; c) hydrazine, MeOH, reflux; d) 2-
dibenzofuransulfonyl chloride, N-methyl morpholine, DMF; e) Jones
reagent, acetone

N-(2,3-Epoxypropyl)phthalimide }-Scheme 18 (Aldrich) was reluxed with
20  an amine such as 4-pyridiy] methy! amine in isopropanol. The secondary amine 2-
Scheme 18 was then acylated with an acylating agent such as Cbz leucine or a
sulfonylating reagent such as 2-dibenzofuransulfony! chloride and base such as N-
methyl morpholine in DMF. The phthalimide was then removed with hydrazine in
MeOH and the resulting free amine was acylated with an acylating agent such as
25  Cbz leucine or a sulfonylating reagent such as 2-dibenzofuransulfonyl chloride and
base such as N-methy] morpholine in DMF.

Compounds of Formula IX may conveniently be made using methods
analogous to those in Schemes 19 and 20.
30
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coupling reagent such as a carbodiimde or HBTU N-net hyl norpholine,

fol_l_owed by treatpent with an appropriate-sulfonyl chloride-3-Schene-—15- -
and a base such as N-nmet hyl norpholine, followed by oxidation of the
carbinol to a ketone with an oxi dant such as Jones ‘reagent. 15

Schenme 16 [err] 54 )

WD 97/ 16433 WO 97/16433 PCT/US36/13000

PCT/ 1 S96/ 18000 1- Am do- 3- sul fonam do al kan-2-ones that are

| arger than propan 2- one, such_as butan-2-one or

5- et hyl - hexan- 2- one, CompPUIds of Basmulad By be sovenipptly madeysing methods o ect ed

pepti de such as mogoemltm@tcﬁb&:ﬁmeﬁﬁzlm ts brono nethyl ketone 5
3-Schenme 16 via a diazo nethyl ketone 2-Schene 16. Then, the brom de

3- Schene 16 is displaced with sodium azide to give the correspondi ng
azi de- 4- Schene 16. Reduction of the carbonyl with a reduci ng agent
such as sodi in bor ohydri de gives BchomOllo 5- Schene 16. Subsequent
reduction of the azide with a reducing agent such as

1, 3- propandi t hi oI gi ve§ the free am ne 6-Schene 16. Acyl ation or

sul fonyl ation the am na gl vesffamyde or sul fonam de 7-Schenme 16.
Finally, oxi datl Q I% O,Et car It N ¢oa|n oxi dant such as Jones

gi ves the desired co ound$. Corrpounds of For a VIHI mpy be
“conveni ently made using net hods . and@ 0gous™\.o bhoseﬁ 1j]\and
18. 15

R®COMe —2—> R®CONR™NH,

3 4

a) KOH, MeOH/H20; b) R66NHNH2, EtOH; ¢) EDCeHC], 1-HOBT, DMF
10
Compounds wherein X = CH, Y =S, Z = N and R4  H, are prepared by
methods analogous to those described in Scheme 19. Carboxylic ester 1-Scheme 19
is treated with a hydroxide base (such as lithoum hydroxide, sodium hydroxide or
potassium hydroxide) in methanoi/water to provide 2-Scheme 19. 3-Scheme 19 is
15  treated with a hydrazine (such as methylhydrazine) in a protic solvent (such as
ethanol) to give 4-Scheme 19. 2-Scheme 19 and 4-Scheme 19 are coupled by
treatment with a peptide coupling reagent (such as EDC°HCII1-HOBT) in an aprotic
solvent (such as DMF) to provide 5-Scheme 19.



Schenme 17 [err] 20 a) NaN[err], MeCH, Herr]G b) Tosyl

chloride, triethylamne, CHerr]CJerr]; c) El | man di hydropyran resin
(3), PPTS, d(CHerr])[err]d; d) PhCH err]NH err], toluene, 80
degrees C, e) HATU, N-nethyl norpholine, NWP;, f) HS(CH err])[err]SH,

MeOH, Et[err] N Cbz-1eucine (6), HBTU, N-nethyl norpholi -
TFA, CH err] fip433\p err]S; i) Jones reagent, acetone 25%/1'1\3%8093
Azi de opening of glycidol 1-Schene 17, foll owed by tosylation of the
primary al cohol gave tosyl ate 2-Schene heh was coupled to El Il nman

pol ynmer 3-Schene 17 as described b bed in J. Med. Chem 1995,
38, 1427-1430 to s55

WO 97/ 16433 a S—&h b \

PCT/ US96/ 18000  Et0,CCOBHgRtucePol y ppid- Shhapp. 17, Whi g cesized Wi th
benzyl am ne in tol uene, t herf washtdd exteénsively w th Various

sol vents. Then, the azigde was reduced w thg 1, 3-propanedig hiol in
~MeOH, triethylamne, thren was washed extensively with vari ous

sol vents. Coupling of Cbz-|eucine 6-Schene 17 wth the diam ne 5-Schene 5
17 with equi nol ar Qappynts a coupling reagg% ﬁuch as a dial kyl

car bodi i m de —steh £ Ej | —6+> HRFUN, EONlINSOT I ne.

Cl eavage of the ether T “Nink 8 to an al cohd! was acc lished with
trifluoroacetic acid with varigus scavengers.gFinally, oxidation of
the carbinol to a ketone 7-Schene 17 wth an oxi dant such as Jones

reagent provided the desired final product. 10
51 N j\
S
O H
[

S a) Thiourea, EtOH; b) i. NaNO9, 16% aqueous HBr; ii. CuBr, 16% aqueous HBr;
iii. HBr (cat.), EtOH; ¢) ArB(OH)3, Pd(PPh3)4. CsF, DME; d) ArSnMes,
Pd(PPh3)4, PhMe; e) H)NNHoeH20, EtOH; ¢) R65C02H. EDCeHC], 1-HOBT,
DMF.

10 Compounds wherein X =8, Y = CH, Z= N and V = 2-methoxypheny! or 2-
benzyloxyphenyl, are prepared by methods analogous to those described in Scheme
20. Ethyl bromopyruvate (1-Scheme 20) is treated with thiourea in refluxing
ethanol to provide 2-Scheme 20, which is treated successively with sodium nitrite
and copper (I) bromide in 16% aqueous HBr, and the product was heated in ethanol

15  with a catalytic amount of HBr to give 3-Scheme 20. Treatment of this material
with an arylboronic acid (such as 2-benzyloxyphenylboronic acid),
tetrakis(triphenylphosphine)palladium(0) and cesium fluoride in refluxing DME
provides 4-Scheme 20. Alternatively, 4-Scheme 20, may be prepared by treatment
of 3-Scheme 20 with an aryistannane (such as 2-trimethylstannylanisole) and

20 tetrakis(triphenylphosphine)palladium(0) in refluxing toluene. Treatment of 4-
Scheme 20 with hydrazine hydrate in ethanol provides 5-Scheme 20, which is
treated with a carboxylic acid (such as N-benzyloxycarbonyl-N-methyl-L-leucine,
N-(2-pyridinylmethoxycarbonyl)-L-leucine, N-(3-pyridinylmethoxycarbonyl)-L-
leucine or N-(4-pyridinylmethoxycarbonyl)-L-leucine) and a peptide coupling
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Schene 18 0 0 [err] a)

4-pyridyl methyl amne, isoptopanol  reflux, Bl _Chz-|eucine, -HBFJ—35
N-Tet nylT nor phol 1 ne, DMF;, c¢) hydrazine, MeOH, reflux; d) 2-
di benzof uransul fonyl chloride, N nethyl norpholine, DV, e) Jones

reagent, acetone N- (2, 3- Epoxypropyl ) pht hal i m dﬁé-é@ 18
(Aldrich) wawoeinst3zad with 20 an am ne such as 4-pyridiyl e HOT ne in
i sopropanol . The secondary am ne 2- Schenme 18 was then acylated with

an acyl ating agent such as_Cbz | eucine qr a . sul fonyl at. reagent such
as 2-di benzof ur asasemti(siehas ERCSHCHERORINIa 20 aB‘BE‘hS"i‘é"“h&’é[h as 6#8? Wf’g"’&
mor pholine in D@ggm,ht hal i m de was then renoved with hydrazine in
MeOH and the resulting free am ne was acylated with an acyl ati ng agent such

as 25 Cbz leucine or a sulfonylating reagent _such as

2- di henzof uransul fonyl chl ori de and such as N-nethyl norpholine
I n DVF. 5 Conmpounds of Fornula I X may conveniently be made
usi ng met hods anal ogous mﬁe bn Sche 61 9_a&nd 7 d.
PCT/ US96/ 18000 1 Cogpounds of Forgula X may be conueni ently
made usi ng net hods — anal ogous to those described in Schenes 21-27.

s S f

R 4 W
H«Ru"/(\}cozst H”R"N/(\N CONHNH,
5 []

s oo
N/@)\(N\NJLR“
H“R67 N l
O H
7

a) R67NH, Py, CH,Cly; b) LiAlH, THF; ¢) i. CloCS, Py, CHoCly; ii. NH3,
MeOH or . PhCONCS, CHCl3; ii. K9CO3, MeOH, H>0; d) EtO2CCOCH2Br,
10  EtOH; e) HyNNH,#H,0, EtOH; €) R65COH, EDCeHCI, 1-HOBT, DMF.

Compounds wherein X = S, Y-= CH, Z = N and V = NRO6R67, are prepared
by methods analogous to those described in Scheme 21. An acid chloride (1=
Scheme 21) is treated with a primary amine (such as 4-aminobipheny! or aniline)

15 and pyridine in an aprotic solvent (such as methylene chloride) to provide 2-Scheme
21, which is treated with lithium aluminum hydride in THF to afford 3-Scheme 25.
Treatment of 3-Scheme 21 with thiophosgene and pyridine in methylene chioride,
followed by treanment with ammonia in methanol provides 4-Scheme 21.
Alternatively, 4-Scheme 21 may be prepared by treatment of 3-Scheme 21 with

20 benzoyl isothiocyanate, followed by treatment of the intermediate benzoyl thicurea
with potassium carbonate in methanol/water. 4-Scheme 21 is treated with
hydrazine hydrate in ethanol to give 5-Scheme 21. Treatment of 5-Scheme 21 with
a carboxylic acid (such as N-(2-pyridinylmethoxycarbonyl)-L-leucine, N-(3-
pyridinylmethoxycarbonyl)-L-leucine or N-(4-pyridinyimethoxycarbonyl)-L-

25 leucine) and a peptide coupling reagent (such as EDC*HCV/1-HOBT) in an aprotic
solvent (such as DMF) affords 6-Scheme 21.
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5 : Schene 19

[err] a) KOH, MeOH' Herr]O b) Rerr]NHN[err], EtOH c¢) EDC HCO ,

1- HOBT. DWVF 10 Conpounds wherein X = CH, Y =S, Z =N and
Rlerr] [err] H are prepared by met hods anal ogous to those descri bed
in Schene 19. lic ester 1-Schene 19 is treated wWditudeiseey ©Xi de
base (such as“i%!{"ﬁg@r‘n hydr oxi de, sodi um hydr oxi de or p\(,)ﬂt assslaﬁ’m

hydr oxi de) in nmethanol/water to provide 2-Schene 19. 3-Schenme 19 is 15
treated with a hydrazine (such as nethyl hydrazine) in a protic sol vent

(such as ethanol) to give 4-Schene 19. 2-Schene 19 and 4- Schenme 19
are coupl ed by treatnent with a pep¥h@@egdupl i ng reagent (such as
EDC*HC / 1- HOBT) in an aprotic sol vent (such as DMF) to provide
5- Schene 19. H 57
HzN\N hll
HoNCSCOoEt ——> I = '-\« Db =
H,N CO,Et N—N
1 2 3
! .
LN\ ~CONHNH, _d L\(NY‘LN’N R
X r \ TV
N—N N—N H O
4 -]
5

a) HoNNH,#H,0, EtOH; b) LCO2CO9i-Bu, 200 °C; ¢) HoNNH,eH,0, EtOH; d)
R65CO,H, EDCeHC], 1-HOBT, DMF

Compounds wherein X and Y = N, and Z = NH, are prepared by methods
10 analogous to those described in Scheme 26. 1-Scheme 22 is treated with hydrazine
hydrate in ethanol to give 2-Scheme 22, which is heated with a mixed anhydride to
provide triazole 3-Scheme 22. This material is treated with hydrazine hydrate to
provide 4-Scheme 22. which is treated with a carboxylic acid (such as N-
benzyloxycarbonyl-L-leucine) and a peptide coupling reagent (such as EDC*HCV1-
15 HOBT) in an apretic solvent (such as DMF) to provide 5-Scheme 22.



WD 97/ 16433
PCT/ US96/ 18000 — Schene 20

[err] 5 a) Thiourea, EtCH b) i. NaNJ err], 16% aqueous HBr, ii. CuBr,
- 16% aqueous HBr, iii. HBr (cat.), EtOH, c) ArB(OH)[err],
de(PPh[err])[err] CsF, DMVE;, d) ArSne3, Pd( PPh3) 4, PhNE
H[err]NNH[err]W(meqSO Et OH e) R[err]cqer ]H, EDC*HO , "r%fg"’““" DIVF.
Conmpounds wherein X =S, Y =CH Z = N and V = 2-net hoxyphenyl or
2- benzyl oxyphenyl, are prepared Ws anal ogous to those
described in Schene 20. Ethyl bro e (1-Scheme 20) is treated
with thiourea in refl uxing et hanol to provide 2- Scherre 20, which is
treated successively witipsogiumgitrite and cop I;II) Bré”om de in 16%

aqueous HBr. and thenpro s heated |§ ethan cat aI Vi bre
- NBog at-rest o t hy, s ma er| NHR®\wi TH3an

amount of HBr to-Jide

aryl boronic acid (s - berlzyl gdey phenyl bororﬁ aci d

tetraki s(tri phenyl phosphi ne) palTadi'um(0) and cesium fl uogi de in refluxing
DVE provi des 4-Scheme 20. Alternatively, 4-Schene 2%, may be prepared
by treatnent of 3-Schenme 20 with an aryl stannane (such as

2-trinethyl stannyl ani sol Q:) a@ 2Ques tet raki s(tri phenyl phosphi ne) pal | adi un{ 0)

in refluxing tol uenelg Tr tmant ¥ Scheme 20 with hydrazine hydrate

i n ethanol provi ) '11 treated with a carboxylic
acid (such as N be /oxycar | - 1met - L- | euci ne,
N-(2- pyri di nyl met hoxycar bohly -1 &uci ne, N (3- pyridi nyl met hoxycarbonyl) - L-

| euci ne or N-(4-pyridi nyi(m&b()xsmzar bonyl ) -L-1eucine) and a peptide coupling
58

5 a) TFA; b) R62CO,H, EDCeHCI, 1-HOBT, DMF; c) R6250,Cl, i-PryNEt

Compounds wherein X = $, Y = CH, Z =N, L = CH(R66)NRSOR68 where

R68 « Boc or Cbz, or R65 = CHR6%)NRSIR70 where R70 # Boc or Cbz are
prepared by methods analogous to those described in Scheme 27. 1-Scheme 23 is

10 treated with trifluoroacetic acid to provide 2-Scheme 23. This material is treated
with a carboxylic acid (such as pryazinecarboxylic acid, isonicotinic acid, 4-
imidazolylacetic acid or pipecolic acid) and a peptide coupling reagent (such as
EDC*HCV/1-HOBT) in an aprotic solvent (such as DMF) to provide 3-Scheme 23.
3-Scheme 23 may also be prepared by treatment of 2-Scheme 23 with a sulfonyl

15 chloride (such as 2-pyridinesulfonyl chloride) and a terticary amine base (such as
diisopropylethylamine) in an aprotic solvent (such as methylene chloride).
Alternatively, treatment of 4-Scheme 23 with trifiuoroacetic acid provides 3-
Scheme 23.

61



WD 97/ 16433
PCT/ US96/ 18000 reagent (such as EDC*HC /1-HOBT) in an aprotic
- solvent (such as DMWF) to provide 6- Schene 20.

Scheme 21 5 [err] a) Rerr]NHerr], Py,
:Cl-l[err]CI[err]wOp)I LAlHerr], THF, c¢) i. dferr]CS, Py, CH grj.ﬁm]
ii. NHerr], or I. PhCONCS, CHCO [err]; ii. K[err] err
"Herr]O d) EtJerr]CCOCH err]Br, 10 EtOH e) H[err]NNH[err]*H[err]O

EtOH, e) Rerr]CJerr]H EDC'HC, 1-HOBTgchelde24 Conpounds
wherein X =S, Y =CH Z = N and V = NR66R67, are prepared by net hods
anal ogous to those desgeribed in Schenme 21. An acid chloride (1- Schene
21) is treated w tdn mpary am ng (such as 4-am nobi phenyl or aniline) 15
and pyridine in an aprotic soI ven u 8 net hyd ene chloride) to provide
2- Schene 21, Heh is treate rkMam atm num hydride in THF to
afford 3- Schene 25. Treat ment of o3-Schene 21 with thiophosgene and
pyridine in nmethyl e cE®:®ri de, foll owed by treannent with anmonia in
met hanol provi des 4-Schene 21. Al ternatively, 4-Schene 21 may be
prepared by treatmgnt of 3-Scheng 21 withj20 benzoyl i ot hi ocyanat e,
foll owed by treatie Q,f i:ei ‘ medi,at’e §engo tyhi ¢ Wi th
pot assi um car bonadss fat er—’4u, "i‘ eat"étl’ wth
hydrazine hydrate in ethanol ®t 8 ¢me 5-Schene 21. T¢ eStomemt of 5- Scheme 21
W th a carboxylic acid (such as
N-(2- pyridi nyl met hoxycamaonyl ) - L- | euci ne, N-(3-

pyri di nyl net hoxyc b nyp) -L- l‘ﬁgﬂeg o] i iyl yet hoxgcarb )-L- 25
| euci ne) and a pep (s an
aprotic © ocuen o 0”0 oeuen

5 a) EDCI, DMF, b) 2-PhCH>0PhSO,Cl, NMM, DMF; ¢} TFA, DCM; d) 4-pyridyl
acetic acid, HBTU, NMM, DMF,; ¢) Jones

1,3-Diamino-propan-2-ol (or an N-alkyl substituted diamino-propanol) is
coupled to a protected leucine analog (either Cbz- or Boc-) and another carboxylic
10  acid or sulfonyl chloride. Removal of the protective group, followed by acylation or
sulfonylation, and oxidation of the alcohol provides the desired compounds.
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sol vent (such as DMF) affords 6-Schene 21.
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PCT/US967 18000 Scheme 22 [err]

-5 a) Herr]NNH err]*H, EtOH, b) LCJerr]CJerr]i-Bu, 200 [err]C, c¢)

- Herr]NNH err]*H err] O, EtOH, d) RlerrJ]Cerr]H EDC'H & , DVF

- Conmpounds wheweismiedsmnd Y = N, and Z = NH, are prepared by nethods
anal ogous to those described in Schene 26. 1-Schenme 22 is treated with

hydr azi ne hydrate in ethanol to give 2-Schenme 22, which is heated with
a m xed anhydride to provide triazqcfemde Z8hene 22. This material is
treated with hydrazine hydrate to provi de 4-Schenme 22. which is
treated with a carboxylic acid (such as N
benzyl oxycar bonyl - l{- | euci ne) and pepti de coupl i reagent (such as
EDC*HO / 1- 15 I n anaapro | soﬁlI vent (sbuch as y to grovide
- N c
5-Schene 22. coaH ~CO > conrei NP — o 5,

o o]

.
N\)\/NHMe d N .
Cbz-NH - N Y\NHt:bz
o o o

H\/lk/ \

N N

Cbz-NH \n/\NHCbz
o

a) HBTU, NMM, DMF, allyl amine; b) mCPBA, DCM; ¢) MeNH), isopropanol, 70
5 C;d) Cbz-leucine, EDCI, DMF,; e) Jones, acetone

N-Allyl amine (or a N-alkyl-N-allyl amine) is coupled to a Cbz-amino acid
(or sulfonyiated with an aryl sulfonyl chloride), then the alkene is epoxidized with a
peracid (or dimethy] diooxirane). The epoxide is opened with a subsituted amine,
10  then the amine is acylated or sulfonylated. Final oxidation gives the desired
ketones.
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5 a) TFA, b) Rerr]CJerr]H EDC-HC , 1-HOBT, DVF, c) R[err]SCIerr]CI

I -Pr[err] NEt
CH(Rerr])NR
CH(R err])NR

err

10

15

20

25

30

(?

Scherre 23 [err]

Compounds wherein X = S, Y = CH Z =

})ﬁlerr] wher e Rlerr] [err] Boc or p&,ﬁéﬁhﬁ&o—

r] where R err] [err] Boc or Cbz are

The starting materials used herein are commercially available amino acids or
are prepared by routine methods well known to those of ordinary skill in the art and
can be found in standard reference books, such as the COMPENDIUM OF
ORGANIC SYNTHETIC METHODS, Vol. I-VI (published by Wiley-Interscience).

Coupling methods to form amide bonds herein are generally well known to
the art. The methods of peptide synthesis generally set forth by Bodansky ez al.,
THE PRACTICE OF PEPTIDE SYNTHESIS, Springer-Verlag, Berlin, 1984; E.
Gross and J. Meienhofer, THE PEPTIDES, Vol. 1, 1-284 (1979); and J.M. Stewart
and J.D. Young, SOLID PHASE PEPTIDE SYNTHESIS, 2d Ed., Pierce Chemical
Co., Rockford, Ili., 1984. are generally illustrative of the technique and are
incorporated herein by reference.

Synthetic methods to prepare the compounds of this invention frequently
employ protective groups to mask a reactive functionality or minimize unwanted
side reactions. Such protective groups are described generally in Green, T.W,
PROTECTIVE GROUPS IN ORGANIC SYNTHESIS, John Wiley & Sons, New
York (1981). The term "amino protecting groups" generally refers to the Boc,
acetyl, benzoyl, Fmoc and Cbz groups and derivatives thereof as known to the art.
Methods for protection and deprotection, and replacement of an amino protecting
group with another moiety are well known.

Acid addition saits of the compounds of Formula I are prepared in a standard
manner in a suitable solvent from the parent compound and an excess of an acid,
such as hydrochloric, hydrobromic, hydrofluoric, sulfuric, phosphoric, acetic,
trifluoroacetic, maleic, succinic or methanesulfonic. Certain of the compounds form
inner salts or zwitterions which may be acceptable. Cationic salts are prepared by
treating the parent compound with an excess of an alkaline reagent, such as a
hydroxide, carbonate or alkoxide, containing the appropriate cation; or with an
appropriate organic amine. Cations such as Li*, Na*, K*, Ca*+, Mg+t and NHg+
are specific examples of cations present in pharmaceutically acceptable salts.
Halides, sulfate, phosphate, alkanoates (such as acetate and trifluoroacetate),
benzoates, and sulfonates (such as mesylate) are examples of anions present in

pharmaceutically acceptable salts.



prepared by nethods anal ogous to those described in Schene 27. 1-Scedne 23
Is 10 treated with trifluoroacetic acid.to provide 2-Schene 23— his——-

mafertal 1s treated with a carboxylic aci d (such as pryazi necarboxylic
acid, isonicotinic acid, 4- I m dazol yl acetic acid or pipecolic acid)
-and a peptide coupling reagent (such as EDC*HCI/l-HCBT; I n_an iﬁrOtiC
sol vent (suchwe97/B to provide 3-Schene 23. 3- Schene 8050 pe
prepared by treatnment of 2-Schene 23 with a sulfonyl 15 chloride (such as
2-pyridinesul fonyl chloride) and a tertiear base, (such .as

di i sopropy! et hyl ani nehis investion alsg providss,p p C%PMWIE%"‘E‘FWE?S de) .

Alternatively, tJ&QaigoRRd a&&rd’x"ng%%ﬁﬁulﬁaﬂaéﬁha}ﬁlﬁ&hﬁ&!wa&%ﬁda&e%&&ﬂr Pt OVI des

5- Scheme 23.
WO 97/ 16433 diluent or excipient. Accordingly, the compounds of Formula I may be used in the

'[Dgrr/r ]U'S%/ 18000  manufacture of a medicament. Pharmaceutical compositions St-tHE BSmpdtinds of
Formula I prepared as hereinbefore described may be formulated as solutions or
lyophilized powders for parenteral administration. Powders may be reconstituted by
addition of a suitable diluent or other pharmaceuticalty acceptab!é carrier prior to
use. The liquid formulation may be a buffered, isotonic, aqueous solution.
Examples of suitable diluents are normal isotonic saline solution, standard 5%

10  dextrose in water or buffered sodium or ammonium acetate solution. Such
formulation is especially suitable for parenteral administration, but may also be used
for oral administration or contained in a metered dose inhaler or nebulizer for
insufflation. It may be desirable to add excipients such as polyvinylpyrrolidone,
gelatin, hydroxy cellulose, acacia, polyethylene glycol manmtol sodium chloride or

15  sodium citrate.

Alternately, these compounds may be encapsulated, tableted or prepared in
an emnulsion or syrup for oral administration. Pharmaceutically acceptable solid or
liquid carriers may be added to enhance or stabilize the composition, or to facilitate
preparation of the composition. Solid carriers include starch. lactose, calcium

20  sulfate dihydrate, terra alba, magnesium stearate or stearic acid, talc, pectin, acacia,
agar or gelatin, Liquid carriers include syrup, peanut oil, olive oil, saline and water.
The carrier may also include a sustained release material such as glyceryl
monostearate or glyceryl distearate, alone or with a wax. The amount of solid
carrier varies but, preferably, will be between about 20 mg to about 1 g per dosage

25  unit. The pharmaceutical preparations are made following the conventional
techniques of pharmacy involving milling, mixing, granulating, and compressing,
when necessary, for tablet forms; or milling, mixing and ﬁliing for hard gelatin
capsule forms. When a liquid carrier is used, the preparation will be in the form of
a syrup, elixir, emulsion or an aqueous or non-aqueous suspension. Such a liquid

30 formulation may be administered directly p.o. or filled into a soft gelatin capsule.
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5 a) EDCI, DWVF; b) 2-PhCH err]OPhSOerr]C, NVWM DW;, c) TFA, DCM d)
4- pyri dyl acetic acid, HBTU NwM DM, e) Jones

1, 3-Di am no- propan-2-ol (or an N-al kyl substituted di am no-propanol) is
coupled to a protected | euci ne anal og (either Cbz- or Boc-) and anot her

- carboxylic 10 acid or sulfonyl chloride. Renoval of the pr Foup,
fol | owed by a&ﬂ’ﬁf‘fﬁﬁ or sul fonyl ati on, and oxidation o e al cohol
provi des t he desired conpounds.
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hi
PCT/ US96/ 18000 Rk rectal administration, the compounds of t §é’ﬁ"§ﬁ%°“z‘§ay also be

combined with excipients such as cocoa butter, glycerin, gelatin or polyethylene
glycols and molded into a suppository.

5 Utility of the Present Invention

The compounds of Formula I are useful as protease inhibitors, particularly as
inhibitors of cysteine and serine proteases, more particularly as inhibitors of cysteine
proteases, even more particularly as inhibitors of cysteine proteases of the papain
superfamily, yet more particularly as inhibitors of cysteine proteases of the

10  cathepsin family, most particularly as inhibitors of cathepsin K. The present
invention also provides useful compositions and formulations of said compounds,
including pharmaceutical compositions and formulations of said compounds.

The present compounds are useful for treating diseases in which cysteine

| proteases are implicated, including infections by pneumocystis carinii, trypsanoma

15  cruzi, trypsanoma brucei, and Crithidia fusiculata; as well as in schistosomiasis,
malaria, tumor metastasis, metachromatic leukodystrophy, muscular dystrophy,
amytrophy; and especially diseases in which cathepsin K is implicated, most
particularly diseases of excessive bone or cartilage loss, including osteoporosis,
gingival disease including gingivitis and periodontitis, arthritis, more specifically,

20  osteoarthritis and rheumatoid arthritis, Paget’s disease; hypercalcemia of
malignancy, and metabolic bone disease. ,

Metastatic neoplastic cells also typically express high levels of proteolytic
enzymes that degrade the surrounding matrix, and certain tumors and metastatic
neoplasias may be effectively treated with the compounds of this invention.

25 The present invention also provides methods of treatment of diseases caused
by pathological levels of proteases, particularly cysteine and serine proteases, more
particularly cysteine proteases, even more particularly as inhibitors of cysteine
proteases of the papain superfamily, yet more particularly cysteine proteases of the
cathepsin family, which methods comprise administering to an animal, particularly a

30 mammal, most particularly a human in need thereof a compound of the present

invention. The present invention especially provides methods of treatment of
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[err] a) HBTU, NwW DW, allyl am ne; b) nCPBA, DCM «c)
MeNH[ err], isopropanol. 70 5 .C d) Cbz_.l_e.u.c.l_n-e-,—EDGl———DM: ey—Jenres—

acet one _ N-Allyl amne (or a Nalkyl-Nallyl amne) is coupled
- to a Cbz-am no acid (or sulfonylated with an aryl sul fonyl chl ori de),
~then the al kene is epoxidized with a peracid (or di rreth | lisBtshdo®e) -

The epoxi de iwoopeé#d¥ with a subsituted am ne, 10 then the r?e I'S

acyl ated or sulfonyl ated. Final oxidation | ves t he gle ired ket ones.

63 diseases caused by pathological levels o cathepsm Kw ﬁmethods comprise

administering to an animal, particularly a mammal, most particularly 2 human in
need thereof an inhibitor of cathepsin K, including a compound of the present
invention. The present invention particularly provides methods for treating diseases
5  in which cysteine proteases are implicated, including infections by pneumocystis
carinii, trypsanoma cruzi, trypsanoma brucei, and Crithidia fusiculata; as well as in
schistosomiasis, malaria, tumor metastasis, metachromatic leukodystrophy,
muscular dystrophy, amytrophy, , and especially diseases in which cathepsin K is
implicated, most particularly diseases of excessive bone or cartilage loss, including
10  osteoporosis; gingival disease including gingivitis and periodontitis, arthritis, more
specifically, osteoarthritis and theumatoid arthritis, Paget's disease, hypercalcemia
of malignancy, and metabolic bone disease. '
This invention further provides a method for treating osteoporosis or
inhibiting bone loss which comprises internal administration to a patient of an
15 effective amount of a compound of Formula I, alone or in combination with other
inhibitors of bone resorption, such as bisphosphonates (i.e., allendronate), hormone
replacement therapy, anti-estrogens, or calcitonin. In addition, treatment with a
compound of this invention and an anabolic agent, such as bone morpﬁogenic
protein, iproflavone, may be used to prevent bone loss or to increase bone mass.
20 For acute therapy, parenteral administration of a compound of Formula I is
preferred. An intravenous infusion of the compound in 5% dextrose in water or
normal saline, or a similar formulation with suitable excipients, is most effective,
although an intramuscular bolus injection is also useful. Typically, the parenteral
“dose will be about 0.01 to about 100 mg/kg; preferably between 0.1 and 20 mg/kg,
25  in a manner to maintain the concentration of drug in the plasma at a concentration
effective to inhibit cathepsin K. The compounds are administered one to four times
daily at a level to achieve a total daily dose of about 0.4 to about 400 mg/kg/day.
The precise amount of an inventive compound which is therapeutically effective,
and the route by which such compound is best administered, is readily determined
30 by one of ordinary skill in the art by comparing the blood level of the agent to the

concentration required to have a therapeutic effect.
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PCT/ US96/ 18000 The starting materials used herein are
comercially avail abl e am no acids or are prepared by routine

nmet hods well known to those of ordinary skill in the art and can be
found in standard reference books, such as the COVENDI UM OR s0b3 AN C
SYNTHETI C METHXG8/Y6433| . |-\ (published by W ey-Intersci ence) usosl
Coupling nethods to form am de bonds herein are generally well known to

the art. The nethods The @aiipoutids of\this inehtongamealss be/adathistered iokallyyto Bedansky

et al., THE, PRACTI CE OF PEPTI SYNTHESI S, . Spri nger. - Ver.l Berlin,
1984; E. eaticDL ing &laﬁvefﬁté?'b‘gﬂd%ﬂﬂwt‘%ﬁﬁ ‘BE%!S 59&%.““1? inBipj hone 979 -
and J. M Stewart resorption oP#d@cHietd anyUthEd thetfpehtie iRBitmionRE diktibed RENIAIES! S, 2d
Ed., Pierce Chemcal 10 Co., Rockford, I[I'l., 1984. are generally

“illustrative of hpicallys npharmaceutigalgpaposition containieg the compepnddy admnisipred _
reference. s atanoral doss¥f BeRich GodR 00 bOR SBIEDRE § o MirEPCEAGRASR 1N S
i nvention frequen'tﬁny enpl oy protective groups to nask a reactive

functional ity or theiconditioreof thevpatient! Preferablysthel eral desetwanidsbe about0.probeutt 20y e
groups are descri bﬁd generally in Geen, TW 15 PROTECTI VE GROUPS I N
ORGANI C SYNTHESI & hn Wley & Sons, New York (1981). The term
'l'oam' noI protecti ng ?:L ONP SihacgEptabl atdxjcd o_mgida_mfe‘csarmh pBﬂé?df whekncompﬁmﬁisﬂhthe
enzoyl, Fnobc an z.groups and derivatives thereof as kngqwn to the art.
Met hods for prot m%w%www@w&%r%&w&%m“mm%nﬂ% no

protecting p group with another noiety are well known. 20
Acid addition salts of the conpounds of Fornmula | are prepared in a
st andar d manner in a suitabl e sdtiQlogicakAsSaXs: he parent conpound and an

excess of an acid e cohiiblindior MM RAEM AT pe HELAR AN Fsevirigbkitgr | C.

sul furic, phosphoric, ace acetic, maleic, succinic or
met hanesul f oni c. assaysttaidetemiine the comepratiniof tampound which is reguirediothavoa
zwitterions which nmay be a ce%t‘aﬁl z Cationic salts are prepared by 25
treating the par%‘ﬁ?n B EW%n excess of an al kaline reagent, such as
a hydr pxi de, carbonate or al koxi de, containing the appropriate

cation; or with an . .. appropriate organi.c amne. fions such as
Li[err], Na[er r]sﬁ'mmﬁggé?ww&%&%? vity are specific
exanpl es of cations PARaRRYs foP cAINPSIBC Vetel caried bubwile R Rcsbihdnt

Hal i des, sulfate, phosghate, al kanoat es (such as acetate and
trifl uoroacet at egnzyme. Stapdard gssay sonditions Sor thedntermination efikineticronsiants used 4r o

exanpl es of a”{/@ﬂ@qﬁé@%ﬁh@subwm. o PIALIR Pl S| AMBC SRINGD bterthddin

64
PCT/ US96/ 18020 100 mM Na acetate affH §.5 icontaininig 0 raMoystoing wndi5 s\ BB nStockut i cal

composi tion whi CucONDLiSGhs were prepared at concentrations of 10 or 20 mM iz DMSO with
20 uM final substrate concentration in the assays. All assays contained 10% DMSO.
Independent experiments found that this level of DMSO had no effect on enzyme
activity or kinetic constants. All assays were conducted at ambient temperature.
25 Product fluorescence (excitation at 360 nM; emission at 460 nM) was monitored
with a Perceptive Biosystems Cytofluor II ﬂu.orescent plate reader. Product
progress curves were generated over 20 to 30 minutes following formation of AMC

product.

30
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a conmpound according to Fornmula | and a pharmaceutically acceptable
carrier, di luent or excipient. Accordingly the conpounds—ef—kerrHa
| may be used in the manuf acture of a medi canment. Pharnaceuti cal
conpositions of the conpounds of 5 Forrmula | prepared as herei nbefore
descri bed may be formul ated as sol utions or | yophi |'i zedapowders for
parenteral adWeWEISHMt i on. Powders nay be reconstituted by PCTUS%ARA9; op
of a suitable diluent or other pharmaceutically acceptable carrer prior to
use. The liquid fdakipitiomstutiesay be a buffered, isotonic, aqueous sol ution.

Exanpl es of suitable gj <are nornal i sotonic saline solution,,standard
5% 10 dextrose in Wg{’%irﬁag?n%b%‘?’fsevp%gg%‘fﬁ‘iﬁsgﬁ t@m ] "gféPﬁb%J?s‘ﬁsfﬁsi on.
Such f or muwatd camriédove ixhe prekdnye sfvdriable eoicentrativhe ol test 2bmpound.

cont i nedt | n 5 mBPRHBRS WA SARRL AL Rddon ol garsie e solaions of et sah 1 1

may be desir apl esitraedDarGhilyasives Sondlictebaceerdinigitd bhadof tie protediftes ,
gel atin, hydroxy cellul ose, acacia, polyethylene glycol, mannitol, sodium

chloride or 15 ~ 4¢rending op theappearance of the progress cysyesdn thepsgspncetaf inhibitoompounds

may be encapsul agg§Ghode o] i ; Efﬁﬁwﬂ infibi syrup for
oral adm nistration. oPﬁglrnﬁgl?gat ihg%@&ﬁ%%%g%gﬁtghgg@? or £ “R’F]i qui d
carriers may be ecahs@ats(K; qphwerecalpnlatedaoedrding ta ¢quatiombBrandt ergl.,or t o

facilitate reparat i tp_corrposition. Solid carriers include
starch, |act ose,BIc%ﬁF%f'{ﬁH’ 38@53 ’flgg di hydrate, terra al ba, nmagnesium
Stearate or Hiearic acid, talc, pectin, acacia, agar or gelatin.
Liquid carriers include syru% peanut oil, olive oil, saline and water.

The carrier may al so incl Yde VewAdd&eli h¥&impptAL material such as gl yceryl
nonostearate or ghyceryl distearate, alone or with a wax. The ampunt of
solid carrier varies but, preferably, will be between about 20 ng to
about | g per dosage 25 unit. The pharnmaceutical preparations are nade

followi ng the c [ : i . i nvol ving mlling,
m xi ng, granul aﬁ%ﬁ?%ﬁg@gegon%%ogg}eﬁg&%&%&%ﬁ%@@gwﬂ 'fsgl%e t abl et
fornms; or nild i nppcentratiomofsnbstfaiel withnidchaeliscansiamy of Kj.i and 7 is the cofatthiionf Or N5.
When a liquid cartr.i er. i s used, the preparation will be in the form of

a syrup, elixi r,°éWH ron or an aqueous or non-aqueous suspension. Such a

liquid 30 fornulati (Ror tHoye dstnporids Witdse pRgredd Eupeds/siioweddowdiwald duriurk Nt 0 a
soft gelatin capiule.._ ) o o 65
VO 97/ 16433 acteristic of time-dependent inhibition, the data from individual sets was

PCT/ US96/ 18000  analyzed to give kops dc8brdin@Gd Bquatifipni stration, the conpounds of
this invention may al so be conmbi ned with excipients such as cocoa

butter, gl y@@ri n, gelatin or polyethyl ene glycols and nolded into a
suppository. [AMC] = vss 2 + (vQ - vss) [1 - exp (~kobst)] / kobs
(2

where [AMC] is the concentration of product formed over time ¢, vg is the initial
25  reaction velocity and vgy is the final steady state rate. Values for kobs were then

analyzed as a linear function of inhibitor concentration to generate an apparent

second order rate constant (Kobs / inhibitor concentration or Kobs / [I]) describing

the time-dependent inhibition. A complete discussion of this kinetic treatment has

been fully described (Morrison et al., Adv. Enzymol. Relat. Areas Mol. Biol., 1988,
30 61,201).
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5 Utility of the Present Invention

The conpounds of Fornula | are useful as protease inhibitors, particularly
as i nhibitors of cysteine and serine proteases, nore particularly as
i nhibitors of cysteine prot eases, even nore particularly as

I nhibitors of cystei ne proteases of the papain super f g nor e
particul arly WOAéBditors of cysteine proteases of the 10 EHE(:lJa %’%@"n
famly, nost particularly as inhibitors of cathepsin K The present

i nvention al so pHomanQstencldst RespoptimrsAssagyns and fornul ati ons of said

conpounds, I ncl ydi n har maceuti ¢cal conpositions and formuyl ati ons of
sai d conpounds. 1300%3%08%%'@?{{"% _P*ﬁ?é’?awﬂﬁﬁm‘feﬁam treating
di seases in whi cliqfid fift@péifstorage, waBhéd RpRIRFat37eC hndPvashidd £0in RPMI-Y640N 0

i nfections by pneumpcystis carinii, trypsanoma 15 cruzi, trypsanona
brucei, and Cri tmpdipe byespiifpgsation (1990 mem, S min 3t 4°G): Whe mediymm was) aspirated and

mal aria, tu Bsddwi ﬁﬁmﬂ‘ By .&!#o Wasdd" m;lw T .
dyst rophy, i nyt roigﬁ!ﬁuﬁgén esp@%ﬁfé ’sdeiaseslg?n %Eg%aat e“[l)lg’l n Kis
i npl i cat ed, nostand incubated fari3@uhin ohyjcedTheagl suspedsiancwasggixedfrequeatlyr carti |l age

| oss, including oste r 98l I gl | I 0 ' hOON Vitis
~and periodontitis, a?@’%rﬁgﬁ%‘Z’?m%&?@ds’%evgﬁé@%fzﬁwﬁ%&w'5%‘%%@5%&? I's and
r hgumat Oiodl art Brﬂphi,g,nﬁﬁ’agﬁC)&ndiME&aﬁs‘ferl’WeIa(s&h-iteerirthhcainl-ifuge tuben‘lilllei gnalncy,
and netabolic bone disgase. Met astati c neo sfic cells also
Cypi cal Ly expr 6 mHeE Al Patanclesoells Wt SPyBFaied is an impiopHNeppET CORORBe ¢ he
surroundi ng 1Rt rdpambed?d certain tunors and netastatic neopl asi as may
be effectively treated with the conpounds of this invention. 25
The present inventi orSubficient magneticbeadsdS | mpaopyclaar cell).ropted Yrith godiapties caused

by pat hol ogi cal rh&}égllf%q{rerefé&ﬁéé;ﬁ/%m tBElE kbBUbAHIL i PR kS SHop R e

proteases, nmore articularly cystelne proteases, even nore
particul arly as Hediumi(thisrwasbes away the toxic azide preservatives dbe grediumewasismioved

superfamly, yet W\R/\PE A !Qﬁil ' .

cat hepsin fam | yb, [ gﬁgﬁﬁtﬁg S Céﬁ%}‘tﬁ%ﬁ&%ﬁ?ﬂ%ﬁr&lﬁ%ﬁﬁﬁ% ghlaa%dla'ilrlﬁ'rral ,
particul arl ylsa 30 hetedds wansmixed miithabe cells andithe suspension wasddcibheddénf a
conmpound of the esent. lLaventjon. . T resent. i Qv ' ecially
provi des net ho dsﬂ on jce. r%lhetsu%}‘smn %vg?nuxeﬁ?reauenﬁy. Il'ht: Qeaﬁ&toﬁtgﬂ el beré

66 WO Srhiricobilizéd on a magnet and the remaining cells (osteoclast-rich fraction) were

PCT/ US96/ 18000 (di seases_caused hql. ogi cal.. | evel f cathepsin
K, which et hod SeERg PR °58Q3¢ﬁ‘ﬁ?§¥@%0‘% WW&F?‘?"&E;‘?&&FQ{?W a
manmal , nost Parcbhl@&ll:élIshUdﬁldﬂgéTﬁg'&deed osteocl¥6€.0 This WaSiDproddds wabidpedted  Of
cat hepsin K,_including a co und of the present I nvention. The

Q
present i nv et | F 0pdhe beadropa 9‘%&%’?1@"%%@5 for treating diseases 5
i n which cysteine prqigaassidtsSrdrePhuntciiedlin 4 uhtiky (RambeY GGhg £ NSgdMore

pneunocysti s . carinii, trypsanoma cruzi, trypsanona brucei, and
Crithidia fusi cuisposeble-plaspie ppsteys pipgtte to charst;dhﬁfdmgerrwﬂsihs ,SalﬁdF-a?fhﬁ?enﬁurmr

nmet astasi s, net 4Gyu! : S ; - : ophy,
anytrophy, , aﬁ%ﬁﬁ%@.‘%ﬁ’l’ﬂ#‘%ﬁé‘%{s I'n ?I\Aqlelngwgfat Eeplsgéltﬁsﬂg%@{o

i npl i cated, mostl-5xde¥/mlin EMEMdnedivm ssupplemented with\10% fetabealf seoum and age | oss,
I ncl udi ng 25

1.7g/litre of sodium bicarbonate. 3 mL aliquots of the cell suspension ( per
treatment) were decanted into 15 mL centrifuge tubes. These cells were pelleted by
centrifugation. To each tube 3 mL of the appropriate treatment was added (diluted
to 50 uM in the EMEM medium). Also included were appropriate vehicle controls,
a positive control (87MEM 1 diluted to 100 ug/mL) and an isotype control (IgG2a
30 diluted to 100 ug/mL). The tubes were incubate at 37°C for 30 min.
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10 osteoporosis, gingival disease including glng|V|t|s and perlodontltls

arthritis, nore
arthritis, Paget's di sease, hypercal cem a of malignancy, and
met abol i ¢ bone di sease. This invention further provides a

met hod for treating osteoporosis or I nhibiting bone | %Z%{qgg&
“conprises i nt MOPA643nmi nistration to a patient of an 15 e ount

- of a conpound of Fornula |, alone or in conbination vvith ot her
inhibitors of bone regarption, s a b|s o

- al l endronate), horrmn@gne’t‘ L@F ﬁsﬁ%ggﬂ‘w | -es Tesg}lé:ﬁssl,n ao4r8'
~calcitonin. In a%htpm@andxh&ﬂi‘aﬁamnﬂctfbrmh Each trememovssdereénediin s i nvent i on
and an anabol i ¢ agent, such as bone m)rﬁhogem c f’Eé mBrof avone,
may be used to pﬂmllcb'ﬁnémﬂﬁswmt"@s ldp Sxsh %ﬁ@fﬁg‘i‘% gomL/well ™" "1
acute-therapy, PR £hRIRkmBU ek platd b Ashues@ERONIGnG6) di@iBibaed at o

preferred. An intraveno of the conpound in 5% dextrose in water
or nor nfil $1G fee 48y The slices ware thesy washed inphosphats byffered splineand figedent s,

I's nost effective t_t,o&,igs al so
usefut. Typicall 9“2'?#&“ pareﬁggpﬂsw%%m&nﬁ} ?ﬁg ogat)ﬁugﬁﬁ w%Hc%ha ut
100 ng/ kg; pref exer washed hmler&ndlmnthtmn@ffe@fpriiun atB73CnHherslicest wererni nt ai n

th trati f d th
LT it cat hofenearbedineia st Sfiaeihelie A pif AEER bRt des a7 30s
daily at a |evel gfigall ®xeessd bufiérakas Aspitayeddariahoslicebaere aft.déiedl dolllndng a 400

ng/ kg/ day. The precise amount of an inventive conpound which is
therapeutlcalpy smshoiarwager, and the route by which such conpound is

best adm ni stered, isSThePRAPYoslBSsoERSs Rere enfivieraied b9 brightfieldimicrédcbpy | N

the art by conparing the bl o?g | evel of the agent tq the
concentration regud werd thes removedfranythe spdaceof thepdentine by sonication. Pit volumes

3 VO 9 ek btbpmi 1W confocal :
PCT/ US96/ 18000 Z/enje nedusuf’ﬁthecorrpoun S o?‘%i sc‘lmn(\’/cenltr?%?lscr%ey al so be

admnistered orally to the patient, in a manner such that the
concentratiog rﬁgls sufficient to inhibit bone resorption or to
achi eve any ?he Fapeut ic indication as disclosed herein.

Typically, a phar rraceumsalmagﬁemesohmazsp@awem recprilétcat eixher @50 or 460 MHz

admnistered 5 _at an oral dgse of ab 1 to _abou nmg/ kg in
a manner consi stmg’\ﬁﬁsPFF““’ely’aBH‘Fé"M W&W%@%ﬁm@wm@ %ibl y the
oral dose woul d pgnaRRHiordlor, DMSOQglis BéxadeuteriodiMitiydsulfoxide, and CD30D N0

unaccept abl e toxi col ogical effects are expect ed when corrpounds of the

present i nvent i oletradentesiomethanele Ghemical shiftsare repered ipParts prr myjhoaddy

I nventi on. I S
the internal standard tetramethylsilane. BbBrevidio! fo RMR/
The corrpounds of d?‘?’]“r?".’ﬁ\'?'é‘n ilghe maymf)e tested |n one of several biol ogical

assays to det er niateatche followsesit siagketd =odoublstnt suripletaai=cquartet. menmpultipletidd have

a : given pha gx?lﬁ&l o?%o&b%ts,etft %Lblet of triplets, app = apparent, br = broad. J
indicates the NMR coupling constant measured in Hertz. Continuous wave infrared

(IR) spectra were recorded on a Perkin-Elmer 683 infrared spectrometer, and
25  Fourier transform infrared (FTIR) spectra were recorded on a Nicolet Impact 400 D
infrared spectrometer. IR and FTIR spectra were recorded in transmission mode,

and band positions are reported in inverse wavenumbers (cm-1). Mass spectra were

taken on either VG 70 FE, PE Syx API IIl, or VG ZAB HF instruments, using fast

atom bombardment (FAB) or electrospray (ES) ionization techniques. Elemental
30 analyses were obtained using a Perkin-Elmer 240C elemental analyzer. Melting
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15 Determ nation of cathepsin K proteolytic catalytic activity
Al'l assays for cathepsin K were carried out with human reconbi nant
enzynme. Standard assay conditions for the determ nation of kinetic

constants used a fl uorogeni c peptide substrate, typically

- Cbz- Phe-Arg-A re determned in 20 100 nmM Na aceta .5
cont ai ni ng 20%92@3 3(L,V;ane and 5 mM EDTA. Stock subst raEPng}g?ez{aP@ns
- were prepared at concentrations of 10 or 20 nMin DVSO with 20 uM

“final substrate pdmmakemumddm-mmemﬁg?oi&sggmqm%méoﬂ&%umﬂ
| ndependent expefrqb_ nts found that .this |e .0 had no effect on
|

enzynme act pegptutes arereporied indegrees Celgjus. o5says were conducted at

anbi ent tenperature. Rﬁlmﬂ@ﬂ%lé#d@dﬁ%ﬁﬁ%ﬂé&wmﬁﬁﬁuﬁhx{;ﬁpIQM
em ssion at 460 nM was_nonitored h a Perceptive BI0s st%ms

W t
Cytof luor 11 fl ulpEdseshfor thinlayer chroraatographye Bath flash and grayify chyomatography wer e

gener at ed ovey 2ReieQuifbathl i EMbek KL APGIRUDO el sibEge. P OUUCL.

97/ 16433 Where indicated, certain of the materials were purchased from the Aldrich

PCT/ US96/ 18000 . NRiehLT tudi es . . Pot entj gl .

I nhibitors were %1\1/""35][‘l ﬁ%t%’d%@‘?’%%@’ﬁ@%?%ﬁ? gggm{?ﬁlr%%‘fslﬁﬂﬁp Mg@nﬁdd’

were carried outNew Jérsey, dAdvancediChertédhabbwisville) ®rhfuelag.i ons of test
conpound. Reactions were initiated by addition of enzyme to buffered
sol utions of inhibitor and 5 substrate. Data anal ysis was conduct ed
accordi ng togne of two procedures gndi ng on the appearance of

t he progress curves in the presence of inhibitors. For those
conpounds whose pr ogriathe fellowing synthetic|expmples, tempesatem tis indegriees Cemigrade
constants (K[er r(ﬁcﬁﬁ?ﬁle é‘gﬁé %cﬁ{ﬂ%@&ﬂ%%g%ﬁm%%&g&énéﬁr@ﬁ?} et

al ., Bi ochem try,
(1) whe reommersialt sources: | Withauy furthet klaboretiart, itdsibelieiéd thEvone8killg®inoCi t y

Vlerr], Ais th concentrati.on. of .substrate with M chaelis, constant

of Klerr] and | qlhgs}'?ﬁ%" WS4 ¢ precpdifi description, e the preggpt invention 1o is fullest oy

t hose conpouisds extent eThes©BxRfslesCaié Fiven tMllugthte B MveltibnC hot (S Limhiets scope.
Reference is made to the claims for what is reserved to the inventors hereunder.

20

a) N-benzyloxycarbonyl-L-leucinyl-L-leucinyl bromomethylketone
1-Methyl-3-nitro-1-nitrosoguanidine (5.9 g, 40.11 mmol) in ether (200 mL)

is cooled to 0°C. 40% potassium hydroxide is added slowly and the diazomethane is
allowed to collect in the ether solution for 30 minutes at 0°C.

25 N-Cbz-IfLeucinyl-L-Lzuéine (Bachem) (4.0 g, 10.58 mmol) is stirred in
tetrahydrofuran at -40°C. N-methyimorpholine (1.07 g, 10.58 mmol, 1.16 mL) and
isobutyl chloroformate (1.45 g, 10.58 mmol, 1.38 mL) are added. The mixture is
stirred at -40°C for 15 minutes and then filtered into a cold flask to remove
precipitated salts. To the filtered solution is added an excess of the previously

30  prepared diazomethane solution and the mixture is allowed to stand at 0°C for 16 h.
An excess of 30% HBr in acetic acid is added at 0°C and the solution is then washed
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characteristic of time-dependent inhibition, the data fromindividual sets

was anal yzed to give kierr] ac 2: 20 Jerr]—

(2) where [AMC] is the concentration of product formed over tine t,
[err] is the initial 25 reaction velocity and [err] is the final steady

;Sstate rate. Values for [err] were then anal yzed as a |inear function
- of inhibitor wegasssati on to generate an apparent se FETASBH NP0 | at e

constant (k[err] / inhibitor concentration or k[err] / [I]) descri bi ng

t he ti nme-dependent i nhi,bi
treat ment has succesgvelgwtfl IqlrbyN Ei‘gg C&%?{(}%%ﬁ@%?&&ﬂ Plcgybi%&é
Rel at. Areas MlandBrint., THOSMtionGs dricdlovédsodium sulfate, filtered, and evaporated to give

69 WO 97/ 16433
PCT/ US96/ 18000  the title compayqd s white salid (d 0 8)-p1H NMB.A0QMHz, CDCI3) §7.34

Aliquots of oste(%'s@ﬁt@mddm)g»%(ﬁeiﬁ),sqére@aﬁ), 008 150! £IDUAIHY 204

liquid nitrogen storage, warned rapi d 37[érr] C and washed x

RPM - 1640 5 (65 (webi), D93 duy léﬁ) (1000 rpm 5 min at 4[err]C) The
medi um was aspirated and 5 replaced with nurine anti-HLA-DR anti body,
diluted 1:3 in RPM -1640 nmedi um and i ncubated for 30 mn on ice The
cel |l suspension Maesnfs;&l(hbnzytpxlgmrbgnyl)ammo-N [1'-(2-carbbéthoxythihzol- deylp3'washed x2
with cold RPM - 164 entrifugation, (1000 rpm 5 mn at 4[err] Q)
and then transfe‘f‘?‘gﬂ% ﬁ IP?’@""??‘ 9 centrifuge tube. The nunber

of nononucl ear cells m&mpm&aﬂmenwmowomﬂm}%&mymmmg 10
chanber. I cient magnetic be (5/ mononucl ear cell),

coated with WoatO& 4 i mmol) wagsreiluxed dn %oégqrédw‘aﬂ sqlyeptMas eyapomafed apd
bottl e and pl acqge jeSidge éirﬂinaﬁéraf)ﬁe‘ﬁs(ﬁhca gel, 25%%&&5&16?&&@01‘6%%%&)%‘?' el he

toxi c azide preservative). The diumwas re zing the
beads on a magnehe aﬂmcqnmone@asaa:wmoﬂ:d (14egh %HM]MMMHZ CDC13)5TB@(Sbeads

were m xed with o a 30 min
on i co. The suspHeT 8h et RIS HIEED ey T3t C A M a s (e

I mobi | i zed on aHyRDME{mA2H), 1 A2 (hp4H), 1i38dt, GHD,I(B?X(@HEH;I ast-rich fraction)

wer e 3%cant ed into a sterile 50 nL centrifuge tube. Fresh nedi um was

added to the“bead- coated cells to dislodge any trapped osteocl asts.

This wash process was repeated 20 x| mgead coated cells were

di scar ded.

The compound of Example 1(c) (0.92 g, 1.88 mmol) was stitred in
20 tetrahydrofuran at 0°C with 1.0N sodivm hydroxide. After stirring for 1 h, the
solution was quenched with 1.0N citric acid and extracted three times with

dichloromethane. The combined organic extracts were evaporated in vacuo to give

the title compound as a white solid (0.844 g). 1H NMR (400 MHz, CDCI3) 6 7.40

(s, 1H), 7.23 (m, 5H), 6.89 (4, 1H), 5.22 (d, 1H), 5.14 (dd, 1H), 5.02 (s, 2H), 4.15
25 (m, 1H), 1.67 (m, 2H), 1.44 (m, 4H), 0.81 (m, 12H).

3 -4
30 The compound of Example 2 (0.408 g, 0.88 mmol) in tetrahydrofuran was
cooled to -40°C and treated with N-methylmorpholine (0.185 g, 1.85 mmol, 0.2
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The osteoclasts were enunerated in a counting chanber, using a | arge-bore
di sposabl e plastic pasteur pipette to charge the chanber with the sanple.

The cells were pelleted by centrifugation and the density of

osteocl asts adjusted to 1.5x10[er]r/ L in EMEM nedi um suppl enent ed
with 10%fetal rum and 25 1.7g/litre of sodium bicar m
al i quots of thﬁg}'faguspenm on per treatnent) were a%%%’@&“&nt o]
15 nL centrifuge tubes. These ceI | s were pelleted by centrifugation.

To each tube 3 mmfmahebmmmafmgmwymmmm CHIRE). (Hedihflewss 1O

50 uMin the EMEM nedi u Al'so included were appropriate vehic

a positive cont r Wredsap for 1 minytes gnd thon ammenia wasdubbled twoughdhe spintioo!
(lg&Ra 30  di | UpQederal hBRud/ err.] C for
(|ocea miebal THo mixhE whd Riwelt 5 Gratn 408G ber e G |

97/ 16433 was then diluted with ethyl acetate and washed successively with 1.0N citric acid,

PCT/ US96/ 1800 uot s..of the c | s wer eeded onto
sterile denti ne 20, agacous sodi gxcaaaomae %%qﬂm’ﬁ COTEHYC § E‘ﬁﬂi’a‘f’@ O¥IC for 2
h. Each treat rrenmagmmmumeeﬂlmad and evap@iatedtol B rdsidak Gvhich \Wass| | ces wer e
washed in six ch es of I.n 6-wel| plate)
and then pl aced F W%B%@a%%ﬁ&%@sﬂﬁ@l%mﬂm@ma%@% tle 5
37[err] C for 48 bompdifid i 4 Ghifie WHAT0LAS ). IPRRMR 5? gyypal i ne
and fixed in 2%ﬁ| utaral d ehet e ?)n 0. 2M so um caco Q?‘ %15 ):SS
mn., follow ng %48 1Hh&AO (brs, 1 l‘ﬁeiél (e sh B, 509 (i Hi),ém(ddlcﬁmaeﬂ(mﬁ
buffer for 5¢4m [& wer e t hen washed in cold

wat er and in%:anba 1|%§ l01{) %QGH P@i?g '}53&?{& /| fast red garnet for 5

mn at 4[err]C. Excess buffer was aspirated, and the slices were air dried
followwng a 10 wash in water. The TRAP positive osteoclasts
were enunerated by bright- flel d mcrosccﬁﬁme and were then renoved from
the surface of tPrepaisivniofe Rvtartidl 3 anotibi~81-4Sihey.m ned

Nucl ear magneti e recorded at elther 250 or 400 MHz

using, respemively, m%&&b&hdwpﬁr3D@slls§§roé\ﬁxﬂ&Pw§P&§§oi%er
CDCl [err] is . ..deuteriochl orof orm
hexadeut er i odi netighjereme mqu@le‘hW@M‘ém@WiﬂbTFAA (0.093 g, 044 mmol, 0.06

tetradeuteri orretﬁ?mdpygaﬁ 6.67 508 f tﬂﬁﬁu on
(d) 20 downfield fromt hgl(l nt gr na?ﬁ]sﬁ%ogr%lgﬂfet rarret ’hy s#"éggfas 'lml‘l
Abbr evi at i ons detONmunon of sagiratgd aqusousssofivin bivarbomate-andiextraated with = doubl et

t = triplet, pcﬁﬂ% %anem_'l'he p%atrl%% E'E%ts ngrebwagg%F wnjﬂj 9%%}'%:0&{0119%8' eé S

= doubl et of tr| app = ap
brine, dried over magnesium sulfate, filtered, and evaporated to an oil which was

chromatographed (silica gel, 40% ethyl acetate/hexane) to give the title compound
as a white solid (0.095 g). 'H NMR (400 MHz CDCI3) 8 7.44 (s, 1H), 7.29 (s,
5H), 6.51 (br d, 1H), 5.14 (m, 1H), 5.07 (s, 2H), 4.11 (m, 1H), 1.78-1.41 (m, 6H),
0.83 (m, 12H). |

To a solution of the compound of Example 2(0.12 g, 0.26 mmol) in
30  dichioromethanc under argon at room temperature is added benzylamine (0.03 g
0.29 mmol, 0.03 mL), BOP reagent (0.115 g, 0.26 mmol), and triethyl amine (0.026
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i ndi cates the NMR coupling constant measured in Hertz. Continuous wave
infrared (IR spectra.were recordedon-a—PRerkin-El ner 683—+4nf+ared— -
spectroneter, and 25 Fourier transforminfrared (FTIR) spectra were
-recorded on a Nicolet |Inpact 400 D infrared spectroneter. IR and FTIR
. spectra were recorded in transm ssion node, and band i!ia'[@ﬂlﬁ

' reported in i WOA78643avenunbers (cnferr]). Mass spectra vverg’%sﬂ"} aken on
. either VG 70 FE, PE Syx APl 1I1l, or VG ZAB HF instrunents, using fast

atom bombar dment g or78tmeY, o‘&‘?ﬁgr & Q416 to'sapr&%momeamﬁﬂu

- El ement al a%iaf yses were tvglﬁn g us‘Fhﬁg a Perkin-El mer 240C eI errent al
anal yzer. I\/el t i rmgith water, then brine and the organic layer is dried over magnesium sulfate, 71

POr) Usoe) 18000 Tltered, and gyaporated 10 give & pesidug which yos chromatographed (silica gel, | .

apparatus and ar40%ehgldcentefti@xane) to nge Ak kitle eompoumt us & white solidqpO63 gyl §Hh

degrees Cel sius Al ch ilica
Gel 60 F-254% mWﬁQ‘PM&FZaFP&B)%a &hﬁ@ﬁ&ﬁ»?ﬁgﬂmﬁﬁ . $1s°

chr omat ogr aphy f | r ¥.40 regsan’ i ed out
on E.- Merck Ki esE? ﬂf) 5685%2%19&%%%% q??q?%gﬁg'elanh (m, 646! ﬁﬁ Wher e

i ndi cat ed, certaﬂﬁ)of the materials were purchased fromt he Al drich

Chem cal Co., M| waukee, Wsconsin, Chem cal Dynam cs Corp.; South

Pl ai nfield, New Jersey, and Advanced Chentech, Louisville, Kentucky.
10 Exampleffixanpl es In the
fol | owi ng syr&t h t.enper {n.deg igrade

y. l'.' L4‘.

([err] Q. Url es
obtained from methvisi@ 2sl-4-Yl-3ameih
bel i eved that one ski| he_art can, usin the p

edin
description, utili zeFPH‘eWﬁBBéE"eP\'?WF’ Example 3 $xcepysybstitating i !?ﬂégﬁfm'These
Exanpl es are gi Hzﬁl:ﬁmh I ﬁt@fydr&!‘ tg)t INIVER cope.
Ref erence is nmade to thLe %?g?ﬁés&%ﬁg?ﬁaww 'S resoe%egd ?21) thetﬁdr?s/hgﬁ?ors
her eunder . CDCI3) 6 7.27 (s, 5H), 7.19 (s, 1H), 6.38 (br d, 1H), 5.09 (m,tBn$H0L(s12H),
Prepar ati on
(2S5,1'S) - 2- (genzyWo%é ’bsozn%/ dflazmhtl)sﬁl-(f'l"flb lcg%t%gg oxylfq’il 294t G- 4f1
yl') - 3- et hyl but yin] 12H)ret hyl pent anam de
N- benzyl oxycar bonyl - L- | euci nyl - L-1 euci nyI br ormrret hyl ket one
1-Methyl-3-nitro-I-nitrosoguanidine (5.9 g, 40.11 mmol) in ether (200 n.)
is cooled to O[err]C. 40% pot assi um hydegxhgle7i s added slowy and the
di azonmet hane is ) aIIovved to coIIect Ln the ether, olution for 30
mnutes at Ofer! Lyeparaiig RAZROAYEAIPARNIIHNR O “‘(Bachen) (4.0
g, 10.58 nmp) i s A b&Htdnlafs

N- et hy| nor phol ine (1 g, ) ' 3
Followmg the procedure of Example S, except subsntntmg 2-

it eri al s Were
"v’!Ll!‘ IS

phenylethylamine for benzylamine, the title compound was prepared (0.070 g). !H
NMR (400 MHz, CDC13) § 7.30-7.11 (m, 11H), 6.35 (br d, 1H), 5.09 (m, 1H), 5.01
(s, 2H), 4.05 (m, 1H), 3.64 (m, 2H), 2.87 (t, 2H), 1.69-1.40 (m, 6H), 0.80 (m,

25 12H).
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| sobutyl chloroformate (1.45 g, 10.58 mml, 1.38 nlL) are added. The m xture
S stirred at -40[err]C for 15 mnutes and then filtered into a cold
flask to renove precipitated salts. To the filtered solution is added
an excess of the previously 30 prepared di azonet hane sol ution and the

-mxture is al I“Q(ggﬂ‘ggﬁ stand at OC for 16 h. _ ~An excess ﬁé{;ﬁ&%ﬁm in

‘acetic acid is at O[err]C and the solution is then was

72 ' WD 97/ 16433

PCT/ US96/ 18000 successively Wit IExhnipldgitric acid, saturated
aqueous sodi um bj car bonate c, refuIIy , and br| ne The sol utlon S
dried over sodi uRERMAYORQLIZe. L D)-axDeNZYIgRYCArDORIIAIAINeN-|] :
title conpound ay).3-gibthis ' d -err]H NI\/R(400M—IZ CDCI[err])
[err]7.34 15 (d, 1H), 5.10 (s, 2H), 4.78

(m 1H), 4.20 (@ I!Myn-butomarbosyl-(lddeucma;ﬁdel 63 (m 6H), 0.93 (m 12H).
b
()28 1'S)-2- (benzyl oxy'IE:Daar %otl)%uy )oet{ﬁ't 0- chyé QF)BISWOWFMQ S%hﬂateg;l')) 3' -

met hyl but yl ] - 4- nstohy 2pentunoky indey THF (100mL) at -40°Chas adidd HeboyPEnGRRIRAR 1(2)

2.0°g, 4.4 mol thyl th L e o Bt )
Fei Pused | n ot nehdie P80 mEbe) aq%&"rﬁ%h”ﬁm%mm(tmp i), AR 15 minones

resi due chromat (whﬁ@ﬁgﬂnﬁﬁw to give
the title conpound as whi t‘tﬁg’glalﬂgdm?o [ er r({LH EIJIE/HIRQ %SWQ
cDd [err]) [err]therevzﬂwdtomomtemramve a@hwe@tepsnr r2thoprs, Misure filtéred ( dd,

1 5 e eyl s sl oo+ ("

g 2S, 1t F?) | ]2b( :oeln]zl@l‘lan;mar BHthma(mmu ; CDCI9)3-6:38 (o x,y1Hh), 6279|(b14$d MH}Z} 5. E?(4 |
-ne u n e ound o a e
1(c) (oy92 9, yl(gfsd%ﬂ}l . Gy m]gg 40, fm0s BED. 139, (31 SHY, P2 (%R OB 0C wi th 1. ON

sodi um hydroxi de. After stirring for 1 h, the sol uti on was quenched
with 1.ONcitrig acid and extracted three tinmes with di chl or onet hane.
The conbi ned org’in crertsbutoxyeasbonyl-L-lencinethieamide i n vacuo to give t he

E'J lrf ;ozgoqsd aS(g ‘!’B'atﬁrrﬁ@lﬁoﬂl(uw %ﬂwﬁﬁ{%WS@a‘}%B%‘zm geflgl)
(dd, 1H), 5.02 (nynolm)dryzrfn‘avmdd ed liawessgns repgen (2.5] g26-§1 mmoland ithe 4H) 0.81

(m 12H).
Prepar ation of mixture was stirred at room temperature under argon ovenu@f.a’?m ?olg’ent was

(2S, 1' S) - 2- ( benzyaporapesbaniddhsieyidne cwomhtpgrapl(eﬁ-(sxhcdmaﬁ%ot hi azol -
4-yl _) -3' -met hyl %%&Vﬁéﬂggogﬁhﬁﬁé}ttg 21%5” iSite compound as a white solid (2.3 g). 1H
20 NMR (400 MHz, CDCI3) 3 8.54 (br s, 1H), 7.97 (br s, 1H), 5.28 (br d, 1H), 4.52
(m, 1H), 1.72-1.58 (m, 3H), 1.40 (s, 9H), 0.92 (d, 6H).

¢) (18)-1-(tert-butoxycarbonyl)amino-1-(4-carboethoxythiazol-2-yl)-3-
methylbutane

25 The compound of Example 8(b) (2.40 g, 9.76 mmol) was stirred in dry
acetone (20 mL) under argon at -10°C. Ethylbromopyruvate (2.12 g, 10.73 mmol,
1.35 mL) was added and stirred for 1 h at -10°C. The solution was poured into a
well stirred mixture of chloroform and water and then saturated with sodium '
bicarbonate. The organic phase was separated and the aqueous layer extracted with

30 chloroform. The combined organic extracts were dried over MgS0O4, filtered, and
evaporated to an oil. The oily residue was treated with TFAA (2.19 g, 10.73 mmol,
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30 The conpound of Exanple 2 (0.408 g, 0.88 nmol) in tetrahydrofuran

was cooled to -40[err] C.and tLeal_e.d_m_J_h_N-_nELh;LL_rmrphollne_(_o_l_%_g
1.85 nmol, 0.2

VO 97/ 16433

PCT/ US96/ 18000 mL) and isobutyl chloroformate (0.12 g, 0.88 mmmol,
0.11 nlL). The WO 116438 was stirred at -40[err]C for 15PCA/HSAGA8008
t hen anmoni a was bubbl ed t hrough the sol ution for several m nutes.

i T uted w ot njr aoaed pardf O, 18287 pERE €73 ity T MPflorompane B 4T

5 5% aqueous smrnxbemmbemaaaemmmmﬁoaﬂamﬁmwmdlséumadcm was

dried over die rragne5| um qu filter and evaporated,to a residue
whi ch was ﬁfeﬁ?‘{‘@f’ﬂaﬁ,ﬁ’ “" pousisedit®r onet hane)
to give the t'tlﬁcarbonate qrm@ (ﬁ&mﬁlﬁﬂ'ﬁ qns%mﬁb:mas?&ﬁd%ersbehﬂ H NVR
(400 MHz, CDC [err 22 (m 5H), 40 (br S,
1H), 5.51 (brSs, sul }aae oeeoﬂwwhmchmmwmabed

1.66-1.42 (m 6 1
Exanpi e 4 Fﬁ‘ﬁthepar ac?:{@goxﬁ&@ne) to give the title compound as a tan solid (1.2 g). 1H
(25, 1) - 2- ( benziMR«{400 Midn ()Clg) 3298, 11, (ﬂ%ﬁd,olt}l);agg(mqm 33,

(0. 155 9.0 2" iy S amath Jiékden 2. 140 6. Do ol Abdoa i b 1 o

O[err]C and treated W|th TFAA (0.093 g, 0.44 mol, 0.06 m.) and

pyridine (0.07 g, 0.88 mml, 0.07 nl). After 3 h, the nmxture was_poured
into a sol ut?®bn (2§alt§)r2a€beazvm§§’agny il c@ropemethexhigzal-2r i3t ed wi t h

di chl or onet hane. p, g[g ﬁﬂin&h Aatdmiderer € washed with 5% hydrochloric acid
and 20 bri ne, dr| ed Over esiumsul fate, filtered, and evaporated to

an oi |l which was The@hmpnmtbgﬁ@pnnb (i1 Dga2.§2 mmolwasedissplved in neat

acet al o hexar) 1 B i bt AR s spuh i ¥ 025,
6.51 (brd, 1H), dndExapomtedlin)vacii. O¥ pértion Bffhe residbé obwined (9.36 8, 1749 hmol) v(am
E;Da’npl R %ygﬁ?c}i@ﬁ%wemme with N-Cbz-L-leucine (0.394 g, 149 mmol) , BOP
benzyl car ﬁoiifn”é“éﬁ”ﬁ?‘;’?g%“”"*m‘m“ Ry ) et oo 3;’;‘;%"32
To a sol ution ofStfed éﬂﬂ%’%ﬂmﬁ?’é}éh +l}°’(°é'“j]?2 G%ﬂ fhen
di chl or Omgt ggne H:'ilﬁé‘ii(i) A i ﬁ&ﬂiﬁr%%éii&ah&e\% %d@@ﬂlﬁ)éicﬁﬂwgﬁzh( 0.03
: Mo reagen Mo an
tg ri ethyl anine (@s@@matographed (silica gel, g()% ethyl acetate/f?exane) to give the title 74
20 compound as a white solid (0.396 g). 1H NMR (400 MHz, CDCI3) 8 7.96 (s, 1H),
7.25 (s, 5H), 6.61 (br d, 1H), 5.30 (m, 1H), 5.09 (br d, 1H), 5.01 (s, 2H), 4.33 (q,

2H), 4.10 (m, 1H), 1.90-1.58 (m, 6H), 1.29 (t, 3H), 0.81 (dd, 12H).

Following the procedure of Example 2, except substituting (2S,1'S)-2-
(benzyloxycarbonyl)amino-N-[1‘-(4-carboethoxythiazol-2-yl)-3'-methyibutyl]-4- -
methylpentanamide for (2S,1'S)-2-(benzyloxycarbonyl)amino-N-[1'-(2-

30 carboxythiazol-4-yl)-3'-methylbutyl]l-4-methylpentanamide, the title compound was
prepared (0.301 g). 'H NMR (400 MHz, CDCI3) & 8.06 (s, 1H), 7.24 (m, 5H), 7.11
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WD 97/ 16433
PCT/ US96/ 18000 g, 0.26 mmol, 0.04 nL) which is allowed to stir for
16 h. The solution is washed with water, then brine and the organic
| ayer is dried over magnesium sul fate, filtered, and evaporated to
gi ve a residue which was chromat ographed (silica gel, él%;y g%né*m )
acet ate/ hexanéyo?"é‘@’ve the title conmpound as a white solid ’% X
[err]H 5 NWMR (400 MHz, CDCl[err]) [err]7.56 (br s, 1H), 7.33 (m 10H),
6.48 (br d, 1H), (d5lH}55 30 (m, 2H§1($041(k02H)5406(1£1§1H)2H)88-144(ﬁ63n,(6¢l),(ﬁ‘H)(dd,4- 12 (m
1H),172140( 6H), 0.85 (m
Exanple 6 10 Pr ration of
(2S,1'S)-2-(benzyl oxycarbonyl )am no-N-[1' -[ 2-[ N - ( 3-
net hyl propyl ) car boxam do] t hi azol - 4- yI ]-3" -nmethyl butyl]-4-nmethyl pentanam de
Fol | owi ng t he procedure of Exarrpl e 5 e bsti | tuting isobutylamne for
benzylamnecgtdh A . A ) /s [err]H NVR (400

[ P

38(br d, 1H),
5.09 (m 1H), 5.4

athot piadiazc -4 gigharfids , 1.83 (m 1H),
L 551740 (O - i e 121

(2S,1'9)-2- (benzyl OX%&rshﬁszhweanL-'leucfn%M l(eaer Bdrochloride (Aldrich)
phenyl et hyl ) car boxam do&t hi azol - L met hyl but met h}/l pent anam de

Fol | owi ng t he pr&&@ W@(ﬁ?ﬁﬂl'ée'?s “@W@é&@tﬁt&u@ {Agumol) in THF (35
0 Terih 9 ”"ﬁﬂb‘é‘ 138 e Bigiad (2 r‘q%'5%-erﬁ5’€?~§8%3€?“€ﬁ%q§’“2%27?br
d, 1H), 5.09 ( mallgwpq to3tifdt room terfiperatgtd)for 3d.0The myixtdrelwas dilaiéd (ith ethlyl) , 2. 87
(L. 28, 1.69- 130k Bha Sbbhed Wikt N'RC132 timedyhter, and saturated brine, then dried
over magnesium sulfate, filtered and concentrated to give the title compound as a
colorless oil (8.02 g, 99%). 'H NMR (400 MHz, CDCI3) § 4.88 (d, 1H), 4.33-4.31

.15 (m, 1H), 7.73 (s, 3H), 1.75-1.48 (m, 3H), 1.44 (s, 9H), 0.96 (d, 3H), 0.93 (d, 3H).

b) N-tert-butoxycarbonyl-L-leucine hydrazide
To a stirring solution of the compound of Examnple 10(a) (8.02 g, 32.7
mmo}) in methanol (250 mL) was added hydrazine hydrate (16.38 g, 327 mmol,

20 159 ml). After stirring for 22 h at room temperature, the solution was
concentrated and the residue was azeotroped with toluene to provide the title
compound as a white foam (8.02 g, 100%). 'H NMR (400 MHz, CDC!3) 8 7.71 (br
s, 1H), 4.99 (d, 2H), 4.12-4.10 (m, 1H), 3.94 (br s, 2H), 1.68-1.49 (m, 3H), 1.44 (s,
9H), 0.95 (d, 3H), 0.92 (d, 3H).

¢) (28)-N-{2-(benzyloxycarbonyl)amino-4-methylpentanoyl}-N'-
carboethoxycarbonylhydrazide
To a stirring solution of the compound of Example 10(b) (8.02 g, 32.7
mmol) and pyridine (2.85 g, 36.0 mmol, 2.91 mL) in dichloromethane (200 mL)
30  was added ethyl oxalyl chloride (4.91 g, 36.0 mmol, 4.02 mL). After stirring at
room temperature for 2 h, thye solution was washed with 1 N HCI, water, saturated
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WD 97/ 16433

PCT/ US96/ 18000 Prepar ati on_of
(25, 179) - 2- (benzyl oxycar bonyl )am no-N-[ 1' - (4- car boet hoxyt hi azol -
yl ) -3 -net hyl butyl ] - met hyl pent anam de a)
N-tert-butoxycarbonyl -(L)-Ieuci nam de 5 To a sol uti on of
- N-tert-butoxywar9ae4s- (L) - | euci ne (Advanced Chent ech) %"MO 0

-mmol ) in dry THF (100ni) at -40[err]C was added i sobutyl chl orofornate

(2.7 g, 20.0 mmol andN— t.h hi, L i ne 4
" mnutes of r“PF'Hg’Eb%%#Bﬁ m‘ﬁffbﬁﬂ"@ﬁ' r%’h@%m re or an

addi tional 15 m mﬂérecs andconcenudtéiﬂﬁamfdmduﬂ@cdmﬂm%héfmm(&m gl | ovved
to stir for 2 hours. Mxturefiltered i}g and filtr c%cs%trat
24 d,2 ?

vacuo to yield t 1%k EHNMR 400 MHz CRGI3 ?i(‘éfs(ztﬁbs
[err]H NVR (400 m&%q;g E?Z }s)s(h?Hg-;b 16443§ 1y, Aé%?(w%oé%(ﬁ%ﬁpbs&égbw

5.04 . (br d S

(dd, 6H). 5 3H).b) N-tert-butoxycarbonyl - L- I euci net hi oani de 15 To
a stirring solution of the conpound of Example 8(a) (2.38 g, 10.35

mmol ). in dry THF was added Lawessons reagent (2.51 g, 6.21 mmmol) and the

m xture was stirdedsM-gaebutbeytadont)antine: b-dé-cadoethoxythiadisiol Biyl)-3he sol vent
was evapor at ed and the resi due chromat ographed (silica gel, 2.5%

met hanol / di chl or B#BYIEABS to give the title conpound as a white sol i d (2.3
9). Terr]H 20 NVR (430 ik m&x%iﬂécohﬂbﬁid&%dﬂl!l ) @ig 7207 (bX S,
1H), 5.28 (br d, 1 4.5 £ (m 172158$GG? 40 (s H),
0.92 (d, 6H)10 mmol)in uenc(?OmL)wasaddedLawcssonsreagen (l46g,362mmol) The

et hyl but ane. E’Etm‘ﬁ@mﬂ%ﬁk@%u AP oTRERA e oot visne

was stirred in dwgthsamratadaqwbmdi@ﬂbmarpommmne,m@@dnﬂ@er
Et hyl b te 2 12 d
StiTred for 1 inpeneSippfite tefid il Copeonmats o s Al JGw 3 B Bl |

stirred mxture miteﬁﬂlmspﬁﬁﬁmwmmmmamgﬁmhen7§gtuiaam-4wmesmm¢eUm

bi car bonat e._ _The .ot gani.c was se rat ed th ueou ayer
extracted wilth ot "%M’H’r b?&&‘ﬁf srf&?f%"r“g‘a‘H? Eﬁ%%q?%’é’f’é ¥°§ dried
over MgSderr], )fe'nb&,%ﬂ&iuwghoq% IHMQMIEMthD@ls)GIS 19 (lam); 3.3 (&si due

was treated W|th TFAA&
76 1H), 4.51 (q, 2H), 195 (m, lH) 183-1 73 (m, 2H), 1.44 (s, 9H), 1.00 (d, 3H), 0.98
(4, 3H).

20 e) (1S)-1-amino-1-(4-carboethoxythiadiazol-2-yI)-3-methylbutane bis-
trifluoroacetate salt
To a stirring solution of the compound of Example 10(d) (1.75 g, 5.1 mmol)
in dichloromethane (40 mL) was added TFA (10 mL). After stirring for 5 min at
room temperature, the solution was concentrated to give the title compound as an
25  oily pale yellow solid (2.40 g, 100%). 'H NMR (400 MHz, CDCI13) §9.83 (brs,
4H), 5.20 (m, 1H), 4.51 (g, 2H), 2.07 (m, 2H), 1.70 (m, 1H), 1.44 (t, 3H), 1.00 (t,
3H).

f) (28,1'S)-2-(benzyloxycarbonyl)amino-N-[1'-(4-carboethoxythiadiazol-2-yl)-3'-
30  methylbutyl}-4-methylpentanamide
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WD 97/ 16433

PCT/ US96/ 18000 1.5 nL) and pyridine (1.70 g, 21.47 nmol, 1.75 nl)
.in dichloronethane for I h at - 20C. Excess sol vent was renoved in
- vacuo and the residue was dissolved in di chl or onet hane. The sol uti on

- was washed wit ted aqueous sodi um bi car bonat e .
KHSO er]r unti\noganghe solution was dried over sodium SQMWE?“&

filtered, and evaporated to an oil which vvas chr omat ogr aphed (4%

met hanol / di chl or orret HBme)uﬂ-nﬁ golvGor éfahé ¢dmpRd @150(6) 6@1%@ Qo(l 2

H d,
0,18 o5 (m 1rgumos, &l&zqﬁ’-'?fucme 5§ mal s menaler r]>, §i¢hdimei ethﬂamopml)ai "0’ (s,
9H), 1.32 (t, 3HyhylLarBoiiiide b hjorid 1;95337%1( ? -

5e oxytohl azol -2-yl)-3' -

"'S)-2-(benzyl oxycar bonyl ) am no- car
met hyl but yl | - 4- rlescdoga ypmmnbd&smg,OMmmol) inRfemb of PMF orapadded anpl e 8(c)

15" i nut s, The Sl CARASRE 20 R 0338 b, Al dhiniod iR St”»?x%ﬁ n

vacuo. A porti onfoo8 di the mixturecuss d)hteﬂlm&rhtﬁ)ﬂa%atgandlwﬂemm

di ssol ved in dichl ororrej;r th N- euci 0..394 1.49 mol) ,

BOP r eagerftA EPSEBUY. rl’i%w sax ?éﬂq‘?ﬁ("‘ﬁﬁf’ %“?33“135“@“2)

mmol, 1.0 ni) af‘ﬂteredandc%hd:dh{rﬁldd%gﬁ@@%ll&f@?rﬁd&ﬁem&nww%sgmﬁyl ution
um su

was vvashed wi th water rine and dried over nagnhe fate,

filtered, and ev%BPbPPE’&‘“S&PHYPEQOGl?@Mmh silica\gel; eluting with d ¢ ethyie d |
| |, 1040%

Whi te sort o 0, dogaitensif o &8 pROTEAAE e dudhiifod £ i botifl 1 m UBHY, B 55,

7.25 (s, 5H), 6.NMR(#B0 Qpcmazmqmsm-l)s,m(dmn(mmm,ma)sla(m,zas 2H)

?dg? (13i—|). %431 (g 28] 498 (- i, lomR; 1hy 3 480, 918, ’16%(%23%{&” 15

Preparati on of 1.45(t, 3H), 0.97-0.92 (m, 12H).

(2S,1'S)-2-(benzyl oxycar bonyl ) am no- N-[ 1" - (4- car boxyt hi azol - 2-yl ) -

3" -net hyl butyl | - 4- met hyl pent anami de Fol | owi ng the procedure of
Exanpl e 2, qscept substituting (2S,1'9)

(benzyl oxycar bon, NJ 1 4-car boet oxyt 2-yl)

4- : . et hy| AR RS 3% 1Y )-2-(ben L) BYDQIANS A g DA ZcBfOOr S Bdino0- N- [ 1' (2-
30 carboxyt hi azgfladtos ,L; , Yvibutv B it AlatE.de, the title
conpound was prepare ). ] € NVR (400 M CDCl [err])
[err] 8.06 (s, 1H), ’,[hgqmpmungnfExmglgzw 200g,0433 mmol),] 1 ltnﬂuoroethanol

Z)Z:T/ LS96/ 18000 Y652 £/ 0-82 hhol, .04 mL), pyridine (0.1 mL), and di-t-buty! dicarbonate (0.104

20 g, 0.477 mmol) were stirred in ethyl acetate at room temperature for 16 h. The
solution was diluted with ethyl acetate and washed successively with 5%
hydrochioric acid, 10% aqueous sodium bicarbonate, and brine. The organic layer
was dried over magnesium sulfate, filtered, and evaporafed to give a residue which
was chromatographed (silica gel, 20 % ethyl acetate/hexane) to give the title

25  compound as a white solid (.098 g). !H NMR (400 MHz, CDCI3) §7.50 (s, 1H),
7.36 (s, 5H), 6.64 (d, 1H), 5.22 (m, 2H), 5.09 (s, 2H), 4.73 (m, 2H), 4.16 (m, 1H),
1.66-1.41 (m, 6H), 0.87 (m, 12H).

I azoI -3' -net hyl butyl]-

80



(d, 1H, 5.30 (m 2H), 5.04 (s, 2H, 4.16 (m 1H), 1.88-1.40 (m 6H), 0.71
(dd, 12H). .Exanple 10 .
5 Preparation of (2S,1'S)-2-(benzyl oxycarbonyl)am no- N-[1 (4-

car boet oxyt hi adi azol - 2-yl )-3' -net hl butyl ] -4-nmet hyl pent anam de a)
N-tert-butoxycarbonyl -L-1euci ne nmethyl ester To a stirring
suspensi on of WOWlE@Ihe methyl ester hydrochl oride (Al drich)PCTUSII8Y000 g
33.0 mmol) and di-tert-butyl dicarbonate (7.21 g, 33.0 mmmol) in THF (35 10
m.) was added triethylamne (3.34 g, 33% mllﬁ 4.60 nmL). The m xture was
allowed to stir at roomterrperature for ~mxture was diluted with
et hyl - acet ptedaritiéh HERR4 v v aninede-I1'-(pat er, and sat urat ed
brine, then dried over ma Jnes| um sulfate fi tered and concentrated
to give the tit| GESRARRINAXAMUAZONL-VI)-D -MEH) I M@M@ 99% . [err]H
NVR (400 M-z, CDgJ ik rE-Sﬁzbk cﬁrtﬁﬁléi‘nm&-"lﬁél-cﬂrb%gtﬁ xiBazol Byp14) . 7. 73 (s,
3H), 1.75-1.48 (m E)Q’e (% I—B’§096((d 3%0"%93((1"31

b) N-tert- butﬁ)xymﬂblm;dneL Ieu0| ne hydrazi de To a stirring

ot hanal (250 ) v SAAGHR SARaTorst Glpiciad B Banite 02 50T " ¢

mL). After stirrmngplf«nd pyridine 41.49 8.8 mnph 182UnE) intether 66 mL) was added

Cire o o onpueit aondefl 1 o 31 ival 850 i Bosp ek v prork RIS i

CDC [err]) [err] fof 2/hlthelRblid was renﬁwedl-lbj) ﬁlu‘iu&@m{dl?{hc filtbate vﬂasb%nébn&@mﬁ NMThel H)
3.94 (br s, 2H), 168149§m3 1.44 (s 9H), . 0.95 (d, 3H), 0.92
(d, 3H. 25 10 e was dissolved in toluene and heated at reflux. . After 12 h, the solution was

(2S)-N-[ 2- (benzyl:&ﬁéﬁﬁiﬁieﬁq pqthlg)félm
car boet hoxycar bo y ra2|:é,'J'a)’élHw‘mﬂﬁn a r#‘iliehd% ﬂa)fsutlon of the
conpound of Exanq;hrematoglta)!hxel U'Lngof@Mmeshsmgql dlm!lgwth Himthyl 2. 85 ¢,

2010, MOl 28" Belpdo S ok o GFE S5y O

tenperature for RMR (400 MHZCDCIROSS. M $my\HE)) 8O3\t d) lH),Msﬂq 2HRt1678-1.70
sat ur at ed

97/ 16433 15 %G@Bu’s%@d?ﬁ?n%géﬁ’r%ate and saturated br| ne, then dr| ed

over magnesi'um sul fate, fi I tered, and concentrat ed to afford the
title conpound as a white foam (9.84 g, &‘pe’ HNIVR(400M—|z
cDdl [err]) [err]b)9(1§2'1(W%'1-(2ﬂ7fb°®hW°{‘%ﬁla”2H?,yl -

Following the procedure of Example 10(c), except subsmutmg (1S)-1-(tert-
butoxycarbonyl)amino-1-(4-carboethoxyoxadiazol-2-yl)-3-methylbutane for (1S)-1-
20  (tert-butoxycarbonyl)amino-1-(4-carboethoxythiadiazol-2-yl)-3-methylbutane, the
title compound was prepared (582 mg, 100%). 'H NMR (400 MHz, CDCl3) 8 4.99
(t, 1H), 4.52 (g, 2H), 2.10-2.02 (m, 2H), 1.77-1.70 (m, 1H), 1.44 (1, 3H), 1.00 (t,
6H).

25 ¢ (28,1'S}Z-(benzyloxycarbonyl)amino-N—[l"-(4-carboed10xyoxadiazol-2—yl)—3'—
methylbutyl]-4-methylpentanamide
Following the procedure of Example 10(f), except substituting (1S)-1-
amino- 1-(4-carboethoxyoxadiazol-2-yl)-3-methylbutane for (1S)-1-amino-1-(4-
carboethoxythiadiazol-2-y1)-3-methylbutane, the title compound was prepared (235
30 mg, 39%). !HNMR (400 MHz, CDCi3) § 7.26 (s, 5H), 6.64 (s, 1H), 5.45-5.39 (m,

81



4.28 (m 1H), 1.77-1.56 (m 3H), 1.44 (s, 9H), 1.39 (t, 3H), 0.96 (d, 3H),
0.94 (d, 5 3H). d)

(1S)-1-(tert-but oxycarbonyl)am no-1-(4-car boet hoxyt hi adi azol - 2-yl ) - 3-

met hyl but ane To a stirring solution of the conmpound of Exanple
10(c) (2.50 g, 7.24 10 mmol) in toluene (70 nm.) was added oSn -
reagent (1.46WQY46485 nnpl ). The m xture was heated at re uWor 3

- h. The solution was diluted with ether, washed with saturated aqueous

- sodi um bi car bonghg, S1(ns 3H)! A52 6, l@ﬂbﬂﬁzo(fqurq)draﬁamomr 1.68-1.64 @RGAFSI um

i sulfate, filtered 'and concentr at ed | eave 5?{ [ow oi | . The crude
~ material was purlrsﬂrb@@i}‘lﬁ)abﬂﬁﬁhﬂékﬂt&?@m )75 g of 230-400 mesh

silica gel, 15 eluting with 1:4 ethyl acetate/hexanes, to provide the
Ctitle corrpound as a pale yellow solid (1.75 g, 70%. [err]H NI\/R(400
MHz, CDO[err]) [err] 5.19 (m 1H), SW 1H), 4.51 (q, 2H), 1.95
(mlH) 1.8 1 2 | d. . 0,98 (d, 3H)
20 e) (195 -1- 1 j ptit anebi s-
trifluoroacet at B of the conmpound

of Exanple 10(d) (L. 75 i . .rc Irohane 40 L) was
added TEA (10( m)_)( AM&W?%%’EH‘ §(°M‘ﬁ83 % é V%RIBZe t he
sol ution was COReR Rl Wik Parfd ﬁ&eahﬁxtslxﬁnh&egm%moﬁsvaaau&édwnﬁl ! y pal e
yeIIowsoIrd(2 40 g, 100%". [err]H NMR (400 MHz, CDC [err] err] 9.83 (br

. 5nethagehand pyaporateiito dayness-) The zesidue (was dispglved in OMF (2 mipipnd 1. 44
(t 3H), _Cbz- -
(2S5,1'S)-2- ?‘genzy oxycar%éwnlw?a‘r,{qasnagdﬁﬁvlcbz leuc loIe"'E oxyt(hr agmézo'ISZZ yl)-3
- 30 net hyl bumpidl), 4—(Br-dim9th)dﬂnﬁmwﬂé-ethylcarbodlmude hydrochloride (99.0 mg,

79 7/ 16433

hCT/ Use6/ 18000 .52 sl dbd 1-hydroxybenzqiriazole (13.0 me, 0,094 mypol) gnd wristhylamine ¢
AT, 000, (09 dursced, oo b b et e,
(253.3 ny, 1.32 )waaﬁﬁ&fSQ&‘m)emﬂ%% \ g/%0“50 24
nol ) i n 2. 95 sqfiuiPMcaibosaté SatEshturated bridd, t&hhﬁb&ﬂ%ﬂ B&ML sﬁI&te, Fltdlea ol

0.335 m.). After stirring at roomtenperature , the mxture

was diluted witandsgongentrated; mmemmmwmmwpmmrma
aqueous sodi um BiegAGRANRI Rndig widietiy? bekadihixafes, tolR0vidE 1R %R CempoRANESI UM

sul f at e,
(0.146 g). 'H NMR (400 MHz, CDCI3) § 8.04 (s, 1H), 7.33 (m, 5H), 7.14 (d, 1H),
6.61 (d, 1H), 5.37 (m, 2H), 5.08 (m, 2H), 4.47 (m, 1H), 4.39 (q, 2H), 4.18 (m, 1H),
20 1.98 - 1.45 (m, 9H), 1.38 (t, 3H), 0.94 - 0.86 (m, 18H).

25 Ammonia was bubbled through a solution of the oompound of Example 12
(96.8 mg, 0.2 mmol) in ethanol (2 mL) for 5 inm. After stirring an additional 5
min, the solution was concentrated to give the title compound as a white solid (91.2
mg, 98%). H NMR (400 MHz, CDCI3/CD30D) 8 7.29 (s, 5H), 5.90 (d, 1H), 5.30
(t, 1H), 5.04 (s, 2H), 4.15 (m, 1H), 1.76 (m, 2H), 1.59-1.43 (m, 4H), 0.92-0.85 (m,
30 12H). '

82



filtered and concentrated to give a yellow oil. The cride material was
purified by flash chro - il .
eluting with 1:2 ethyl 10 acetate/hexanes, to provide the title conmpound
as a white solid (271 ng, 46% . 1H NVR (400 WMHz, CDCl[err]) [err]
7.35 (s, 5H), 6.77 (d, 1H, 5.49 (m IH, 5 12 (dd, 2H), 4.51 ((,
2H), 4.20 (mWOINe8®7(m 1H), 1.88 (m 1H), 1.66 (m 3H), I’.C%”Q‘s?;ﬂ%,
1.45 (t, 3H), 0.97-0.92 (m 12H). 15

Exanple 11 Preparation of
(25, 1'9)-2- (benzyl oxcar bonyl)am no- N-[ -car bo- 2, 2 2-

trifl uor oet hoxyPréparation ¢ : enzyjoxycarborvlamino-IN+ | «(drearboatiioxivthia

The conpound of | 2 rrm)l), 1,1,1 trlfl uoroet hanol
(.052 g, 0.52 T . L nmL), and di-t-butyl dicarbonate
(0.104 20 g, @) NZ(D ﬂmbr)ylmahex;&hxbmﬁﬂblmmmwomm&etahe room

tenperature for Iut ed h .et acetate and
washed succegm vel y ﬁ?ﬂ%‘%%hepmgmﬂkgmvﬁ? Pg §5?°t? godgs sodi um
bi carbonat e, ang@uéiehylfhethbRecafictigl)IClebéiie for N-benzymaﬂfohm(ﬁrnymgneSI um

sulfate, filtered, and evaporated to give_ a re5|due whi ¢

chr omat ogr aphedleusing, thetidecompmynd gves pigparad €5.6:8)e/ ﬁ?elime()% @Glabﬁt itle

fore] 7080 (s Ty 2B, 734 & gt 5 i g Ty AR S0 LY 4385 558 1

(sH) 2H), 4.73 (36284, 2H), 453 (dd) 2H};1B.89 (dd, 2H)11 6‘54&14:11,511).0@8)@,6}!&7 (m

WO 97/ 1643310

PCT/ US96/ 18000 b) (1S)-1-(2-carboethoxythiazol-4-y1)-1-(9-fluorenylmethoxycarbdnyiyaini-3.2
Preparati on of &é;gfbus - 2- (benzyl oxycar bonyl ) am no-N-[1' - (4-

car boet hoxyoxad | )-3" -net hyl butyl]-4-net hyl pent anam de a)

(18)- 1. (tert - but oxy cppiaaig he Frobacte brBRSPOEL QB abbdaghe Rl ) -3 5

- met hyl but ane stirring solution of the corrpound of

Exanpl e 10(c)(2ﬂwegylmvth2wcarbonyl)woy bepmpmatiayl ketope fardl-g - 18. 8 ol
1.52 m) i met hgenAiyiddonyRE-18ASHALL -leucinyl bhorRshidthylkd:Ghe, gﬁtﬁl%cgrﬁpgu%e solid

nmol, 0.69 nlL). Affer stlrrlng at roomtenperature
was rempved by Was preparedi4.13g). tHNMRI(GOGMHZEPCE3) B 22 (&i2H), 7.4%61, 2H),

residue was di 39 veflohl) 72 @827 0 W h5 531 (J Gk 4'ss Gl 13D, 430 By, 2HD°

sol ution was _
4.28 (d, 2H), 4.08 (t, 1H), 1.62-1.41 (m, 3H), 1.36 (1,3H), 0.88 (m, 6H).

20 c) (1S)-1-amino-1-(2-carboethoxythiazol-4-yl)-3-methylbutane
The compound of Example 15(b) (0.5 g., 1.1 mmol) was stirred in a 5%
piperidine/DMEF solution for 10 minutes at room temperature. The solvents were
evaporated and the solid obtained was dried in vacuo to give the title compound
(0.27 g).

d) (28,1'S)-2-(benzyloxycarbonyl)amino-N-[1'-(2-carboethoxythiazol-4-yl)-3'-
methylbutyl]}-3-phenylpropanamide
Following the procedure of Example 5, except substituting (1S)-1-amino-1-
(2-carboethoxythiazol-4-yl)-3-methylbutane for benzylamine, and N-Cbz-L-
30 phenylalanine for (2S,1'S)-2-(benzyloxycarbonyl)amino-N-[1'-(2-carboxythiazol-4-
y1)-3'-methylbutyl}-4-methylpentanamide, the title compound was prepared (0.162
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concentrated to | eave a brown oil. The residue was purified by flash
chromat ography on 175 g of 230-400 nesh silica gel, eluting wwth 1:4 ethyl
acet at e/ hexanes, to give the title conmpund as a pale yellow oil (0.84 g,

+35% . [err]H NVR (400 WMHz, CDCl[err]) [err] 5.14 (m 1H), 5.03 (br d,

1H), 4.52 (49, wdds 78-1.70 15 (m 3H), 1.44 (s, 9H), 0. 9%dusobibooo -
b) (1S)-1-am no- 1ivl - car boet hoxyoxadi azol - 2-yl ) - 3- net hyl but ane

. Fol 1 owi ng the procedure of Exanple 10(e), except substituting (1S)-I1-(tert-

?lits ;)X)Jl-carz gonyl ) ayi mm«mmn&mm @1, SH) 2791 {s; BH) 108 b SHH 6612 or
(tert-butoxycar t‘E‘mW)) At - lfD(étlQ:Eﬂ' BH&%@M%&#MWHMIH (my_ LB %9? but ane,
th titl 009 H NVR (400 MHz,
CD(ej[err]) I[erre](ﬁpgnpqr‘si(‘fﬁgmr a;teﬂ?(ﬁ%?{ﬁ%%%b /()2 1[0er2r]02 (m (2H)

1.77-1.70 (m 1H), 1.44 (t, 3H), 1.00 (t, 6H. 25 «¢)

(2S,1' 5)-2- (genzyl oxycar bonyl ) am no- N- [, -(4: gar boet hoxyoxadi azol - 2-yl ) -3" -
met hyl butyl ] - 4- rret hyI pent anam de oI I OWI ng t he procedure of
ami no- 1- (4- carbo X ' 2yl ) -3 | tane fo (18) 1-anino- 1

- (4- 110, . 3 Bﬂme title conpound

was prepared (235 30FolangGﬁ%mhmrofﬂxMeSWsumms)rﬂ.&nﬁent] 7.26

(S 5H, 6.64 ( ihox l-i—%l) Cinmethylbutane for benzylamine, and N-Cbz-L-
PCT/ US96/ 184390 .. _ m 1 1.81
38 leucmerl I..-lédl_i%ne for 28, 1(3312 gﬁhzfldkgéﬁb&ﬂnl)a&iﬂoﬂje?(?t ( H)

(m 2H), 1.68-1.64 (m
0.97-0.92 (m 1gﬂpoxythxazol-4-yl)—3'-methylbutyl]#mcthylpentanamxde the title co:

oL 1t bl B850 20 BB, pr by Wsam)w .

The conpound of Gmeid:dll'ﬁ. 8@316,(11'1305 30 (dy 1H),. 5415 (qrhi)) 4.996s, 2H ) 436\(qRH)D

methanol and evArd i S0, A0 TR aB ecoim, 1 36.C b A il e )

and 10 to the resultl ng sol ution was added N Cbz-L-1eucinyl-L-1eucine

(194.0 ng, 0.52 mol ), 1-(3-dinmet EEQ aE' @opropyl ) - 3-et hyl carbodi i m de

hydrochl oride (99.0 ng, 0.52 mmol
mg, 0.094 ITITD|) Preparation 6ff (2818 20®er

g 4 :
After stirring at roomtenperature for 24 .

oxadiazol-3-vi3-3- methyibutyl} anamide
a) N-benzyloxycarbonyl-L-leucinyl-L-leucine methyl ester

20 N-Cbz-L-leucine (Chemical Dynamics) (1.32 g, 4.97 mmol), L-leucine
methyl ester hydrochloride (Aldrich) (0.99 g, 5.47 mmol), 1-hydroxybenzotriazole
(0.14 g, 1.0 mmol) and 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (1.05 g, 5.47 mmol) were combined, dissolved in 25 mL of DMF and
stirred at room temperature for 15 h. The solution was diluted with ethyl acetate

25 (250 mL) and washed successively with water, 0.1 N HCI, saturated ageous
NaHCO3 and saturated brine, then dried (MgSOy), filtered, and concentrated. The
residue was purified by flash chromatography on 230-400 mesh silica gel, eluting

hydroxybenzotrlazole (13.0
2 ) d Pol3 nl).

with 1:3 eth&l acetate hexanes, to give the title compound as a white solid (1.28 g,
66%). 'H NMR (400 MHz, CDCI3) § 7.37-7.32 (m, 5H), 6.28 (d, 1H), 5.28 (m,

30 3H), 4.61-4.58 (m, 1H), 4.20 (m, 1H), 3.74 (s, 3H), 1.69-1.54 (m, 6H), 0.96-0.92
(m, 12H).
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m xture was diluted with ethyl acetate and washed with water, saturated
aqueous 15 sodi um bi carbonate and saturated.brine.-then dri ed—-@-\»‘-e-F-———-—-—-—
magnesi um sul fate, filtered and concentrated. The residue was
purified by flash chromat ography on 230-400 mesh silica gel, eluting
wi th ethyl acetate/ hexanes, to provide the title conpound s(sglﬁn?tg g)
[err]H NVR (4800 ¥6433CDCI [err]) [err] 8.04 (s, 1H), 7.33 (mFEyseess ,
6.61 (d, 1H, 5.37 (m 2H), 5.08 (m 2H), 4.47 (m 1H), 4.39 (q,
2H) 4.18 (m 1H), 20 1.98 - 1.45 (m 9H), 1.38 (t, 3H), 0.94 - 0.86 (m
18H) . Exampl e 14
Prepar ati on of (lﬁsqélae&yl&ychbmzﬂﬂﬁkymnymo@bmmmu [1'-(4-

Ao a s bubbi ed ST DY PO Sepatndoh Rkt DT i 326, -
(96.8 ng, 0.2 m’ﬁinbl)lumsihﬂﬁif%etﬁaﬁomésJdﬂédﬁydriﬁﬁeh@rﬂiﬁ(lmlgr, B82.6GnrA46l, 1.58

addi ti onal 5 the solution was concentrated to give the title

conpound as banédhspmwallowedmmm tamaperatyre fapH 5 by Gche M’E‘mn

(5:D(()j4[(e;r]/2$|)D[ er f&@?ﬁ{ﬂ% %é%ﬁ@%nﬁe%gﬁﬂndwﬁhﬁs%ﬁd(mgg (! 851(H)mv\D

30 12H) . 100%). 1H NMR (400 MHz, CDCI3) 6 8.05 (br s, 1H), 7.35-7.32 g@, SH), 6.67 (d,
97/ 16433
PCT/ US96/ 18000 1H), 5.50 (d, 1H), 5.11 (s, 2H), 4.46 (m, 1H), 4.21 (m, 1H), 3.88 (g(%!r%&)’el %

Preparation of 1.51(m, 6H), 0.92-0.88 (m, 12H).
(2S,1'S)-2-(benzyl oxycar bonyl )am no-N-[ 1' - (2- car bet hoxyt hi azol - 4-

yl)-3" -met hylpbutyl ] - 3- phenyl propanam de a)
N- (9-fluorenyl w%sfzgsmy.a Joxjeal tf‘d:l?l ol N-PI 5 e tokle,i,@-'?ﬁadzaz%l -3-y1)-
Fol | owi ng the procedure o , except substituting N (

f1 uorenyl met hox@cme&albyryﬂl-t-me&y @nmadeM benzyl oxycar bonyl - L- | eum nyl -

L-
cocifori]) ferr] - TougHlhaRiybf 6PGE impopud o Exanfie's i BFg Fulep

2H), 5.08 (d, 16 }.54ni58f ¢higrofidrin was added trietbglamine, (0165 g, USABmON®,2139L.) 3. 89

Egg) iH% 2- caSboéPéé&é’ﬁhfég%p@s% ?(7?%@?85&9%?" 'H%’ﬁ?g)“f@aﬁ% /9 &mi no- 3-

met hyl but ane  reflux for 3 h, thﬁnédommm&rhfe u'l'hemfandww&mnéc{b)th ethyr ept

L, G e i i e e

br ononet hyl ketOIaencehﬂ?aeleﬂe&eﬁW nﬁwéﬂmm@YMZMmﬁlﬂr]H

NVR (400 Mz 72 (d, 2H) .. 7.49 dd
2H),(7.22 (dd,cgﬁfggéﬂrﬂgﬂ{ggrﬂﬁ%mﬂgvkla mﬁh%'s 'Prﬂwﬂ%“ﬂ% 40 (q, (2H)
4.28 (d, 2Hpp 4c0fpdind ad Ehwhitd sbiid b:2b', Gif%)?’iﬁNmz@@o(r\mﬁ't&Dcﬁ)ﬁ%kfan 6H) .
6H), 6.85 (d, 1H), 5.37 (d, 1H), 5.14 (m, 3H), 4.24 (m, 1H), 1.65 (m, 6H), 0.95-
0.87 (m, 12H). '
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20 c) (1S)-1-am no-1-(2-carboethoxythiazol -4-yl)-3-nethyl butane
The conmpound of Exanple 15(b) (0.5 g., 1.1 mmol) was stirred in a 5%
pi peridi ne/ DMF solution for 10 m nutes at roomtenperature. The solvents

wer e evaporated and the solid obtained was dried in vacuo to give the

~title conpound (0.27 g). 25 d)

(25, 1' 9)- 2- (bR car bonyl ) ani no- N-[ 1' - (2- car boet hoxyt hi SoTUIeqse0 5.
met hyl but yl ] - 3- phenyl propanam de Fol | owi ng the procedure of
Exanpl e 5, except substituting (1S)-1- am&_—m
(2- carboet hoxyt hi azol - 4-yl ) - 3- rret hyl but ane benzyl ani ne, and N- Cbz L- 30
phenyl al ani ne f okreparauc , )-2-{ benzyio DO amino-N-[1'-(2-mercaptothia:
(2S,1'S)-2-(benz X I 0 2- car boxyt hi azoI
yl)-3' - et hyl but - é@?‘g@["h‘ﬁé title conpound was pr epar ed
(0.162 The compound of Example 1(a) (1.0 g, 2.2 mmol) 86d ammonium WO
97/ 16433

PCT/ US96/ 18000  dithiocarbamgte (0.23 2., 2,2 mymal) wegrdizsalved i phanol and heated to 35°C, )
SH), 7.11 (s, 1Hor 13héis.(Mie sEllvEnt was ¢vaporated and (thé residile cHromatogrdphedi@ilicds. 10

(1q62 1|(_|) m gH;) ! (15 2@% hvba J%{;xi)ﬁ; toéiyzelthé g}.lg%olgﬁomzld gsla white sohc!(((r)n 58 gl)_i)

Exanpl e 16 b

(25.1' S)-2- (benzy oxycgr bm‘f q?ﬁ:l 2272860 280 710G 1D, 633 (5, 11D, 6.00 (¢,

car boet hoxyt hi azt), .34 ()q;Z!‘ﬂ. A (s, b, O5-(am, B 1A (renbH 878 dm, 12H).

Fol | ow ng t procedure of Exanple 5, except substituting (1S)-1-am no-1-
(2- car boet hoxXyt hi azol - 4-yl) - 3- et hyl but ane for benzyl am ne, and N Cbz-L- 10
| euci nyl - L-1 euci ne for (28 1'S)-2- (benWrbonyl)am no-N-[1'-(2-

car boxyt hi azol - 4-\ -4- d

conpound was

7.39 i o 687 (d 1R, 640 (d, 1 b 30
Eg,rrllH), 5. (12 (]@ﬁﬂﬂ%gbgﬂugf&%ﬁ?%. ( H) ( mH)lH), 4. 09
(m IH . 1. 74- 1.8t bymyca{b@zl)%@m%ﬂg’%@%ﬂﬂ%ﬁf Dipesbane

Exanmpl e 17 Pr egaf; f Example 8(a)-8(c), exce tsubsututm N-tert-
(25, 1'S -2- (lbenzl oxycarg%'ny nomlsl-o gemgr)cgép)f p £

oxadi azol - 3-yl) -lmtoxyearhguyﬁglygmc} MN&NHMGM ﬂd-leucme m;;)ep (a), the title

N- benzyl oxycar bonyl - L-1 euci nyl -1

N- Cbz- 1 Ieﬁm ne ‘i"é?g ‘L mgé‘% %ﬁgﬁeﬁﬁpwwm Fé)&g})n!mll
et hyl ester hy dsOIH), £81 ¢ 1644056 @MH), 8.433gRH)51.45 (s79H),)1.42 (t, 3H).

1- hydr oxybenzotri azol e

20 b) (2S)-2-(benzyloxycarbonyl)amino-N-(4-carbocthoxythiazol-2-yl)methyl-4-
methylpentanamide
Following the procedure of Example 13, except substituting 1-(zerz-
butoxycarbonyl)amino- 1-(4-carboethoxythiazol-2-yl)methane for (1S)-1-(zerz-
butoxycarbonyl)amino—l-(4-carboethoxyﬂ1iazol—2—yl)—3 -methylbutane, and N-Cbz-
25  L-leucine for N-Cbz-L-leucinyl-L-leucine, the title compound was prepared
(0.120g, 32%). MS (MH™): 434.2,
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(0.14 g, 1.0 mmol ) and 1-(3-dinethyl am nopropyl ) - 3-et hyl carbodi i m de
hydrochloride (1.05 g, 5.47 oool) were conbined  dissaolved i n25 ol of DMVE

and stirred at roomtenperature for 15 h. The solution was dil uted
with ethyl acetate 25 (250 nL) and washed successively with water, 0.1 N
HCl , saturated ageous NaHCO err] and saturated brine, then drﬁag
(MgSg err]), WO¥A663 and concentrated. The resi due wasr d by
fl ash chronmat ography on 230-400 nesh silica gel, eluting W|th 1:3

et hyl acetate hexanes, to give the tide d as a white solid (1.28 g,

66% . [err]H NIVR(4OOM—|z CDCI[err]) [ 7732(m 5H) 628(d,
1H), 5.28 (m 3(Prepditio N ngyiodydarbod 1 . 3H),
1.69-1.54 (m 6H),

84 itz pentang
PCT/ US96/ 18000 Thccbin undofExample2(0 105 g., 0.22mmol)wasdxssolvedm

IS\I£ ib(rapizﬁlg())s(gﬁiftr F?ﬂgyllgprl_ | euci nyI L- I eum nél hydrafﬂegl}opmpﬂjéﬁhﬂs umde
mol) in 25 nL qfe I@@bszf@sOQﬁqﬁsmmﬂrb%ﬁiyraxcbmr(@b?nuoaﬁnﬂno@?mﬁ mol

1.58 -5 nlL) and the solution was allowed to stir at roomtenperature for
15 h. The sol ut imsixture was aligyeed 4o stir@t enomttempe ratuge for ¢ hours gnd, the splvents weee

Coal Lorr]) 5. QRERst f&%’%@ g sougsg wad Hligmae it (6 4 Yol

(d, 1H), 5.11 (aceﬁtqmmqaogmmmemmmmam;es@ns@m) 4H NMR (400 64-

(12211(3 o190 Py OIS B AT ST 26 (2 1986) 6,50 (4, 3D 533 (4 2 5L -3 1)

3' - met hy HIuS B9 [mAHE4L 09 (92 anwgndq 149 6H 0.78QmR 13¢).7 1 i ng
sol ution of the (gic?rrpouﬁleI of Exalr(rpllelgﬂ( }2 (m, ) ;1 ) in 1.5 nL

of chl orof ormwas added triethylam ne (0.155 g 1 53 mml 0.213 nL) 15

and t hi ophosgene (0.088 g, 0.76 mmol, w The sol ution was heat ed at
reflux for 3 h, then cool ed to roomterrp ure. The mxture was dlluted

Wi th ethyl d)arni N y-inet 3 ad
(MgSH™4) , f|| 1. and P ele]y) 2 Sanahilfe reS|due was purified by
flash chrorra og APy~ o1 230- 20 1 Sitrca gel, eluting with 11%

met hanol in dichlor oﬂelldsmg;hetpm«gdmeofﬁxmhplelze eaeeptamsnmndgphenalfﬂu te solid

(0.20 g, 61% . [err 4 ] 6H) ,
6.85 (d. 1H), 5%‘5‘"}5‘ %@egaaefwﬂﬁmc‘?ﬁévm%ﬁdwfs ,’ﬁ?ﬂé@‘@m%, 0. 95-
0.87 (m 12H). CDCl3)57.41 (s, 1H), 7.26 (m, 10H), 6.49 (d, 1H) , 5.20 (m, 1H), 5.04 (m, 1H),

5.00 (s, 2H), 4.08 (m, 1H), 1.49 (m, 6H), 0.82 (m, 12H).

Following the procedure of Example 20, except substmmng isobutyl alcohol
25  for benzyl alcohol, the title compound was prepared (0.075 g). 1H NMR (400 MHz,
CDCIl3) 8 7.25 (m, 6H), 6.50 (d, 1H), 5.11 (q, 2H), 5.09 (m, 1H), 4.99 (s, 2H), 4.11
(d, 2H), 3.91 (m, 1H),2.02 (m, 1H), 1.70- 1.39 (m, 6H), 0.82 (d, 6H), 0.78 (m,
12H).
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85 WD 97/ 16433

PCT/ US96/ 18000 . Exanpl e 18
Preparation of

(2S,1' S )-2-benzyl oxycarbonyl )am no-N-[ 1' - ( 2- mer capt ot hi azol -

The conpound fo le 1(a) (1.0 g, 2.2 mmol) and anmoni um

di t'hi ocar bamat'e . g., 2.2 mol) were dissolved in et hanoT éﬁ%?aﬁgng?ed to
55[err]C for 13 hours. The solvent was evaporated and the residue
chromat ogr aphed (silica gel, 20% Mﬂgﬁﬂet at e/ hexane) to give the
title conpound ag SOl id A0, 0 N

cDO [err]) [err] s gl SIQs ‘

1H) 5.11 (q, 2H- ,149(m 6H) 078(m 12H).
nple 19 Preparation of

(25) 2- (benyl oxycar chrP}lP)V%%PWQ@"c%f Fd‘aewok?yfmzsabs@nngmeﬂ-

yl ) met hyl - PERABORTIL . .
1-(tert-but ogc;‘?ﬂbonyl ) am no- 1- %ffo(r:(lj‘\? gtel:{%oxgyarhongzgl*c lyls%?)h%deN

Fol | owi ng t he pri3densinedomi¥-(bzelaiencing instert(bd, the titkccopipoundowas pregaretbpshviiter t -
but oxycar bonyl gl yei r - X bonyl - (L)-leucine in step (a),
the title %gﬁ%b%%\%s%%ﬁ .99, 58%overall). [err]H NVR (400
MHz, CDCl[err]) [err] 8.11 (s, 1H), 5.31 (s, 1H), 4.56 (d, 2H), 4.43
(g, 2H), 1.45 (s, 9H), 1.42 (t, 3H). EO bg

(2S) - 2- (benzyl oxycar bonyI )am no N-(4- ca yt h| azol 2-yl) met hyI
et hyl pent an@m dRepars AF o b XA i 5

y
1- (4- car boet hox =% REERamget or (1S) - -(tert-
but oxycar bonyl ) am noﬂ, gé%@g{éa and
N- Cbz- 25 -l euci ne nﬁl— Maé?r’f%% I%eélﬁglé%gu@hﬁ&w{ee corrpound
was prepar ed butoxycarbonyl-D-alamne for N-tert-butoxycarbonylglycine in step (a), and N-Cbz-
D-leucine for N-Cbz-L-leucine in step (b), the title compound was prepared as white
15  solid (0.110g, 29%). MS (MH™): 448.2.

20 To a stirring solution of the compound of Example 1(a) (0.85 g, 1.87 mmol)
in 4 mL of ethanol was added thiourea (0.142 g, 1.87 mmol). The solution was
allowed to stir at room temperature for 90 min. The solution was concentrated, the
residue was dissolved in ethyl acetate and washed with saturated ageous NaHCO4
and saturated brine, then dried (MgSOQy), filtered, and concentrated. The residue

- 25 was purified by flash chromatography on 230-400 mesh silica gel, eluting with 1:1
ethy acetate/hexanes, to give the title compound as a white solid (0.64 g, 78%). 1H
NMR (400 MHz, CDCl3) 8 7.36 (m, 5H), 6.30 (m, 2H), 5.12 (m, 3H), 4.95-4.91
(m, 3H), 4.16 (m, 1H), 1.63 (m, 4H), 1.49 (m, 2H), 0.93-0.89 (m, 12H).
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(0.120g, 32%. MS (MHerr]): 434.2.
86 WD 97/16433 .
" PCT/ US96/ 18000 Exanmpl e 20
Preparation of (2S,1'S)-2-(benzyl oxycarbonyl)am no-N[1"-(2-

benzyl oxycar bonyl t hi azol - 4-yl)-3' - net hyl butyl ] - 4- net hyl pent anam de

The conpound o¥OExE43s e 2 (0.105 g., 0.22 nmmol) was di ssol veRCT/HS2648000
di chl oronet hane and treated with

1- (3-di net hyl am nopr opyl ) - 3- et hyl car bodid_ni m met hi odi de (0.062 g.,
0.22 mvol ) and benzyl al cohol (0.03 niL, ®& ). The m xture was
allowed to stir Prepam £16h bE(ISE-NAALN Ebérilotydachongiad ot glbu®])titazobl-£
evaporated and the residue obtained was ed ( si l'ica gel, 30%
et hyl acet JHCARORKLANEN-DERZY QY AP as a white solid

0. 04 Hg 37 1 7.26
(10H) g) 50[(6{1 r]1 Fé\mﬁfﬁ&yéﬁ Wle%ﬂb%rﬁ&ﬁmﬁﬁ%iong (s (mH)l 28 g gl

(s, 2H), 4.045(m 1H) l-ngth}{b&(mgro-ﬁm;qosogmuﬁm (6518) 45 2mmol) 1n ether (225 mL)
I 21 P
(ZSWE g H 2- (benzy o@(&:g{r)bony?’) am no- ygrorrec%e yf -dﬁé f'é”"?%%'%%“y‘??‘FQ"EFE-'* ﬂs

phenoxycar bonyl t hilewsad te éollqzeinttheretherdolution for 30 minutes #@°CoTheetherrselutionissdur e

of Exanpl e 20, ept sulst ti ng~phenol for benzyl al cohol, the
title corrpound\/\ﬁ?gf‘@ﬂffa ‘llieg‘ @C [err]H NMR (400 Mz,
CDC [err]) [err] 7. 41N(cbz-ﬂ-l&mmz(2m m6ﬁﬁl&)wﬁd4§lo(vddm1m(mﬁn2pc6ﬁbd 1H),

5,04 (m 1 5.00 1.49 82 m
12H) . (20 D, 10 10-40°C, and 4—methly_'9morpholme Eon% l‘_7|)6 %PJe (

Preparation of  glowed by dropwise addition of isobu 1 chloroformate (1.04 g, 7.6 mmal, 0.98
(2S,1'S) - 2-(benzyl oxyca¥ c?y aagnd‘no 4- lm&* ty N-[3" - rreg hylg- T%l

( 2- met hyl pr opy| omjdad ﬁmgﬂmﬂ&zgmumyﬁmmemmmmpmdmc

Fol I owi ng the pr ?Hﬁ tm}:& cohol
25 for benzyl alco oI H%e tirde co ou g V\gg %{gfgw%@ QW{!e@r]H

NMR (400 MHz, °C foﬂzmh[ diBl]()iO‘{beu aqeﬁc aé&id) (45.20kipol, 8 nY() wad adddd)andBhel 1 ( q,

249,509 (s 1Hheulad{ b oo db ocon s oy, B wastaobhiat i (™

HCI, saturated agueous NaHCO3 and saturated brine, then dried (MgSOy), filtered
and concentrated to give the title compound as a colorless oil (2.43 g, 94%).

b) (18)-1-benzyloxycarbonylamino-1-(2-carboethoxythiazol-4-yl)-3-methylbutane

20 A solution of the compound of Example 26(a) ( 1.57 g, 4.58 mmol) and ethyl
thiooxamate (0.61 g, 4.58 mmol) in ethanol (10 mL) was heated at reflux for 4 h.
The solution was then cooled , concentrated and the residue was purified by flash
chromatography on 230-400 mesh silica gel, eluting with 1:4 ethyl acetate/hexanes,
to give the title compound as a yellow oil (1.0 g, 58%). 'H NMR (400 MHz,

25 CDCl3) $7.41 (s, 1H), 7.34-7.31 (m, 5H), 5.40(d, 1H), 5.10 (d, 1H), 5.05 (d, 1H),
4.98 (q, 1H), 4.48 (g, 2H), 1.80-1.76 (m, 2H), 1.57-1.53 (m, 1H), 1.44 (1, 3H), 0.95
(d, 3H), 0.93 (d, 3H).
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PCT/ US96/ 18000 Exanpl e 23
Preparation of

(2R 1' S) - 2- benzyl oxycar bonyl ) am no- N-[ 1' - (4- car boet hoxyt hi azol -

2-yl)ethyl]-4-net h?lsgﬁent anam de Fol | ow ng the E&HP
- Exanpl e 19, e bstituting N-tert- 5 but oxycar bonyl - L-al"ani ne for
N-tert-but oxycar bonyI glycine in step (a), and N Cbz- D-| euci ne for

N- Cbz- L-| euci ne gyr1$)- EBerdzloxyédiSorvidnifo-¢ oS R BB t ©
solid (0 1359, b)%sj- R(ZRH()f(grr] )l{y 448. qm S' ﬂ)s
Exanpl e 24 10 yibutane n of

2R, 1'R)-2-(b I
21y (”zmmmm 0 o L )

anmpl e exc ne for
I\I-t(ranr)t but oxy, arq_ﬁggog cine & éﬁ% %\glis%gn b‘g‘% A e for
N Cbz- L- | euci 1 ﬂ’y @Feofﬁﬁl 8?}%@ was cprng%lga g @n‘ﬁ?e 15
solid (0. 110g, ﬁ&"@omﬂ&&d“’i[ﬁhit&ﬁoam‘{é%%,%%) 'H NMR (400 MHz, CDCl3) § 8.29
Exampl e 25 Preparation

(25,1'S)-N-[1'- (@.Hﬁﬁéﬂﬂmﬁﬂ)yﬁ ja @ lﬂbtieﬁﬂ@ét%ﬂ)]ﬂs (g, 1H), 4.07 (d, 2H),
(benzyl oxycar bon nz To a stirring
solution of the }clzirwgound]??%km (?n@(g%éﬁ) 3H)1 87 mmol ) in 4 nL
of ethanol was added thiourea (O. 142 g, 1.87 mml). The sol ution was
allowed to s{ir at I!IHE! VAR
concentr at edfd h‘g (1§)°ﬁ‘%4@%&@5&%%%8@&&2@%@@@9 acel%g?'e anl(ljyll/\gs hed
with saturated a@vebeszyhaydafjonyl-l-leucinyl)hydrazident urated brine, then dried
(MgSg err]), filtered nd c entrate he re d by
flash chromat ogr aphy ‘P Ei E‘?Pf%?"(:}’é‘f%(‘&u@?&% WMH&:{;
et hyl acet at e/ hexxfueime (smsmgyesohﬁnél),ul(smem?lumdz 1)\Bhéthylcarbddihidd. 64 g,
78% . [err]H NMR ( [er’%’ H) , gO(m .
2H), 5.12 (m 3%}',“%11195'3*’(#1?2'“ 03?H3m°3H“d 1 hygeo H?ﬂzmag" %%S 49
(m 2H), O. 9@'0-:§|%0()'HDW‘QO6mmol)wasallowedtostn'atroomtemperaturefor 18 h. The
solution was diluted with ethyl acetate and washed successively with water, 0.1 N
HC], saturated aqueous NaHCO3 and saturated brine, then dried (MgSO,), filtered
and concentrated. The residue was purified by flash chromatography on 230-400
mesh silica gel, eluting with 1:1 ethyl acetate/hexanes, to provide the title compound
20 as a white solid (111.4 mg, 66%). mp 110-112 °C.

25  a) N-benzyloxycarbonyl-L-leucinyl-L-leucine methyl ester
Following the procedure of Example 26(d), except L-leucine methyl ester
hydrochloride for (1S)-1-benzyloxycarbonylamino-1-(2-hydrazinocarbonylthiazol-
4-yI)-3-methylbutane, the title compound was prepared as a white solid (1.28 g,
66%). 'H NMR (400 MHz, CDCI3) & 7.37-7.32 (m, SH), 6.28 (d, 1H), 5.28 (m,
30 3H), 4.61-4.58 (m, 1H), 4.20 (m, 1H), 3.74 (s, 3H), 1.69-1.54 (m, 6H), 0.96-0.92
(m, 12H).
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PCT/ US96/ 18000 Pr epar ati on_of
(1S)-N-[4-[(1-benzyl oxycar bonyl am no) - 3- net hyl butyl ]t hi azol -
yl carbonyl ]-N - (N-benzyl oxycar bonyl - L- | euci nyl ) hydr azi de a)

N- benzyl oxycar bonyl - L- | euci nyl brononet hyl ket one 5

1- met hyl - 3- ni WOTH6433t r osoguani di ne (6.65 g, 45.2 mol) in RSB0 ) )
is cooled to O[err]C. 40% sodi um hydroxi de is added slowy and the

di azonet hane is allowed to collect in the ether solution for 30

m nutes at O[err]C. The ether solution is t hen decanted and left at
Oferr]C. b) N-benzyhdxybabdnyl-E &icify1-{ Aeddinydh d?az@demml) was dissolved in
THF (10 nlL), cooled 10 to-40[err]cg@and4 Im)r I|ne 077 g, 7.6
mol, 0.83 L) was adtfligwing the propedupeRidx ‘tﬁ%‘é ﬂ"é N“Bﬁ i sobut yl
chl or of or nat e ( 18xycartonii heucﬁyl%-leucmememy)estéftbﬁ(lsi@- mn, the sol ution

was filtered into the previously prepared O r]C sol utlon of

et hereal di aZonehengylexycarhenylamyiriot §-(2crathsethox %#’ﬂp‘ﬁmlbw thaditlet 0

err]C for 23 h. W ded and
Ehe ]15 resul ti ng ?g{o §§%§8#\r§g@gf%§r§w§ﬁé§hﬂ(¢ %] fc?F @ m.n, hen Washed
sequent i SI |b y Wi t¢DO13) 318.05 (brs, 1@73$a$z:(mtﬂd),smmuﬂ)l\ﬁﬁm;eﬂn aJS. Hn(dd
saturated brine, iltere cqnc ed to
give the title (?ﬂ'bpggﬁgm ggbg‘ (@ igéé i gH)fGl Bf-1. gﬂgﬁ‘ o), 8%’0 8 fym.
(1S) - 1- benzyl oxy@epybonyl am no- 1- (2- car boet hoxyth| azol -4-yl) - 3-net hyl but ane

20 ' A solution of the compound of Exanple 26(a) (1.57 g, 4.58
mmol ) and etidyl th| ooxamate (0.61 g, 4.58 nmol) in et hanol (10 )

Soncent rateq. and) teenellonfpatbonyt i lenchJENS G b AhaRRy LD RICBIRLEL - ohy on
230- 4?ﬁen;9is[1l Zi g;lm:)}@ﬂdrameut | glgl with 1:4 ethyl gcet at e/ hexanes, (400 I\/f—lg
g|5ve CDCl [er]r) [renr)r i‘hﬂ}ﬂﬂ‘?ﬁ'ﬁg“ éa"’f%gbxgéglgzm %@p‘ts@%ﬁ@%% 5.10
(d, 1H), 5.05 (®enAydxycarbonyl-LAleBinyld.ledtinylhyidrdfidd fpr (%1~ 1.80-1.76 (m 2H),

"1-33 (s Mihiayloxycarbonytano-120-$ydrazinocarbbiythiadol-4°y1) 3 mietiy butare, the

title compound was prepared as a white solid (0.059 g). MS (M+Na"): 662.1

20 c WIl-N(N- 1 =

a) N-tert-butoxycarbonyl-(L)-leucinamide _
To a solution of N-tert-butoxycarbonyl-(L)-leucine (7.0g, 28.1mmol ) in dry

THF (100ml.) at -40°C was added isobutylchloroformate (3.8g, 28.1mmol) and N-
methylmorphiline (6.0, 59mmol). After 15 minutes of stirring, ammonia was

25  bubbled through the mixture for an additional 15 minutes, then warmed to room
temperature and allowed to stir for 2 hours. Mixture filtered and filtrate
concentrated in vacuo to yield title compound as a white solid (6.5, 28.0mmol).
'HNMR (400MHz, CDCL,) 3 6.38 (br s, 1H), 5.79 (br s, 1H), 5.04 (br d, 1H), 4.13
(m, 1H), 1.71-1.49 (m, 3H), 1.39 (s, 9H), 0.92 (dd, 6H).

30 '

921



89 WD 97/ 16433

. PCT/.US96/ 18000 c)

© (1S) - 1- benzyl oxycar bonyl am no- 1- ( 2- hydr azi nocar bonyl t hi azol 4-yl)-3-
met hyl but ane A sol ution of the conpound of Exarrpl e 26(b) (0.30
g, 0.8 mmol ) and hydr azi ne hydrate (0.40 g, 8.0 mmol, n
et hanol (8 nl) WOV owed to 5 stir at roomtenperature for %S%H’ﬁ‘m _
solution was then concentrated to yi el d the title conpound as a white
foam (0.28 g, 98y N-Hn%)&yéﬁ-ﬂo Jeb¥hdtRioamide[ €1 1 ] 8 29 (s, 1H),
7.37-7.35 (m 5H), 5.18 (d, 09 (dd, 2H), 4.95 (q, 07 (d, 2H),

1.71 (t, 2H), 1.55 (nfo _m;mng sg\anruof mommwusdtomxamlg 26(a )(?45 28,0 mmol) in
1S)-N-[4-[(1-b - 2. bonyl]-N
( )N ([Nfbengy oxycargﬁ%&r@{f-y‘k- eucl ny%{'ﬁ @é?&‘bﬂd‘éﬁ‘mn&xd}eﬁof&yl I)n

of t he compound stirrddanrmpmeteHérajure difiler angon Ovezdightndhg solkertiwas evaporated and

L-1 euci ne (80.5 0, 30, mmol

1- (3- di et hy! f% e ?’“&‘%‘%@\%ﬂ%ﬁ%&%‘%‘@““yla““ﬁ%‘?"&ﬁﬂﬁ%ﬂ"&éh’(‘%‘e? 2 my,
0.30 mml) and 1cdm§8uadweﬂmé§dlmghg 1i%pH HHMl@(zmm& cmbbsnsa(a‘\éc (0.6
mmol) was allowed to stir at_ roomte rature for sol ution
was diluted w t hIBLHA7 (BicedH.- %ﬁﬂfdanﬁﬂeﬂ 58&@4:&)5#\7&1;15&&%@%&@(& By N
HCl , saturated aﬁ glgssﬁjchq err] and saturated brine, then dried

(Ngsq err]), fil and concentrated. The residue was purified by
flash chromat ography on 230-400 mesh silica gel eI uting with 1:1

((atlrlnlll 4a(r:n§f ag " )Sn{}%iidb%l@{'owf?r yti)ean}:ﬁc;-ksl [Sfelypolell azol- _yl)a3_Mi te solid

El_xgrrpl eI 27 bma:hlballanélon of 1 I

enzyl oxycar bon eucin en euci

L- | euc?/nyl %ydr azi ée 281 commp #ﬁﬁ*&?@éﬁ?@dﬁ?ﬁb@f@m) Eﬂg‘ime met hyl
ester acetoﬁeUoomﬁnwquq@aceﬁmylﬁa@%@a&ﬁwig, 2806885 -

L-1 euci ne nmet hyl ester drochl ori de for

(1S) - 1- benzyl onyY&?M%ﬁ“ﬁGd or(Lh.a ;107 Gz (The salutins was papred dgto a well stirred

4-yl ) - 3-net hyg buﬁzﬁd&ﬁco?élﬁo Fdrintan YWERR R hER Pnt §4BREEE Sodhem Bickitiohste SO! 1 d
(1.28 g, 6% . [err]H NMR (400 Mv, CDCI[err]) [err] 7.37-7.32 (m

5H), 6.28 (d, 1r§olu®n2§h(msam9phwasxmted theraquaays layer oxyracied with) | 3. 74
gg 3H, 1.69- 1. forblofm. ThB coMbil€t Grefific extracts wel drietidver MgSO,, filtered and

concentrated to an oil. The oily residue was treated with TFAA (5.0g, 23.9mmol)
and pyridine (3.8g, 47.8mmol) in dichloromethane for 1h at -20°C. Excess solvent

20  was removed in vacuo and the residue was dissolved in dichloromethane. The
solution was washed with saturated aqueous sodium bicarbonate and 1.0N KHSO,
until pH 7. The solution was dried over magnesium sulfaté, filtered and
concentrated to an oil which was chromatographed (silica gel, 7.5% ethyl
acetate/hexane) to give the title compound as a tan solid (4.5g, 61%). 'HNMR

25 (400MHz, CDCl,) 8 7.98 (s, 1H), 5.04 (br d, 1H), 4.95 (m, 1H), 4.31 (q, 2H), 1.88
(m, 1H), 1.63 (m, 2H), 1.40 (s, 9H),1.32 (1, 3H), 0.85 (dd, 6H).

d) (1S)-1-(Benzyloxycarbonyl)amino- 1-(4-carboethoxythiazol-2-yl1)-3-methylbutane
The compound of Example 26(c) (0.250g, 0.731mmol) was dissolved in
30 TFA (2mlL) and stirred at room temperature for 15 minutes when diluted with

methanol and concentrated in vacuo. The residue was dissolved in methylene
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PCT/ US96/ 18000 by :
- N-benzyl oxycar bonyl - L-1 euci nyl -L-1 euci nyl hydr azi de Fol | owi ng
the procedure of Exanple 26(c), except substituting N

benzyl oxycar bonyl - L- | euci nyl -L-1 euci ne nethyl ester for (1S)-1- 5

benzyl oxycar bov9%i#do- 1- ( 2- car boet hoxyt hi azol - 4- yl ) - 3- net hyPEHPE§a8008 e
title conpound was prepared as a white solid (1.28 g, 100%, [err]H

.67 (d, 11y, 5. SYopdFaigiyiaieloit Sk inils 033067 b oilgya s 110,
3.88 (br s, 2H), clilofoforinate](12g) 7.8Hhmol). FREe shlitibn(stitred at room téthperaturkFor 2h c)

N- benzyl oxycar bonyl - L- 1 euci nyl - N -benzyl oxycagbonyl - L-1| euci nyl.- L- |

| euci nyl hydr azi ¢¥hen partition “DP&YFGW%WP 2 &Eéﬂﬁlj@y"ﬁﬁ“@éf&?bé‘"%(d),
except substitut bk, Dbllected, dried (MgSO,) and concentrated to a residue that was

benzyl oxycar bonyl - L-1 euci nyl - L-1 eucllé(r%l hydrazide for (1S)-1- 15

benzyl oxycar bbnyshipmaegrapher (piigs goli 196k eth ) togivg the ttleeampaupd t ane,
t he title elelpale T ew PENEDer [

(M+Na): 662.1 grg gg’?rzg@i on 0 CHoOMHE, jé’k,b?'({?ﬂ?ﬁﬁ:;ﬂém, S,

( I1S) - lt;l- [ 2|— ][ 1- be?iﬁl (bryds aHR Geaw (amlﬁlo.)s.mmmynﬁ)mﬁgg}nm.g&m.-m), 28;-1.67

yl carbonyl ]-N - NZ XY Al yl -L-| euciny ydrazi de a
N-tert-but oxycar@%g’g’)t{'?“k%?ﬁgrﬂ‘ﬂéﬂs' To a sol ution of
N-tert-butoxycarbonyl-(L)-leucine (7.0g, 28.1mmol ) in dry . THF (10nL)
at -40C was added isohutylchloroformate (3.8g, 28.1mopl)

d N-
net hyl mor phi 1 nee)(@S)oN-12d(nbaugyloxycagbonylamino)nireeth ?“WW‘%P@YICQ'M‘E"V\BS
25 Dbubbl ed thr oa\ggﬂfz?g W?ﬁjl&fcmgﬁhmé onal 15 m nutes, then warnmed
we

X
to room tenperature and allo to stir for 2 hours. Mxture filtered

and filtrate c diedlowing:the: proceduyeof Example 2660)d (d); exceptsubssiuting (38)-br whi t e

lid (6.5 28.0Q , 4 . 8 (b
o 11 ( 5.79 ( br@s%, é%”?"?? 'b‘ﬂi%'}&g ,& %ﬁ%’% . @““Q'E'M)%’ﬁ]&‘ﬁ%",[’g&é tortisia | (m
3H), 1.39 (s, 9Hr-bemdyl®Rycatisbnykaniino-B{2-carboethoxythiazol-4-yl)-3-methylbutane in step
91 15 (c), the title compound was prepared. MS (MH"): 610.0

Preparation of 2.2'-(N.N"-bis-benzyloxvcarbonvl-L-leucinyDcarbohyvdrazide

To a stirring solution of N-Cbz-L-leucine (Chemical Dynamics Corp.) (2.94

20 g, 11.1 mmol) in 22 mL of DMF was added carbohydrazide (0.5 g, 5.6 mmol), 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (2.13 g, 11.1 mmol) and
l-hydroxybenzouiﬁzole (0.3 g, 2.2 mmol). After stirring at room temperature for
22 h, the solution was poured into 500 mL of water. The precipitate was collected
by vacuum filtration and washed with water (4 X 150 mL) and dichloromethane (4

25 X150 mL), then dried under vacuum to provide the title compound as a white solid
(1.49 g, 46%). MS(ESI): 607.1 (M+Na)".

93



WD 97/ 16433 :

PCT/ US96/ 18000 b) N-tert-butoxycarbonyl-(L)-Ieucinethi oam de

To a stirring solution of the conpound of Exanple 26(a) (6.5, 28.0 nmmol) in
. dry THF was added Lawesson's reagent (6.8g, 16.9 nmmml) and the m xture was

" stirred at roomte rature under argon overnight. The sol vent
evapor at ed andWo# na% resi due chronmat ographed (silica gel, %ﬁcﬁ%?ﬂlﬂm

acet at e/ hexane) to give the title conpound as a white solid (5. 4q,
779 . [er]rHNMR (400MHz, CDCI[err]) [er?%é_%pr S, 1H), 7.97 (br s,
- 1H), 5.28 (br d, 1H)_ L 72- m3 140(5 9H) ,

0.92 (m 6H). S=cyclogexylacel

et hyl butane °Xy°""ﬁm‘#%ﬁ'%8%s%ﬁ%§ EPEIS BRI )2

was stirred in deyclohexylacetic acidfer lﬂ-mﬁm:)euuneiehe titlecpompatind W8 prepdréa 0410

Et hyl br onopyr yvat peagol was added and stirred for 1h at

-10[err]C. Th ﬁﬁsﬁ% %éggoavfﬂpdamell stirred 15 m xture of

chl or of orm and vvat er and then into saturated sodi um bi carbonate

solution. The organi c phase was separ at id ang t he aqueous | ayer extracted

wth chl oroform The conbi ned org 1 acts were dried over

MgSO err], filtepgdads X Ihge Oi | y resi due was
treated with TFAA ridine._ .g, 47.8mmol ) in

di chl or onet hane for |qubvvmgz©fem@re@@ml%£qvvw sustitydrg 4-enoved i n

vacuo and th %‘@@F N | ution
was washed w h @5@ grfpe lghaug%\ggg%%%hﬁmd%% P@Bg%n(fl ‘?ﬁdﬂe Ri‘ﬁéd? grr]
until pH 7. The whitmsahdr(OMg,dﬁ%)d MS@ESD2§as(M+H)5ul fate, filtered and
concentrated to an oil which was chromat ographed (silica gel, 7.5% ethyl
acetate/ hexane) to give the title conpound as a tan solid (4.5g, 619%.
"HNWVR 25 (400MHz, CDCI[err]) [err] 7.9&;@3};_3@), 5.04(br d, 1H), 4.95 (m
1H, 4.31 (q, | 1.8 9H), 1.32 (t,
3H), 0.85 (dd, 6+ fal Y ' ' ' razide
(1S) 1- (Benzyd oxycar M{” dgglasz,ggmanﬂg) 3- et hyl but an
The corrpoun of Exa e 26(c) 73 1mmol ) was
d| ssol ved in 30 CYflorentylapaticacid fi Q'EN%CP poupd was prepartd aaut es

when diluted w t&mtesohd(mﬁéf@%)am(ﬁst)‘?%rl‘lQi‘&ﬁ-ﬁ)* n vacuo. The residue was

di ssol ved i n net hyl ene 92
WD 97/ 16433
PCT/.US96/ 18000 Example 33
20 Ara : 3 hvdra
Pollowmg the procedure of Example 29, except substituting N-Cbz-Glycme
for N-Cbz-L-leucine, the title compound was prepared as a white solid (0.719 g,
91%). MS(ESI): 473.1 (M+H)". |
25
Followmg the procedure of Example 29, except subsututmg N-acetyl-L-
leucine for N-Cbz-L-leucine, the title compound was prepared as a white solid
(0.153 g, 23%). MS(ESI): 401.3 (M+H)".
30
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chloride and treated with triethylamne (0.739g, 7.31mvol) foll owed by
benzyl chloroformate (1.2g, 7.31mml) The solution stirred-at—roeom
temperature for 2h when partition bet ween et hyl acetate/water. The
organi c | ayer was washed with brine, collected, dried (MySOerr]) and
concentrated to a residue that was 5 chromatographed (sil k@gmgﬂ(l 5%
et hyl acetatewbewssssd to give the title conmpound as a Bo 98¢,
7299 . ' HNVR (400MHz, CDCl[err]) [err] 8.01 (s, 1H), 7.32 (m 5H),

5.51 (br d, 1H), 5.14 (m 1H), 5.10 (s%@‘%_#B? (g, 2H), 1.93 (m 1H),
1.81-1. 67 (m 2H) 139(t 3H) 6H). 10 e)

(15) N'[Z([NE% =.ﬁ.:-,-: ol I midrazidel car bonyl ] - N
enzyl ox -

ar bon u0| | WO ol | owi ng
t he procedure of Exa#ﬁ!l‘éw’% p °££§%‘B¥l é%&ﬁ&‘ﬁ?‘}sﬂﬁ‘“{‘ﬁg)%f‘
(Benzyl oxycar boama@%maz@t&mqwmmwmmmmwm ane for
(15)-.
1- benzyl oxycar bé®J6ei 4191 MSESR: SOLAMKDhi azol - 4-yl ) - 3- net hyl but ane in
step 15 (c), the title conmpound was prepared. M5 (MHerr]): 610.0
Exarer e 29 Preparation of

1Y}

- (N, N - bi s- benzyl oxycar bonyl - L I eucﬁm@ﬁ& bobydra2| de To
astlrrlng sol ut, L ) (2.94 20
g, 11.1 mmol) i 5.6 mmol ),

1-(3- di mphdthwilmein hyI car bodi i mde hydrochl oride (2.13 g,
11.1 mmol) and ro otrla 0.3 9, 2.2 mol). After
stirring at P00 %Wﬁ‘%&?’é&ﬁﬂi ’?Si'ﬁcgtfrhe sol ution was poured into
500 ni of water. Therara%sluﬁbﬁ of BudliSmethy] eseek Bydrochloridel(§. o\gazmmxﬁal)m ation
and washed with water (4_X 150 nlL) and_ _di chl or onget han aéVAf Jlli rga)
then dried under.4rdiexang(3Qmb) was H@WW@&%&S{M an watepJolyys
(1.49 g, 46%. hibdformate’\ 88 k] £7 5 Inmol). The mixture stirred at room
93 Y by R ormalc (65 o)
PCT/ US96/ 18000 temperature for 24 hours when partitioned between ethyl acetate and water. The
15  organic layer was collected, dried (MgSO),), filtered and concentrated to give the

title compound as a colorless oil (7.67 g, 100%). 'HNMR (400MHz, CDCL) 57.39

(m, 5H), 5.38 (d, 2H), 5.12 (s, 2H), 4.42 (m, 1H), 3.75 (s, 3H), 1.73 - 1.50 (m, 3H),

0.94 (m, 6H).

20 b) N-benzyloxycarbonyl-L-leucinyl hydrazide
To a solution of the compound of Example 36(a) (7:67 g, 27.5 mmol) in
methanol (40 mL) was added hydrazine monohydrate (13.5 g, 270 mmol). The
solution was stirred at room temperature for 24 hours when partitioned between
water and ethy] acetate. The organic layer was collected, dried (MgSO,), filtered
25 and concentrated to give the title compound as an off-white solid (7.67 g, 100%).
'HNMR (400MHz, CDCL) & 8.14 (s, 1H), 7.38 (m, SH), 5.64 (d, 1H), 5.09 (dd,
2H), 4.20 (m, 1H), 3.81 (s br, 2H), 1.69 - 1.51 (m, 3H), 0.92 (dd, 6H).

¢) 1-benzyloxycarbonylamino-3-methyl-1-(1,3,4-oxadiazol-2-onyhbutane
30 A solution of the compound of Example 36(b) (1.0 g, 3.58 mmol) in
methylene chloride (12mL) was added dropwise to a solution of 4-
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Exanpl e 30 Preparation of

- 2,2'-(N, N -bis-cycl ohexyl acetyl ) carbohyrazi de Fol | ow ng the
procedure of Exanple 29, except substituting cycl ohexyl acetic acid

- for N-Cbz-L-leucine, the title conpound was prepared (0.4 10 5 g, 73%.

- MS(ESI): 339.3 (MrH)[err]. i
Exanpl e 31 w‘;”ﬁ%ar ation of - PCT/US96/18000
2,2"-(N, N -bis-4-nethyl pent anoyl ) car bohydr azi de Fol I owi ng the
procedure of ExafiipherifichidtsfolBite 30361 ,11L19 mifiol in hethyRhéRINEdY @aLyataci d for

" N-Cbz-L-leucine, the title conmpound was prepared as a white solid
(0.212 g, 44%. QQS( Ehe plutmwwmgrm}xperamre and stirred for one hour when
Exanpl e 32 atttiRéd GetwéR efily] acetate and water. The organic layer was washed with
2,2 -(N,N -bi s-f— cycl openty 3 tye) c%?%o‘m/gr azi dreg 15 y Fol | 0\}vi ng the

Proc&d&e Ef ExaqpﬂoastB'ﬁI{Ct@;(?npmMIdﬂedt(Mﬁo..ﬁlwwd:anﬂlmeqmywd@ai;: aci FI .
or z-L-Leucipne, the title conpoyn e . e soli
e S R AT e

Exarrpl( e 33 ﬁO Pgeapmlaidiaeapmg yelltlnv lsolid (o.s'lzz g 59b%)r.] ‘HNMRd fj400MHz, CDCl,) §9.18
2,2'-(N, N -bi s-benzyl oxycar bon ycinyl ) car bg razi .

Fol | owi ng t he pl(%égéiﬂ“ @ 5@&%#@“’2331)’@3136‘& 1@%?(@5‘%8-9&(%2@@ yci ne
for NNCbz-L-leucine, the title conpound was prepared as a white solid

(0.719 g, 91% . MS(ESI): 473.1 (MrH)[err]. 25
Exanpl e 34 d) Armethylpentanoybhydrazide

2,2"-(N,N -hls-acetyl-\t-]. i ?Xgﬁﬁ. e | om ng the
pr ocedur e oﬁbExaan e%&ggg‘g%}%%%%é?? u Inébﬁ?%@xmﬂfglﬁptu&nge euci ne for
N- Cbz- L- | euci ne jsotdprodte fdr berzylqxgearbbnyphb-lewciryd methyhestez, thtitlecanpaurd was

(o 193 00 2300 N oiied ada white solid (L8 g, 100%). 'HRMR (400MEiz, CDCL,) 5 7.48 (s b,

PCT/ US96/ 18000 1H), 3.62 (s br, 2H), 2.13 (t, 2H), 1.51 (m, 3H), 0.85 (d, 6H). Exanple 35

15 e) 2-(N-benzyloxycarbonyl-L-leucinyl)-2'-[N'-(4-methylpentanoyl))carbohydrazide
The compounds of Example 36(c) (0.100 g, 0.325 mmol) and Example 36(d)
(0.042 g, 0.325 mmol) were combined and dissolved in ethanol (1 mL). The
solution was brought to reflux for 24 hours then concentrated to a solid yellow
residue which was washed with cool methylene chloride to yield the title compound
20 as a white solid (0.053 g, 37%). MS (MH'): 436.2.
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Preparation of 2.2'-(N, N -bis-benzyl oxycarbonyl -L-al anyl ) car bohydr azi de
Fol |l owm ng the procedure of Exanple 29, except substituting N Chz-L-

al anine for NNCbz-L-leucine, the title conpound was prepared as a white
'solid 5 (0.762 g, 91%9. MS(ESI): 501.1 (MtH)[err].

Exanpl e 36 Preparation of

2- (N-benzyl ox QW& - L-| eucinyl )-2' -[ N - (4- PCT/USI6/18000

met hyl pent anoyl ) car bohydrazi de 10 a) N-benzyl oxycarbonyl-L-1euci ne net hyl

ester To a solution of |eug Lhyl ester hydrochloride (5.0
g, 27.5 mol) in 1, 4- di oxane (50 Wadded sodi um car bonate (30.3

nm., 2Min water) -GL-JH(. , gucinigl)< ia BIOPs ),
mmol ). The mxture stirred at 24 ours when
partitioned between e@ﬂ/jle hﬁsm@f%ﬁ}@ igf'mg'or‘é)sa r5I $Fer was

o et omound o | D?m(Adul})tv?7 67 popai-Dal &5 1g 00 400|\/HzQIld
title-conmpound as a col orl ess oi -
CDCl [err]) [etr]Hyniggbase (0.3 min].8 %Fyml)saﬂésweaﬂﬂgﬁ A’%O“f%“ 1&* greaction;> (1
1H, 3.75 (s, 3"Qvascﬂilu?eﬁwmﬂﬁt5ﬂ\c( nﬁ)‘ﬂndwasexm&e%ﬂ‘%e@wxmmﬁom

N- benzyl oxycar bonyl euci nyl dra2| To a solution of the
conmpound of Exanqqmbxmd(oaganicx“@méedmﬂmmymsnlfate, filteredoconeemstatedio i) was

dded hyd |,
2cieq Dz e RO ke et SR el 1 ) R Bt
water and ethyl @demhisS.Mywes audgmhopwisaynd thnaeacuui wecstirred atiRTeslernight.

S | d 2 t d t h t d
(M1 14 G oSSR SR B LEASOE BT, 25
g éif ES blH) 2H)7 ﬁﬁct%:ghvaﬁﬂﬂuticﬁzvﬁﬂm?) cadﬂ)ml)Sndd)ga(dﬁactedwmﬁ*&er(ﬁxQ@m!)rfb 1H),

s br -
1- benzyl oxycar bdﬁ?‘P&"rﬁhﬁH‘% ﬂ%‘? 'lli_t?e gﬁ@ﬂ!"&@&?" @CGW%%%&“S’HE'“SO
A sol ution of thgige Wc&fmﬁﬁ%ﬂ@hﬂ&@&@mﬂ fo4siich 6% 2158 M1y

met hyl ene chloride (12m.) was added dropw se to a solu
95 \ipsthyie: ide) to give the title compound as a white sohd (410 mg, 75%).

PCT/ US96/ 18 ' roformate (0.361 g, 1.79 mmol) in
or ilgem(sg w&%—&g@mﬁf@%? ( o :

nmet hyl ene ch err]C. The solution warned to room
tenperature and stirred for one hour when partitioned between ethyl

acetate and water. The organic |ayer %@5&1 wth

Followmg the procedure of Example 37, except substmltmg "4—phenoxy-
20 benzoic acid” for "Cbz-leucine", the title compound was prepared: MS(ES)
M+H'=481, M+Na'=503.

25 Following the procednre of Example 37, except substituting "a mixture of N-
Ac-leucine and Cbz-leucine” for "Cbz-leucine”, the title compound was prepared:
MS(ES) M+H'=491, M#+Na'=513.
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aqueous NaHCO err] then collected, dried (MgSO err]), filtered and
concentrated to a 5 residue which was chromat ographed (20% et hyl

acet at e/ hexane) to give the title conpound as a pale yellow solid
(0.322 g, 59% . 'HNWR (400MHz, CDCl[err]) [err]9.18 (s, 1H), 7.38 (m
5H), 5.13 (m 479 (m 1H), 1.71 (m 3H), 0.98 (dd, 6 )
4- met hyl pent a ‘K@?fnﬁ%ram de 10 Fol | ow ng the procedllj%’grof%gf%or?pl e
36(b) except substituting ethyl i socaproate for

benzyl oxycar bonyl - L-1 euci nyl rret hyI estmmm title conpound was

prepared as a whit, (1. (400MHz, CDCI[err]) [err]

7.48 (S bl’, giutam »A-\, gl81)-apugo- 0. 3

(d, 6H). 15 e)

2- (N-benzyl oxycar bonyl - L- | euci nyl I et hyl pent anoyl ) ] car bohydr azi d
e The c%/mbma@e mcagmpt &37, emepmbg;mm%mm of and

Exanpl e 36( ) ] | SS din
et hanol (1 ?r%_) C%glu&&:gﬁadgrm%ﬁ%ﬁ o%\g:h?l%%gﬂ? @chﬁzpﬂ?c ﬁ‘Sﬁ‘ﬁg t hen
concentrat ed t ocampouhd way piepared: MS(ES)MasH‘slﬁﬁs whi ch was washed W|th cool

met hyl ene chloride to yield the title conpound 20 as a white solid (0.053
g, 37%. Ms (MHerr]): 436. 2.

96 WD 97/ 16433 Example 41

PCT/ US96/ 18000 Exarrpl e 37

10 1-(Cbz-leucinyl)-amino-3-(Cbz-glutamyl-t-butyl ester)-ammo—propan-z-onc
(5 mg, 0.007mmol) was dissolved in a solution of trifluoroacetic acid ( 0.5 ml) and
methylene chloride (0.5 ml), then was stirred at RT for 2 h, the reaction was dilutied
with toluene (10 ml), then was concentrated in vacuo to provide the title compound:
MS(ES) M+H'=599.

15

a) Cbz-leu-ala-bromo methyl ketone
Isobutyl chloroformate (1.46 ml, 11.3 mmol) was added dropwise to a

20  solution of Cbz-leu-ala-OH (4.0 g, 11.3 mmol) and N-methyl morpholine (1.24 ml,
11.3 mmol) in THF (40 ml) at -40 degrees C. The reaction was stirred 15 min, then
was filtered, and was washed with ether. Diazomethane (40.1 mmol from 5.9 g of
1-methy}-3-nitro-nitroso-guanidine and 18 ml of 40% KOH in 150 ml of ether) in
ether (200 ml) was added and the reaction was placed in a refrigerator overnight.

25 30% HBr/ AcOH (7 ml) was added dropwise to the crude reaction mixture and was
stirred 5 minutes. The solution was washed with aqueous citric acid (50 ml x 2),
saturated aqueous sodium bicarbonate (3 x 150 ml), then brine (100 ml). The

combined organics were dried with magnesium sulfate, filtered, and concentrated in
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Preparation of bis-(Cbz-Ieucinyl)-1, 3-diazi no-propan-2-one

Cbz-| eucine (500 ng, 1.88 mml), EDCl (553 ng.1 88 mml) was

di ssolved in DVF (4.0 m) with 1, 3-di am no-propan-2-ol (85 ng, 0.94 mmol)
and 5 Hunig's base (0.3 m, 1.88 mml) and was stirred at RT overnight.

The reaction was diluted wwth EtOQAc (20 m) and was extracted wth
water (2 x 20w 16383 conbi ned organics were dried V\AY‘H"’H%H&’PUm
sulfate, filtered, concentrated in vacuo. The internedi ate was then

di | ved i 0. nm
added O opi so o e yea Rl i PR Fe HEAREP arp symoh ARt MRY 7

excess Jones'reamrﬂmnﬂheﬁmmﬁemwm. i sopropanol (1.0 m), then the
reaction was diluted with EtOQAc (20 m ) and was extracted with water (2x 20

m) to remove the inorganic salts. The conbi ned organics were dried
Wi th nmagnesi um p) gﬂ_k@h&.azﬁdaﬁ,ahﬁqmdﬁgncentrat ed, and chromat ographed
(silica gel, 2-5% MeOH l'ene chloride) to give the title

conmpound as & white s@M‘lG“'@hilUOWQ mmﬂ%%@s%@!}ﬁ mypel) was fissdeed in

M+-Na[ err] =605. u@?‘fﬂfﬁﬁ
Preparation of bIS (Tfﬂeth enoxy gn(%%%/ﬁg d?é“m'“%'%mp‘)ir"c?ﬁ%’- -onehg(

Fol | owi ng the prmggﬂﬂﬁmmﬂ)ﬁsadﬂéénnﬂﬁegmnstdm{cmlgtg The pelactiomwas 20

benzol ¢ acl d” 1 of cULabEUeIB0A 1S ik s RSB B puB AL e B

Ex?g| el 39 I )dnedRhﬁﬂ%ﬁ@esmﬁ slﬁffate ﬁlteredI , concentrated in vacuo, télen
-( Cbz- 1 eucip am no - | eyci nyl ) - anj nq- propan- 2- one
Fol | owi ng th@/pr@@é‘ﬁﬁﬂ’ B‘Fﬁlé’émg m’é%?’i‘@ﬁghgﬂﬁgf 285109 P"%t"‘ﬂ?%?&#% of N

Ac-1 eucine and iy hd‘@w}niﬁolﬂ?%dx%a%%)eﬁs MiRiLgsgonpound vas

pr epar ed: M5(ES) MtH err] =49 err
97 WO 97/ 16433
PCT/ US96/ 18000 Exanpl e 40

/ -2 o-4- ido- -3-0l .
Preparation of 1c-)(Cbz- eﬁ%?n r?lnno %? ylutanyl -t-butyl ester)-am no-
pr opan- 2- one Cbz-leu-lcu-azldo methy! ketone (330 mg, 0.9 mmol) was dissolved in EtOH

15 (5 ml) and sodium borohydride (100 mg, 2.65 mmol) was added at RT and the
reaction was stirred for 15 minutes. The reaction was quenched with water (10 ml)
and was extracted with EtOAc (25 ml). The combined organic extracts were dried
with magnesium sulfate, filtered, concentrated to. give the title compound without
further purification, MS(ES) M+H'= 378, M+Na'=400.

20
d) Cbz-leu-2-amino-4-amino-propan-3-ol

Cbz-leu-2-amino-4-azido-propan-3-ol (300 mg, 0.8 mmol)was dissolved in
MeOH (4 ml) and triethyl amine (0.33 mi, 2.4 mmol), propan-1,3-dithiol (0.35 ml,
3.82 mmol) was added and the reaction was stirred overnight, concentrated in
25  vacuo, then the white solid was washed with hexane providing the title compound
which was used in the next reaction without further pmificatién, MS(ES)
M+H'=352.

e) bis-1,3-(Cbz-leucinyl)-diamino-(S)-butanone-2-ol
30 Cbz-leu-2-amino-4-amino-propan-3-ol (140 mg, 0.4 mmol) and Cbz-leucine
(106 mg, 0.4 mmol) were dissolved in DMF (2 ml) and N-methyl morpholine (0.08
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Fol l owi ng the procedure of Exanple 37, except substituting "a mxture of 5
Cbz-glutamc acid gamma t-butyl ester and Cbz-|eucine" for "Cbz-I|eucine",

the title conpound was prepared: MS(ES) MtH err] =655.

Exanpl e 41 Preparation of

1- (Cbz-1eucin 3- (Cbz- gl ut anyl ) - am no- pr opan- 2- one 10

1- (Cbz-1 euci né{(ﬂ&&}#}%o 3-(Cbz-glutanyl -t-butyl ester)-am no- propan x2000ne

(5 ng, 0.007mmol) was dissolved in a solution of trifluoroacetic acid ( 0.5

m) and mhakmlyﬂmwa(ﬁﬁﬁgnmamﬁmﬁmmsﬁma@mgﬁ: Rhefor 2 h,
the reaction was dilutied with toluene (10 m), then was concentrated

in vacuo to proJFagHoR Was partitioned betwsemBtOAC and watgs thecomhinedergpaicsymere 1 5
Exanpl e 42 dried with maghésRiR S trated t
bi s-1, 3-(Cbz- I euci n;‘?’ll I%Ial am no-l?sﬁ)lpgiwt?;aegbcr?gcef one Oglvethetstlecompound
Cbz- | eu- al a- br oMSGES) MHH'%39% M#Na+=621. | sobutyl chloroformate (1.46
m, 11.3 mm%) was added dropwise to a 20 solution of Cbz-leu-ala-OH (4.0
g, 11.3 mmol) and N-nethyl norpholine (1.24 m, 11.3 mml ) in THF (40
m) at -40 degrées ChisTlB(Chzaencinyl)-diamirmt(S)-badndde-2one t hen was
filtered, and was waghe h, et D|az t hane from5990f
1-methyl -3-nitro-nit g3‘@¢i§ﬁﬂ°&?‘ﬂ§ %ﬁﬂﬁ@ﬁ\om Q'QGmHP &S et her)
in et her a&a&vmmmm@ Jaﬁuarédgemr(ogqml P5 MPwastd pWiséand
refrigerator overnight. 25 30% HBr/ AcOH (7 rrf) was added dropw se to the
crude reaction MHeIedtian Wagstiteed at RT ovemight.cTharxgess donss reagent wasitheni on was
washed w thigqu Qéhghgd,p{ﬂ;go { Hf? oS0di um
a ﬂﬁgﬂg & )l ?ﬁereac%n@ﬂé&'ﬂ medQéJ?g i

bi carbonate (3 X 150 rine ani cs

were dried wit hm&hgndémsmd‘mtbwaﬁr (Z;xémgul) tmmou@ﬂcmgmcesﬂts nThe

08
PCT/ US96/ 18000 %&M%égﬁsowﬁ% dried with magpesipm sulfafe, filtered; conceptrated; and . ¢
step without purirbmatgraphed (SEECESD], 2-5% MeOHF ifethylehe-dlilSride) do gitSthe title

ozl ol o b ot gt bRy BRI Salvec T

Followmg the procedure of Example 37, except substituting "a mixture of

Cbz-phenylalanine and Cbz-leucine” for "Cbz-leucine”, the title compound was
20 prepared (70%): MS(ES) M+H'=617, M+Na'=639.

Following the procedure of Example 37, except substituting " a mixture of
25  Cbz-norleucine and Cbz-leucine” for "Cbz-leucine”, the title compound was
prepared: MS(ES) M+H'=583, M+Na'=605.
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DMF (7 m), then sodiumazide (122 ng, 1.9 mol) and potassium fluoride
(137 ng, 2.36 mml) was added and. the reaction was stir+red—overni-ght-
The reaction was partitioned between Et OAc and water, then the

conbi ned organi c extracts were dried with nmagnesi um suI fate,
filtered, concentrated in vacuo, then 10 chormatographed (2-5% MeOH

nmet hyl ene chl WO 46438 | i ca gel) to provide the title W&s"g‘é a
white solid (330 ng, 53%, MS(ES) MtNa[ err]=398. c)

Cbz- | eu- 2- am no- 4- azi do- pr opan- 3- ol Cbz-1 eu-1eu-azi do nethyl
ketone (330 ng, 0.9 rrrml) was di ssol ved 15 (5 n1) and SOdI um
borohydri de (100 g g ; :

stirred for 15 ninut es The reactlon 2 uenghed ‘ Water" (10 ni
and was extracted w tFollovipgthe proced Wﬁw %F%ﬁt’?‘éﬁ’[%gﬂl\ere

dried. W t hcﬁaﬂ&%nmnaldb&aé&me* fdr"Eb£RucifONaR e 3bRHolrd visve t he
title-conpound w thout rther urlflcatlon MS(ES) MtH err] = 378,
MtNa[ er r] =4005 2prepared: M@@S)M%b’ﬁ(ﬂe 9%0- 4- ami no- pr opan- 3- ol

Cbz- | eu- 2- ami no- 4- azi do- pr opan- 3- ol (300 ng, 0.8 mmol )was di ssolved in
MeOH (4 m) and triethyl amne (0.33 M, 2.4 mmol), propan-1, 3-dithiol
(0.35 ni, 3.82 mml) was added anWactlon was stirred

overni ght, concentr gt ed |n 25 . A : o2 tﬂ lvvas ﬁshed wth
hexane providing the & T ] t
reaction wi t hout a)f ur tiis1 3|qmbzil¢mh§'l)mm1hﬁsﬁﬁéthyl-(8)-he;dhhﬂ[-mr] =352.

e) bi s- 3 (Cbz UCi di S - 2- 0l "

Cbz- | eu- 2- arﬂ 0- 4- améfgl F‘Eﬁv)‘g% ?“%{n MP‘@ CEPLSH gﬁ"&l}?ﬂ gBE‘I“fT'l’e
E(%OgSrrg, 0.4 MDjey- owrﬁrct&sehmmnm%ceamﬁé&xdwpgégmm(mr pho{A:Dne

97/ 16433 M+H'=639.
PCT/ US96/ 18000 m, 0.8 mmol) and HBTU (151 ng, 0.4 mmol) and was
stirred overnight. The reaction was partitioned between Et OAc and

water, the combined organics were Emkle.d._vm t h magnesi um sul f at e,
flltered copcenty . s

-I!.ﬂ"’ LI

M-H err] =599, M+NE ¢ B - [~ )
bi s-1, 3-(Cbz-I euci nyl) - d| am no- (S) but anorgne?- one

Bi s-1, 3- (Cbz-1 euci nyl) =di ani no- but.anoner 2 0 0.4 mopl
di ssol ved i n acet one 9€9°W‘H%W%J§“P§ﬁ‘g‘ﬁ¥’?{°§7 ’ﬁ%ﬂ?s g%hﬁ“gmﬁgu’gﬂ%e"g%
dropw se and Ac-leucine and 4-phenoxy-benzoic acid " for "Cbz-leucine”, the title compound was
prepared: MS(ES) M+H'=440. '
20

Following the procedure of Example 37, except substituting "a mixture Cbz-

homo-leucine and Cbz-lencine” for "Cbz-leucine”, the title compound was prepared:
25 MS(ES) M+H'=597, M+Na'=619.
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the reaction was stirred at RT overnight. The excess Jones reagent was then

10 quenched with isopropanol (1.0 m), then the reaction was diluted with-
- EtOAc (20 m) and was extracted with water (2x 20 m) to renove the

i norganic salts. The conbi ned organics were dried with nagnesium

sulfate, filtered, concentrated, and chr omat ogr aphed (

2- 5% MeOH/ rretWR/?iélr'fé”chl oride) to give the title conpoﬁ#dbgﬁll&ﬁbM| te

solid (80 ng, 33 %9. MS(ES) MH err]=595. 15

Exanpl e 43 Preparation of 4
1- (Cbz- 1| euci nyl ) - am no- 3- Cbz- henyl al any| g-am no- propan- 2-one

Fol I owi ng the pr Preparation gf wntdr(3-chioro-¢-cyana-phepaxsipheny! sulfonamido)-propan-
Cbz- phenyl al ani ne and Cbz- Ieu0| ne" for " euci ne" the title corrpound
was 20 prepared (70%: MS(ES) MrH err] =61 Na[err] =639.

Exanpl e 44 Pr eﬁﬁﬁ-@tﬂomﬂ@yano-phenoxy)-phenyl sulfonyl chloride (1.3 g, 4 mmol,

Fol [owi ng- 1 heS pt MAShHANeeY gps e ] a Elfioniort Zhaioliriplrs 61618 2. 2 mmairin o

25  Cbz- nor | eucDMF @0anljAN-niethyt moep hoime (04312:1 Henmolblm'id wagwtiried Bhat RDpound
?’88 prep avﬁ %&g&s M;ﬂuoxrxéti between water aLxﬁ EF.t(LAc and the combined organics

PCT/ US96/ 18000  were dried with, es:um sulfate then concentrated in vacuo. EXRGrhde 121,3-
Preparation of 1-(Cbz-Ieucinyl)-am no-3-(Cbz-norvalinyl)-am no-propan-2-one

Fol | owi ng t he pr@c@chiarogreyanephanoxypheayd sulfenamide)mrenan:2o) (0288 Qdur e of

or epar et VLS T L aldfontf ipebhs (EYl faa JohedFdgbde G4 GHIPEYRE 5 ©

Exanpl e 46 was added moppygaeeandahe reéiction svas stirred overnight at RT. The excess Jones
gl gc?z3| ?glz nYLLC%}%l SN o ?‘L“%ﬁ?@ E{e@;ﬁ%ﬂ%ﬁahe%um was diluted
with EtOAc (20 ml) and was extracted with water (2x 20 ml) to remove the
inorganic salts. The combined organics were dried with magnesium sulfate, filtered,
15 concentrated, and chromatographed (silica gel, 2-5% MeOH/ methylene chioride) to
give the title compound as a white solid (90 mg, 34%). MS(ES) M+ H'=671,
M+Na'=693.

20 ara X alfona
Following the procedure of Example 49, except substituting 4-phenoxy-
phenyl sulfonyl chloride for 4-(3-Chloro-2-cyano-phenoxy)-phenyl sulfonyl
chloride, the title compound was prepared: MS(ES) M-H'=551.
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10 Fol | owi ng t he procedure of Exanple 42(a)-(f), except substituti ng
"Chz- | eu- | eu-OH' for "Chz-leu-ala-QH' the title conpoung—was——
prepar ed. M5(ES) l\/HrH[err]—639.

Exanpl e 47 15 Preparation of

1- (acetyl -l eucinyl)-am no- 3- (4- phenoxy-benzoyl ) - am no- propage

Fol | ow ng t heawvpeuodadur e of Exanple 37, except substituti ng a ms“{lure of N-
Ac- | euci ne and 4-phenoxy-benzoic acid " for "Cbz-leucine", the title

conpound was prepared: MS(ES) Mt 40. 20
Exanpl e 48 Prepar at | on of W

1- (Chz- hono- | eucippapadat 2 igy])-an ihiogo-2rovanoyplenoxy)

Fol | owi ng t he procedure of Exarrpl e lﬁ eéﬁ_%% E&Qﬁ [ tutr ng "a m xture Cbz-
hono- | euci ne and Cbz-I| euci ne" for e title conpound was
prepared: 25 NB(EMﬂ(GBB%?ZSIMGDﬂWEGSGmg,ZSmmoD HOBT (340

101 . WD 97/ 16433

PCT/ US96/ 18090 mg, 2.5 mmol) was dissolved in DMF (10 ml) with 1 3-d1ammo-m-%] (365
Preparation of 91'532 3 mdndifard3vattine @ arR T b AigR ROAMHY T AGHRlne (0.41 ml

- sul fgnam do) - pro

4- ( 3- Chl or o- 2- c§.35 emdirwaradiedfolloyed bﬂﬂwoﬁwﬂ%@@%}@‘@mﬂ sralmyl 5

\eyDr 1 0ge) e e i esPh Uiy dheBBO BRIy e fleddnt. 2
stirred 3h at R#tRT. The reaiion mpmmmwnmmmqmmmﬁa
then concentd at GRFEHFs Yo dged ¥HG mageerineh Ly, ek Sonbehisn I Vadha: e drlge! ©
1-(Cbz-leucinyl)-amino-3-(4-(3-chloro-2-cyano-phenoxy)-phenyl sulfonamido)-
propan-2-ol was then dissolved in acetone (5.0 mi) and Jones reagent (3.0 ml, 1.5
M) was added dropwise, and the reaction was stimmed overnight at RT. The excess
Jones reagent was then quenched with isopropanol (1.0 ml), then the reaction was
15 diluted with EtOAc (20 ml) and was extracted with water (2x 20 ml) to remove the
inorganic salts. The combined organics were dried with magnesium sulfate, filtered,
concentrated, and chromatographed (silica gel, 2-5% MeOH/ methylene chloride),
then the product was triturated from methylene chloride to give the title compound
as a white solid (26 mg, 2%). MS(ES) M+ H'=627.

20

Following the procedure of Example 51, except substituting tosyl chloride
for 4-(3-Chloro-2-cyano-phenoxy)-phenyl sulfony! chloride, the title compound was
25  prepared: MS(ES) M-H'=488.
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(4- (3-chl oro-2-cyano- phenoxy) - phenyl sul f onam do) - propan-2-ol (0.28 g, 0.4
10 nmmol) was then dissolved in acetone (1.0 m) and Jones reagent (0.44
m, 1.5 M was added dropw se, and the reaction was stirred overni ght
. at RT. The excess Jones reagent was then quenched w th isopropanol

1 (1.0 M), then the reaction was diluted with Et OAc (20 S
- extracted wit \WORVEA3(2x 20 M) to renove the inorgani%@f’?@&%e

conbi ned organics were dried with nagnesiumsul fate, filtered, 15
concentrated, and chromat ographed (sili 2-5% MeOH net hyl ene
chloride) to |vethet|tle corrpoun asav\hlte solld(90ng 349 .
MS(ES) MHH er r ] =67H1¢para ) SleUcIByY Y] 1CNOX RLIONAIG
bi s-1, 3- (4- phenoxy- phenyl suI fonam do) 3N-2- one Fol | owi ng
t he procedure of Exanple 49, except su g 4- phenoxy- phenyl

sul fonyl chloride foFouewﬂﬁgmdm@dﬁeoiEnmﬂhémmxyéptpkbstigukingwrmenqxly-
chioride, thg tiiLe,cappoyd, uas. PieDRLEd HNELES ebbth Ghbd:T Shony

PCT/ US96/ 18000 chloride, the title compound was prepared: MS(ES) M+H'=568, M+Na=s90p| e 51
Preparation of

1- (Cbz-1 euci nyl)-am no- 3-(4-(3-chl oro-2-cyano- phenoxy) - phenyl

sul f onam do) - pr opan- 2- one %ﬁgﬂ ne (660 ng, 2.5 nmol ), EDC
(480 ngy, 2.5 mml) HOBT (340 5 rrg, nol ) was di ssolved in DWVF (10
m ) V\A t h 1 3 dl L-li't,: t1on oh h-{ Cozlen =dININO- M -G10C RLOIMNIIS U NEAMIGO-<-DIronan v ed at

RT over ni ght10 N- et hyl nor phol i ne (0. 41 n1

Following the procedure of Example 51, except 2-dibenzofuransulfonyl
chloride for 4-(3-Chloro-2-cyano-phenoxy)-phenyl sulfonyl chloride, the title
compound was prepared: MS(ES) M+H'=566, M+Na'=588

15

-2-one
Following the procedure of Example 51, except 2-dibenzofuransulfonyl

chioride for 4-(3-Chloro-2-cyano-phenoxy)-phenyl sulfonyl chloride and Cbz-
20 homo-leucine for Cbz-leucine, the title compound was prepared: MS(ES)
M+Na'=602.
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3.75 mmol ) was added fol |l owed by 4-(3-Chl oro-2-cyano- phenoxy) - phenyl

sul f onyl chloride (820 ny, 2.5 myol.. Mybridge) was added and-the. —— .
reactiron was stirred 3h at RT. The reaction was partitioned between

wat er and Et OAc and the conbined 10 organics were dried with nmagnesi um
"sulfate, then concentrated in vacuo. The crude

1- (Cbz- | euci Ny 9B16asm0- 3- ( 4- ( 3- chl or 0- 2- cyano- phenoxy) - phenyPCEFUSI688H1 do) -
propan-2-ol was then dissolved in acetone (5.0 m) and Jones reagent (3.0
m, 1.5 M was added dropw se, and the reaction was stirred overnight

at RT. The excess Jones reagent \Awquenched W|th |sopropanol
(1.0 m), then t PRpr@dst ! lGnyl BB Hldibe
extracted with water orem)vet e |norgan|c salts. The
conbi ned organics were dried with nagnesi uul fate, filtered,

gﬁlng(ra{lg(ra?f °d an?)hggr{)ﬁ@t; proﬂ@f%wgnsadt %@urat%‘?@% WC%| oride to

give the titl® conpouCik-leu-2-amsigo-d-amine-propen-3el (mmg042%molu&®§)nmﬁm
H =627. 20 . . l & .5
Pt opat at1 o of 1EFERE SAAL{ Y A 2 ibsmgorainsyony! chleridswest SRHRYS i BMF 2

]ljol I ovm'( ng C}q Ihe pmm%a wmir?yfmmbﬂnﬁlo oemsa?m ﬁnﬂw)thaina mmmgsyémglbt oride
or 4-(3- or o- cyano p enox on C the title
conpound was 25 PR */BQ‘E%? ‘P&hﬂ[‘éﬁq‘% aXA water, combm ed organics were

103 V&&Mlﬁ%ﬁé\%ﬂlm sulfate, filtered, concentrated to give the title compound
PCT/ US96/ 18000 Exanpl e

Preparation W 1MSESD MeHE582. M+NaFhRA 3- (4- phenoxy- phenyl ) - sul fonam do) -
Fol |l owi ng the procedure of Exanple 51, except substituting 4-phenoxy- 5
phenyl - sul fonyl chloride for 4-(3-Chloro-2-cyano-phenoxy)-phenyl sul fonyl
chloride, the tih)l e coetGhatemtinydsamime3eRatibeniiiniaiiulfvmishide)-(S)Sen-2-one

M:Na[ err] =590. 1-(Cbz-leucinyl)-amino-3-(2-dibenzofuransulfonamido)-(S)-butan-2-ol (240
mg, 0.4 mmol) was dissolved in acetone (2 ml). Jones reagent (0.5 ml, 1.5 M) was

15 added dropwise and the reaction was stirred at RT overnight. The excess Jones
reagent was then quenched with isbpropanol (1.0 ml), then the reaction was diluted
with EtOAc (20 mi) and was extracted with water (2x 20 ml) to remove the '
inorganic salts. The combined organics were dried with magnesium sulfate, filtered,
concentrated, and chromatographed (silica gel, 2-5% MeOH/ methylene chloride) to

20 givé the title compound as a white solid (70 mg, 29%). MS(ES) M-H'=578.
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Exanpl e 54 Preparation of

1- (Cbz-1 euci nyl)-am no- 3-(2-di benzof uransul f onam do) - pr opan-2- 10
. one Fol |l owi ng the procedure of Exanple 51, except

+ 2-di benzof ur ansul f onyl chl oride for

4- (3-Chl or o- 2-cyano- henoxy) phenyl sul fonyl chloride, the tiié}/ﬁs%nsoor

conpound was MW@Y. MS(ES) M+H err] =566, M+rNa[err]=588
Exanpl e 55 Prepar ation of

1- (Cbz- hono- | euci nyl ) - am no- 3- ( 2- di benzw%ﬂl f onam do) -
propan- 2-one Fol | ovm ng the proce ure of Exa I e 51, except

4- (3-Chl oro- 2- cyano ph
hono- | euci ne for Cbz-|®
M+-Na[ err] =602. a) 2-hydroxy—3-az1do-propanol

104 WD 97/ 16433

PCT/ US96/ 180480 ug) %%ﬁgﬂ 8,26 gymol) was added to a solution of glycidol (Aldrich,

1- (Cbz- I euci nyl )8 nosﬁn{oindmtmcmhaiﬂdmﬁﬁwm)md%hm35de

1- (Cbz-1eucinyl)- am no- 3- ( 2- di benzof ur ansul f onam do) - (S) - but an-2- o

Cbz- | eu- 2- am no-Q@fordi i dhe resstion wasslilotedovithwater (25 mhygxiracied ﬂﬁ%@ﬁ‘q&fé@ X n
50 ml); the combined organic layers were extracted with water (2 x 50 ml), then

brine (50 ml), then were dried with magnesium sulfate, filtered, concentrated in
10  vacuo, and chromatographed (silica gel, 30 % EtOAc/ hexanes) to prqduce a white
solid (1.37 g, 67%); MS(ES) M+H+=1184.

b) 2-hydroxy-3-azido-propan-tosylate
Tosyl chloride (2.3 g, 12 mmol) was added to a solution of 2-hydroxy-3-

15  azido-propanol (1.17 g, 10 mmol) and triethyl amine (3.6 g, 36 mmol) in methylene
chioride (50 ml) and was stirred at RT for 4h. The reaction was diluted with water
(20 ml), extracted with EtOAc (2 x 50 ml); the combined organic layers were
extracted with pH 7 buffer (2 x 50 ml), then were dried with magnesium sulfate,
filtered, concentrated in vacuo, and chromatographed (silica gel, 30 % EtOAc/

20  hexanes) to produce a white solid (1.2 g, 44%); MS(ES) M+H+=272.2.
¢) 2-(Merrifield polymer-6-(oxymethylene-tetrahydropyran-acetal)-3-azido-propan-
tosjrlate '

c) 2-Hydroxy-3-azido-propan-tosylate (1.2 g, 4.4 mmol) was added to a slurry
25 of Ellman dihydropyran polymer (cf. (3), Scheme 1) (150 mg, 0.3 mmol) in

CICH2CH2CI (25 ml), then pyridinium p-toluenesulfonate (0.84 g, 4.4 mmol) and

was agitated at 80 degrees C by gentle bubbling with argon. The polymer was

filtered, washed with DMF (2 x 10 ml), then MeOH (20 ml), then methylene

chloride (4 x 20 ml); IR 2105 cm-1;. Magic Angle Spinning 1H NMR: d 8.0, 7.4,
30 5.0,34.
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Exanpl e 56(a)-(d)) and 2-di benzofuransul fonyl chloride were .di ssolved in

DVF (2 m) and N-nmethyl norphonline (0 00 . 0 84 mmol.).-and-were—-
st1rred overni ght The reaction was partitioned between Et OAc and
wat er, the conbi ned organics were dried with magnesi um sul f at e,

filtered, concentrated to give the title conpound, 10 M5( E?)ﬂl\/&HLerr =582,
I\/HrNa[err] =604w0 97/16433 b)
- 1-(Coz-1euci nyl ) -am no- 3- ( 2-di benzofuransulfonam do) - (S) - but an- 2- one

B ) gl s i B

M was 15 addegréfafiNibéizyRafing e reactlon was stirred at RT overni ght The
. excess Jones reagent “was then quenched Wi th ;fm%& é 8 t hen
the reaction was di| deazyl amine (932 g Tnoed) waspd crripeld W|th

water. (2x 20 m fm&ﬁ? g beg?ﬁﬂl et§19-|31 oEﬁ‘é‘p 333,“3@ rgani cs
were dried wth)ponﬁ]es{@ su enetem?lily &« a(%l(;incentrat ed, gr?g

chr onmat ogr aped n{lgnllmmol)gPN WWMHWWD s wasiang wag egitated 2180 gi ve t he
LiL1 e comound g2 a it . 0.l QP “Hie RS el LA it

105
PCT/ US96/ 18000 DMF (2 x 10 ml), then MeOH (20 ml), then methylene chlondd?oiamﬂ ml)SIR

oxopr opyl 1 - 1- ( b0 SiNnGE Apb e MR HoEL A LAk " )
2- hydr oxy- 3- azi do- pr opanol

10 e 2-(Merrifield polymer-6-(oxymethylene-tetrahydropyran-acetal)-3-azido-

propan-N-benzyl-(Cbz-leucinyl)-amine
Cbz-leucine (0.82 g, 3.0 mmol) was added to a slurry of 2:(Merrifield

polymer-6-(oxymethylene-tetrahydropyran-acetal)-3-azido-propan-N-benzyl-amine
(120 mg, 0.22 mmol) in DMF (10 ml), diisopropyl ethyl amine (1.2 ml, 6 mmol)

15 and HATU (Perseptive Biosystems, 2.2 g, 6 mmol) and was shaken at room
temperature overnight. The resin was filtered; washed with DMF (3 x 10 ml). The
above procedure was repeated, and the final resin washed with MeOH (2 x 20 mb),
then methylene chloride (5 x 20 ml); IR 2105,1735, 1630 cm-1;. Magic Angle
Spinning 1HNMR: d 7.2,4.7, 4.1.

20
f) 2-(Merrifield polymer-6-(oxymethylene-tetrahydropyran-acetal)-3-amino-
propan-N-benzyl-(Cbz-leucinyl)-amine

Propanedithiol (0.5 mi, xx mmol) was added to 2 sluny of 2-(Merrifield

polymer-6-(oxymethylene-tetrahydropyran-acetal)-3-azido-propan-N-benzyl-(Cbz-

25 leucinyl)-amine (150 mg, 0.27 mmol) in MeOH (5 ml) and triethylamine (0.5 ml)
and was gently rocked ovemnight. The resin was filtered, washed with MeOH (2 x
20 ml), then with DMF (1 x 10 ml), then with methylene chloride (5 x 20 ml), and
was dried in a vacuum oven overnight; IR 1735, 1640, cml;
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5 Sodi um azide (1.7 g, 26 mmol) was added to a solution of glycidol
(Al drich, 1.3 g, 17.5 mol) in MeCH (45 m) and water (5 m) and was
heated to 65 degrees C for 4 h. The reaction was diluted with water
(25 m), extracted with EtQAc (2 X 50 m); the conbi ned organic
| ayers were extracted with water (2 x 50 m ), then bri ,
then were dri 3P ¥M3nagnesi um sulfate, filtered, concentratg(g"‘("%%@d

. vacuo, and chronmatographed (silica gel, 30 % Et OAc/ hexanes) to produce a

whi t e sol i dgy 1. &Z(Mmﬁzwml?ﬁr@x%éﬁﬁ%ﬂ@teﬂnhy ran-i&tal 3-(Cbz-
2- hydr oxy- 3- azi doBé)ro an-tosyl ate syl ch oride g, 12
mol ) was added ¥ mvrwaame&ﬁ%lewnﬂkamm do- propanol (1.17 g,

10 nmmol ) and triet hylcﬁquné&%ggg‘ﬁﬁn Qaddgdfﬁeﬂgﬂrkf’ g’a""m‘?“hf%af‘ﬁéde (50

m) and was stirred at Rl for 4h.” The reactlon was
(20 m), extract&Pxymethylenetesrahpdopysan- me)al)-siamwmmel&bomm-lcwm wer e

Cul fate, - 3 Pt o' 027 il N mob RIS 1 LR PRI | ca

gel, 30 % Et OAc/aniife (1 waminol)and HETIE . zxgmnmnandmlsgwaka; @.ro8h%) ; MS(ES)
|V|+H+:272. 2. 2-( Me f . . .
pol yner - 6- ( oxyrretf‘ﬁé?r@ . Y %ﬁshﬂﬁfﬁ’rﬂa‘ﬁ”{gﬁ% Yashed with DMF (3,5 10 ml). The

tosyl ate abve chddﬁfU M@éﬁm&ﬁméﬂhad@nﬁhebm(zﬁlwnm'

was added to a slurry | man dj h dropyran polyrrer &ﬂi Jn%

1) (150 ng, O. 3lh?ﬂmthylﬁnech1°n49(ém ees B NMRnd

p-t ol uenesulfgonay. g 5()3%4 08, 4-4 mol) and vvas agi tat ed at 80 degrees C
by gentle bubbling w'th argon. The pol ymer was filtered, washed with
DMF (2 x 10 m), then MeOH (20 m ), then nethyl ene chloride (4 x 20

M) IR 2105 cmyh: . WoQinen NG CorSBhohy Athird 5 URtentioit Bnibio Propida-ar O - 4

106
PC/ US96/ 18000 2e(Merrifiéld pblymer-64(etyinethylene-tetrahydropyran-acetal)-3-(Cbz-

pol yrer -N?b( oxylmi @ne tet r %%%ﬁ@zqet al - 3- azgggmgso o 8 added
propan- enzy %X’ﬁ r%?ﬂ“)‘ adde
toI a sl ugr%/ 16f ghﬂdbiliasaﬁluﬁ'bt tdmk? 85:5:10 TFA/ watex';l methy:lgene chlamde (5 ml) fo::[ 4h at lR'I:[

pol yner - 6- (oxy ene etra acet al azi do- propan-tosyl ate
(500 5 g, 1 Mﬂﬂgw B{rated in yaeua Men ang” was
agitated at 80 chromatdée@he@&uﬁalg)ﬂ swm&eﬁbuﬁbﬂéneahlbh&é) 16 Gce J}Eﬂo@O' yner
was filtered, washed wth x10 m), then M (20 , then

met hyl ene chi or iseld (62 %’Qé%ﬂiMS@%M*'H*'%ﬁ

20 i) l-N-benzyl—l-Cbz—leucinyl—amino-3-Cbz-leucinyl-amino-propan-z-one
1-N-benzyl-1-Cbz-leucinyl-amino-3-Cbz-leucinyl-amino-propan-2-ol (65

mg, 0.96 mmol) was dissolved in acetone (5 ml) and Jones reagent (2 ml,excess)
was added dropwise at room temperature and the reaction was stirred overnight. The
excess Jones reagent was then quenched with isopropanol (5 ml) and the reaction

25  was diluted with water (5 ml) and was extracted with EtOAc (2 x 20 mi). The
combined organic layers were extracted with water (2 x 15 ml), then brine {10 ml),
then were dried with magnesium sulfate, filtered, concentrated in vacuo to produce a
yellow solid, which was chromatographed (silica gel, S0%EtOAc/Hexanes ) to

produce a white solid (16.8mg, 29%); MS(ES) M+H+= 673.1
30
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2105cm 1; Magic Angle Spinning 1HNWR d 7.1,4.7,4.0, 3. 8. 10 e)
2-(Merrifield polynmer-6-(oxynethyl ene-tetrahydraopyran-acetal)-3-azido-

propan- N- benzyl - (Cbz-1 euci nyl ) -am ne Cbz-leucine (0.82 g, 3.0
mmol ) was added to a slurry of 2-(Merrifield

- pol yner - 6- (oxymet hyl ene-t etrahydropyran-acet al ) - 3- azi do- propan- N- benzyl.- am
ne (120 myo 9@ nol ) in DVF (10 ni), diisopropyl et hyPCAHSHISHD >
m, 6 mol) 15 and HATU (Perseptive Biosystens, 2.2 g, 6 mvl) and was
shaken at room t enper at ure overni gg. Tﬂgsgr esin was filtered, washed
with DMV (3 x 10 m ). The above pr s repeated and the final
resi n-washed w th Ppeoltafich ¢ 3!-« thelity A6

m); IR 2105,1735, 1
7.2,4.7,4.1. 20

pol ymer-6 (oxymephyl eR 2%98&&4{'- Qﬁ-@%ﬁ&xﬂ&- li’th
pr opan- N-bendgl -()?:bz |SUCI nyl’)-amn ﬁ@WP panedlthl ol (0.5 m, xx

nmmol ) was adddd to a Nt(@3rEpos YQP!(I)HBF‘NINI@I (é!dl'lCh,Z 03 g, 10 mmol) was re uxed

00 35 ouci nyl y Mk RIS bk TG A0 By Bbflobenly sttt 08 eSOV T2

(0.5 m) anﬂas/mlageukr!ythmchnmdmlvgbm pradweingasvhitevgum, whichavasd,

5 ity el o o L

overni ght; IR 178GH'48#0N, cnierr];

NAg| C_Angl e .

LA (A
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PCT/ US96/ 180Hd g) 2- (Merrifield

pol ymer - 6- (oxynegy| eng2 -ﬁsﬁizahx}aﬁulf&&ﬂde)-pmpyl)phmaumde
| euci nyl ) - am no- propan N- n Cbz | euci nyl )-amn

Cbz-1 eucine (0.82 g, ré-(m’}y bmbmwmpxlmmme((mmm@)w yIer -
6- (oxynet hyl ene- B%'{faﬂ"gfé Cbz- | eucin
yl § Y 5 gm ne %%8%@-% @rﬂﬁlﬁ)@ ﬁ%@%% | d| none Mg m),

di i sopropyl et hytorpholine (8.8imi ad DMF(5, mk} overnight. a'mumasﬁun Wzscﬁluged @ithmol ) and

washod wi t - v P9 i R BRSERoohly ol BnbES| BaliS bR s

the final resin mhediwmmtdk/éﬂrlzoﬂﬂxﬂibﬁbmhﬁzo ml), theri wexe dried jthene chl ori de
(5 x 20 ) Mgl MGl BRL WIS, Abi MRl fafiolo ook an it which s O
chromatographed (silica gel, 30% EtOAc/ hexanes) to produce a white foam (0.37
8 69%); MS(ES) M+H'=541, MS(ES) M+Na'=563, MS(ES- negative) M+HCOy =
20 585

c) 2-hydroxy-(N-benzyl-2-dibenzofuransulfonamide)-propyl-3-amine
N-(2-hydroxy-3-(N-benzyl-2-dibenzofuransulfonamide)-propyl)phthalimide

(0.37 g, 0.69 mmol) was refluxed with hydrazine hydrate (0.34 g, 6.85 mmol) in

25 MeOH (7 ml) for 1.5 h. The reaction was cooled to RT, then was concentrated in
vacuo. The resulting white solid was triturated with MeOH, then filtered to produce
the desired product as a white solid (0.27 g, 96%); MS(ES) M+H'=411.
d) Cbz-leucinyl-(2-hydroxy-(N-benzyl-2-dibenzofuransulfonamide))-propyl-3-
amine

30 2-hydroxy-(N-benzyl-2-dibenzofuransulfonamide)-propyl-3-amine (0.2 g,
0.5 mmol) was stirred with Cbz-leucine (0.13 g, 0.5 mmol) in N-methyl morpholine
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h) 1- N- benzyl - 1- Cbz- | euci nyl - am no- 3- Cbz- | euci nyl - am no- pr opan- 2- ol
2-(Merrifield pol ynmer-6-(oxynet hyl ene-tetrahydropyran-acetal)-3-(Chz-

| euci nyl ) - am no- pr opan- N- benzyl - (Cbz- | euci nyl )-am ne (150 ng, 0.27 mmol)

- was 15 shaken as a slurry with 85:5:10 TFA/ water/ nethylene chloride (5

m) for 4h at RT. The solution was filtereed and the f+&l§%)%w

concentrated WPV then chr omat ogr aphed (silica ge
nmet hl ene chloride) to produce a yell ow solid (65 ngy, 35%; MS(ES)

MtH+=675. 1. 2((0.6 thl) and DMF (2 ml), then HBTU (0.19 g, 0.5 mmol) was added and the
1- N- benzyl - 1- Cbz- | euci nyl - am no- 3- Cbz- | euci nyl - am no- pr opan- 2- one

1- N- benzyl - 1- ChA=clion Wy ptirged eusrightay RT Thei reaetion was dileds pith wates (10(sb,
my, 0.96 nmol) V&Wg&hgﬁé;\b ;aﬁﬁﬁﬁnﬁsélﬁimﬁwé%oﬂﬁ&%bﬁgﬁgﬁ%wg :
was addaed dr e reaction

m , excess) opw se at room tenperature an
was stirred overfiliegdd off. THee combinedexganicslayerswerereatapted witlhwateh @ 20miic hed

-wW th isopropanol A1) n he reacti.on.25 was di].ut wiih water (5 m)

and was extr?c]t e#w(g@c%Meﬁlvxl&%e&m(i“if%ﬁﬁ@tdcm‘?ayers
\éve_redex_trﬁct ed Watﬁbmqiraml céQthit_éSOHd,wgimMuMiﬂdw(n‘eﬁt_ﬁhduo' nwithoutﬁ;hmd wer e

ried with magnesium sul f at ilte CORC at in vacuo to produce a
yel | ow solid, gvvfﬂ f’m; WMSE@éﬁ%eységﬁ ﬁ@&@ﬂ- 50%Et OAc/ Hexgnes ) to

produce a white e?l\gs)tpheﬁ%%cgm[1-ﬁ?3’4(2-£@ﬁfe?mmﬂﬁﬂlﬁhylbﬁniﬁzﬁ2$x§&opy11-3-

108 97/ 1
PCT/ US96/ 18000 (benzyl)aminojcarbonyl}-3-methylbutyljcarbamate Exanpl e 58

Preparationqf (S)-P JEF%J? | L2 : 1 nol - 2-
oxopropyl ] - ib( benzyl ;tg)rgnxéno a{%é%d;{mfﬂ-@ﬂ Lnéa‘taﬁg?%ﬁdtayi i car E?ﬁ%ﬁ&?ﬂ&p@%
N- (2- hydr oxy- 3- rniies(@y16e8:0:244 mrogly Waspdissoled i 2kstone 52 ml). Jones reagent (0.5 mi,
N- (2, 3- Epoxypr opy, | i [ . 2.0 10 l) s reluxed
with benzyl ani ﬂé%‘?%i‘%ﬁ’fggﬁéﬁﬂ%'ﬁ%aavga%ﬁe&?% THE Geesy foncs
\rMe1act i on " meh nioedsahen quenthed mgsdpmw t(l aﬂ)aiaﬁitlm reaction vﬁﬁdﬁlw&g ng a
ite gum i ch was riturate t P iltered, producing a

white solid (O. ﬁﬁ‘?’*“i’s‘d&,“ﬂ °xm‘ggwﬁa¥§?%@’sﬁfnb-%mmb&db)
N-(2- hydr oxy53- (&%ﬂm& rs Werdichftasted Wit watet {20020nYC theid bARY (2D R, Hgdnl wirél €
N- ( 2- hydr oxy- 3- N-benzyl am no- propyl ) phthalim de (0.31 g, .1 nmol) was
Stirred with o AFEAMIGmAEERRn Y vf@mﬁoam%wwqureﬂyceiammm hy!

solid, which was chromatographed (silica gel, 1:1 EtOAc/ hexanes) to produce a

white solid (0.14 g, 88%); MS(ES) M-H'=654, MS(ES) M+C1’=690, MS(ES)

M+HCO, = 700. '

20

linvimethyDaminolcarbon N 'ylicarbamate

Following the procedure of Example 58(a)-(e), except substituting "4-

25  pyridy! methyl amine” for " benzylamine” and, the title compound was prepared;
MS(ES) M+H'=657.
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nor pholine (0.8 mM) and DVF (5 ml) overnight. The reaction was diluted with
15 water (10 m ), extracted wh Et QAc (2x20 m) __the conbined organic

.l ayers were extracted with water (3 x 20 m), then brine (20 m),
“then were dried with magnesi um sul fate, filtered, concentrated in
vacuo to produce an oil, which was chr omat ogr aphed (silica 30%
Et OAc/ hexaneayovmeasoduce a white foam (0. 37 g, 699% : PREY sdon

M-H err] =541, MS(ES) MtNa[err] =563, MS(ES- negative) MHCO err]= 20 585
C) 2- hydr oxy- ( N- benzyl - 2- di benzof ur: anm de) - propyl - 3- am ne

N ( 2- hydr oxy- 3- (N- benzyl - 2-di benzof uran de) pr opyI )pht haI | m de
(0.37 g, 0.69 nmol )Preyasationfof ) v ]solforiyi bp

in 25 MeOH (7 m) for 1.5 h. The rea t|on i coold to RT, then was
concentrated in vacuo. The restrtrg=w e sitd was triturated with
MeCH, . then filtered tRlRWAEISE procedurd \e' EYektebt sabstitutida "bénzofe! | d
(0.27.9, 96%; I\/B(ESf) MeH err] =411, d? %)R)O 4 i

Cbz- | euci nyl -5 2- #jdiies Chznleusine ythe titleicosaponnd wasprspared; MSESLM-H 558 by | - 3-
am ne 30 S(ES =547

2- hydr oxy- (N—benzyFEQ enzot ur ansul f onam de) - propyl - 3-am ne (0.2 g,

0.5 mmol ) was stirred vmth Cbz- | euci ne (0 13 g, 0.5 mol) in N nethyl

nmor phol i ne

97/ 16433

PCT/ US96/ 18000
was added and t he . ght g
was diluted Wth we : ; LSS
solid that was insol lflwawmg da@pxhc ﬂix%‘ﬁle 58(a)—(c)f atc&lstrseskuattﬁ: "Ihe
conbi ned organic | ayers were extract ed ter (2 x 20 .. then
brine (20 nl), tByESY\methylpminel fos 1 benzylamine; and s@?‘&?@n"?’}dl% f°f 2-

concentrated in g nzoﬁxYﬁnEMﬁ)g?Pclﬁ’&i&u%ﬂd Wikl fony e vegd 0 the

next reaction w thout furthe purification; g 658,
MS(ES) MtNa[ er r |legde and HBTU'b)he(ﬁstpcmmdrmsmpmd MS(ES) M+H'=657.
[1-[[[3-[(2-i benzof uranyl sul f onyl ) am no] - 2- oxopr opyl ] - 3-

(benzyl ) am nod] car bonyl ] - 3- et hyl butyl ] car bamate 10

Cbz- 1 euci nyl - (2- hydr oxy- (N-benzyl 2- di bEmmiLuﬁAnsulfonam de)) - propyl - 3-
amne (0.16 g, 0.244 . )

(0.5 m, :

244!
1.5 M _

over ni ght ) ) , ; , hvdpazide

i sopr opanol ) and the reagtio S, with water (10 m)

and was extract% {iﬂ "(aa’“}? }2'0'\‘\6 nﬁﬁe—ﬁ%. ned 15 organic |ayers

were extractapd with %tﬂhnéﬁgs?bhﬁgnﬁfbledchﬂh&hﬂ@ﬁm( ide (RO gVer e

dried with magnesiumsulfate, filtered, concentrated in vacuoQ to produce a

whi t e sol i1d:0mpelin MW%M%W@WP% 4éml, 2Min patep):/
hexanes) to progyfd bﬁsbenz Wilbrbformate i(9.96 8; 1145 MmoBS %he ni¥itfeWas\hiffeat | =654,
VB(ES) MC [err] 2690, S
temperature for 4h then partitioned between ethyl acetate and water. The
organic layer was washed with brine, dried (MgSOy), filtered and concentrated to
25  yield the title compound as a colorless oil (3.1 g, 100%). !H NMR (400 MHz,
CDCl3) 3 7.34 (m, 5H), 5.27 (d, 1H), 5.12 (s, 2H), 4.41 (s, 2H), 3.75 (s, 3H), 1.65

(m, 3H), 0.96 (m, 6H).
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MrHCO err] = 700. 20 Exanpl e 59
Preparation of (S)-Phenyl nethyl

[1-[[[3-[(2-di benzof uranyl sul fonyl)am no] - 2-

oxopropyl ] -3-(4-pyridinyl net hyl )am no] car bonyl ] - 3- et hyl but yl ] car bamat e
Fol l owi ng the procedure of Exanple 58(a)-(e), except substityid e 25
pyridyl met hyl‘e‘a?ﬂ"ﬁé"" for" benzylamine" and, the title corrpoglr";k ngﬁm

pr epar ed; M5(ES) M+H[ err] =657.
110 9 N-béik3idxyearbonyl-L-leucinylhydrazide
PCY Usos/ 18000 Breparation of

1-[[ Ej 3-[ I( 2- ?Ih bfa;]zof urkorpstisingsofutional mﬂmmpsw&ﬁm;lesﬁ%@.(s.é g ll-O;nmEc:(l) |

pyridinyl metnyl ); a d,lgghL r anpl e

58(a)-(e), excepqugB@'é??lrggtP%oéw%gdndzeng ag%&gf(%r %"&z-l eﬂb?rlllg", t he

tEl( tl eI coggound vmhxqo;masmutzd_ Wdiﬁ)ef ikmr#ﬁ Plﬁc ;g;ilﬁh:létéconcenuawmldmmmr
anmpl e _ repar atd on. of (.S)- I): 280.2 (M+H)*

[-[[[3- [(2-d|50erf?3?pﬂpgﬁ§|a§’lﬂf#'8ﬁ'§ﬁ°e\ -3]3-'3- b MSESD: 280. '

oxopropyl ]-1-(4-pyridinyl net hyl)am no] car bonyl ] - 3- et hyl but yl ] car bamat e

Fol | owi ng t he p;q&ced%ig)oﬁfbm%mgl;ﬁt aﬁ"éﬁ@eﬂaﬁeﬁéﬁ#ﬁ}i tuting "4-

pyridyl nethyl I ne' AN Z- " for "2-

di benzof uransul fg ghloride " and "2-di benzofuransul fonyl chloride " for

"Chz- | euci ne and HBTU', the title conpound was t;)r epar ed; M5( ES%
MtH err] =657. 15  To astirring solution of the compound of Example 62(b) (B:0-81h0.8 ngpol

Preparation of Z; kAl (SFREY WaX ¥GiRE BROVSE:E (56 TS '195M i tBluhd)| Thé sotution
was heated at reflux for 4h then concentrated to yield the title compound as a pale
yellow foam (3.15 g, 96%). MS(ESI): 306.1 (M+H)*.

d) 2-[N-(N-benzyloxycarbonyl-L-leucinyl)]carbohydrazide
15 To a stirring solution of the compound of Example 62(c) (0.147 g, 0.482
mmol) in 2 mL of methanol was added hydrazine hydrate (0.241 g, 4.82 mmol).
The solution was stirred at room temperature for 24h then concentrated and purified
by column chromatography (silica gel, methanol/dichloromethane) to yield the title
compound as a white foam (0.097 g, 60%). MS(ESI): 338.2 (M+H)*.
20 |
€) 2-[N-(N-benzyloxycarbonyl-L-leucinyl)}-2'-[N'-(4-
phenoxyphenylsulfonyl)]carbohydrazide
To a stirring solution of the compound of Example 62(d) (0.097 g, 0.288
mmol) in 2 mL of DMF was added pyridine (0.046 g, 0.576 mmol) followed by 4-
25 phenoxyphenylsulfonylchloride (0.155 g, 0.576 mmol). The solution was stirred at
room temperature for 16h then partitioned between ethyl acetate and water. The
‘organic layer was washed with brine, dried (MgSOjy), filtered and concentrated.
The residue was purified by column chromatography (silica gel, ethyl
acetate/hexane) to yield the title compound as a white solid (0.052 g, 32%).
30 MS(ESI): 570.1 (M+H)t.
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a) N- benzyl oxycar bonyl - L- | euci ne nmet hyl ester 20 To a stirring
solution of L-leucine nethyl_ ester_hydrochloride (2 0 g, 11 Onpol ) in .
1, 4-dioxane (20 nL) was added Na[err]CJerr] (12.1 m, 2Min water)

foll owed by benzyl chl oroformate (1.96 g, 11.5 mml ). The m xture was
stirred at roomtenperature for 4h then partitioned between ethyl .

acet ate and wa@916d33e organi c |layer was washed with brPERUSI4AMY
(MgS™), filtered and concentrated to 25 yield the title conpound as a

colorless oil (3.1 g, 1009 err]HN 40 , CDd [err err
7.34 (m 5H), (5 27 ?d, 1H)/? 5[12 ](s Ms 2H), 3. 7[5 (s])3l[-|) ].65
(m 3H), 0.96 (e i _ O Al hhe alar : ]

PCT/ US96/ 18000 b N- enzy

To a stirring solution of t he conpeWil ApHeaS (a) (3.1 g, 11.0 nmmol )
in 15.m of methanol gy 1tibd btk 46m mdq;fgxgﬁplgﬁg,d W@ The
solution was stirred at roo terrperaturePM hen con(a:%ntratedto yield

the title 55 cme®dDWme&ml%Myl -b-elmine (RB870-510312280. 2

(V3
(18 1 benzyl ox JABPHJ-bydovenzgtriszole (0008 £.0.059 mumol) and 13-,
yl ) but ane dimethylamhinopropyl)+3retindeasddiimi deCOJMg)o 342 mimal)ipl e

62(b) (3.0 g, 10,8 mol 10 |n toluene s added m.,
1.93Min tol uen&f‘“?‘l‘f@” 8t emdrm “"vggé?g@gb%ﬁ’\fﬂ on, Vs pfl giﬁ‘?{nﬁréﬁ
concentrated t 0w Fhé M‘Eititb&ra@ﬁﬁ&@ﬂ'ﬂﬁhﬁﬁshﬁd fvith vater (150)61.) @9 driedm ( 3. 15
g, 969 . MS(ESI): 306.

2-[ N (N-ben2§l oaeyéearhmshwmﬁn rcwe'##}q vt}q,c&mem‘m@ splid (0.062 g, 39%)5
stirring sol uti MS(BfS) kg3 geuReyRd of Exanple 62(c) (0.147 g, 0.482

mml) in 2 nL of nethanol was added hydrazine hydrate (0.241 g, 4.82 mol).
The solution was stirred at roomtenperature for 24h then concentrated and

purified by col unm chr omat ogr aphy W gel,
met hanol / di chl oronmet hane) to yield the corrpound as a white foam
(0.097 g, 60% . MNS(ESPicpa@fign f 2-I 2 1

2-[ N-(N-ben gl oxycar bonyl - L- I UCI E¥I él - ' -JIEI!- ﬁ 4-! I
phenoxyphené sul fonyl )] car bohydr a stirring solution of

tgg gorrpougd of ExanPpbliowing dx):6 dl&é’ogE:fih;ﬂB& , except subvstithting d-phenlyitefzoidVF was
adde ridine 576 mmo ollo 4-
phenoxszhenyl su 62@%3?‘3’?"%@“(’@“1&% a&amq; %&ﬂﬁﬁw ““al‘i‘@sgfﬂpﬁ‘ﬁi&ﬁawas

stirred at white BBlidone! gt §5%). 'Ms sigerMrAyti ti oned between ethyl
acetate and water. The gor g@nl C ‘]'Egsjeqr was washed with brine, dried
(MgSO err]), filtered and concentrated. The residue was purified by

col um chr oggt ography (silica gel, et h)ﬂmm'

Following the procedure of Example 63, except substituting 4-
methoxybenzoic acid for N-benzyloxycarbonyl-L-alanine the title compound was
25  prepared as a white solid (0.057 g, 27%). MS(ESI): 472.1 (M+H)*.
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acetate/ hexane) to yield the title conpound as a white solid (0.052 g,
329% . 30 MS(ESI): 570.1-{M:H)[err].

112 WD 97/ 16433

PCT/ US96/ 18000 Exanpl e 63
Preparation of

2-[ N- (N- benzyMX3788#Bony| - L-al anyl )]-2' -[ N-(N-benzyl oxycar bony US96/18000
L- | euci nyl )] car bohydr azi de To a stirring solution of the
conpound of Exanple 62(d) (0.100 g, O. mmol) in 2 nL of DVF was

added N-benzyl oxycar bonyl
1- hydr oxybenzotri azol S Igparal =

di met hyl am nopr opyl ) - 3- et hyI car bqg ri:4e (0.060 g, 0.312
mol ) . After stirring at [ T or 16 h, the solution was
poured into 150 nlL oFouowmgﬂ\wp)meduféinpamplepBimqptmnmhhgéf ed and washed

w th water 50 dri und hi gh C eld the.title
compound as é V\A?H%%’ aﬁ‘f“iz eﬁ(i%'gq SW goyYE’#?g(“Eé%gﬁ Wﬂﬁ[err]
Exanpl e 64 prep aredasauﬁmemmm goﬂa%) MS(ESD): 5341(M+H)+

2-[ N-(N-benzyl oxycar bonyl -L-1eucinyl)]-2"-[N -(4 15

phenyl benzoyl )] car bohydr azi de Fol | ow ng the procedure of
Exanpl e 63, except substituting 4- phenyw : acid for
N-benzyl oxycar bonyl -L-al anine, the title co ound was prepared as a
white solid (0.121 g, 5ZPseparasios ofd-(N-acetpl)-2-INa(Metenzyloxycarbony]-

Exanpl e 65 10 Prepar ati

2- [ N (N- benzyl oycar bonyl - L- | euci nyl

net hoxybenzoyl )] car bToyhly conpeend ofExample 62(d):(611|06w; %39t mmopm@ddpdgxcgtﬁc

Exanpl e 63, exce b X
N- benzyl oxycarb Z@%@ﬁu ﬁﬁ&mﬂ)‘t &J‘¥% sﬁm?& p'%‘geb o for white
solid (0.057 g, 18K %en cbidehtrated to%&fﬂwhhﬁ-hﬂhh@ﬂﬁdhwas washed with

dichloromethane to yield the title compound as a white solid (0.086 g, 76%).

15 MS(ESD: 380.1 (M+H)*.

L-al anine (0.07/0 g,

R ofi2-IN-(N=enzviexvca

0.312

20 a) 2-[N-(N-benzyloxycarbonyl-L-alanyl)]carbohydrazide
Following the procedure of Example 62(a)-62(d), except substituting L-
alanine ethyl ester hydrochloride for L-leucine methyl ester hydrochloride in step
(a), the title compound was prepared as a pale yellow foam (1.1 g, 3.8 mmol).
MS(ESI): 296.2 (M+H)*.

b) 2-[N-(N-acetyl-L-leucinyl)]-2'-[N'-(N-benzyloxycarbonyl-L-
alanyl)Jcarbohydrazide
To a stirring solution of the compound of Example 63(d) (0.150g,
0.508mmol) in DMF (2mL) was added N-acetyl-L-leucine (0.092g, 0.534mmol), 1-
30 hydroxybenzotriazole (0.014g, 0.102mmol), and 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (0.102g, 0.534mmol). After stirring at room
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PCT/ US96/ 18000 ; — Exanpl e—-66
Preparation of 2-[N-(N benzyl oxycar bonyI L-leucinyl)]-2"-[N -(4-
phenoxybenzoyl )] car bohydr azi de Fol | owi ng the procedure of

Exanpl e 63, except substituting 4- 5 phenoxybenzoic acid F
N- benzyl oxycawbomydssd - al ani ne the title conpound was gt’g
white solid (0.102 g, 43%. MS(ESI): 534.1 (MtH)[err].

Exanpl e 67 ratl hed
2- (N-acetyl)-2' WWBEJ?%%&%@ ogonyldﬂktedmmethylacetate.was

I euci nyl) ] car bokydesseRSvith water, saturated hesoumnpmwuomte mmee e (d)

(0.100 g, 0.297 mmol) was added ac dr.i 303 .97 mmol ).
The sol ution mzagfgsﬂlpﬂwéﬂw&idﬂeééwé%gﬂﬁf‘ﬂ%‘??#c forated. (ilg'ﬁ ncent r at ed
to an off-white ae&nmgbﬁ%. icdgel, methaiiov&bhmmmﬂma)aotydelqlu el d
the title corrpoga?éggy\ga\lml te solid (\éih

[ 086 380 1
(MtH)[err]. 5  the title compound as a white sol(xd (0.028 g? 12%) {%IS(FLIS?)E%E@[
Preparation of 2-[N-(N-acetyl-L-leucinyl)]-2"-[N -(Nbenzyl oxycarbonyl -
al anyl )] car bohydrazi de 20 a)

2- [ N (N- benzyl oxycar bonyl L-al anyl )] Cammlﬁﬁm de Fol | owi ng

the procedure of Ex; A 15 al ani ne
et hyl ester hydrocHbeErges
(a), the title conpound was prepar

asa

A Frdae in step
agide] OW foam(l 19, 3.8

ol MB(ESI): 296.2 (M e

2 [“Bf)“ﬁace‘?'h L) euliying 9 W%f 4 @@%Q%WPSILW?T—:WI—L |
al an car po _ J. 0 e co oun
ot Eiarrple 63(3(;?{%&?&Nacetyll.leucme ﬁ-’N-T(N np

dded
N-acetyl - L-1 euclmanYchwQ@dernth(N @Zﬂ@‘}’cﬁyﬂ%ﬁyﬂﬂﬁ)@? ‘Pﬁ‘i’eﬁaé‘de

(0.014g, O. 102 gjr%}e? HHARRSIRD0I050 3; 25%). MS(ESI): 473.1
et hyl car bodi i m t%ﬁ'y&r ogﬂ Ol‘laé é%g l%tg534mml )§ Aft)er s(tl I‘)I’I ng at room
(M+Na)*t.
15

a) methyl 4-(N .N-dlmethylaxmnomethyl)benzoate

20 Methyl 4-(bromomethyl)benzoate (2.0 g, 8.73 mmol) was addedto a
saturated solution of dimethylamine in methanol. After sﬁi'ring for 25 min, the
solution was concentrated and the residue was partitioned between 1N NaOH and
ethyl acetate. The organic layer was washed with samrated brine, dired (MgSOy),
filtered, and concentrated to provide the title compound as a colorless liquid (1.67 g,

25 99%). 1H NMR (250 MHz, CDCl3)  8.00 (d, 2H), 7.39 (d, 2H), 3.91 (s, 3H), 3.47
(d, 2H), 2.25 (s, 6H). :

b) 4-(N,N-dimethylaminomethyl)benzoic acid lithium sait
The compound of Example 70(a) (1.67 g, 8.6 mmo}) was dissolved in
30 THF/HO (1:1) and LiOH*H,0 (0.39 g, 9.3 mmol) was added. The mixture was
stirred at room temperature for 0.5h, then taken to reflux for 1.5h. The mixture was
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PCT/ US96/ 18000 tenperature for 16h, the solution was diluted with
et hyl acetate, washed successively with water, saturated aqueous
sodi um bi carbonate, and brine. The organic |l ayer was dried (MgSOH4),
filtered and concentrated. The residue was purified by rﬁ%ﬂu -
chr onmat ograph&vq!gﬂﬁ’éa gel, nethanol /di chl oronet hane) to vyi e&gl sog%e
title conpound as a white solid (0.028 g, 12%. MS(ESI): 451.1 (MtH) .
Exanpl e 69 concentrattd @ﬂﬁfsﬁlv'b@ fh Z8mL of water and reconcentrated to yield a white solid
2-[N-(N-acetyl-L-al an nzyl ox rbon

| euci nyl ] car boh;ﬁ&ﬁ@zi‘&b‘iﬁlol N{VIR @ﬁb\ﬁbﬁ})‘g d@%ﬂé‘%@ @bl@;ﬁ“@ »68(b),
except substit uty %5 ﬁltql - L- al ani ne for N-acetyl -L-1 euci ne and
2-[ N-(N-benzyl oxy arbony | euci nyl )] car bohydrazi de for

2-[ N-(N-benzyl oxycar bonyl - L-al anyl )] car bohydr azi de, the title
conmpound was pre are Whi 05018 o 207 S(ESI): 473.1
(MeNa) [err]. 5) g[ﬁs (l\f'ibenzy]toxycar%ondl l(.(feucmyl)?Z I%IS[Q-(N,?@X anpl e 70

Pr epar ati on of H:xﬁéthjlhhﬂmmﬂiyl)kgmaylmmpﬁohydxhﬁdci nyl)]-2"-[N -[4-(N, N-

Z)(brogtrg%llhyﬁi E)gln%g%@ath l ";“"‘gg; °%%§&§&a%@tf®5%‘“ms%§€turat ed

sol ution of di W@lMﬁmmemynaéxﬁamhd lithiir salé For'N-hédeyl I leudie ARd2-[NAR-

sol ution was concentrated and the residue was partitioned between 1N NaOH

and et hyI beagylazyearvbonyt-Ldeuginyldcarbapydragide forsetN-benasloxyearbenybli- br i ne,

Compound as & o SBYIEkboREEit, BRULE SauRYlA g fropaefl P WIE Y Ml 1,

CDC [err]) [err]0.85m8 176). Ms(‘p‘sra 399MM+21)15' 3.91 (s, 3H), 3.47

2H), 2.25 (s, 6H). 4- (N, N- di met hyl am nonet hyl ) benzoi c aC|d
lithiumsalt The conpound of Exanple 70(a) (1.67 g, 8.6 muol)
was di ssolved in 30 THF/ H err] O (1: 1)EgmiijJ_C]—l*H[err]O(0 39 g, 9.3 nmmol)
was added. The mi stlrred at .2h, then
“taken to reflux f B SEA IO :

115 15

Following the procedure of Example 68(b), except substituting 4-hydroxy-3-
(4-morpholinomethyl)benzoic acid for N-acetyl-L-leucine and 2-{N-(N-
benzyloxycarbonyl-L-leucinyl)]carbohydrazide for 2-[N-(N-benzyloxycarbonyl-L-
alanyl)]carbohydrazide, the title compound was prepared as a white solid (0.065 g, .
20 26%). MS(ESI): 557.0 M+H)*.
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WO 97/ 16433
PCT/ US96/ 18000 concentrated. redissalved.in 25mM. of water—and—m .

reconcentrated to yield a white solid (1.6 g, 100% . [err]H NI\/R(400
MHz, CD[err]OD) [err] 7.94 (d, 2H), 7.36 (d, 2H) 3. 64(s, ) 235
(s, 6H). 5 ¢) 2-[ N-(N-benzyl oxycar bonyl - L-1 euci nyl )] - 2 ! N'

di met hyl am nomas $miled3enzoyl ) | | car bohydr azi de

procedure of Exanple 68(b), except substituting. 4-(N, N

di met hyl am nonet hyl ) benzoic acid lithi gﬁ salgtzé or N-acetyl-L-1eucine and
2- [ NF(N- benzyl oxycar bonyl L Ieu rbohydra2| de for

2-[ N- (N- benzyl oxycarfe&savdtioh of 1 A -beny ‘ . 4-(N

(MtH)[err]. :
Preparation of o-L-1 thyl es
2- [ N-(N-benyl oxfcarbon eucf% er]uc vF [N' [ 4- hydroxy-[3-(4- 15

mor phol i nomeshyl )]] béﬁzmqmnuspuhmodﬁonde (25 g, 0.14 moh was dispalvediine

(42 mor phol | noms Ry Aoispie FESHGH, Eonied o, B8 Pl 8 4,055 ol 445

benzyl oxycar bonyhr)lwds@daéd)ieh ha D3V RpRitiaH bEshokgine in toluene (0.18 mol, 92.7 mL)

2-[ N (N- benzyl oxycar boni/9 - L- al anyl%} car bohydrazide, the title
conpound was pr dyrseddedslowdy. tisting & 06 f05.2 hethe mixtursowas poppedantp 146057 o
(MeH) [err]. mL of 0.5 N Hel and 900 mL of ice. The organic layer was washed with 1400 mL

10  of 0.5 N Hcl and 900 mL of ice. The aqueous layers were extracted with methylene
chioride (450 mL) and the combined organic layers were washed with 1400 mL of
saturated brine and 900 mL of ice, then dried (MgSOy), filtered and concentrated.
The residue was distilled (56-58 °C; 0.78 mmHg) to provide the title compound as a
colorless liquid (20.4 g, 86%). 1H NMR (250 MHz, CDCl3) § 4.04 (dd, 1H), 3.82

15 (s, 3H), 1.92-1.72 (m, 1H), 1.69-1.62 (m, 2H), 0.96 (d, 3H), 0.94 (d, 3H).

b) 4-(N,N-dimethylamino)benzy! alcohol
To a stirring solution of the compound of Example 70(a) (1.63 g, 8.4 mmol)
in 25 mL of ether, cooled to 0 °C, was added dropwise a 1 M solution of lithium
20  aluminum hydride (8.4 mmol, 8.4 mL). After 5 min, the reaction was quenched by
the addition of water (0.33 mL), 15% aqueous NaOH (0.33 mL)) and water (1.0
mL). The precipitate was removed by filtration, washed with ether 2 times and the
filtrate was concentrated to provide the title compound as a colorless oil (1.36 g,
- 98%). IH NMR (250 MHz, CDCl3) § 7.32 (d, 2H), 7.28 (d, 2H), 4.68 (s, 2H), 341
25 (s,2H),2.22 (s, 6H).

c) N-[4-(N,N-dimethylaminomethyl)benzyloxycarbonyl}-L-leucine methyl
ester
A solution of the compound of Example 72(a) (1.0 g, 5.8 mmol) and the
30 compound of Example 72(b) in toluene (6 mL) was heated at reflux for 24 h. The
solution was concentrated and the residue was purified by flash chromatography on
117



116 WD 97/ 16433

PCT/ US96/ 18000 Preparati on of

2-[ NN (N-benzyl oxycarbonyl -L-1eucinyl)]-2"-[N -[4-(N, N

di et hyl am nonet hyI ) benzyl oxy] car bonyl - L- 1 euci nyl ] car bobydr azi de

[err]-isocyanato-L-|eucine methyl ester 5 L- | euci ester
hydr ochl or i deWPQB”ﬁ”O 14 nol) was dissolved in met hy|’3ﬁ’d£§é{%"|

(450 nL), cooled to OC, and pyridine (43.5 g, 0.55 nol, 44.5 L) vvas
added, then a lg®gofb30%400 imesh sﬁfcalg@loélﬁﬁﬁ?witﬂs 1ﬁﬂn&ﬁyleﬁé chidtide/ o)
was added slowy. After stirring at O [err]C for 2 2\ m xture was
poured into 14omovzdethetrﬂ_erempeu®4qamﬂemwgnmﬂﬂ3087%1: HNNR @080z | ayer

e were ext Bt 48] 2o e Yeies 100 20 e e ra A0 "

conbi ned or gani @, 2H) 2124 (sy6tD, mmm (mj, 2H), 142Qny 11 HR0.96 (d, 3H) 01941(83H). br i ne
and 900 ni ice, then dried (MgSO err]), filtered and concentrated.
The residue s distilled (56-58 [err]C, 0.78 mmHg) to provide the title

d
iR W e o i o

1.69-1.62 (m 2H), Goligwingthe wmwmﬂ(b) exoeptsub%wmng&*l [4-(NH}~I
4- (N, N- di et hy| t f
the conpound of SENERGH PO Myentony [ L leye i) Sl sl | o1 ©

cooled to O [er@q.ht-dmmbyhmmmm uﬂtsﬂmmunéwamPNPMa&mme

oy P e R B H R od M, Bl p S BB e o

. vvat er (1. 0 5.061dd, 2H}) 4. 101(66, 1)} 3&(s\2H), 2623 06H) 1.6D111 511 (&, BE, 0.9 ed
with ether 2 tipes gggﬁ#ﬁ filtrate was concentrated to provide the
& ess oil

title conpound (1.36 g, 98% . [err]H NMR (250 IHz,
CDCl[err]) [err]7. 32(d 2H), 7.28 (d, 2H), 4.68 (s, 2H), 3.41 25 (s, 2H),
2.22 (s, 6H).

N-[4- (N, N-di rreteay| a&%qummmkydanmuﬂ-mr-[mahe net hyl

(rans'r;[)fa; and t]ﬁe 30 co dﬁ?@@%ﬁ&]&%&%?ﬁ %ﬁﬁﬁ%&%?) ng ﬁeg{ eg' gt

reflux for 24 h. Th&o lowmgtbtb ofExampleiBth)s except substitnting N-Hs(NiNe was
purified by fl m&mﬁﬁgﬁyﬂ}ycarbonyﬂ-blwcme lithium salt for N-acetyl-L-

117
: leucine and 2-[N-(N-benzyloxycarbonyl-L—leucinyl)]carbohydrazide for 2-[N-(N-
benzyloxycarbonyl-L-alanyl)Jcarbohydrazide, the title compound was prepared as a
20  white solid (0.069 g, 18%). MS(ESI): 642.1 (M+H)*.

25 Following the procedure of Example 62(e) except substituting benzoyl
chloride for 4-phenoxyphenylsulfonylchloride, the title compound was prepared as a
white solid (61mg, 31%). MS(ESI): 442.1 (M+H)*.
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WD 97/ 16433 '
-PCT/ US96/ 18000 60 g of 230-400 _nesh silica gel eluting with 5%

~mefhanol 1n nmethylene chloride, to provide the title conpound as a
pale yellowoil (1.71 g, 87%. [err]H NWR (400 MHz, - CDCI[err]) [err]
7.31 (s, 4H), 5.13 (d, 1H), 5.10 (s, 2H), 4.41(m 1H), 3.74 (s, 3.43

(s, 2H), 2.24wo9m8es8, 1.70-1.62 (m 2H), 1.52 (m 1H, O. 96"%lls 000 5 94
(d, 3. 5 d) |

N-[ 4- (N, N-di net hyl am nonet hyl ) benzyl oxygar bini’] L-leucine lithiumsalt
Fol | owi ng the procedure of Exarrple 70( t substltutl ng N-[4-(N, N

di met hyl am nonet hyl ) lre&aydiio: Rdfbofd-10R RYLN . et hyl 4-
(N, N-di net hyl am nonet hy ot e t|t e corrpound Was prepared as a
white 10 solid (1.57 g, It et e r | OD) [err] 7.35
(d, 2H), 7.30 ( 2 thyl 3- 4_%1.&@ th hﬂmz&telo (dd lH) 3.48 (s, 2H),
.23 (d. 6H), 1(39H)"“5"'1y ¢ 6“' %’ 3H), 0.93 (d. 3H).

e) 2. [ N- ( B benzyl d»@obmwmo:phobm(qcm)g%mpﬂ)qdrmeww- 15

Fol Low ng 1 he peRomGPRS pEER) DAY, i s MRS B PRNARAR RFicor

di et hyl am‘ none B3Ry The solatidnoxgspaithionyd betivednastinyl acetdte ard wirers Fhe okganic
N acet yl - | euci n

d . .
2- [ N- (N benzyl o BRYERVBLY Qch&?’ﬁ‘y (Withxatefo SIS Aqneps NaHCQg, aad brine

benzyl oxycar bonyenldrigd gm g}?ﬁlt&%!ﬂlié&b&ﬁmédh@ ielddem&mmy(mhmegssmepar ed
as a 20 white soli , 189 MS( ESI g [7err
Exanpl e 73 10 mmol) ) ?99(s,lH)791( 1H), 7.55 (d, 1H),

2- (N-benzoyl) - 2743 aizrﬁ\l- g&yﬁﬁi%c’ar(gogﬁ#’ﬁlﬁ( “P 246$m,

| euci nyl )] car bohydr e heé p oc4ec?ure of Exanpl e
62(e) except substituting benzoyl chlorlde for

4-phenoxypheny| | fo Tﬁchl ri.de tit Ie onpound was prepared as a
white solid (61RY, 31 9(@1"@%?’5"5'51\ fil)[err].

118 To a solution of the compound of Example 74(a) (0.872 g, 3.72 mmol) in

15 THF (3 mL) and water (3 mL) was added lithiom hydroxide monohydrate (0.171 g,
4.08 mmol). After stirring at room temperature for 3h, the solution was
concentrated. The residuve was redissolved in water (5 mL) and 3N HCI was added
and the solution was lyophilized to yield a yellow solid (0.822 g, 3.72 mmol).
MS(ESI): 222.0 (M+H)*.

20
c) 2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2"-[N-[3-(4-
morpholinomethyl)benzoyl}jcarbohydrazide

Following the procedure of Example 68(b), except substituting 3-(4-
morpholinomethyl)benzoic acid for N-acetyl-L-leucine and 2-[N-(N-
25  benzyloxycarbonyl-L-leucinyl)jcarbohydrazide for 2-[N-(N-benzyloxycarbonyl-L-
alanyl)jcarbohydrazide, the title compound was prepared as a white solid (0.056 g,
20%). MS(ESI): 541.0 (M+H)*.
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PCT/ US96/ 18000 Exanpl e 74
Preparation of 2-[N (N-benzyl oxycarbonyl-L-leucinyl)]-2"-[N -[3-(4-

nor phol i nonet hyl ) benzol y] ] car bohydr azi de a) met hyl

3- (4- nor phol i nonet hyl ) benzoate 5 A sol ution of norpholi é 836 g,
9.6 mml) and Wi 3- (bronomet hyl ) benzoate in THF (%CW

(5 nm.) was stirred at 50 [err]C for 3h. The sol uti on was partrtroned
bet ween et hyl acetate and water. The or ' | ayer was washed
successively with water, sat ur at ed aque%@% err] and brr ne t hen
dried (MySQ err]), Exepanage enziloxybenzoyl}-2'-[N's : ayl-Ioi |

(0.872 g, 3.72 10 mmol). [err]H N 0 1\ [err]) [err] 7.99 (s,
iH), 7.91 (d, 1H), 7.55 (d, 1H), : IZids  "3.94 (s, 3H). 3.72 (m
4H). 3.53 (s, 2). 2méfyl Sberdloxybenzoate

3-(4-nor phol | orreth benzoi ¢ ac To sol utron of the
corrpoundpof anpl eyg‘éezi)‘ P("ﬁs@ﬂé%""@%m7 ﬁ@" inBME wat er
(3 nL) was addeq0 iljivesadard meity . 658 riimol). Aﬁeréhrﬁﬁg mol ) .

After stirring at roomterrperature r 3h t he so ution was
concentrat ed. THE 158ainatwopismperatuse, beazylibromidel drg, 6558 memol) mas 3ddedCl  was

o 972 ol ) Aner st i G5 1 88 il s pai e Bhia iyl 0 57

2-N- (N benzyl oAsetale ansinyaten. 'll'hsmgfan’;dl;tjerWas fwiashefl SeithAvater (2 X 75 mL), saturated

orobedur o of? Ex B iink] GELBING AEHR, pep g tgsper Bl i ' 7°

mor phol i nonet hy bgrivemtratédcto yieldiarf off-whkin celid/(1- mslgemrmﬁomnmammm

2T (N bonzy! o DELTHE! G 26 Rl ke .t 1246, 28003 851 90

conmpound was prepared as a white solid (0.056 g, 2099 . MS(ESI): 541.0
(M-H) . 119
b) 3-benzyloxybenzoic acid
15 To a solution of the compound of Example 75(a) (0.400 g, 1.65 mmol) in

THF (2 mL) and water (2 mL) was added lithium hydroxide monohydrate (0.076 g,
1.82 mmol). After stirring at reflux for 5 h, the solution was partitioned between
ethyl acetate and 3N HCl. The organic layer was washed with brine, dried
(MgSOy), filtered and conceatrated to yield a white solid (0.355 g, 1.56 mmol). I1H

20 NMR (400 MHz, CD30D) 8 7.58 (m, 2H), 7.36-7.24 (m. 6H), 7.10 (m, 1H), 5.04
(s, 2H).

c) 2-[N-(3-benzyloxybenzoyl)]}-2"-[N'- (N-benzyloxycarbonyl—L—
leucinyl)Jcarbohydrazide

25 Following the procedure of Example 68(b), except substituting 3-
benzyloxybenzoic acid for N-acetyl-L-leucine and 2-[N-(N-benzyloxycarbonyl-L-
leucinyl)]carbohydrazide for 2-[N-(N-benzyloxycarbony}-L-alanyl)jcarbohydrazide
the title compound was prepared as a white solid (0.062 g, 25%). MS(ESI): 548.1
(M+H)*.

30

£ 4
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PCT/ US96/ 18000 Exanple 75

Preparation of 2-[N-(3- benzyl oxybenzoyl )]-2'-[ N -(N-benzyl oxycar bonyl -

| euci nyl )] carbohydrazi de a) met hyl 3-benzy|oxybenzoate 5

To a suspension of NaH (0.395 g, 9.87 mol, 60%in m neral C.) I n DIVF_

(20 nL) was aewest/gashyl 3- hydroxybenzoate (1.0 g, 6.58 nmplBCIAREA§000

stirring for 15 min at roomtenperature, benzyl bromde (1.1 g, 6.58

mol ) was added. After stirring gt roomtenperature for 3h, the
E‘-‘mm’?g-%acet ate and water. The

solution was partiti oned bet ween et hyI
organi c | ayer was g i -

sodi um bi car bonat e,
concentrated to yield an St [err]H NWR

(400 M, 00 sk L[bgnmﬂ.mznﬁymogmogz e m OH) . 710 (m

1H), 5. 12 (s, benzyl oxybenzoic acid 15
To a sol uti oA of theTmmoﬁme@WY@Mmlmﬁés ek 3nmol ) in

o 0L 50" ikl Bt (6T &7 bidBh e AR (1 Bt £ 00

partitioned bet mﬂ)athIndmmomémder@wm:soﬁbylazgﬁwmﬂymm was
hed with b filt d and trated t | d
A te solid (1338 &E7 mmo. A Niok fonle 5 sSom aneiBs® fSoRBR 84 | )

err] 7.58 (m até®and thé rdsitlu f'edBl hidha il (s, 2H).
E:) ]2 [N-(g} be%lzi%/elcgt%,/benzoyl“(s eﬁiﬂl ls\(l-béf]ﬂzﬂyﬁ Oxgggéglgﬁ(ls_mage,( K

| euci nyl )] cdPbo g@methane) to P&M GFithe copouy %@W}Yé%ﬂ(@%ﬁ'pﬁ 2

68(b), except sq‘gﬁ 3238.1 ( M.,.H?egnzyl oxybenzoic acid for
N-acetyl - L-1 euci ne and &I— N- benzyl oxycar bonyl -

_IeUC|nyI)]carbohydraZ|de for

2- [ N- (N-benzyl oxycar - L ear | Lde. . the title
conpound was pr)é%ar egqukyﬁ@%ﬁ{ W@gﬁéb&ggﬁm MS(ESI): 548.1
(MtH)[err]. 30 Following the procedure of Example 74(b) except substituting meili¥) 4-[3-

WO 97/ 16433
PCT/ US96/ 18660 (N,N-dimethylamino)- 1-propyloxyJbenzoate for methyl 3-(4- Exanpl e 76

morpholinomethyl)benzoate, the title compound was prepared as a tan solid (1.17 g,
5.2 mmol). MS(ESI): 224.1 (M+H)*.

c) .2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2'-[N'-[4-[3-(N-N-dimethylamino)-
20 1-propyloxylbenzoyl]jcarbohydrazide
Following the procedure of Example 68(b), except substituting 4-[3-(N,N-
dimethylamino)-1-propyloxy]benzoic acid for N-acetyl-L-leucine and 2-[N-(N-
benzyloxycarbonyl-L-lencinyl)Jcarbohydrazide for 2-[N-(N-benzyloxycarbonyl-L-
alanyl)]carbohydrazide, the title compound was prepared as a white solid (0.060 g,
25 21%). MS(ESI): 543.1 (M+RH)*.
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Preparati on of 2-[N- (N benzyl oxycarbonyl-L-leucinyl)]-2"-[N -[4-[3-(N-N

di_ met hyl am no) - 1- pr opyl oxy] benzoyl ] ] car bohydr azi de a) nmet hyl

4-13- (N, N-di met hyl am no) - | - propyl oxy] benzoate 5 To a sol ution of
met hyl 4-hydroxybenzoate (1.0 g, 6.58 mmol), 3-

di metyl am no- 1- propanol (1.01 g, 9.87 mol ), and triphenylp ' :6 g,
9.87 mPO)74e43¥[ err]C in THF (20 nL) was added dropw se ||§gag§0(2)pyl
azodi car boxyl at e (1.99 g, 9.87 mmol ). After stirring for 16 h at room
tenperature the solution was CO”CQB%ﬁﬁEE# and the residue purified by
col um chronatography (5|I|ca gel , 10 nethanol/dichl oronethane) to yield
the title conpound Breparationi Ne(-benzvioxvbenzovh]-2'-(N'-(N-benzyloxyvcarponytds ) -

238.1 (MtH)[err]. b) 4-13 q;n | ~.'no) 1- propyloxy]ben20|c
acid Fol | owi ng the proCedau 4(b) except

substituting nethyl 4F¢l&wm§mememlmtﬁ1;dnxpi¢ﬁ%(b).§xq§p btsuypigonzoat e f or

o epared as ot alEBORPRREoR g0 1ot NI Bufing b2 Hiodvef ARSI )

c) leucinyl)]carbohydrazide for 2-[N-(N-benzyloxycarbonyl-L-alanyl)]carboh drazide,

2-[ N- (N-benzyl oxycar bonyl -L-1 eucin N- hy, no)- 20
1- pr opyl oxy] benz#tj¢ $qmpgund mm&a@ “’hm" °1’d (Bﬁéég'lé%)nég#&ghpr%ggdure of
Exanpl e 68(b), exggRy+ substituting 4-[3- (N, N-

di met hyl am no) - 1- propyl oxy] benzoi ¢ acid for N-acetyl-L-leucine and 2-[ N (N
benzyl oxycar bonyl - L- | euci nyI )] car bohydrazi de for - '

2-[N- (N benz¥¢)oxycar bonyl - al anyl(%&@g{?%hydr azide, the title

conmpound was prepared as a Whl te solid , 25 21%. I\/B( ESI)
543. 1(M+H)[err]. Preparati 1-L-leucin 4
WD 97/ 16433

PCT/ US96/ 18000 mﬂmmwmmﬁmm%anm e 77
Preparation of 2a) N- (geth9l¥piidinyimetoxybehzodte [ N - (N-benzoxycar bonyl -

Following the procedure of Example 76(a) except substituting methyl 3-
15  hydroxybenzoate for methyl 4-hydroxybenzoate and 4-pyridylcarbinol for 3-
dimethylamino-1-propanol, the title compound was prepared as a yellow solid
(0.599 g, 2.5 mmol). MS(ESI): 244.1 (M+H)*.

121

b) . 4-pyridinylmethoxybenzoic acid

20 Following the procedure of Example 75(b) except substituting methyl 4-
pyridylmethoxybenzoate for methyl 3-benzyloxybenzoate the title compound was
prepared as a yellow solid (0.386 g, 1.69 mmol). 14 NMR (400 MHz, CD30D) §
8.54 (d, 2H), 7.64 (m, 2H), 7.57 (m, 2H), 7.40 (m, 1H), 7.26 (m, 1H), 5.24 (s, 2H).

25 o 2-[N-(N-benzyloxycarbonyl-L-leucinyl)}-2'-[N'-[3-(4-
pyridylmethoxy)benzoyl]jcarbohydrazide
Following the procedure of Example 68(b), except substituting 4-
pyridinylmethoxybenzoic acid for N-acetyl-L-leucine and 2-[N-(N-
benzyloxycarbonyl-L-leucinyl)}jcarbohydrazide for 2-[N-(N-benzyloxycarbonyl-L-
30  alanyl)]Jcarbohydrazide, title compound was prepared as a white solid (0.219 g,
67%). MS(ESI): 549.1 M+H)*.
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| euci nyl )] car bohydr azi de Fol | owm ng the procedure of Exanple
68(b), except substituting 2--.. 5 benzyloxybhenzaic acid for
N-acetyl -L-1 euci ne and 2-[ N- (N benzyl oxycar bonyl - L-

| euci nyl )] car bohydrazi de for

2- [ N (N- benzyl oxycar bonyl - L- al anyl )] car bohydr azi de, title conpound was
prepared as awhormsasol i d (0.056 g, 23%. MS(ESI): 548.1 PCT/RRSAPU0, | .
10 Exanple 78 Preparation
of 2-[N-(N-benzyl oxycarbonyl -L-leucinyl)]-2"-[N -[3-(4-

pyri ndyl met hoxy) benzoyl ] ] car bohydr azi de a) met hyl '

4- pyri di nyl met hoxybenzoat e MExatpleiZ9 t he procedure of Exanple
76(a) except substi ' 3 hyl

~JC 1] 1OA YAl DU -3~

4- hydr oxybenzoat e aRERARIRNQL LN e, '

di net hyl am no- 1- propanol, the titl e sefRDltathowrdradidecpar ed as a yell ow solid

(0.599 g, 2.5 nmmol ). MS(ESI): 244.1 (MtH)[err]. b) L

4- pyri di nyl mef hoxybenbellawing the pposedure of Example R {p(e)sxcent sehstinyiag greth¥k anpl e

75(b) except subgty | 1 2. ' is GRimEL met hyl
iﬂgﬁn{b&&%ﬂhﬁgh %3}!%?%% kég)ﬂ)? 5m¥3f\.ind

3- benzyl oxybenzoat e titlhe conmp repared as a Xe ow solid
(0.386 g, 1.69 nmsrmp{mdaqa—wblmidmlm,”@fh[&l&?&& a8t (M+H)*. 8.54 (d,
2H), 7.64 (m 2H), 7.57 (m 2H), 7.40 (m 1H), 7.26 (m 1H), 5.24 (s, 2H).
25 ©c¢) 2-[ N- (N-benzyl oxycar bonyl -L-leucinyl)]-2"-[N -[3-(4-

pyri dyl met hoxy) benzoyl ]] car bohydr azi de Exampje 80 Fol | owmi ng the procedure
of Exanpl e G%b), except s : ing 4- ¥ri di el hoxybenzoic acid
for N-acetyl *1-| ereFPRR s RAREIL ALt LLeUCH Xy
benzyl oxycar bonyl - L- | euci nyl ) ] camp@isdbeazove ide
2-[ NN (N-benzyl oxycarbonyl -L- 30 al anyl) ] carbohyo de, title conpound was
prepared as a whdke sBfthyl 3-hydroxy-3rmethioxybengoatey ~ \S(ESI): 549.1 (MeH)[err].

122 WO 97/ & Gfipension of methyl 3,5-dihydroxybenzoate (2.0 g, 11.9 &tg?%l K9CO3

PCT/ US96/ 18000
Preparation of 2¢168.(14-9xemel) andjivdametheny (1.2, | B8 mmollis aestoan 0@ mBo s - L-
leucinyl)] Caigj()hytﬂfeﬁﬁ gﬁux. After stitring for three hours the mixture was partitioned between

cthyl acetate and water. The organic layer was washed with brine, dried (MgSOy),

filtered and concentrated. The residue was purified by column chromatography to

yield the title compound as a white solid (0.813 g, 4.4 mmol). 1H NMR (400 MHz,

CDCl3) 7.16 (m, 1H), 7.12 (m, 1H), 6.61 (m, 1H), 5.04 (s, 1H), 3.91 (s, 3H) 3.82
20 (s, 3H).

b) methyl 3-benzyloxy-5-methoxybenzoate
Following the procedure of Example 80(a) except substituting methyl 3-
hydroxy-5-methoxybenzoate for methyl 3,5-dihydroxybenzoate and benzyl bromide
25  for iodomethane, the title compound was prepared as a tan oil (1.2 g, 4.4 mmol).
1H NMR (400 MHz, CDCl3) 8 7.45-7.31 (m, 6H), 7.24 (s, 1H), 6.76 (m, 1H), 5.09
(s, 2H), 3.95 (s, 3H), 3.84 (s, 3H). '

c) 3-benzyloxy-5-methoxybenzoic acid
30 Following the procedure of Example 75(b) except substituting methyl 3-
benzyloxy-5-methoxybenzoate for methyl 3-benzyloxybenzoate, the title compound
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5 Fol |l owi ng the procedure of Exanple 75(a)-75(c) except substituting
nmet hyl 4- hydr oxybenzoate for nethyl 3-hydroxybenzoate in step (a),
the title conpound was prepared as a white solid (0.160 g, 49%.
MS(ESI): 548.1 (MtH)[err]. 10 Preparation of

2-[ N-(N-benzy] onyl-L-leucinyl)]-2"-[N -(3-benzyl oxy-

nmet hoxy) benzo ?ﬂ’%@%ghydr azi de a) nmet hyl FeTrussensen

3- hydr oxy- 5- net hoxybenzoat e A suspensi on of et hyl

3, 5-di hydr OXybewgfe@a:(eaaQaﬂo s%hm(fphc) Mﬂiﬁdﬁq}mlﬂk(zmomlz(éD@l%é 11.9

mmol ), and i odonet hane . in acetone (100 nL) was
stirred at refl dX2-7:2Q an. 7&)»3?1(19 D 5%(%8"‘&-03#% st ni xture was

partitioned between et hyl acetate and water. The organic |ayer was
washed with brine, dried (MgSO err]), filtered and concentrated. The

resi due was pur id)i edZW-(bbbmylomemybbdwphyl)]-z‘- -(3-benzylokytSt he title
conpound as argéh . mml) [err]H NVMR (400 MHz,

CDCl [err]) [ e‘j)?’ hﬁ 6.61 (m 1H), 5.04 (s, 1H),
- 3.91 (s, 3H) 3 82 20Follgwing e procedure of Ebample 68(bf) ekcept substituting 3-benzyloxy-

3-b | 5- met hoxyb te q f
Exaﬁglzg g)(;{a) gsé%%')ﬂ(g Egégﬁ’tﬂﬂq%Nnﬂ?FW&L‘lycmemg\aﬂMWrOce RO% C)'enzoate
for methyl 3,5- wutew)}amﬁymﬂaa@foa@qnmelbiﬁmb@ﬁy@aaﬁﬂichne,

the title conpound Wwas prepared as a tan oi g

[err]H NNR (4oonwmmgdmspyepm[edpsfwmngokd L0} gy 5%%) MI(ESD: 5I8.01H), 6.76
(m 1H), @ 3.95 (s, 3H), 3.84 (s, 3H). c)

3- benzyl oxy mg\tdho%ybenzm c acid 30 Fol | owi ng the procedure of
Exanpl e 75(b) except substituting nethyl 3-

benzyl oxy- 5- met hoxybenzoate for nethyl é Eﬂﬁl oxybenzoate, the title

conpound 123 WO
97/ 16433 Preparati - , : zyloxy-4

PCT/ US96/ 18000 Was prepared as an orne “sql i d (1. 14 g, 4.4 mmol).
[err] HNVR (400 Mz, CDOl [err]) Simethoxyibenzoviicaibohydegide v, 71 " 6.71 (m 1H),
5.05 (s, 2H)5 3.80 (Polio¥illg the procedure 6? Example 68(b) except substituting 3 benzyloxy-

2- [ N (N-benzyl oxgcar bonyl -L-1 euci nyl enzbyl Qxy- f

met hoxy) benzoy! # wb&gpgreamd for -acetyl—L-lwcme and 24 -(N-benzyloxycarbonyl—

L-leucinyl)]carbohydrazide for 2-[N-(N-benzyloxycarbonyl-L-
alanyl)]carbohydrazide, the title compound was prepared as a white solid (0.155 g,
43%). MS(ESI): 607.9 (M+H)*.

Following the procedure of Example 80(a)-80(d) except substituting
25 iodoethane for iodomethane in step (a), the title compound was prepared as a white
solid (0.162 g, 46%). MS(ESI): 592.3 (M+H)*.
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FoII owi ng the procedure of Exanple 68(b), except substituting 3-benzyl oxy-

5- net hoxybenzoi c_acid for N;acetvl | -leucine and

2-[ N (N- benzyl oxycar bonyl - | euci nyl )] car bohydr azi de for

2-[ N- (N-benzyl oxycar bonyl - L al anyl )] car bohydr azi de, title conpound
was prepared as a white solid (0.201 g, 59%. MS(ESI): 578.0 10 )
(MtH) [err].  wo9716433 Ex anp| RETGI896/18000
Preparati on of

2-[ N- (N-benzyl oxycarbonyl - L-1eucinyl)]-2'-[ N -{3-benzyl oxy-4, 5-

di met hoxy) benzoyl ] car bohydra2| de 15 OWI ng t he procedure of
Exanpl e 68(b), eRrgpibrion ) : CREAAVR '

acid for N-acetyl - -I euci ne and
. L-1eucinyl)]carbohydrazi de for 2-[#§

~al anyl')] carbohydr azi gg ‘E@ ‘;,%%95% “ — %s@ﬁﬁgg&hi te solid
(0.155 g, 430 TOREYHE Rl
Exanple 82 5 benzylyxygarbenyiglycing for N-acetyl-L-leucme and 2-[N—(N-benzyloxycarbony1_

e R P S

et hoxy) benzoyl ] car procedure of

Exanpl e 80(a) - swyl)hmmmmmenmmdmwwammm e in
Ztéoe/g) (ﬁ/)S( EtSIh)e. ti gé&g L}{ g?ﬁmpfﬁ_gar ed as a white solid (O. 162 g,

I

124 WO 97/ 16433

PCT/ US96/ 18000 Exanpl e 83
Prepar at i on 18f Example 84

2-[ N-(N-benzyl oxycg . N Belnird. o N1B

L- Ieu0|nyl)]carbohyor - A
68(b), except substituting N qagdey | gl yci ne for

N-acetyl - L-| euc je a |1M?£ N tagg}d

L- I euci nyl )] car ohyd?gxgl%d xgi %]@J(lﬁﬁeinmy oxycar bonyl - L-

al anyl ) ] car bohydr azi Ballowtitpethe ptdcedure of Bxamible\62(bp62{dexeept aabstituting needsd! i d
(0.204 g, 15  3-benzyloxybenzoate for N-benzyloxycarbonyl-L-leucine methyl ester in step (b),

the title compound was prepared as an off white solid (0.421 g, 67%). MS(ESI):
301.1 M+H)*.

b) 2-[N-(3-benzyloxybenzoyl)}-2'-[N'-(N-benzyloxycarbonyl-L-
20 prolinyl)jcarbohydrazide
Following the procedure of Example 68(b), except substituting N-
benzyloxycarbonyl-L-proline for N-acetyl-L-leucine and 2-[N-(3-
benzyloxybenzoyl)Jcarbohydrazide for 2-[N-(N-benzyloxycarbonyl-L-
alanyl)Jcarbohydrazide; the title compound was prepared as a white solid (0.219 g,
25 62%). MS(ESI): 532.0 (M+H)*.
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65% . MS(ESI): 529.2 (MtH)[err]. 10 Exanpl e 84
Preparation of 2-[N-(3-benzyl oxybenzoyl )]-2"-[ N -(N-benzyl oxycar bonyl -
prolinyl)]carbohydrazi de

2-[ N- (3-benzyl oxybenzoyl )] car bohydr azi de Fol | ow ng the
procedure of Exanple 62(b)-62(d) except substituting nethyl ‘,].5.

3- benzyl oxybeWOPHe433 or N- benzyl oxycar bonyl - L-| euci ne net hyl 18000 st ep
(b), the title conpound was prepared as an off white SO|Id (0 421 g,
67% . MS(ESI): 301.1 (I\/H—l)[err] b) '

2-[ N-(3-benzyl oxybenzoyl)]-2'-[ N - (N benz |

2 oxycarbonyl L- 20
prolinyl)] carbohydr azikieparat >3 pCHY R -l
68(b), except substituting N , WoMaricy:1 prollnefor
N-acetyl -L-1 euci ne and 2-[ N-( 3- 7yT OXyDENZoy car bohydrazi de for
2-[ N- (N-benzyl oxycar lﬁuﬂpmng-theprocedumnﬁﬂ kfﬁﬁmymmdbsmmm%l tle
compound wels r ey o 855 Tof 01 182 e LAk o3 ony iBRSH L. | 5320
\IQIC)T/Q l7J/S ég;‘rigooo leucinyl))carbohydrazide Igor 2-[N-(N-benzyl?xycarbonyl-L-alanyl)]carbohydrazxde
reparation o
2-[ N- (N- benzyl ox‘ye&ﬂbmm‘ﬂd%ﬁWPQw b s0lid0.224 g, 71%). MS(ESI): 554.2
phenyl phenyl acet@‘ gar bohydr azi de Fol | owi ng the procedure of
Exanpl e 68(b) cept’ substituting 4- 5 biphenylacetic acid for
N-acetyl -L-1euci ne and 2-[ N-(N-benzyl oxycar bonyl -

~leucinyl)] caﬁjohydrazi de for
2- [ N (N- benzVyl oxycar bonyI L- aI anyl )] car Mi de,

Exanpl e

Following the procedure of Example 68(b), except substituting (S)-N-

benzyloxycarbonyl-2-aminobutyric acid for N-acetyl-L-leucine and 2-[N-(3-

15 benzyloxybenzoyl)jcarbohydrazide for 2-[N-(N-benzyloxycarbonyl-L-
alanyl)Jcarbohydrazide, the title compound was prepared as a white solid (0.244 g,
70%). MS(ESID: 520.3 (M+H)*.

To a stirring solution of carbohydmzxde 0200 g, 2. 22 mmol) in DMF (12
mL) was added 4-biphenylacetic acid (1.04 g, 4.89 mmol), 1-hydroxybenzotriazole
(0.060 g, 0.444 mmol), and 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (0.937 g, 4.89 mmol). After stirring at room temperature for 16 h,
25  the solution was poured into 150 mL of water. The precipitate was filtered and
washed with water (150 mL) and dried under high vacuum to yield the title
compound as a white solid (0.977 g, 92%). MS(ESI): 501.1 (M+Na)*.
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the title conpound was prepared as a white solid (0.224 g, 71% . MS(ESI):
- 554, 2 (MtNa)[err] . 10 Preparation_af
(2"S)-2-[N-(3-benzyl oxybenzoyl )]-2'-[ N - (N-benzyl oxycar bonyl -
Fol I owi ng the procedure of Exanple 68(b), except substituting (S)-N
benzyl oxycar bonyl - 2- am nobutyric acid for Nacetyl-L-1eucine and 2-[N-(3-
15 benzyl oxylweosmsadscar bohydrazi de for 2-[N- (N benzyl oxycar BEHPHB{1
al anyl )] carbohydrazide, the title conpound was prepared as a white solid
(0. 244 q, 70% . MS(ESI): 520.3 (M err
Exarrpl e 87 20 Pr epar at| on of Eﬁmp&.&

-[N, N -[Dbis-(4-ghe RofiyI'R

m.) was added 4-bi phenyl acet i @i ikiqtas

- hydr oxybenzot ri azol gsq ﬁ@& m ex%éﬁsubstl

1- (3-di net hyl am noprop?ylmfvm | car bod| | tt)); ydrochl or| ée (0.937 g,
4.89 mol). /-ﬁtarhesxlphqnm@qunmdtfenveacawbéw%mw@s t he sol ution

ﬁ:hggu\r/\ne?hl %?e&%f%m {"5 Q@%dﬁ’ﬁ gﬁgv ug?ndew&gf e t|tIe

conpound as a whildnyl)jcattioliydreziéd] thegitle Spfipound3¢dsireparssis a]wt(iMsbla) (0ci83]g,
126

Pey US96118000 3% MSEST: 5658 MHNT on of

(2'RS)-2-[ N-(N-benzyl oxycar bonyl -L-1eucinyl)]-2"-[2-(4-

phenyl phenoxy) pr opi onyl ] car bohydr azi de Fol I owi ng the procedure
of Exanpl e b), except substituting ZEM phenyl phenoxy) propi onic acid
for N-acetyl-L-1eucine an _[N- (4

- benzyl oxycar bonyl - L-1 euci ny car bohydrazi de tor
2-[ N-(N-benzyl oxycar bonyl -

Following the procedure of Example 68(b), except substituting 4-
methylpentanoic acid for N-acetyl-L-leucine and 2-[N-(3-
15  benzyloxybenzoyl)jcarbohydrazide for 2-[N-(N-benzyloxycarbonyl-L-
alanyl)]carbohydrazide, the title compound was prepared as a white solid (0.079 g,
30%). MS(ESI): 399.3 (M+H)*t.
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al anyl )] carbohydrazide, the title conpound was prepared as a white solid

(0.183 g, 73% . MS(ESI): 562.3 (MtH)[err]. 10

Exanpl e 89 Preparation of

2]: [ EI—X(B- Fen(zsyl gxybenzoyl )]-2"-[N -(4- Fol | owi ng the procedure
o] anpl e 68 , _except substituting 4- met hyl pent anoi lo618006
N-acetyl -L-1 e&d?‘?@‘?ﬁd 2-[N-(3- 15 Dbenzyl oxybenzoyl)]car bohydra;idlgie for

2-[ N (N- benzyl oxycar bonyl - L- al anyl )] carbohydrazide, the title

conpound was prepared as a white solid (EafpR 90 30% . MS(ESI): 399.3
(M) [err] . , ' )
- 127 WO 97/ 164kreparatic

PCT/ US96/ 18000 i Exanpl e 90
Preparation of (2RS, 2'RS)-2, 2 | ﬁ Hu| gl S- % i E pﬁenyi phenyl) - 4-
a) 4-methyl-2-(4-phenylphenyl)pent-4-enoic acid

vhenyl }-4

5 To a stirring solution of diisopropylamine (0.537 g, 5.31 mmol) in THF (5.2
mL) at 0 °C was added n-butyllithium (2.1 mL, 5.22 mmol, 2.5M in hexane) _
dropwise. After stirring for 15 min at O °C, the mixture was cooled to -78 °C and a
solution of 4-biphenylacetic acid (0.500 g, 2.36 mmol) in THF (2 mL) was added
dropwise. After again warming to 0 °C and coolling to -78 °C, 3-bromo-2-

10 methylpropene (0.485 g, 3.54 mmol) was added to the mixture in one portion. After
stirring at -78 °C for 1h, the reaction was quenched with 2 mL of water then
concentrated. The residue was redissolved in water and extracted with ether (100
mL). The aqueous layer was acidified (3N HCI) and extracted with ether (3 X 100
mL). The organic layers were combined, dried (MgSOy), filtered and concentrated

15 to yield a white solid (0.449 g, 72%). MS(ESI): 265.3 (M+H)".

b) 4-methyl-2-(4-phenylphenyl)pentanoic acid
To a stirring solution of the compound of Example 90(a) (0.449 g, 1.69
mmol) in ethyl acetate (25 mL) was added palladium on carbon (0.225 g). After
20 stirring under a balloon of hydrogen for 16h, the mixture was filtered through
| Celite. The filtrate was concentrated to yield an off white solid (0.430 g, 95%).
MS(ESI): 267.4 (M+H)".

c) 2RS, 2'RS)-2,2'-[N,N'-[bis-[2-(4-phenylpbenyl)-4-
25  methylpentanoyl)]]}carbohydrazide
Following the procedure of Example 87 except substituting 4-methyl-2-(4-
phenylphenyl)pentanoic acid for 4-biphenylacetic acid, the title compound was
obtained, after purification by column chromatography (silica gel,
methanol/dichloromethane), as a white solid (0.143 g, 33%). MS(ESI): 591.3
30 (M+H)Yt
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a) 4- et hyl - 2- (4- phenyl phenyl ) pent-4-enoic acid 5 To a
stirring solution of diisopropylamne (0 537 g 5 31 mol) in-TH—{5—2—
mJat OJlerr]C was added n-butyllithium (2.1 nL, 5.22 mol, 2.5Min hexane)
dropwi se. After stirring for 15 mn at O [err]C, the m xture was cooled to
-78 [err]C and a sol ution of 4-biphenylacetic acid (0.500 2. 36
nmol ) in THF wd9rhsdasvas added dropwi se. After again HFN?@"{“B""

Oferr]C and coolling to -78[err]C, 3-bronp-2- 10 nethyl propene (0.485 g,
3.54 mvol ) was added to the m'xturein%ne @o&ﬁion After stirring at
th 2 m_ of water then

-78 [err]C for Ib, the reactlon was que
concentrated. The rmgs 1821 © RS ,
(100 m.) .
- ether (3 X 100 BNYAPRERY-C APEqlis
(MgSg err]), filtere ﬁ,l id (0.449 g,
s v al ) b 3Ckzda§|_6rfgqﬂ9ﬁi&éd%}§t§éémpié6%)eéﬁeﬁm g m
4- et hyl - 2- (45phgwylphmyy)pgmm%rycml-meucmeandZ-INf@Ta stirring

thyl. acetat o ( VRRAESny TR Blydidt s AN N pgyioryeafRIL -

stirring under adagllj]cm}g&mbmd,rmﬁe domipoilfixiwad preparedcdsiarvehitocsolid (OlHrgd

t hr ough Celite. ;&% kggbﬁﬁ%s concentrated to yield an off white
solid (0.430 g, 4¥%k) MS(ESI): HD%67. 4 (MH) - c)  2RS,
2'RS)-2,2'"-[N,N - [bIS [ 2- (4- phenyl phenyl ) -4- 25

nmet hyl pent an;él )11] carbohydrazi de Fol | ow ng the procedure of
Exanpl e 87 eXtept subst ftuti ng 4- met hyI w phenyl phenyl ) pent anoi ¢
acid for 4-bi phen PR BEHRE -(4-phen9iphérvhedl,

after purification py
nmet hanol / di chl or onet hane) ,

mthylpentanavi 1) 33% MB(ESI) :
\3;\% 9(7}\/??4%? T Following the procedure of Example 68(b), except substituting 4—mét?r$?1
PCT/ US96/ 18000 (4-phenylphenyl)pd?llahpﬂ:raaidl forNeatetyl-L-leucine and 2-[N-(3-
(2'RS)-2-[N-§5N enz car nI-LIe
phenyl phenyl 4%?@‘?% Bﬁ?ﬁﬂ' %¢?§%J§Z(P2%e"m°x§c%rb%y]b Fol | owi ng the

procedur e of Exaaaiyg]&aidnydraﬁaaem title-conipoynd Rasptepared as a white solid (0.195 g,
53%). MS(ESI): 551.1 M+H)*.

591. 3

leucinyl)]e
Following the procedure of Example 68(b), except substituting N-
benzyloxycarbonyl-N-methyl-L-leucine for N-acetyl-L-leucine and 2-[N-(3-
benzyloxybenzoyl)jcarbohydrazide for 2-[N-(N-benzyloxycarbonyl-L.-
25  alanyl)]carbohydrazide, the title compound was prepared as a white solid (0.341 g,
'91%). MS(ESI): 562.2 (M+H)*.
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5 phenyl phenyl ) pentanoic acid for N-acetyl-L-1eucine and 2-[ N (N
benzyl oxycar bonyl - L-1 euci nyl )] car bohydrazi de for -
2-[ N (N- benzyl oxycar bonyl - L- al anyl )] carbohydrazide, the title
conmpound was prepared as a white solid (0.111 g, 429% . MS(ESI): 588.1
(MrH) [err]. 10 Exanpl :
Prepar ati on oWQWIRIP- 2 [ N- (3- benzyl oxybenzoyl )] - ctussesn

-[ N -[ 2-(4-phenyl phenyl) - 4- Fol | owi ng the procedure of
Exarrpl e 68(b), except substituting 4-nme
(4-phenyl phenyl ) pentanoi c_acid for N-acety -L-1euci ne and 2-T'N-(3- 15
benzyl oxybenzoyl )] car bohyRsepesation of henzvioxybenzoyldle 2N -ANrfr| - | -
al anyl )] car bohydrazi de, th ' a,White solid
(0.195 g, 539% . M5(
Exanple 93 20 dyr epa'i-e‘z-pmmn;ﬂmethoxycarbonyl)-L-leucme methyl ester

2-[N-(3-benz onyben N- rbo | -

L- | euci nyl )] bohyd?ﬁéﬁ?ﬁié’g%helgmcd&e °%3‘8?5P%&ﬁ°3 5‘?‘%%%@ g of Exanpl e
%é?étyfxief’éuiw. e BN (e “‘W’*‘“”W:‘““’“‘““ﬂ?@m:m”foi°f
2-[ N-(N-benzyl o b[’?_“"g (8%&&? yﬁ( %g%ﬂyé’ﬁ?t ‘he title conmpound
was prepared as a white soI id (0.341 g, 91% MS(ESI): 562.2

(MtH) [err] . . 129
WO 97/ 16433 b) 2-{N-(2-pyridinylylmethoxycarbonyl)-L-leucinyljcarbohydrazide

PCT/ US96/ 18000 .

Preparat | onO@f 2-[ N F gllgen§ﬁ°og<y3eﬁrzeoofl S i - Ele-ﬁﬁﬁ)-ﬁﬁ&) f ’éqc?%g%&lggﬁ'a-
pyri di nyl met hoxmu‘diwhgdﬂ)oxyeérhmwlm]qu}:mwwdsta'zfodle-leucme methyyl ester in step
N-(2-pyridinyl "‘iﬁﬂ%eyu‘it%rcg% i was preiareas Tialbien&s ¥im (0.598 g, 69%).

MS(ESI): 339. 3 (M+H)*.

15 ¢) 2-[N-(3-benzyloxybenzoyl)]-2"-[N'-[N-(2-pyridinylmethoxycarbonyl)-L-
leucinyl]Jcarbohydrazide
Following the procedure of Example 68(b), except substituting 3-
benzyloxybenzoic acid for N-acetyl-L-leucine and 2-[N-(2-
pyridinylylmethoxycarbonyl)-L-leucinyljcarbohydrazide for 2-[N-(N-
20 . benzyloxycarbonyl-L-alanyl)]carbohydrazide, the title compound was prepared as a
white solid (0.057 g, 33%). MS(ESI): 549.2 (M+H)*.

25 idi -L-Jeuci id
Following the procedure of Example 68(b), except substituting 3-(4-
pyridinylmethoxy)benzoic acid for N-acetyl-L-leucine and 2-[N-(2-
pyridinylylmethoxycarbonyl)-L-leucinyl]carbohydrazide for 2-[N-(N-
benzyloxycarbonyl-L-alanyl)]carbohydrazide, the title compound was prepared as a
30  yellow solid (0.088 g, 27%). MS(ESI): 550.2 (M+H)*.
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5 Fol |l owi ng the procedure of Exanple 72(c), except substituting 2-
pryi dyl carbi nol for 4-(N_Ndinethylanno)benzyl alcohol, the titl.e.conpound
was prepared as a brown oil (8.06 g, 89% . MS(ESI): 281.2 (MtH)[err].
b) 2-[ N-(2-pyridinylyl met hoxycar bonyl ) -L-1eucinyl ] carbohydrazi de 10

Fol I owi ng the procedure of Exanple 62(b)-62(d) except substituting N

pyri di nyl met homysmreaasny| ) - L- | euci ne nmethyl ester for L-I|euci FET/HEWHFIO ester

in step (b), the title conmpound was prepared as a pale yell ow foam
(0.598 g, 699%. NB(ESI) 339.3 (MrH) ] err ] 15 ©

2- [ N-(3- benzyloxybenzoyl)] -[N - [N—(2 ylnethoxycarbonyl) L-

| euci nyl ]] car bohpginarties R alv1sheh 04 rhahy, oVNE p(pR| e
68(b), except su-stltutlng 3- 4

N-acetyl - KUIGLAVAINCUIOX

pyri dinyl yl met hoxy cargg dﬁ%h@%@k)aéﬂcéﬁﬁﬂémﬁri P-(N- 20
benzyl oxycar bonyl - L- alan ca bohydrazi de, the title conpound was prepared

as a whif e Mhﬂnh“{lﬂ paangic Bofpr NIWE‘EBL)ICHWQ 2(M@y[err].

Exanpl e 95 _INL

2-[N[3-(4-pyri o@ﬁ"r%qy oxyﬁé@%@%@*‘*}fﬂﬂg&wmfﬂﬂg :% for 2-[N-N Fol | owi ng
the 8 r oced u [ﬁ ofbdizﬁaxycmbﬁﬂjlfjl)-falamnwbolrywl thé titkgcdingiod: dm; was l\fregaredasa

Dy di nyl yi et noeR B gRse e pi: MR BB BT T or T2 I (e

benzyl oxycar bonyl - L- al anyl ) ] car bohydrazi de, the title conpound was prepared
as a 30 yellow solid (0.088 g, 27% . MS(ESI).: 550.2 (M+H) +.

130 10 \Wp 97/ 16433

PCT/ US96/ 18000 arati

Preparation of i
(2RS)-2-[N-[ 2-(4- phenyl phenyl ) - #-me ¢ anoyl )]]-2' - N-(

I2:el | ow ng the procedure ofL’ @W%WexcepfL%L%@H%hﬁﬁég?g%gu ae

phenyl phenyl ) perfBiQ (SunsipaxdOAed 10046 Xt 150-nim) 8020 hesane/zthano], 10 AL/min,
pyri di nyl yl niPSt horéeégar bongl )54_ | eum nyl ] car bohydrazi de for 2-[N- (N

20 The title compound was prepared from the compound of Example 91 using
HPLC (Sumipax OA-3100, 4.6 X 150 mm, 80/20 hexane/ethanol, 1.0 mi/min,

retention time = 8.1 min).
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benzyl oxycar bonyl - L- al anyl ) ] car bohydrazi de, the title conpound was prepared

as a yellow solid (0.056 g, 24% . MS(ESI): 589.4 (MtH)[err]. 10
Exanpl e 97 Preparation of

2-[ N- (N-benzl oxycar bonyl -L-1eucinyl]-2'-[N -[2-(4-phenyl pheny) -

4- et hyl pent anoy| ! l car bohydr azi de The title co %&sm -

pr epar ed from“((h%)’ ound of Exanple 91 using HPLC (SE% pax 0
OA-3100,4.6 X 150 nm 80/20 hexane/ethanol, 1.0 m/mn, 15 retention tinme =

Preparati on of .
2-[ N- (N-benzyl oxycar IRRaLs
4- et hyl pent anoyl )] ] car ok _ L NRa
prepared fromthe conpolind —~ HPI p

100,4.6 X 150 nm 80/Tkpa ktmagsdlmﬁmfcphosgtnﬂorﬂ_%nﬂnommmolell%ﬁ%lsohmpn me=
o L MM s S inbenzene) was added dropwise a solution of N~(2-methylpropyl)- N~(4- 131
PCT/ US96/ 18000 phenylphenyl)atmne (0.050 g,0222 mmol) and methylam.me (fmm 0.2949

e ot o oSSR RBFFAEL) BT R A e {1,
stirring sol uti ofisAblubibe %as Bdtled Gropedseth a s&uﬁ&ﬁoﬂméomﬁo%né ¥ ERinilé 06d)
(0.083 g, 0.244 mmol) and triethylamine (0.025 g, 0.244 mmol) in dichloromethane
10 (1 mL) at room temperature. After stirring at room temperature for 48h, N-
methylmorpholine (0.022 g, 0.222 mmol) and DMF (2 mlL.) were added to the
solution and heated at 50 °C for 16h. The solution was then diluted with ethy}
acetate (SmL) and washed successively with water, aqueous saturated NaHCO3, and
brine. The organic layer was dried (MgSOy), filtered and concentrated. The
15 residue was purified by column chromatography (silica gel, methanol/
dichloromethane) to yield the title compound as a yellow solid (0.023 g, 18%).
MS(ESI): 589.4 (M+H)*.

5.9 mn). Example 99 Exanpl e 98

20

a) 2-[N-(3-benzyloxybenzoyl)]-2'-[N'-(N-tert-butoxycarbonyl-N-methyl-L-
leucinyl)]carbohydrazide
Following the procedure of Example 68(b), except substituting N-terz-

25 butoxycarbonyl-N-methyl-L-leucine for N-acetyl-L-leucine and 2-[N-(3-
benzyloxybenzoyl)]carbohydrazide for 2-[N-(N-benzyloxycarbonyl-L-
alanyl)jcarbohydrazide, the title compound was prepared as a white solid (0.183g,
69%). MS(ESD): 550.4 (M+Na)*.
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5 I n benzene) was added dropw se a solution of N-(2-nethylpropyl)- N (4-
phenyl phenyl ) am ne (0,050 g...0 222 mml). and triethyl anne (0-025-g—6-244 —
mol ) in dichloromethane (1 nL). After stirring at roomtenperature for 15
mn this solution was added dropwi se to a solution of the conpound of
Exanpl e 1(d) (0.083 g, 0.244 mmol) and triethylam ne {,0 025 0. 244
nmol ) in di chwoeurd¥hane 10 (1 nL) at roomtenperature. CF/USHsN ng at
roomtenperature for 48h, N - met hyl nor phol i ne (0 022 g, 0.222 mol)

igﬂ D!\I'/Ee(golnt% [ gﬁre iﬁq lgz}{l&&becfﬂv\;fd%fg#hw %ﬂﬁf‘ﬂ acet at ea?l%oh?%abﬁér] ctor

washed successively %hbumgeohuaqofahmeommdafﬁthﬁﬂmw @180 g,0.189 bri ne.
The organic | ayer ed S, e I | ed an a . The 15
resi due was pur F¥® ﬁﬁﬁﬁ%ﬂ%w%ﬁ ﬁ/ﬂ@&?ﬁ%‘ E%%ﬁﬁll

di chl or onet hanenmd}). YAﬁérdnﬁh@attddlﬁeﬁ@mﬁwﬂ)raSnﬂn)tﬁémm@asd (0.023 g,

189 VB( ESI 589.
Ex a/() npl e 100 5 0( conc)enu'ated qnﬁé%&%l‘[:g{\{%unﬁed by column chromatography (silica gel,

2-[ N-(3-benzyl o éhlargmeﬁn%e) td\yieRdh fitld-compound as a white solid (0.055 g,
| euci ny) ] car bohydrazi d

2-[ N-(3-benzyl oﬁ&%brMS@SI} 4228- @+t ert - but oxycar bonyl - N- et hyl - L-

| euci nyl )] car bohydrazi de Fol |l owi ng the procedure of Exanple
68(b), except substituting N-tert- 25 butoxycarbonyl-N-nethyl-L-1eucine
for N-acetyl-L-I|eucine and 2- [N—(3- Moxybenzoyl )]car bohydr azi de
for 2[N—(N—6)enzylxca.rbol 7 Ny | bh the title

conpound wall pr epAReRiAIQNOL ¢ : =K 550. 4
(MeNa) [err] . leucinyDicarbohydrazide 132

WO 97/ 16433 ) -

PCTI US9GL 3000 Follgyving the procedure of Example 100(a)-100(b), except substituting 2-

2- [ N-(3-benzyl OpN. W @*{,oﬂya}agﬂ gqar bohydrazi de
To a stirring sol tk}?l on o%cﬁgoiyyblé%@ﬁ Ieeloéd(g%@(io 100 g, 0.189

mml ) in dichl mmmmlmommwmm #hq}ale@aww@%.mem 296 g,

. 2.5 el ) r roomtenperature for 15 mn, the
sol uti on was 5Ms§én§(:12n?ér§a$t g%#ﬁgti t he resi due was purified by col um
chr omat ogr aphy (silica gel, met hanol / di chl or onet hane) to yield the

title conpound as a white solid (0.05 68% . MS(ESI): 428.4
(MH o, %&mmm_

20 a) N-benzyloxycarbonyl-lfleucmamide
To a stirring solution of N-benzyloxycarbonyl-L-leucine (4.6 g, 17.3 mmol)

in THF, cooled to -40 °C, was added N-methylmorpholine (3.68 g, 36.4 mmol; 4.0
mL) and isobutyl chloroformate (2.37 g, 17.3 mmol; 2.25 mL). Afier stirring for 15
min, ammonia was bubbled through the solution for 5 min. The solution was

25 warmed to room temperature, evaporated, and the residue was dissolved in ethyl
acetate, washed with 0.1 N Hcl, and saturated brine, then dried (MgSOy), filtered
and evaporated to dryness to give the title compound as a white solid (4.58 g,
100%).
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Exanmpl e 101 10 Preparati on of

2-[ N-(N-benzyl oxycar bonyl -L-1eucinyl)]-2"-[N -(N-nethyl -

| euci nyl )] car bohydr azi de FoI | owi ng the procedure of Exanpl e
100(a)-100(b), except substituting 2-

[ N (N-benzyl oxycar bonyl - L- | euci nyl )] car bohydrazi de for 2-[ N-(3- .
benzyl oxybenz‘Ué 1433 bohydrazide in step (a), the title .conﬁ%?/ﬁagmgm
prepared. 15 - MS5(ESI): 465.5 (MrH)[err].

Exanpl e 102 b K Rix&éﬁi‘b&fyl—lfleucmethloannde

(1S)-N-[2-](1- benzyl 0X carbon am no) 3-1ret hyl butyI thiazo

yl car bonyl | - N- (4- phehh ¢AMIRoHDY © S8 17. mmol)and
N-benzyl oxycar tl!%ﬁ)@ssdns hﬂﬂ’ﬁ‘z%e104mmol)mTHFw?alﬁw%ﬁ'téEdr[%E@m ution of

N- benzyl oxycar bonyl - L-1 euci ne cooled to
-40 [err]C \A/astemyeret!lrd\fonéﬁhylrhosqhhmnlm cpncedBatgd aBthel rasitoe wasipitified mL)

andlsobuty C t L After stirring for
5 ik SliBlafoationy i 2000 meiice . BB M T4 B The 0 T

sol ution was 2 BtOAsferms, to provide thetideodoniponnd aseapaloyelioacsolid (8174 fe779msi due
was di ssol ved in ethyl acetate, washed with 0.1 N Hcl, and saturated

brine, then dried (MgSO), filtered and evaporated to dryness to give

the title conpeynd gss)yl-BéiiziRxiatbotylathin31-@-carboethoxyihidl-2-yl)-3-
133 WO 97/°16 4335' Sty Yo D
PCT/ US96/ 18000 methylbutaney) N benzyl oxycar bonyl - L | euci net hi oani de

Lavesson s Feagent (1° SypottsSFERMERE 165%) Bad & 738 ot g et B0 o1
t enper at ur e f oracétén(35This), swiled to oD UG and elhghbrbmapyrdvmd G8he 8623k was
PUrTeS S SRl ™AR SR 601 R0 00ROl Shi e galm S
yel l ow solid ( &h]bﬁde'wai’e? %ken into samrate&équeous NaHCO3. The aqueous layer was
(15)-1-benzyl OXX tedo wytlll g@th?r?ene clglongeaarn%%heg go%(bﬁeglo?gzagllc l%ye)tq %ver?é washed
15  with saturated brine, dried (MgSOy), filtered and concentrated. The residue was
dissolved in methylene chioride, cooled to -20 ° C, pyridine (1.36 g, 17.2 mmol,
1.39 mL) and trifluroracetic anhydride (1.81 g, 8.62 mmol, 1.22 mL) were added.
After stirring for 1 h, the solution was washed with saturated squeous NaHCO3 and
saturated brine, then dired (MgSOy), filtered, and concentrated. Tge residue was
20  purified by flash chromatography on 90 g of 230-400 mesh silica gel, eluting with
1:3 ethyl acetate/hexanes, to provide the title compound as a pale yellow oil (2.36 g,
80%). 1HNMR (400 MHz, CDCl3) 6 8.08 (s, 1H), 7.38 (m, 5H), 5.42 (s, 3H),
 5.23-5.07 (m, 3H), 4.42 (q, 2H), 2.01-1.62 (m, 3H), 1.41 (¢, 3H), 0.99 (d, 6H).

25 d) (18)-1-benzyloxycarbonylamino- 1-(4-hydrazinocarbonylthiazol-2-yl)-3-
methylbutane
The compound of Example 102(c) (2.16 g, 5.73 mmo}) was dissolved in
ethanol (60 mL) and hydrazine hydrate (2.87 g, 57.3 mmol, 2.8 mL) was added and
the solution was heated at 75 °C for 1 h. The solution was cooled and evaporated to
30  dryness to provide the title compound as a pale yellow foam (2.01 g, 97%). 1H
NMR (400 MHz, CDCl3) & 8.35 (bs, 1H), 8.03 (s, 1H), 7.37 (m, 5H), 5.29 (d, 1H),
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met hyl but ane 10 The conmpound of Exanple 102(b) (2.20 g, 7.83 nmol)

was di ssolved in acetone (35 m). .cooled to -10 C, and ethyl

br onopyruvate (1.68 g, 8.62 mol, 1.08 M.) was added. After stirring
for 1 h, the solution was poured into nethyl ene chl oride/water, then
I nto saturated aqueous NaHCO err]. The aqueous | ayer was extract ed

w th nmet hyl enwadwieddde and the conbi ned organic | ayers wer &
with saturated brine, dried (MgSOerr]), filtered and concentrated. The

L;f: grﬁem?i 36 glgé‘ﬁg?%h'?’??? 9% ggﬁnf?i%(ﬂﬁh urogglégwc an S/drl de

(1.82 g, 8.62 nmgH), 1.22 ) were added. After stirring for 1 h, the
sol uti on was washed with saturated squeous NaHCO err] and sat ur at ed
brine, then dired (MgSJ err]), filtered and concentrated. Tge residue was
20 purified by | asfp tmnr?@ ngj‘.g.ﬁﬁ&,,ﬁ?nﬁﬁuﬂj.l i ca gel,
eluting with QS) acet at e/ hexanes, to provide the title corrpound
as a pale yel owlwnyﬂ'%ﬁ henoxyphenysulfonyDiydrazideNVR (400 MHz, CDCl[err])

5] 808, 180 o3l iog 12 chivarifor Exymply 82375 7 3.
(1S) - 1- benzy| oxymmoD imditldoiomethhng¢ #-rhgr teaperavura isrdded pyridine(180 mg, 2.28-

ol was i ssoffeth 7 mL) abd % RS BARe SR RSt g Lf Bk Tl s

57.3 mmol, 2.8 rrbacuwwaedﬂmdfmﬁhomandtﬁeesommwemvmabemefbsﬂhe 75 [err]C

B e T T L O

R/I:Dz CDCl [err]) t{nercbhp&mafasﬁbﬂme%ﬂd(o%lﬁ?g)(msms&), 55581N(+JH+)5H) 5-\2/\% (d,
97/ 16433

PCT/ US96/ 18000 5. 14- 5 09 m 3 bs 2H), 1.92-1.82 (m 1H),
1.79-1.66 (m 2H), 100(d ( HM " . ] ( K
(1S) - N—[2[(1 benzy >
ylcarbonyl] :

mrol ) in dichl orabrret Nabmzylbxycaﬂannyldcﬁmcmym-kmywdmdnmhylkdme (180 ny,

2.28 mmol, 0.2 ben en chlori

1.52 mmol ). The l%%%@?’ﬁd é" ﬁéj éﬂﬂﬁm {A %féﬁégwggt S
wer e evapor at ed xéao&dr:emmmmmmmdmmqhmﬁleﬁlmeﬁedxszdmmeed 40%
ethyl acetate in_hexane) to, %M\?/r tle corggeund as a white sol i d
(0.3 10 g). MS 5dato§ m( F[.hfrsoluuonforSOmmutesat

20 N-benzyloxycarbonyl-lrLeucmyl—L-Leucine (Bachem) (4.0 g, 10.58 mmol)
is stirred in tetrahydrofuran at -40°C. N-methylmorpholine (1.07 g, 10.58 mmol,
1.16 mL) and isobutyl chloroformate (1.45 g, 10.58 mmol, 1.38 mL) are added.
The mixture is stirred at ~40°C for 15 minutes and then filtered into a cold flask to
remove precipitated salts. To the filtered solution is added an excess of the

25 previously prepared diazomethane sojution and the mixture is allowed to stand at
0°C for 16 h. An excess of 30% HBr in acetic acid is added at 0°C and the solution
is then washed successively with 1.0N citric acid, saturated agueous sodium
bicarbonate (carefully), and brine. The solution is dried over sodium sulfate,
filtered, and evaporated to give the title compound as a white solid (4.10 g). 1H

30 NMR (400 MHz, CDCI3) 6 7.34 (m, 5H), 6.51 (d, 1H), 5.15 (d, 1H), 5.10 (s, 2H),
4.78 ¢(m, 1H), 4.20 (m, 1H), 4.04 (dd, 2H), 1.63 (m, 6H), 0.93 (m, 12H).
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Exanpl e 103 Preparati on of

(1S)-N-[4-[ N-benzyl oxycar bonyl - L-1 euci nyl am no)-3- 15

met hyl butyl ]t hi azol - 2-yl car bonyl ] - N - (N-benzyl oxcar bonyl - L- | euci nyl ) hydr azi
de a) N- benzyl oxycar bonyl - L- | euci nyl - L- | euci nyl bronmonet hyl ket one
1- Methyl -3-nitro-1-nitrosoguanidine (5.9 g, 40.11 mmol) in g}{)ﬁﬁs,%&g”nt)
is cooled to WO974648 pot assi um hydroxi de is added slowy an e

di azonet hane is allowed to collect in the ether solution for 30
m nutes at O[err]C 20 N- benzyl oxycar bonyl - L- Leuci nyl - L- Leuci ne
(Bachem) (4.0 g, 10.58 nmol) is stirred in tetrahydrofuran at

-40[err] C. N netbly| nu2BAS)-2rberzylozycagbonyDamihiorhin} '-(2-carboethaxytidazel-4-yh-3-

i sobutyl chl orof or e (1. 4 Igm)l, 1.38 nlL) are added. The
m xture is sti rr@ﬁﬁg#’quﬁéﬂgﬁl’%lpfgggmﬁ m nutes and then filtered into a cold
flask to r enoV eThercomppasicoéfiBkamplet K03(a) (2.0 got.4 nintody and esinyll dtiooxamiate added
an excess of the 25 previ ousl repared di,azo ane sol ution and, the
mxture is ald 0@@%%4§tmﬁéﬁﬂé/xﬁu Ee&ﬁ?"l %"ﬁ‘eﬂﬁ %@5#"3&%‘*—@? in
acetic acid is agdadidat chiemafigriphed Gitick gbl0P.5% methariofdichilofonvétisdneXto give

successively with 1.ON citric acid, saturated aqueous sodium

bi car bonat e ( cart@e title gomponnd apa white sotid(14612) 113 NMR (400 MHz. S RE13) 8di32:45.

sul fate, f] L Of vt ' j u a
whi to ol id (4. 1y 28 e MiEeSRANEH. 858y SN0 10} p31 RGO R g, T
5H), 6.51 (d, L1HH),5.71%m{ 2H), 1647 (a5 4HY, 138 (L3H), 0.73 (m, W) (m 1H), 4.20 (m
1H), 4.04 (d 2H), 1.63 (m 6H), 0.93 (m 12H).

135 97/ 16433

PCT/ US96/ 18000 ) (28,118)-2-(benzyioxycarbonyl)amino-N-[1'-(2-hydrazinocarbonylthiazol-4-
(2S,1'S)-2-(benzyl oxycar bonyl ) am no-N-[ 1' - (2- car boet hoxyt hi azol -4-yl)-3" -
net hyl butyl | - 4- nﬂf‘ﬁy@ﬁém’ﬂ'ﬂﬁ mgthylpentanamide -~ The conpound of Exanpl e

103(a) (2.0 g, 4.4 mmmwmcth%&tédﬁ%mwmz«ﬁ,mé& Stituting (25, 1970) were
for h. e d t he

: §
refluxed in ethanol 4 sol vent was evaporated an

resi due chr omat ofpergytaxycarbonyhemingeN-[1'225asheetheaiipgzokito)-3rmethaylbytild -t 0 gi ve

the title coygo I i ﬂ:lau-bof[: N iazol-2-
cod[err]) [Bnr ]u‘gg‘."%ﬁ“sm&e%mﬁl{)q, 'gei)‘.‘fz@x( m 5%“"' gl Z}aé&g%ﬁ)%gz % (g,
1H), 5.02 (s, 2Hj1)-34netitylpusane2the titlé compound was preparedy MSAESD: @#6.3 MHH*). 47 (m
4H), 1.33 (t, 3H), 0.73 (m 12H. 10 c)

"(2S,1'S) - 2- (benzyl oxycar bonyl )am no-N-[ 1' - (2- hydr azi nocar bonyl t hi azol - 4-

yl ) -3" - et hyl but@l ] - 418ENHW[p&Ntnzyioxjearbonyl-L-leucinylamino)-Bowi ng t he

procedure of Exa é,'e 102(.d), . except tLuting 2 1'_;)_- -, .
(benzyl oxycar bon’g’g Wwﬁﬁﬁ?kﬁﬂfﬁaﬁ'ﬁéﬁm%%ﬁw lf&gnxl}?g%pgut yl]-
4- 15  net pg pent anary 4)irfieg solution of the compound of Example 103(c) (180 mg, 0.38
(1S) - 1- benzyl oxycar hony] am no- 1- (4- ¢car po oxyt.hi azol - 2- .
yl) - 3- met hyl but aﬂgl,op)tlhé@qﬁﬂq@@ﬁ'ﬁﬁemﬁ%&g@"ﬁ“@%yéa’%%ﬁ"(ﬁw? (4} dng
(MtH err]). 0.42 mmol), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (80 mg,

0.42 mmol), and 1-hydroxybenzotriazole (13 mg, 0.096 mmol). The reaction

mixture is stirred for 16 hours at room temperature, filtered, and washed twice with

25  water. The solvent was evaporated to give the title compound as a white solid.
(0.207 g). MS (ESD: 723.9 M+HH).
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d) (1S)-N-[4-[1-(N-benzyl oxycar bonyl - L-1 euci nyl am no) - 3-

met hyl butyl ]t hi azol - 2-yl carbonyl ] -N -(N-benzyl oxycarbonyl -1-1l eucinyl)}hydraz .
i d€ 20 To a stirring solution of the conpound of Exanple 103(c)
(180 ng, O0.38 mrol ) in dinmethylformam de i s added

N- benzyl oxycar bonyl - L-1 euci ne (111 ny, 0.42 mmol),

1- ( 3- di met hy| avo seampy! ) - 3- et hyl car bodi i mi de hydr ochl ori de PEE/USH§18000 °
0.42 mol ), and 1-hydroxybenzotriazole (13 ng, 0.096 mmol ). The reaction

m xture is stirred for 16 hours at roomte rature, filtered, and washed
w&gedto glvethetltle

twice with 25 wat er . The sol vent was
conpound as a Whigens .

136 D517 162" e
PCT/ US96/ 18000 Mmmmmﬂmmnmmxam e 104

Preparation of "
(1S)- N [ 2- [ (1- benzyl SLu2emg S prosednrs o Example 03T} sXooPHbg o g (151

yl carbonyl] - N - (bémﬂmwtwmmmét(ﬁh)'mdnmmﬂthxazold—yl)é—methym\f»rng the

Deney! vy car bon Pk e ke e HoRATES IBHER A A Rkarbomtiionlet K,  ane

for methylbutyl]-4-methylpentanamide, and 4-biphenylacetic acid for N-
(2S5,1'S)-2- (benzyl oxycar bolwil ).am_no- N- | (2- hydr azi nocar bonyl t h ada -4-yl)
-3 - %ﬁf cid

met hPe rLrigncing th ¢ %W‘Qﬂd"aﬁ?ﬁ for
N- benzyl MS?@’I@OBKTZEMHH?' ne, the title corrpound was prepared as a
_Wmte sol id. ESI 7.2 (MtH)[err]. 10
Exanpl e 10510 Prepar ation of
(1S)-N-[ 2- [(1 benzyl oxycar bonyl am no) - %@%}#Utyl ]thiazol-4-
y hydra2| de a) met hyl

yl carbonyl | - N [3 (4 pryrldlnylnethoxy
3-(4-pyridinyl] ) ©f) AN ibutlyljthiazc
3- hydroxybenzoate (1 0 Q.o ingl (1. 1 g, 9.87
mmol ), and triphenyl phosptf ’rE (25 nmL) at 0OC
was added d||sop)opyhmﬂwbﬁﬁbgmhﬁmﬂhmﬁamyﬂnﬂugm 9. 87 mmol) dr opwi se.

After stirriyg at 1o, ERe Bt of mim Vhydkdiusioh (8 5658 SRTFA1 rat e
| pyridylcarbinol (1.1 g, 9.87 mmol), and triphenylphosphine (2.6 g, 9.87 mmol) in
THF (25 mL) at 0°C was added diisopropyl azodicarboxylate (2.0 g, 9.87 mmol)
dropwise. After stirring at room temperature for 16h, the solution was concentrated

and purified by column chromatography (silica gel, ethyl acetate/hexane) to yield
20 the title compound as a white solid (0.599 g, 37%). MS(ESI): 244.1 (M+H)*.

b) 3-(4-pyridinyllmethoxy)benzoic acid
To a stirring solution of the compound of Example 105(a) (0.599 g, 2.47

mmol) in THFIHgO (1:1, 10 mL) was added lithium hydroxide monohydrate (0.113
25 g, 2.71 mmol). After stirring at reflux for 3.5b, 1.1 eq of 1N HCI was added and the

mixture poured into water. The mixture was extracted with'ethyl acetate (2 X 100

mL). The organic layers were combined, washed with brine, dried (MgSOy),

filtered and concentrated to yield the title compound as a yellow solid (0.386 g,

68%). H NMR (400 MHz, CD30D) & 8.54 (d, 2H), 7.64 (m, 2H), 7.57 (m, 2H),
30 740 (m, 1H), 7.26 (m, 1H), 5.24 (s, 2H).
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and purified by colum chromat ography (silica gel, ethyl acetate/hexane) to
yield 20 the title conmpound as a white solid (0.599 g, 37%. MS(ESI):
244.1 (MtH)[er]r. b) 3-(4-pyridinyl ] methoxy)benzoic acid

To a stirring solution of the compound of Exanple 105(a) (0.599 g, 2.47
mml) in THF/ H er 0(11 10 m.) was added I|ithium hydroxi ate
(0.1 13 25 g“JO?"‘? After stirring at reflux for 35W%f iN
HCI was added and the m xture poured into water. The m xture was

extracted with @jhyl (PS}fN-Pé-Rl@nﬁl&?@arbaylamﬁb%-nﬁh@l&hﬂ?ﬂh&lhﬁyer S were

conbi ned, washed with brine, driéd ered and

concentrat ed t o YicetoayJhe[3-(4-pryi benzgyNhydragigesol i d (0. 386 g,

T Mt Aoy 0 i 5.
ég_ | US98/ 18000 beiy ki datbichyiamino-1-(4-hydrazinocarbonylthiazol-2-yl)-3-methylbutane for
(1S)- N-[ 2- [ (1- b&}Ph% MHSWPQHMWM%Q B rgzinacabanylthiagol-4-yl)-3*-

yl carbonyl ]- N - jribthyfoupyT)t P&z -pyridiliybiietiéxy)benzoic acid for N-
Fol | owi ng t he procedure of Exaggl e 10&‘&!‘5 except substituting (19 -1-

benzyl oxycar bonpfaporycarbony SmpeUnd; wes prepated jas a white solidh but ane

for 5 MS (ESD): 574.2 (M+H)*, _ _

(2S,1'S)-2- (benzyl oxycar bonyl ) am no-N-[ 1' - (2- hydr azi nocar bonyl t hi azol - 4-yl)
-3 - met hyl butyl | - 4- met hyl pent anani de, and

3-(4-pyri d| %I nmet hoxy) benzoi c acid forﬁ%‘ﬁﬁl&}ﬂ%

benzyl oxycar onyI L Ieucr ne, the title vvas prepar ed as a vvhr te

sol i d. ; ) Mchlorophes (i

Exanpl e 106 Prepar at.i.on _ .

N-[ 2- (2- chl or ophenoxymet hy FytHa A Bl D i i

pyridi nyl met hoxycar bansdcyada:d-mmlrﬂdmsdeaaﬂ de a) :
[err]-isocyanato-L-Ieucine nethyl este euci ne nmet hyl ester
hydr ochl ori de (25 g,béeufmemtyylmwmm(m 95‘4WIW9$@PF@1"@14IUDH de (450
m.), cool edjtéo o ) was
added, thenl% 1%@%%8 g‘?&o@%ﬂpﬁ?&éﬁggr E: tol uene éés"fmo 54§L

was added sl owl mL) sfas addedithen a hg3 M sQl{lmqf(Dhbsgeanhplucnee(OrﬁSler@ k) pour ed

:Ngtsﬁeg. \?\A 'Ir\lh 0.5% H%&“g %low Y- %ﬁgd I cegﬁg(}o%gk %—,E‘,%,E?r i E‘ﬁ%ﬂ%%{’rg\f?ayer S
were extracted HOI {1400 mily)lagd e 2600 lﬁnj mmgwﬁyms)asmmm:mm Her
L e UAbEatS i S e s i ol °
20 chloride (450 mL) and the combined organic layers were washed with saturated
brine (1400 mL) and ice (900 mL.), then dried (MgSQ4), filtered and concentrated.
The residue was distilled (56-58 °C; 0.78 mmHg) to provide the title compound as a
colorless liquid (20.4 g, 86%). 1H NMR (250 MHz, CDCI3) 34.04 (dd, 1H), 3.82
(s, 3H), 1.92-1.72 (m, 1H), 1.69-1.62 (m, 2H), 0.96 (d, 3H), 0.94 (d, 3H).
25
b) N-(4-pyridinylmethoxycarbony})-L-leucine methyl ester
A solution of the compound of Example 106(a) (5.10 g, 29.8 mmol) and 4-
pyridylcarbinol (3.25 g, 29.8 mmol) in toluene (30 mL) was heated at reflux for 24
h. The solution was concentrated and the residue was purified by flash
30 chromatography on 250 g of 230-400 mesh silica gel, eluting with 3:1 ethyl
acetate/hexanes, to give the title compound (7.86 g, 94%). 1H NMR (250 MHz,
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The residue was distilled (56-58 C; 0.78 nmHg) to provide the title

conpound as a colorless liquid (20 4 g 8694 Terr]H NVRA2560—MEz—
corferr]) [err] 4.04 (dd, 1H), 3.82 (s, 3H), 1.92-1.72 (m 1H),
1.69-1.62 (m 2H), 0.96 (d, 3H, 0.94 (d, 3H. 25 b)

N- (4- pyri di nyl met hoxycar bonyl ) - L-1| euci ne nmet hyl ester A
sol ution of tyweewmayound of Exanple 106(a) (5.10 g, 29.8 mTBFT’Uﬁ?f(J“?PP
pyridyl carbinol (3.25 g, 29.8 mvol) in toluene (30 nL) was heated at refl ux

by 1ash 30 cifona BbraluiAnn 2668 aHr S0 IR etk D RQE R AP | o
\ém4'(t)/;1 3& ér (rait ny:\"&& 3{95(1)3!1\:%!25}'[(&{’ BER DY, 1), 0195¢d,13H. title conpound (7.86 g,
138 WO 97/ 16433

PCT/ US96/ 18000 T RTEE , 7.24 (d, 2H), 5.33 (d,
1H, 5.13 (s, 3, f‘%&‘;ﬁ‘?’rlﬁﬁhgﬁf%ﬁyﬁgléﬁ?@?m, 1.81§1.51H%m 3H),(
0.96 (d, 3H)5 0.95 (T, a sirling solution thecdompound of Example 106(b) (1.98g, 7.06 mmol)

N- (4-pyri di nyl ne carbonyl,),- L= euci n Aa aAd | ution
the compound ofe B o aged 1 b f ler sollowed by LiGReR,6 (334 B A0 11| OF
added 7 nL of vghgl. TR higwee ik stiirédHo B0 uifivtssran@ttien 2bnozptratéd. 7Fhe residue ol ) .
The m xture was stirred for 30 m nutes and_then con@%@t)g{jm Iile, resi due

T
was redi ssol vedwasredissolved in water §10.mmie) and § NFEC] wasadda . solutipn
sol ution [T P A =Ye N W e WS VA=Y A j bISl S . 6. 44 mol).
'R (LS 267, 3@@% kaeglr@ﬁa_awe ssm'gz)?mvsfg,km,%asi M8 B45: 2678

N- [ 2- ( 2- chl 1 op@vesy et hyl ) t hi azol - 4-yl car bonyl ] hydr azi de

Fol l owi ng the procedure of Exanple 102(d), except substituting ethyl 2-(2-
chl or ophenoxynet hyl ) t hi azol e- 4- car boxyl ate for ] '
(1S) - 1- benzyl oxgjcar be[R:2¢tilorophehbxymethyl)thiazol-4-ylcarbonyl]hydrazide

1- (4- car boet hox?\//}shi( %gﬁ;,w]%gﬁg - 3- net %gg%&r;qm{d ’ecxt i Hm Etﬁﬁx?é)étﬂyclii‘&?

pr epar ed.
N-[ 2- (2- chl or opfhgRepHsAGEyREthyl )Rtk 2a0R-4-Sarkdxydtdfon Y15)- INbenz ok ybarbonylamino-
pyri di nyl met hoxycarbonyl’) - L- I)}gﬂci n%(sl.] h%g?‘?zi d Fol | ow ng t he

procedure of5 Exkffprasboethoxpthiazels2-gh; HARE: ﬁﬁgzji%ﬁl-cf@wg was preparc

chl or ophenoxyrrq;lgyéltpbgg.p 4yy+.carbonyl | hydrazi de for (2S,1'9S)-2-
(benzyl oxycar bonyl ar)n' no- I\I-hfll"’q-‘(. 2- hydr azi nocar bonyl t hi azol - 4-yl)-3' -
nmet hyl but yl ] - 4- net hyl pent anam de, and

ﬁ l(ogngg;lr Iog;/(r:]glr bt ;Sfﬁf?gﬁ%@%ﬁﬁ%}{@n g%’%#o{i%bo\?gg-%}[gb(; ed as a white
pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide
20 Following the procedure of Example 103(d), except:substituting N-[2-(2-
chlorophenoxymethyl)thiazol-4-ylcarbonyl}hydrazide for (28,1'S)-2-
(benzyloxycarbonyl)amino-N-{1'-(2-hydrazinocarbonylthiazol-4-yl)-3'-
methylbutyl}-4-methylpentanamide, and N-(4-pyridinylmethoxycarbonyl)-L-leucine
for N-benzyloxycarbonyl-L-leucine, the title compound was prepared as a white

25 solid. MS (ESI): 532.1 M+H)*.
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25 solid. M5 (ESI): 532.1 (MrH)[err].
139 WO 97/ 16433

PCT/ US96/ 18000 Exampl e 107
Preparation of

N[ N-(4-pyridinyl met hoxycarbonyl)-L-1eucinyl]-N-[2-[4-(1, 2,.3;

t hi adi azol - 4- MOPAER}| |t hi azol - 4- yI car bonyi | hydr azi de P?Z:a'jussmsono
N-[2-4-(1, 2,3-thiadiazol -4-yl)]thiazol -4-yl carbonyl ] hydrazi de 5

Fol |l owi ng the procedure of Exanple 102E§§mp‘|?_mpt substituting ethyl 2-[4-
(1 ,2,3-thiadiazol-4- yI)]th| azole 4- car oxy ate for

(1S) - 1- benzyl oxycerEes At sl Gt ]

1- (4-car boet hoxythl azI ¥ddk iz - AR N En Pt 614 128 : ound was

prepared as a white soll d. B errT. 10 b)

N-[ N- (4- pyri di ng netNdZﬂédiBMaﬁwzol%ﬂﬂmm]MleaﬁﬁthxMeB t hi adi azol -
y

pro

or hoedur 6 of S exanp oS B RRcER ofExie 10210, cuopms sphsuunng Sunf o114
(é 2, 3I t hi adi gzmzwquammmymmmdﬂaﬁdwﬁazﬁ@f cﬁ;%&r @0215
gre'? Ei?bﬁ%f? ' 40 -ﬁg’%féﬁﬁ)%ao& -yl)a%- %yib%?a%g,rthg trl] econllp%ixcl)d was grepared as a
N-(4-pyridinyl rr%h@yamammsl) 304. EQHHE. for

N- benzyl oxycar bonyl -L-1eucine, the title conmpound was prepared as a white
solid. M5 (ESI): 552 1 (MtH)[err].

ﬁx?gp I[ g (1 280 Por ophen W&Wmt‘?ﬁ%ﬂm@/ n)- I2 leuf:Tm'N.ztz'IM ﬁl 2,3-thiadiazol-
yl carbonyl ] - N - $-pthpheaylithiazol¢-yleatbonpdjhydragidey| ) - L- | euci nyl ] hydr azi de
car bonyl | nydr asi do. *OISwALE e BHbopdly ot iElemi JO3 B stbedh AR N - 102( o)
except substit u¢1LZ;@-M&O{MI)M&O]-4-y1carbonyl]hydrazxde for (2S,1'S)-2-
chl or ophenyl Su'(tben%'ll xyc h| hi en- ﬁ [y- *}hz%lﬁlfaré‘on‘;&lgzo&ﬂ;' at e for (1S)-1-
15 methylbutyl]#methylpentanannde. and N-(4-pyridinylmethoxycarbonyl)-L-leucine
for N-benzyloxycarbonyl-L-leucine, the title compound was prepared as a white

solid. MS (ESI): 552.1 (M+H)*.

20

a) N-[Z-[3—(4-chlorophenylsulfonylmethyl)thlen-2-yl]thxazol—4~
carbonyl}hydrazide
Following the procedure of Example 10'2(d), except substituting 2-[3-(4-
25  chlorophenylsulfonylmethyl)thien-2-yl]thiazole-4-carboxylate for (1S)-1-
benzyloxycarbonylamino-1-(4-carboethoxythiazol-2-yl)-3-methylbutane, the title
compound was prepared as a white solid. MS (ESI): 414.1 (M+H)*,
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benzyl oxycar bonyl ani no- 1- (4- car boet hoxyt hi azol - 2-yl ) - 3- net hyl but ane, the

title conpound was prepared as a white solid M (FSI): 414 1
(MtH) [ err]. 140

WD 97/ 16433

PCT/ US96/ 18000 b) )

N-[ 2- [ 3- (4- chiwas splgeasy| sul f onyl met hyl )t hi en- 2-yl ]t hi azol - 4- yRCEUSISNNNG - N -

[ N-(4-pyridinyl met hoxycar bonyI ) L | euci nyl ] hydr azi de Fol | owi ng

t he procedure of Ex 103(d gt i L[ 2-] 3-(4- ,

chl or ophenyl sul anyﬁwé[?'fe@'l( %ﬂ&ﬂfl @‘Vb é#g'é ]%lﬁéﬁlf:ga’??%]’ or
(25, 195)-2- 5 [N-(4-pyndmylmethoxycarbonyl)—l.rleucm 1}hydrazide

(benzyl oxycar bonyl )am no- - (2- hydr azi nocar bonyl t hi azo] - )&}

net hyl but yl ] - 4- net hyFellow eduge,ef Example 103(d), except substituting 2-{3-(4-

N-(4-pyridi nyI sgﬂ'&w thiazo drazlde V9
N- benzyl oxycar bongﬁﬁaﬁaum lﬁ:etb%létﬁ{é e]corrr%éﬂnd ghy rfgﬁ(zgsls)z
I\/B (ESI): 668. O(Hehzﬁw{wanbpnyl)anﬁﬂbw-[l -(2-hydrazmocarbony1th1azol—4-yl)—3'

Exanpl e 109 n
(152" Re) - N [ 2- PR BRI Febipanyride: w -G Reidy B Frpaf Jevcine
a) 4- et Ihyl &rwbﬂigymyﬁhﬁayll-mme?&xenuemmuddwaspmpmdl) asawﬁiu:(a
stirring solutip | amne (0.537 g, 5.31 mmo in THF (5.2 15
m.) at O[err]09&&§ é?iﬁp(MHIthlum(Z 1 nm, 5.22 nmmol, 2.5Min hexane)
dropwi se. After stirring for 15 min at Oflerr]C, the mxture was cooled to

'-78[err]C and a sol ution of 4-biphenylacetic acid (0.500 g, 2.36
mol) in THEO(2 nl) was added drgﬁm&mfter agai n war m g to

_78[err] C for i ¥ thylpentancoiibvdrazid
concentr at ed T ere and ext ract ed wi th ether
(100 QThe ég‘gket ugqﬁgéggipjeé@né% P’l‘o\é%&?éN HCl ) and extracted with
ether (3 X 100 Tond $tirrifig) mlwwmemmw@ﬂjBH asimoljlin FHEF (5.2 SN4) ,
filtered ang congent ed to sol 449 g, 729.
MS(ESI ) : gS lexh_ ({‘g}vfsadggdn-buty t‘w) (2air\xlmgf2mmok$§h9 hexage) |
4- et hyl - 2 (4- pepWisBhRRYE stidil P 05 it 0PC, the mixture was cﬂbd&os‘w T addG
solution of the conmpound of Exanple 109(a) (0.449 g,

solution of 4-b1phenylacetxc acid (0.500 g, 2.36 mmol) in THF (2 mL) was added

dropwise. After again warming to O °C and coolling to ~78 °C, 3-bromo-2-

methylpropene (0.485 g, 3.54 mmol) was added to the mixture in one portion. After

20  stirring at -78 °C for 1h, the reaction was quenched with 2 mL of water then

concentrated. The residue was redissolved in water and extracted with ether (100

mL). The aqueous layer was acidified (3N HC1) and extracted with ether (3 X 100

mL). The organic layers were combined, dried (MgSOy), filtered and concentrated

to yield a white solid (0.449 g, 72%). MS(ESI)‘: 265.3 (M+H)".

b) 4-methyl-2-(4-phenylphenyl)pentanoic acid
To a stirring solution of the compound of Example 109(a) (0.449 g, 1.69
mmol) in ethyl acetate (25 mL) was added palladium on carbon (0.225 g). After
stirring under a balloon of hydrogen for 16h, the mixture was filtered through
30 Celite. The filtrate was concentrated to yield an off white solid (0.430 g, 95%).
MS(ESI): 267.4 (M+H)".
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mmol) in ethyl acetate (25 nlL) was added pal | adium on carbon (0.225 Q).

Af ter stirring under a balloon of hydrogen for 16h, the m xture was
filtered through 30 Celite. The fittrate was concentrated to yield an off
white solid (0.430 g, 95%. MS(ESI): 267.4 (MtH)[err].
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(1S, 2RS) - N-[ 2-[ (1- benzyl oxycar bonyl am no) - 3- net hyl butyl ] t hi azol -

yl carbonyl]-N -[2' - (4-phenyl phenyl acetyl) - 4- net hyl pent anoyl ] hydr azi de

Fol |l owi ng the procedure of Exanple 101(d), except substituting (1S)-1- 5
benzyl oxycar bonyd) anmi §bS,2RENaf2el( benzyloaydashoplylamino)<-methylbutyHthisoh¢d but ane
for . .

(25,192 ( ben TR A fphsayioherylaqetyl-4-meshylpentanoylitvdrazide; i azol - 4-y1)

rret hy | but YFollewingwitdpro¢edutenf Examiple 18hd), except substituting (1S)-1-

4 nethyl enyl phenyl ) pent ano cid or

N- benzyl oxyc rb ‘EL) @ﬁ?‘%’ﬁweﬂﬁ%?@“mmgﬂ} -3osthyjbutane for, ;i ¢ o
solid. M5 (ESI): (28, 13)-2-(6&42wokyéaiﬂonyl)ﬂnmo-hr-n .(2-hydrazinocarbonylthiazol-4-y1)-3"-
Exanpl e 110 repar ation

N- [ 2- ( 3- benzy| oxmasdbusyll-drmethy Pgnmay!l@ambﬁw}hmﬁifﬂhwlphenyl)pemanmc acid
ridinyl met hoxygag
gybenzy%/oxybenzoate 1Maxywlgl¥¥tﬁ%log{ﬁ?3%€o wwwgﬁl%? nmol ,

60%in nineral oplig. MS (BSB: 6132 (M#BD*ii) was added nethyl 3-hydroxybenzoat e

(1.0 g, 65% nmol ). After stirring for 15 mn at roomtenperature,

benzyl brom ge (1.1 g, 6.58 mol ) was added. After stirring at room

tenperature for 3h, the solution was paxmkgn_ed bet ween et hyl

acetate and water. J .

saturated 20 aqueotrs*e8¥ SrhEAr bt Sy o MO

(MgSg err]), flltered and -4,--4m.; earBORA-1 Jeri¢inR vz f vvhlte solid

. (2.013 g, 4.2 mopl) L 400 [ [err] 7.67 (m
2H), 7.48-7.34 @h 6Fb=thY# Mﬁﬁxywas 12 (s, 2H), 3.95 (s, 3H).

b) 3- benayl oxyben@gms 3§onofNaH (OTSDS?ﬁ_Ql@HﬁH&' 606% % nAdErR 1Y DMF

hydrochl ori de (1. 0708 nmol of toluene at 5[err]C, was

sl owl oy added a (Z2Qumk; wawdshdwm ﬁyewxrbqnmwm G-i8mmel). After stirFing o| uene.

After the addit Jelpasl ey a0 UBghgt O
“warm at room teﬁ%;lrs\g?%rag and \}/g st1’ rrgﬁ% %aﬂxluéjs unt | |ﬂg¢§§ evol ution
has ceas e dfleggirring at room tqropesatuxei for 3 @esvohmn wias partitioneddbetwesn athyb

Exanpl e 110(a)

sol uti on of I\/EA%%&B’ erﬁfgm%%ér &ag “gag'k‘%%ﬁ‘ wter é%%jmi) ? saé'zaé\é
agueous sodium bncarbonatc and brine, then dried (MgSOy), filtered and
concentrated to yield an off-white solid (1.013 g, 4.2 mmol). |H NMR (400 MHz,
CDCl3) 8 7.67 (m, 2H), 7.48-7.34 (m. 6H), 7.19 (m, 1H), 5.12 (s, 2H), 3.95 (s, 3H).

b) 3-benzyloxybenzamide

25 To a suspension of ammonium hydrochloride (1.070g, 0.02 mmol) in 20 mL
of toluene at 5°C, was slowloy added a 2M solution (10 mL) of trimethylaluminium
in toluene. After the addition was complete, the reaction mixture was allowed to
warm at room temperature and was stirred for 2 hours until gas evolution has
ceased.

30 To a stirring solution of the compound of Example 110(a) (605 mg, 2.49
mmol) in toluene was added a 0.67 M solution of MeAICINH; (11 mL, 7.49 mmol)
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PCT/ US96/ 18000 in toluene., The reaction mxture was allowed to stir.
overni ght at reflux. The reacti on was quenched with 5% HC , the
organi c | ayer was separated and the aqueous | ayer extracted three
times with ethyl acetate. The organic extracts were conbi ned, dried
over MySQO err wodwilsamred and concentrated to afford the t|tlm?ﬂ’m 5
as a white solid (409 ng, 72%. I\/B(ESI) 228.1 (MtH)[err]. c)

Fol L owi ng the proPARFe T Rt e pohsd i St oo e g o

benzyl oxybenzamrelauémwﬁ\hdeﬁé&nlxﬂmﬂmmé ofgahi€ lyeinwal séparated abdthe (D) , the
title 10 conpound was prepared as a mhlte sQl i d. (ESI).: 326.2
(MrH) [err]. mueouaiﬂyﬂ%?re% Nﬁgﬂ li¢ extractyavere

Fol | owong the prgﬁsﬁu&,m& )anégé{ceauamsaﬁtrmbﬁﬁé Edthpoifid 2-
pyri dyl car bi nol pyri dé@ca bI%O| I N he title conmpound was

prepared. 155 [ @spwhiteselid @ HBFEZ,%I:DF§KB§’Q13§2§ best* 50 (d, 1H), 7.86 (dt,
1H), 7.51 (d, 1H), 7.36 (dd, 1H), 5.20 (d, 1H), 5.16 (d, 1H), 4.19
(t, 1H), 1.78-1.72 (m 1H), 1.62 (t, 2H), 0.97 (d, 3H), 0.94 (d, 3H).
e) N- [ 2- ( 3- benzy| NxfReBdentyietyphenyl)thiazpl-¢aldatbogyljhytitazidsl ( 2- 20

pyri di nyl met hoxycarb L.l euci dra Il owi,ng t he
procedure of Exanpl eﬂ%@% the &%‘éﬁ%‘gg Z]ﬁ?% -192D). gxgept S“E%mt’ngs
benzyl oxypheny!l heddyRxg bexﬁmﬂdemuﬂzlylmsléaa&n@mlwcdaﬁﬂe ih' sﬁ)r(@) thetxtle
(benzyl oxycar bonyl )am no-N-[1'-(2- %r azi nqocarbonyl t hi azol -4-yl) -

met hyi but yI 104- FRPRNNG ¥ BFFRated @s 2 Whije solid. MS (ESI): 3262(M+H)+

N (2- pyri di nyl net hoxycar bonyl )-L-leucine 25 for
N-benzyl oxycarbonyl -L-1eucine, the title conpound was prepared as a white

solid (106 nmy, & 184Nr@m}'}1dmw@mmﬂ L-leuging) [err] .
Followong the procedure of Example 106(a)-106(c), except substituting 2-

pyridylcarbinol for 4-pyridylcarbinol in step (b), the title compound was prepared.

15 1H NMR (400 MHz, CD30D) 3 8.50 (d, 1H), 7.86 (dt, 1H), 7.51 (d, 1H), 7.36 (dd,
1H), 5.20 (d, 1H), 5.16 (d, 1H), 4.19 (t, 1H), 1.78-1.72 (m, 1H), 1.62 (t, 2H), 0.97
(d, 3H), 0.94 (d, 3H).

e) N-[2-(3-benzyloxyphenyl)thiazol-4-ylcarbonyl]-N'-[N-(2-
20 pyridinylmethoxycarbonyl)-L-leucinyljhydrazide
Following the procedure of Example 103(d), except substituting N-[2-(3-
benzyloxyphenyl)thiazol-4-ylcarbonyl}hydrazide for (25,1'S)-2-
(benzyloxycarbonyl)amino-N-[ 1'-(2-hydrazinocarbonylthiazo}-4-yl)-3'-
methylbutyl}-4-methylpentanamide, and N -(2—pyridinylmethoxycarbonyl)—bleucine
25  for N-benzyloxycarbonyl-L-leucine, the title compound was prepared as a white
solid (106 mg, 0.184 mmol). MS (ESD: 574.2 (M+H)*.
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PCT/ US96/ 18000 Exanpl e 111
Preparation of (1RS)-N-[2-[1-(4-phenyl phenyl)-3-nethyl butyl]thiazol -
yl carbonyl ]-N -[ N-(4-pyridi nyl met hoxycar bonyl ) -L-1euci nyl | hydrazi de

a) N-[ 2-[ 1- (4- phenyl phenyl ) - 3-net hyl butyl ] t hi azol - 4-yl car azi de
5 Fol I‘&W“%&“ﬁie procedure of Exanple 102(a)-102(d), 2’%@8}&% '

substituting 4- met hyl - 2- (4- phenyl phenyl ) pent anoi c-acid for
N- benzyl oxycar bonyl -L-1 eucine in , the title conmpound was
prepared as a white SO|Id MS(ESI): . (I\/H—i)[err] ) 10 b)

(1IRS) - N‘[Z [ 1- (4- pHizcpiaiion o
(4- pyridi nyl net hoxygar}
t he procedure of Exanmpl

phenyl phenyl ) - 3a)rrrst WI?-DM%NHHMH-H&WWWMWIMW 113) 2-
E@?Ri%ﬁ?iffg O ey Bing: e prpteducy o Example 0203 1620 eRcpt subsdlruing 4

N-(4-pyridinyl rméthfxx%c@pﬂaap hemyl: )ﬁbﬁhﬁfdl@&:d for N-béneg-loxycarbonyl-l_-leucme in
N-benzyl oxycar bony L-leucine, the title conpound vvasMDr(Egare as a white
solid. M5 (ESI)sterseh ﬂ!!”(‘hmﬂp@!’? d was prepared as a white solid. MS

Exanpl e 112 20 gy4pgy+ Preparation of
N-[ 2- (2- benzyl oxyphenyl )t hi azol - 4-yl carbonyl ] -N -[ N- (4-
pyri di nyl met hoxycar bonyl ) - L- 1 euci nyl ] hydr azi de a) et hyl

- 2-am not hi | g44-C | gt ' . T h i
suspensi ona@? ?ﬂ [ ouﬁgggj(( [8[g‘%@é%%ﬁlggT%‘m&’WBQ"“f‘gﬁ'ﬂf‘?bw’f“('\zgg added

et hyl br onopyr uuqiyadmyhdhqycﬁﬂor&lﬂnﬁéuﬁinymmrmn ting solution was 25

and the crystal s Foliging teprotedats of Heamplériinh orEm Songtefng Nl o o

an

| mlanol to p rag\tﬁhdﬂylﬁm? l%:it-inahyliautyl]ﬂﬁéﬂﬂdf 4134@1&1 a(bbﬁylﬁl}g:aﬂ&‘?ré(g{sﬂ{s)-]ﬂé" NVR (400

1ag’ DL err] D) L e ok rcamony DaminN-[1-(2 hySdzinocarbonslhiazol 33 ' o) -

15  methylbutyl]-4-methylpentanamide, and N-(4-pyridinylmethoxycarbonyl)-L-leucine

for N-benzyloxycarbonyl-L-leucine, the title compound was prepared as a white
solid. MS (ESI): 614.3 (M+H)*.

20
idipvimett ponyl)-L-lencinvilhydrazid
a) ethyl 2-aminothiazole-4-carboxylate hydrobromide
To a stirring suspension of thiourea (6.0 g, 78.8 mmol) in ethanol (80 mL)
- was added ethyl bromopyruvate (15.4 g, 78.8 mmol). The resulting solution was
25  heated at 45 °C for 23 h. The solution was cooled at 0 °C for 24 h, and the crystals
were collected by filtration and washed with cold ethanol to provide the title
compound (15.8 g, 79%). 1H NMR (400 MHz, CD30D) 3 7.70 (s, 1H), 4.41 (q,
2H), 1.38 (t, 3H).
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PCT/ US96/ 18000 b) ethyl 2-bronofhiazole-4-carboxylate. . -
To a stirring suspension of the conpound of Exanple 112(a) (12.15 g, 48
~mmol ) in 16% aqueous HBr (150 nL), cooled to O[err]C, was added drropwi s a
solution of sodiumnitrite (3.44 g, 49.8 nmol) in water (6 nmL). After
stirring for Wo9eresssnin, copper (1) bromide (7.83 g, 54.6 rﬂ%‘ﬂ}59m6%
aqueous HBr (60 nL) were added and the m xture was heated at 70[err]C

for 1 h. The m xture it reda filtrate was saturated with
NaCl then extra i %\ﬁ? E"gfaég?xfla% 170 m). The conbi ned
extracts were dri ed Tb/giﬂmglsnls\)cnsﬁoddf&h@d)mdn&oﬁﬂ)mleeﬂﬂa)(m 158948,

The residue was conbined with conbined with the s I|d Iected in the

first 10 filtrmmelhin lﬁm%t}m’éﬂﬂw»ﬁm% drropWisR2 i . t hen
filtered. To thgysy nofs Hnlrjlﬁﬁ'ﬁe &@ﬁﬁ%ﬁ.@%&ﬁ.ﬂm&f(ﬁ t ra?ﬁ%m'g"ﬁ?] 3gnd the

~solutjon was heate hen ‘concen
resi due was Par m,lm(lbbm%(wglﬁ&ﬁmdqmwaqmwsI@F@qtek)‘]/erand

§£ P)élj ?K/Stsg grrfé]“e"dd‘g‘gggl iyl %m@%h @g%ﬁtﬁ% vgas?%%?gﬁf'ﬁﬁeed to

provide the 15 ﬁ:uatdﬁmaﬁmmdmmaameﬁ&medeﬂmeﬂiyme&kmmom% M5
(ESI): 236.0 (MtH)[err 2- benzyl ox onbbenzene

- To a stirring s&M% ‘EQM""M?URGM&M@@@ é}/ g":‘{ to dpyRessenzy |
~bromide (9.9 g, ﬁ&@m@%ﬁdﬁbﬂ%ﬁ%ﬁﬂéﬁﬂ@m&@oﬁd%ﬂ&%&hwm err]
(12.0 g, 86.7 20 nol ). After stlrrlng reflux for 4h, the m xture was

partitionedl®et ﬁb@nomﬂngxpdatreﬂux inethageld SohmL)\for Srmin;Tthen ﬁk@}'&ﬂn To Fhsyer vvas
washed with brig %ﬂdéq\p I g Eﬁ%de.ﬂ
resi due was pur| |ed col um fr%?ia ue&ds%ﬁrﬁﬁ l(‘ﬁsﬁlg‘%ghge

acet at e/ hexane) for d6 hj hb:dcammttatddl dhe mspiuu mas pa'tmonpd betwees satmted@q&oﬁs

2ig 7748 (m " NSO bacele i Stapls v vyt B,

% H), 5t 17 (s, 2ai|iedt(Mgso4), dteﬁalonzedzwmmﬂ xfpsesrdieonenirated & srovide t5he
o astirri S utron o e.Cco oun
mol ) i n THﬁq(lQ ¥ spoypoyp w%w%m&y &B@%Mé@%ﬂ B%%SO@K m., 2.5M

in 30 hexane, 57.8 nmmol). The mi xture stirred at -78[err]C for 25 mn

when added vi a cannul ation to a stirring solution of
triisopropyl bor@te (Shenzylgxybromobaggene | n THF
145: To a stirring solution of 2-bromophenol (10.0 g, 57.8 mmol), and benzyl

bromide (9.9 g, 57.8 mmol) in acetone (150 mL) was added K2CO3 (12.0 g, 86.7
20 mmol). After stirring at reflux for 4h, the mixture was partitioned between ethyl

acetate and water. The organic layer was washed with brine, dried (MgSO4),

filtered and concentrated. The residue was purified by column chromatography

(silica gel, ethy! acetate/hexane) to yield the title compound as a colorless oil (15.2

g, 57.8 mmol). IHNMR (400 MHz, CDCl3) 57.62 (m, 1H), 7.54 (m, 2H), 7.45 (m,
25 2H), 7.37 (m, 1H), 7.28 (m, 1H), 6.98 (m, 1H), 6.91 (m, 1H), 5.17 (s, 2H).

d) 2-benzyloxyphenylboronic acid
To a stirring solution of the compound of Example 112(c) (15.2 g, 57.8
mmol) in THF (100 mL) at -78°C was added dropwise n-BuLi (23.1 mL, 2.5M in
30  hexane, 57.8 mmol). The mixture stirred at -78°C for 25 min when added via
cannulation to a stirring solution of triisopropylborate (54.4 g, 289 mmol) in THF
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WD 97/ 16433

PCT/ US96/ 18000 (100 m.) at -78[err]C. After warm ng to room
tenperature and stirring for 3h, the m xture was poured into 3N HC
(100 nL) and extracted with ethyl acetate (3 X 200n.). The organic

| ayers were conbi ned, washed successively with water and | dried
(MySO err]), WOIM4Y and concentrated. The residue was puriPFTél%B‘ggﬁooS

col um chromat ography (silica gel, ethyl acetate/ hexane) to yield the title

d I ' ; VHz
DO Lort]) [ or o8 mit5al GHGOREr dfimihiho by feffippnee snbamkbhs 0 (0% |
%H%Z .8.05 I(s, Mxmrlsjv@Smedm3NHCl(100m}g)ande&rmdwnhe ylacetgte(;ix
- -benz OoX .83 4- |
ol i on-of + heDRbeh T BEREIARR e tosphét, Yigheg sucpsseffiyuitl kil Bl |
conpound of Exatrjiepdried((MgSO4),Zilteged ahB cOnoenwatyd. The residue was purified by
et oot Honceske RS Gt es e o s 565 ol
and the m X_turecdﬁfp%um?@éf&]eyenow s%_iid?éb?! 30, $miodd). LANMR (400 MHz, CDCl3) 5
Tetraki s(tri phenyl'phosphi’ne)pal | adi un(0)(0.65 g, 057 nmmol) 15 wasadded

and heating at B9 &k 1HE Ade(ms 61D, TRkM. T 7.026d, IH).6.08 (st 2H) Svidds.&H)ut ed
with water (60 nL) and extracted with ethyl acetate (2 X 120 nL). The
conbi ned extracts were washed with saturated aqueous NaHCO3 and

saturated brineg) drietiyl 2-(2-benzyldxFplenylihjazolei4-tatboxgilatend concentrated. The
resi due was_purified,by flash. chr omat ograph of 0- 400 nesh
" silica gel ,logl ut i ngdm¥W/§°§¥WI“§F&°&1@“¥8°%%#&S,(9'95' bé@vi de the
ot commound s sbohepal G O W L MR 88
err]. ] - (2- benzyl oxyphen i azol - 4-yl car bonyl hydr azi de
Fol | owi ng t he F?PMH!P_BC P@RM%@“!M)Y(OQ& ?m indimethoxyethiaps 2. (2-
25 benzyl oxyphggwL)iwks Wd@:‘eﬁﬁﬁﬁﬁﬁ&’ [£4%g,58!5 mmol) and the mixture was heated

(1S) - 1- benzyl oxycar bonyl am no- 1- (

car boet hoxyt hi zat85 °C-forf 1613 - Testakis(tipheayiphosphinelpatladinra@®) (6he 08 somelkpar ed as
86 "M °0ad dited Ratetinl ar 88 O Svab YidelouBd Fok 5 . The mixture was dituted

with water (60 mL) and extracted with ethyl acetate (2 X 120 mL). The combined

extracts were washed with saturated aqueous NaHCO3 and saturated brine, dried

(MgSOy), filtered and concentrated. The residue was purified by flash

chromatography on 180 g of 230-400 mesh silica gel, eluting with 15% ethy] acetate

20 in hexanes, to provide the title compound as a white solid (3.22 g, 56%). MS(ESI):
340.3 (M+H)*.

f)  2-(2-benzyloxyphenyl)thiazol-4-ylcarbonylhydrazide
Following the procedure of Example 102(d), except substituting ethyl 2-(2-
25  benzyloxyphenyl)thiazole-4-carboxylate for (1S)-1-benzyloxycarbonylamino-1-(4-
carboethoxythiazol-2-yl)-3-methylbutane, the title compound was prepared as a
white solid. MS (ESI): 326.2 (M+H)*.
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PCT/ US96/ 18000 Q)
N-[2Z-(2-benzyl oxyphenyl )t hi azol - 4-yl carbonyl ]-N -[ N- (4-
pyri di nyl met hoxycar bonyl ) - L- I euci nyl ] hydr azi de Fol | ow ng the

procedure of Exanple 103(d), except substituting 2-(2-
benzyl oxyphenwo ¢itméassol e- 4- yl car bonyl hydrazide for (2S,1'S)- BCT/US6/18000
(benzyl oxycar bonyl )am no-N-[ 1" - ( 2- hydra2| nocar bonyl t hi azol -4-yl)-3' -

A e e

N- benzyl oxycar bopyrididylineticxyearbohyipLtlendisyljbpdmeided was prepared as a white

SE;)LIrrgi el\/igESI ): 571&%&7&@%“ e ureofOExample 103(d), except substituting 2-(2-

N-[ 2- [ N-met hyl - Wﬁﬂﬁﬁ%ﬁﬂﬁd&%&m heforgis:ﬁsmnyll N -
[ N-(4:pyridinyl met hoxycar bonyl ) - L- I"'euci nyl | hydr azi
N- (4- phenyl ph@nyﬂ)‘-mhm@‘mqyﬂ)spﬁmﬂﬂ c{g-hydramnocarbonylthr@lé-g}- rring sol ution

(r)rImI4 ar7n ggbInE;]ePM@H{yﬁene C %{’%@'ﬂwpﬁ?@‘ﬁ&*‘%‘(’g’é’ Q?A‘ggneggdgd

sl ow y i sobut yr yfor qubanzyld:q'c@ﬁmﬂylg,.-ldiéme, thertitle camp@ondrivas prépared as a white

stirring at 0 Cf 4was diluted with nmethylene chloride
(120 m) ?@’%@ﬂﬁﬁw and saturated brine, then dreid

(MgSg err]), filtered and concentrated The resi due was washed with
ether and dried to provide the title 20 ound as a pale yellow
crystalline EQ)Ild(Q 83 g, 3% [err] VHz

CDCl [err]/ CDO err pfdahra . 7;3‘ : 2fl

2.55-2.49 (m .
N- (4- phenyl phenyl ) N-(2- FBEREstirring

solution of lithj : ‘ ] |THF ; (58.6 mmol ),
cooled to 0 C, S aggg&bﬁ%g]\ﬂwﬂgjvgr 3 gTution of the conmpound
of Exanple 73(a) (9. BEaﬁnlﬁ@ﬁrlunmlofﬁamlirﬂﬁpl(eﬂu9ﬁﬁg 56\8 mmol) angl

s O ol fnide G b 503 itndl7 85 B et ot gl B 270

m.) was slowy %OWMMMkhmﬁoMQﬁwmﬁéng, 56.Dirhrnal, 9.90nﬂ)) Afidr wat er

6.67 nmL). The recipitate was renoved filtration shed with
ét her 4 % i mes. -[qumgpqtpr for 1 h, the mixture was dllutex with methylene ch?ondewazo mL)
147 2 whheliSAEBIN NaOH and saturated brine, then dreid (MgSOy), filtered and

PCT/ US96/ 18000 .
concentrated. The residue was washed with ether and dried to provide the title

20 compound as a pale yellow crystalline solid (9.83 g, 73%). IHNMR (400 MHz,
CDCl13/CD30D) § 7.58 (d, 2H), 7.50 (m, 4H), 7.40-7.25 (m, 3H), 2.55-2.49 (m,
1H), 1.18 (d, 6H).

b)  N-(4-phenylphenyl)-N-(2-methyl-1-propyl)amine -

25 To a stirring solution of lithium aluminum hydride (58.6 mmol) in THF
(58.6 mmol), cooled to 0 °C, was added slowly over 10 min a solution of the
compound of Example 73(a) (9.35 g, 39.0 mmol) in THF (170 mL). After the
addition was complete, the ice bath was removed and the solution was heated at 55
°C for 30 min. The mixture was cooled to 0 °C and water (2.22 mL) was slowly

30  added, followed by 15% agueous NaOH (2.22 mL) and water (6.67 mL). The
precipitate was removed by filtration and .washed with ether 4 times. The filtrate
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was evaporated to dryness to proveide the title conmpound as a pale yell ow

solid (8.34 g, 97%. Ms (ESI): 226.2 (MtH)[err]. c)
N- (4- phenyl phenyl ) - N- (2-net hyl - 1- propyl )thiourea 5 To a stirring
sol ution of thiophosgene (98.9 ng, 2.6 mml, 198 ulL) in nmet hyl ene

chloride (6.5 ntﬁ%i cooled to O[err]C, was added dropw se a ;g;ﬁ#’g# f the
conpound of EYQ8HM3%3(b) (540.7 ny, 2.0 nmol) in methyl ene (1
m.) . After stirring for 2 h. ammoni a-satruated nmethanol (20 nL) was

added and the was evapStatdd'sd & }oweiaeln@tﬁﬂeeem.ﬁmea?_ el sdlid)-  The
solution was concentrated and 10 he residue was parti |or¥ed bet ween et hyl

acetate and 1N 34 8. 81%)o MREND): | 286 M+H)*. was washed with 1IN HO twice,
then with saturated brine, then dried (MgSOH4), filtered and
concentrated. The residue was purified by flash chromatography on 10

g of 230-400 nmeeh siN+(é@hgwlphwynm-@gxnmyhl-pro@ybﬁﬂopkeaacet at e/ hexanes, to
D e 5 (i | % § PR SHBAory oPRlsfenk b8 8 e 2l inb 166 [y a2 - M
2- [ N- (4- pheny!| phgthyiehe BhloAdeT e 3wil), tosled )0 9@ Was alldedi dddpWise d'solution o§ %he)

c

car boxyl at e A solution of the conpound of Exanple 11
(184. 6 my, 0. 65compaund ghExample 73() (330.7ume 2hpmellde methyjege ghlptide (1. 18E). ol |

81.5 uL) in et hﬂﬁ&l stﬁl%aa%foﬁ)h. &%o%g-sa@nf'ﬁéftgeﬂnoi ol 9 &&ea?ﬁgﬁ dhd thd'©"

concentrated. The residlue was partitioned between acefate and
sat ur at ed aqueoselutioni¥as[stirred at 9o tempesasursfor 2 he Thewsnutiontwasconeknteated and

et hyl aceta ' ' wer Wt h.sat urated
brime, o 16 8 s G Bt Al Bl el B TNIRCT e i, o
passed through wapwashed with INHCR8GcbDthenodth satutatedcbrige) theredriedi(MgSOH,N 12%
ethyl acetate ip hexanes, to proyjde the 25 title _c ound as a pale
vel | ow oi | ( 230MAFea §stppnoaperatéefhe residve way Ryvified &Y fiash Chromatography n 10

N-[ 2- [ N- (4- pheny b2B0°400)mdsh(sBicaRéinathtidg Witl P8l et adetdé/Réxandd] whrovide the

yl car bonyl ] hydr azi de Fol | owi ng the procedure of "Exanple
102(d), except Hlprompound az2 paleyaliow solid (479 mg, 83%). MS (ESI): 285.3 (M+H)*.

(4- phenyl phgnyl ) - N- (2- et hyl - 1- propyl ) am no] t hi azol e- 4- car boxyl ate for

(1s)-1- _ 148 WO
97/ 16433 d) ethyl 2-[N-(4-phenylphenyl)-N-(2-methyl-1-propyl)amino]thiazole-4-

PCT/ US96/ 18000 ' "

benzyl oxycar boncﬁ%ﬂlr?g- 1- (4- carboet hoxyt hi azol - 2-yl ) - 3- et hyl but ane, the
title conpoundh selution ofthe campound ofJExameple bl 3(¢).(1845 mED.HS n@l) éd
(MH)[err]. ethyl bromopyruvate (126.6 mg, 0.65 mmol, 81.5 uL) in ethanol (2.5 mL) was

20  heated at reflux fo 5 min, then concentrated. The residue was partitioned between
ethyl acetate and saturated aqueous NaHCO3. The aqueous layer was extracted with
ethyl acetate and the combined organic layers were washed with saturated brine,
dried (MgSOg4), filtered and concentrated. The residue was passed through a plug
of 230-400 mesh silica gel, eluting with 12% ethyl acetate in hexanes, to provide the

25 title compound as a pale yellow oil (230 mg, 93%). MS (ESI): 381.4 (M+H)*.

e) N-[2-[N-(4-phenylphenyl)-N-(2-methyl-1-propyl)amino]thiazol-4-
ylcarbonyl]hydrazide
Following the procedure of Example 102(d), except substituting ethyl 2-[N-
30  (4-phenylphenyl)-N-(2-methyl-1-propyl)amino]thiazole-4-carboxylate for (1S)-1-
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f)

N-[2-[N-nethyl - N-(4-phenvl phenyl)am nolthi azol -4-yl car honyl ]-N=[Ne(4- 5

pyri di nyl met hoxycar bonyl ) - L-1euci nyl ] hydrazi de Follomnng t he
procedure of Exanple 103(d), except substituting N-[2-[N(4-
phenyl phenyl ) - N- (2- met hyl - 1- propyl ) am no] t hi azol - 4-yl car bonyl j hydr azi de for
(2S, 1'S) - 2- (bawaytmsazscar bonyl ) am no- N-[ 1' - ( 2- hydr azi nocar bon§FTFH$%A00 4. y/| )
-3 - met hyl butyl ] - 4- met hyl pent anani de, and

UC|ne 10

N- benzyl .ox.ycar bo P Arhagtox TR AR Cwhi t e
N benoyl oxycar boPPRR eertaRYating: e em st 2 Yk rtyyan he

solid. M5 (ESI):cdmipound whipiepaed 3s a white solid. MS (ESI): 367.3 (M+H)*.

Exanpl e 114 Preparati on of :

N- ( N- benzyl oxycar bonyl - L-1 euci nyl )-N -[ 2- (4- phenyl benzyl )t hi azol - 15

4-yl car bonyl ] hydgazi de.ra-[N- -N-(4-phenylphenyDamino}thiazol-4-yicarbonyl]-N'-[N-(4

N-[ 2- (4- phenyl bmzyl )t hi ggol -yl E:alr)t%%fl y) az? y oyl [F fl OW ng

t he procedur & ofPM@MMM@IHY d'?subst ituting 4-

itTe 2 bompound ‘e aRRe efpAlr idple 10sfH ol el A5 4

(MtH)[err]. 20 phenylphr)xyl)—N—(Z—meﬂlyl-1-propyl)ammo]th1azol-4»ylcarbonyl]hydraznde for

JI car bony! ﬁ%?i@?&%—' i kol RA BN rARE Ao Bty

- 103(d), except lbﬁtyI]Mﬂﬂethb Ipéntarthmide, and N-(4-pyndmylmethoxycarbongl)—bleucme
phenyl benzyl hlazo | car bon I]hydra2|de for -2-
(benzyl oxycad@orf9r N ehﬁ'ﬁé"“"ff?" 3% Acleyeing she fifle-comp 4mma§|a)wmw

-~ met hyl butyl ] - 4- ngfigy %198, M,Ijq;nltle conpound was prepared as a white
solid (20 g 0 S N 4 (Mer) [err]

149 WO 97/ 16433
PCT/ US96/ 18000 1 - Exanpl e 115
Preparation of N-[2-(4- phenyl phenyl ben%l 4-yl| car bonyl ] - N [ N-(4-
pyri di nyl net hoxykrepdss ) N-benzvioxiydark b tleliein 4-1 bemzvithiaz
procedure of1 Exanpl e 103(d) except S b tit [2-(4- 5
phenyl benzylJt hi azol - 4-yl car bonyl ] h%%ﬂﬁ#&(‘gs 1'S)-2-

a) N-[2-(4-phenylbenzyl)thiazol-4-ylcarbonylJhydrazide

Following the procedure of Example 102(a)-102(d), except substituting 4-
biphenylacetic acid for N-benzyloxycarbonyl-L-leucine in step (a), the title
compound was prepared as a white solid. MS (ESI): 310.3 (M+H)*.

20
b) N-(N -benzyloxycarbonyl-L—léucinyl)—N'-[2-(4-phenylbenzyl)thiazol—4-
ylcarbonyl]hydrazide

Following the procedure of Example 103(d), except subsututmg N-[2-(4-

phenylbenzyl)thiazol-4-ylcarbonyl]hydrazide for (2S,1'S)-2-

25  (benzyloxycarbonyl)amino-N-[ 1'-(2-hydrazinocarbonylthiazol-4-yl)-3'-
methylbutyl]-4-methylpentanamide, the title compound was prepared as a white
solid (20 mg, 0.035 mmol). MS (ESI): 5574 (M+H)*.
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(benzyl oxycar bonyl ) am no- N-[ 1' - (2- hydr azi nocar bonyl t hi azol -4-yl)-3' -

net hyl but yl ] - 4- net hyl pent anam de, and

N- (4- pyri di nyl met hoxycar bonyl ) - L- 1 euci ne for

N- benzyl oxycar bonyl - L-| eucine, the title conpound was prepared as a yell ow
solid (30 ng, 0.053 mol ). M5 (ESI): 558.2 (MtH)[err]. 10 .
Exanpl e 116 WO09716BXpar ati on of PCT/US96/18000
N- ( N- benzyl oxycar bonyl -L-1eucinyl )-N -[2-[ N-(2- et hyl propyl ) - N
phenyl am no] t hi azol - 4-yl car bonyl | hydr azJ a)

N-[ 2-[ N- phenyl - N-(2 rret hyl - 1- propyl)a%ﬂﬂﬁﬂugzol 4 15
yl car bonyl ] hydr aziRiepara i-phe nylbenzibthiazol4-y pi11-INB
113(a)-113(e), except substi tut i.ng ;10D phenyl in step
(a), the title compound waS PrEpArEetaE xg-prik solid (276 ng,
0.950 mmol ). M (ESIFblloQﬁ:&tﬁb IE]xam le203(d).)exoept substituting N-[2-(4-

pheny! i o] h) 96 ﬁﬁeyn;y @ﬁé&%@m@%@ﬁﬂw 8 5"%8??23“ g the

procedure of KWP’ 1 2|Jg dratibbdaitd
phenyl - N- (2-met hyl = 1-propyl)am no] t h‘?azol 4-vyl car onyI ] hy razr de for

(2S,1'S) - 2- methylbutyl]-4- ylpentana.nnde and N-(4-pyridinylmethoxycarbonyl)-L-leucine

b I b 25
oty but Y11 - 4o R e, B RO il eiied sk vbIoh .

whi t e sol |sdh¢(m)mg.0@533rinml)wMS)CESI&S $58AM+IHE0. 3 (M+Na) [err].
150 VO 97/ 16433
PcT/ us9e/ 14800 Exanpl e 117

Preparation of Example 116
N-[2- [ N-(2- et hyl propyl ) ' ' .
[ N-(4- pyri di ny| HERNENST-Fbrsen

t he procedure of Exarrpl e 113haviahlidélhiazof ,;.“.,,,l.; ng 5 anil i ne
for 4-am nobi phenyl .in steg@g e trtle co was prepared as a
Y,

yel | ow s®id M5E-Byp 2(2rﬂ’ﬁﬂ‘3}l'l RBPIIE@'P"]%'QH‘ (MrH) [err].
' 15  ylcarbonyljhydrazide .
Following the procedure of Example 113(a)-113(e), except substituting
aniline for 4-aminobipheny] in step (a), the title compound was prepared as an
orang-pink solid (276 mg, 0.950 mmol). MS (ESI): 291.3 (M+H)*.

' ljﬁﬁmﬁ-}low ng

20 b) N-(N-benzyloxycarbonyl—lflcucinyl)-N'-[2-[N:-(2-methylpropyl)—N-
phenylamino])thiazol-4-ylcarbonyljhydrazide
Following the procedure of Example 103(d), except.substituting } N-[2-[N-
phenyl-N-(2-methyl- 1-propyl)amino]thiazol-4-ylcarbonylJhydrazide for (2S,1'S)-2-
(benzyloxycarbonyl)amino-N-{1'-(2-hydrazinocarbonylthiazol-4-y1)-3'-
25  methylbutyl]-4-methylpentanamide, the title compound was prepared as a white
solid (92 mg, 0.171 mmol). MS (ESI): 560.3 (M+Na)*t.
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Exanpl e 118 Preparati on of

N-[ 2- (2- benzyl oxyphenyl )t hi azol -yl carbonyl 1-N [N (3- 10
pyf1di nyl net hoxycar bonyl ) -L-1euci nyl ] hydrazi de Fol | owi ng t he
procedure of Exanple 112(a)-112(g), except substituting N

(3- pyridinyl met hoxycarbonyl)-L-1eucine for

N- (4- pyri di nylweeimstazcar bonyl ) - L- | eucine in step (9), PETUS96{18000 °
conpound was prepared as a white solid (93.8 ny, 53%9. Ms (ESI):
574.3 (MrH)[err]. 15 Exanpl e 19
Preparation of N-[2-(2- benzyl ophenyl ] t rﬁ-‘&E‘BH&—w car bonyI ] N -[N-(2-
pyri di nyl met hoxypgpiiation of-N-¢ /12 zolHoyicAbon3
procedure of Exanple 112(a 112( )

(2- pyri di nyl met hoxycar bonk¥={4 ARJEEL

N- (4- pyri di nyl net hox I?rbce E'xﬁﬁglle 1 ,{cg%t, bt |
conpound was prepar eg@gg\bg V\% dgll-eloé rlQ3('afl ﬁS(ﬁPe suﬁﬁﬁh Sl):
574.4 (MH) [ Srr ]amlme for 4-aminobiphenyl in step (a),thc title compound was pregz_t;pgrpﬁ péfeli% 25

P t f I )-N -[2-(2-
b;ﬁgg[ gxlp(r)lgnSI )t %&@éﬂ@%ﬁ%&ﬁy @ggam By‘mﬂbeum i )Fol I ([)WI ﬁ\g t he

procedure of Exarrpl e 112(a)-112(g), except subst ituting N

benzyl oxycar bonyl - N- net hyl - L- | euci ne f N-{ 4~ pyri di nyl met hoxycar bonyl ) - L-
| eucine in step (Q), the t|tIe comounMpared as a white solid
(153.5 ng, 30 85% Prdvaralibdbi} ‘

151 WO 97/ 16433

Nhe

- PCT/ Us96/ 18060 mmmgmmmmﬂmmmgam e 121
Preparation of llowm the r{arocedurec:flixample 112(a)-112(g) Ft subsmutmg N-
['am nol t hi azol - 4-y] car bon

N-[ 2-N-(2- et hyl propyl) - t¥:
[N-(2-pyridinyl r(gmod@p ﬁmycra)rba_nyl)éubMW fonyh@mr@myhne oxycarbonyl)—l:m | owi ng

the procedure ofi,fxa iline for
4- am nobi phenyl |n step é} %}‘ﬂ%ézé‘ pyr| yt et oxycar%on)’??sﬂ?gn

| euci ne for N(&B@rhﬁ(ﬁﬁ[ﬁe&%ﬁ%ﬁbﬁ)ﬁonyl) L-leucine in step (f), the title
conpound was prepared as a white solid (40 ng). Ms (ESI): 539.4 (MtH)[err].
Exanpl e 122 f Preparation of _

‘N[ 2-[ N-(2- net hyl propyl ) - N- phenyl ani noExhmpizali 4- y!l car bonyl ] - N -

Following the procedure of Example 112(a)-112(g), except substituting N-
20 (2-pyridinylmethoxycarbonyl)-L-leucine for N-(4-pyridinylmethoxycarbonyl)-L-
leucine in step (g), the title compound was prepared as a white solid (149.7 mg,
85%). MS (ESI): 574.4 M+H)*.

25

Following the procedure of Example 112(a)-112(g), except substituting N-
benzyloxycarbonyl-N-methyl-L-leucine for N-(4-pyridinylmethoxycarbonyl)-L-
lencine in step (g), the title compound was prepared as a white solid (153.5 mg,

30 85%). MS (ESD): 609.3 (M+H)*.
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[ N-(3-pyridinyl met hoxycar bonyl ) -L-1euci nyl ] hydrazi de Fol | owi ng
the procedure of Exanple 113(a)-113(f), except substituting ani l i ne
for 4-am nobi phenyl in step (a) and N (3-pyridinyl net hoxycarbonyl)-L-
| euci ne for N (4-pyridinylnethoxycarbonyl)-L-leucine in step (f), the title
15 conmpound was repared as a white solid (42 ng). M (ESI)
(MrH) [err] . 097neds3 peRijsbeftae-
Preparati on of N-[ 2- (2- met hoxyphenyl ) t hi azol - 4-yl car bonyI ] N [ N-(4-
pyridi nyl met hoxycarbonyl) - L-1 euci nyl ] hygkggslel¢a 0 a)
2-trimethyl stannyl ani soI e To a _stirring sol utlon of n-BulLi
(2 6 n‘L 2.5Min Wavivovalals =N -PROBY IS0 '.x'L; PICEIDOR VR |- -78C
was added 2- br onpani soI e ' - Ol
“dropwi se. After stirring ' [ 1 T or1 a
nm., 1.0Min THF, 6. 4XFollopling thapmeﬂtsdoﬁﬁxmmleslan(iﬂﬂdﬂﬁ )exmtasulmsumg owed 25

L ™ R P M e P TS AR T

: gyg; S\N\c’;\l;r . conbleﬁée}glmw( Ndmylméthmlycﬁbbﬂyl)-w?déuﬁﬁn‘s&pmdhém ortgfglt gd
i i
Thg resi due was WP‘%H’%WE@?F‘&WW %O%QK%MI o‘&&éﬁﬁﬁ ?géjfﬁﬁﬁﬁ'p

hexane) to yield the title conpound as a colorless oil 30 (1.11 g, 76%.
[err] HNMR (400MHz, CDCl[err]) [err] 7.47 (d, 1H), 7.40 (t, 1H), 7.05 (t,
1H), 6.90 (d, lH) 3.36 (s, 3H, 0.34 (W]g :

152 0 5 4 :
PCT/ US96/ 18000
2- (2- met hoxyphenyl ) t hi azoN¥~(Z-pyridi

conpound of Exanple 25 ound of
Exgprrpl e 83(a) (gP 287%%?’%%%&“#&8“?%@ iﬁ(a)'ﬁ?(ﬂ °"°°P‘§'g ting
tetrakis(tri pheraduniecfemnﬁiqbnihbﬁsdﬁmstéxﬂmﬁﬁaﬂqz-pgndﬁyﬁ&ﬂikﬁymymm t ol uene
(2 n) was, stir egla refl xforggg Th mxture q]Auted W th

~ethyl acetate ang Py iyl ?‘*‘:H\é"“’l‘ﬁ% % | ayer was
dried (MySO® I ]dompohhd RESptepited as a whiteCola s mas. ds (ESH: 5354 (M@‘H)‘ﬂs

purified by colum chromatography (silica gel, ethyl acet at e/ hexane)
to yield the title conmpound as a white SO|Id(0 081 g, 29% . 10 [err]HNWR
(400MHz, CDCl[err]) [err] 8.54 (d 1H), . 1H), 7.45 (t 1H, 7.11
(t, 1H, 7.05 (d, 1H), M : : t, 3H).

c) N- [ 2- ( 2- et hoxZ5SRITBNON € ‘ ‘ :

20 a) 2-trimethylstannylanisole
To a stirring solution of n-BuLi (2.6 mL, 2.5M in hexane, 6.42 mmol) in

diethyl ether (2.5 mL) at -78C was added 2-bromoanisole (1.0 g, 5.35 mmol) in
diethyl ether (2 mL) dropwise. After stirring for 1h at -78C, trimethyltin chloride
(6.4 mL, 1.0M in THF, 6.42 mmol) was added dropwise. The mixture was allowed

25  to stir an additional 2h while slowly warming to room temperature. The mixture
was then washed with saturated aqueous NaHCO3. The aqueous layer was
extracted with diethyl ether (1 X 50mL) and the organic layers were combined,
dried (MgSOy), filtered and concentrated. The residue was purified by column
chromatography (silica gel, hexane) to yield the title compound as a colorless oil

30 (1.11 g, 76%). LHNMR (400MHz, CDCl3) 3 7.47 (d, 1H), 7.40 (t, 1H), 7.05 (t,
1H), 6.90 (d, 1H), 3.36 (s, 3H), 0.34 (s, 9H).
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pyri di nyl met hoxycar bonyl ) - L-1 euci nyl ] hydrazi de 15 Fol | ow ng the
procedure of Exanple 112(f)-112(qg). except substituting.-ethyl

2- (2- met hoxyphenyl )t hi azol e- 4- carboxyl ate for ethyl 2-(2- :

benzyl oxyphenyl )t hi azol e- 4- carboxyl ate in step (f), the title conpound was
pr epar ed as a white solid. M5 (ESI): 498.3 (MrH)[err]. 20 .

The above deswoispidassn ful |y discl oses how to nake and use t RETUSHHI&Mds

of the present invention. However, the present invention is not limted to
t he particul ar enbodi nents descri bed herei nabove, but includes all
nmodi fications thereof within the scope of the follow ng clains. The

various referenges tethyl Qy2-distioxyphenyl)thiidbledtcarlsoxglat her publ i cations which
are cited herein conpriise the state of the art %ﬁ) %léj a{(’f i nC r&orated
rggmftﬁﬁdﬁppqqﬂqpyu f Exampjs 112(b) (0.250 g, 1.06 mmol), the

herein by reference

153 - coffpotind fExdmple 83(a) (0.287 g, 1.06 mmol), and
PCT/ US96/ 18000 ple 83(a) ( & ) Exanpl e 124
m

np
Pr epar at i on Sf tetrakis(triphenylphosphine)palladium(0) (0.037 g, 0.0318 mmol) in toluene (2 mL)

(25,119): N (1 & 6ALROSLARK NS Nkl Bkl s R o Tl i

2- (2= phenyl benzy?sosxyca onyl)am nopent anam _
(2S,1'S) - 2- (t erwitlbwhiexamibrinen The evgamic 1dyef Was dribd(MgS0g), Hiltesediand zol - 2-yl ) - 3' -

Bc) (12 5 3. SR ThE e s it hy coloran Hepraabanty dsfite LA o
(2.96 g, 26.0 rgzeiafe/HeRine]f® yiaﬂ-ﬂxeTthEc%e)_Fuﬁﬂm awelsiteisbld (0.081 g, @0%g.entrated in
vacuo and redissolved in DVF (25 nlL). To the stirrir]7g solution 10 _ was
added trietWyl aﬁmmowg;ﬁezmm@., 1822 &5y 18} 149 @78 Dg7.15 (191 ) ) |

1- hydr oxybenzot.y ' I

1- ( 3- di net hyl an?'?\%@%‘gbf‘?‘lsga?w""&g% ?.W’c%#%g’%)iﬁ de hydrochl oride (0.750

g, 3.9 mol). After stirring at room tenperature for 16 hours, the

vater (2 X 1009) . e ERERG A ey TCTEE LYY

pyridinylmethoxycarbonyl)-L-leucinyl}hydrazide

15 Following the procedure of Example 112(f)-112(g), except substituting ethyl
2-(2-methoxyphenyl)thiazole-4-carboxylate for ethyl 2-(2-
benzyloxyphenyl)thiazole-4-carboxylate in step (f), the title compound was prepared
as a white solid. MS (ESI): 498.3 (M+H)*.

20 The above description fully discloses how to make and use the compounds
of the present invention. However, the present invention 1s not limited to the
particular embodiments described hereinabove, but includes all modifications
thereof within the scope of the following claims. The various references to journals,
patents and other publications which are cited hercin comprise the state of the art

25 and are incorporated herein by reference as though fully set forth.

153



15 dried (MgS err]), filtered and concentrated. The residue was purified
by col um chromat ogr aphy- (silica gel, ethyl acetate/hexane) to yield
the title conmpound as a white solid (1.15 g, 729 . MS(ESI): 456.2
(MtH) [err]. b)

(25, 1'8)-N-[ 1 -(4-carboet hoxyt hi azol -2-yl)-3" - et hyl butyl ] - -(2-
20 phenyl benz“}?m bonyl ) ami nopent anani de %59@%% ng

sol ution of phosgene (1.5 m., 2.9 nmol, 1.93Min tol uene) at Oferr]C
was added 2-bi phenyl met hanol (0.486 g, ) and

di i sopropyl ethyl am ne (0. 375 9, 2. 9 i§ TEe solutlon was aIIowedto stir
at O[err]C Preparationof 29, 1'S)-N-H' arboethoxythiazel-2xyl-3=methyiby hyl-r r i ng
at room tenpera o DOLL d of Exarrple 124(a) (0.150

g, 0.330 mmol) ' T as concentrated and
redi ssolved in DMF (3 nL). This sol ution was added to t he

Las o e et B By b A S AR oL o7 D o

was diluted w t:heﬁxylbutyl}et—inyihyk;:emﬁnﬁdand washed SUCCESSI vely with water and
brine. The organic layer was 30 rr filtered and
concentrated. The rﬂ&ﬂm%" i?ﬂ‘ﬁ?&/‘l\%&l wasstmedatmom

154 tetiferBititelifihdat TFA (2.96 g, 26.0 mmol) for 15 Th

PCT/ US96/ 18000 chr omat og$ aphgy (sili 35 %r ,mm hyf scgg%%nat e/thcexane) to
yield the titl| copesmiateddn &@“aandwdlssmdt DMF (45 ). {Frethe stirringgsolutiody( ES| ) :
566. 3 (M+H)1[0er I’d, addedtneth 0779 7 1. BO . 125 5
Preparation of (a2sS 1'S) - Zytazm (enzng)Eer%m?())%c%r l(])r(l)y 5 972 ﬁ - (4-

Fol | owi ng t he &Mw@mwb@w 8.200 bl)’QOI)eanxbb(3~dlmﬂMamnmprgpﬂ)-3-

benzyl benzyl Ola,g Lheti e co ound was
prepared as a %‘l’o[dfem%‘fﬁ | 39‘%% g?%‘%g )E r?ml—b[err].

Ex arrpl e 126 tempédratatesfonlé hours) fthe solution was diluted w1th cth l actate and washed -
( 25, 1" 9)- N[ 1 s éegs%c }9 vev} gvXaX:tr Ia ﬁzl%_n%.. ILIZHSO& r!Q‘lme uT!\{e Jrgamc layer was
15  dried (MgSQOy), filtered and concentrated. The residue was purified by column
chromatography (silica gel, ethyl acetate/hexane) to yield the title compound as a
white solid (1.15 g, 72%). MS(ESI): 456.2 (M+H)*.

b) (2S.1'S)-N-{1 "-(4-carboethoxythiazol-2-yl)-3'-methylbutyl]-4-methyl-2-(2-
20 phenylbenzyloxycarbonyl)aminopentananﬁde |
To a stirring solution of phosgene (1.5 mL, 2.9 mmol, 1.93M in toluene) at
0°C was added 2-biphenylmethanol (0.486 g, 2.64 mmol) and
diisopropylethylamine (0.375 g, 2.9 mmol). The solution was allowed to stir at 0°C
for 30 min. In a separate reaction vessel, after stirring at room temperature for 10
25 min, the compound of Example 124(a) (0.150 g, 0.330 mmol) dissolved in TFA (2.0
mL) was concentrated and redissolved in DMF (3 mL). This solution was added to
the 2-biphenylmethanol solution followed by diisopropylethylamine (0.213 g; 1.65
mmol). After stirring at room temperature for 1h, the solution was diluted with
ethyl acetate and washed successively with water and brine. The organic layer was
30  dried (MgSOy), filtered and concentrated. The residue was purified by column
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15 Fol |l owi ng the procedure of Exanple 124(b), except substituting 2-
napht hal enenet hanol for_ 2-biphenylnoethanol, the fitle conpound-was-jprepared
as” a white solid (0.132 g, 74% . MS(ESI): 540.1 (MH)

Exanpl e 127 20 Preparation of

(2S,1'S)-N-[1' - (4- carboet hoxyt hi azol -2-yl) - 3" - net hyl butyl ] - 4-

nmet hyl - 2- [ ( 3- pioeyrasgabenzyl oxycar bonyl ) ] am nopent anam de PCT/US96/18000

Fol | owi ng t he procedure of Exanple 124(b), except substituting 3-

ggegoxyben\%:te oho fo‘h 85}19 r%égﬁia%%? 35‘%&“&‘?‘5\)&@%’% A x\@%‘orepared

155 . %ﬁ&‘:ﬁ:ﬁ(‘wﬁs g, '74%) MS(ESI): 566.3 (M+H)"'

PCT/ US96/ 18000 Exanpl e 128
Preparation of (2S,1'S)-2-(benzyl oxycarbonyl)am no-N-[1"-[2-(2-

benzyl guani di nyl )t hi azol - 4-yl]-3"-net h&w4 met hyl pent anam de a)
S- et .hyl dithi obi uret hydr oi od| de sal t To a stirring soI ution of

di t hi obi ur et 5( 5 Riepgrations of (23 (EEDEVACRIVIORYSY aming Nl {4donet hane
(13.1 g, 92.5 - ' WAL LA mide terrperature for
22 h,. the solutfo© [ g oruene and al | owed to
stand at Oferr]C for 3 h. The crystals were collected by filtration and

TS 00 i e i 1

(M+H) [ e(rjr]]c Ex betlxzylti@hzﬂghemygﬂ’l&phﬁyhﬁéthanbl mertmecgmponr?d wa:js prepafedas a
conpound o ar&phnteasg] 1)23 é) gMS?ESSI) %()M%g I ssolved in

15 Following the procedure of Example 124(b), except substituting 2-
naphthalenemethanol for 2-biphenylmethanol, the title compound was prepared as a
white solid (0.132 g, 74%). MS(ESI): 540.1 (M+H)*.

20
Following the procedure of Example 124(b), except substituting 3-
phenoxybenzyl alcohol for biphenylmethanol, the title compound was prepared as a
white solid (0.107 g, 56%). MS(ESI): 581.9 (M+H)*.
25
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| sopropanol (80 nL) and benzylamne (1.77 g, 16.5 mmol, 1.8 nL) was added
and 15 the mxture was heated at reflux for 16 h. The hot sol uti on was

filtered and the filtrate was cooled to O[err]C. After 5 h, the solid
was collected by filtration and washed twice with cold iospropanol,
then dried in vacuo to provide the title conmpound as ac-phkdhisug! 1 d

(2.59 g, 61%WORKINM} ): 209.2 (MrH)[err]. 20 «¢)
(2S,1' S)-2- (benzyl oxycarbonyl )am no-N-[1' -[ 2- (2- benzyl guani di nyl ) t hi azol - 4-

yl']-3" -net hyl butyl]-4-net hyl pent anam dmﬂzﬁs _ Fol | owi ng t he
procedure of Exanple (b), ex t substituting 3- benzyl guani di nyl
t hi ourea for et iichaRbomen{amng 3 :

epar ed as a
white solid (102, o ' A i
156 O-97T 10433 ' T

PCT/ US96/ 18000 a) S-methyl dithiobiuret hydroiodide salt Exanmpl e 129

(19 K14 2 (- benzJ0 SR SULAf AU R T PO R THE 75 L) s

(1S)-N-[4-[ 12
yl carbonyl ] - N- njiday ioddmethbind@32y4d, 92 $aaiblo 5,76 nil). | Aferististingwy eoomz i de

Fol | owi ng the procedure_of Exanple 26(a)-26(d). cept _sybstituting methyl
5 hydrazine foﬁeﬂmlﬂif%gzihn'hﬁf%]ﬂ"‘(‘b‘}'?g‘i‘ﬂmm gﬁc‘ﬁﬁﬁsmﬂ‘ﬂ’%&]ﬂ%r ed as
a white St st ol Rir)3 b OPe chysedld ke lldoted by filtration and washed with

Exanpl e 130 reparation o

(1S) - N-[ 4- [ 1- ( Nedlé@Aybloenel BIB.she driedrin yackoie givg thsditle cpmpptndas awhite0
3N (N benif ARAIFRE SR PISORHY, MO BHERRY) D i g’ T
Fol l owi ng the procedure of Exanple 26(c), except substituting N
b) 3-benzylguanidinyl thiourea
The compound of Example 128(b) (4.35 g, 15.7 mmol) was dissolved in
isopropanol (80 mL) and benzylamine (1.77 g, 16.5 mmol, 1.8 mL) was added and
15 the mixture was heated at reflux for 16 h. The hot solution was filtered and the
filtrate was cooled to 0 °C. After 5 h, the solid was collected by filtration and
washed twice with cold iospropanol, then dried in vacuo to provide the title
compound as a white solid (2.59 g, 61%). MS(ESI): 209.2 (M+H)+.

20 c)(28,1'S)-2-(benzyloxycarbonyl)amino-N-[1'-[2-(2-benzylguanidinyl)thiazol-4-
yl}-3"-methylibutyl}-4-methylpentanamide
Following the procedure of Example (b), except substituting 3-
benzylguanidiny] thiourea for ethyl thiooxamate, the title compound was prepared
as a white solid (102 mg, 79%). MS(ESI): 565.1 M+H)*.
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benzyl oxycar bonyl - L-| euci ne net hyl ester for

(1S)-1-benzyl oxycarbonyl am no-1- 15 - -
(2- car boet hoxyt hi azol - 4-yl ) - 3- net hyl but ane and net hyl hydrazi ne for

hydr azi ne, the title conpound was prepared. b

(1S) - 1- benzyl oxycar bonyl am no- 1- ( 2- car boxyt hi azol - 4-yl ) - 3- net hyl but ane

The conpound &fod&saml e 26(c)(0.57 g., 1.5 mml) was di ssol VRGE/USP6/2§900
tetrahydrofuran and treated with an excess of 1.0N sodi um hydr oxi de. The

m xture was allowed to stir for hours,..and was quenched with 1. 0N
citric acid. The sol vent was evakﬁ‘ﬁ*&d&gnd t he aqueous | ayer
extracted three prgdesioniof M S)-N-[4- Be ik Gt attstngl - 30 el thiop2Ver e
conbi ned and evaporated to Qi ve t e ' ' oam (0.55 g,
1009 . 25 dcarbonyl]-N-meth "] : azid:

1S)-N-[4-[1-(N-Db 7 t |
( )N [(l\lgbengglzoxycargwﬂgl%ﬁﬁ% 2Bw)%ﬁgyl h%@ramgﬂl&nghﬁ&&pony]

FoI | owi ng t hé prhydeadine fordiydeEzmenin sep@).ahe titlecompound was preparédas awling-

benzyl oxycar bony| y% | hydrazide for (1S)-1- 30

(benzyl oxycar borﬁ(? § #@ IX %Whoxyt hi azol - 2-yl ) - 3- net hyl but ane and
(1S)-

1- benzyl oxycar bonyl am no- 1- ( 2- car boxyt hj azo] -4-yl ) - 3- net hyl but ane for N
157 WO 97/ 16433 sl 13

PCT/ US96/ 18000 preparation BENE) ' '
prepared as a white solid.
Exanpl e 131 10 5 ylcarhoggl No(IN-enz - : :
N- ( N- benzyl oxycar bonyl - L- | euci nyI ) N' (N benzyl oxycar bonyl

| euci nyl ) - L-al anyl hydr azi de Fol | ow ng the procedure of

Exanpl e 27( a) - 23) Ny(N-bsnzploxycathopyl-k-deucinyDtN-methylhydeazidai ne net hyl ester for

L evelne ot oS! Biyding el b B S5 R g - P oP
EI—X awlbe 13|2 bexz)ﬂgttmlpfurbdnggg-laicine mgthyl estgxé f]o; (18)-1 -benzylg:r:]ycarbonylamino- I-
I efjci nsln)zél ?}# %‘ﬂﬁy@”’“%’b’}m"ﬂﬁ\h’fgﬂf ?@/FF%C%B%JMM Exanpl e

27(a)-27(c), exmﬂew Bipbhrd Wasiefabedci ne 15 methyl ester for L-1eucine
met hyl ester in step (a), the title conpound was prepared as a white
solid (307 ngy, 42% . MS(ESI): 584.1(MtH)[err].

b) (1S)-1-benzyloxycarbonylamino-1-(2-carboxythiazol-4-yl)-3-methylbutane

The compound of Example 26(c)(0.57 g., 1.5 mmol) was dissolved in
20  tetrahydrofuran and treated with an excess of 1.0N sodinm hydroxide. The mixture
was allowed to stir for 4 hours, and was quenched with 1.0N citric acid. The

solvent was evaporated and the aqueous layer extracted three times with
dichloromethane. The organic layers were combined and evaporated to give the
acid as a white foam (0.55 g, 100%).
25 _
¢) (15)-N-{4-[1-(N-benzyloxycarbonylamino)-3-methylbutyI]thiazol-2-ylcarbonyl}-
'-(N-benzyloxycarbonyl-L-leucinyl)-N'-methylhydrazide
Following the procedure of Example 28(e), except substituting N-(N-
benzyloxycarbonyl-L-leucinyl)-N-methylhydrazide for (1S)-1-
30 (benzyloxycarbonyl)amino-1-(4-carboethoxythiazol-2-yl)-3-methylbutane and (1S)-
1-benzyloxycarbonylamino-1-(2-carboxythiazol-4-yl)-3-methylbutane for N-
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Exanpl e 133 Preparati on of
(1S)-N-[2-[1- (N benzyl oxycarbonyl am no) - 3- net hyl butyl ]-1, 3,4- 20

triazol -5-yl carbonyl]-N - (N benzyl oxycarbonyl -L-1 euci nyl ) hydr azi de a)
et hyl oxal am drazonat e To a solution of ethyl thi ooxarrate (3.0
g, 22.6 mol)_in_e anol (50 ni) was added hydrazi ne %q 1.13
g, 22.6 mmol, WO %% . The m xture was allowed to stir ours

at roomtenperature vvhi | e venting through a scrubber of 25 concentrat ed

sodi um hydr oxi dbef&@ldi%@ﬁonyiﬂﬂeuﬁﬁﬂd&k@iﬂe%ﬁp@lﬂd%%ﬂmﬁt@ﬂtht@Eolih6
hours and the ethanol was evaporated. The residue was boiled in 30%

di chl or onet haneNﬁ\(Fp%}r ﬁﬂﬁer filtered, and recrystalli zed to give
t he desired conmpound as a tan solid. (0. 264 g, 99 .
158 WD 97/ 16433

PCT/ US96/ 18000 b) Example 131
- (195)-1- benzyg oXpLal A1 | A
met hyl but ane , vioxyca
was stirred in JEiing chI oroforrrate (0 23 n1_ 2.4

| d triethyl 0. 25 ¢ dded. Th
ggDWpZJUﬁS ofrifgarrzl 2%‘8@’3&? %ﬁ x@‘ﬁ*’? @Whﬁ)'%(gvﬁ@e%qugngﬂg%&eand tﬁe
m xture was al |wdeﬁﬁth§lbsicr%rmahﬁﬁiwat&ﬁﬁs@ﬂ thﬁﬂeco undm?

sol vents were evaporated and the residue was dissolv I n xyl'enes and
heated to Prepypd a5 4 white;sakid m-r@g?)arl\ﬁsfgﬁbarsaﬁ l!|§M+ﬂ)‘é heati ng was
stopped aftgy 4 hours and the solution was evaporated to a residue
whi ch was chromat ographed (silica gel, 10 40%ethyl acetate in hexane) to
give the title conpound as awhlte solw g, 69%) . '
[ err] HNVR( 400 CTC , dadt) . 5
4.99 (dd, 1H), '
0.83 ( d

MMM
1S)-1-b | | 1-(2-
) 2 T aso o8y Fplbwiig e m%%ﬁ%a?@ ?02%%@5 , except gybstifyting ebrioe
procedure of5 Exmethylesp for)l-ROik D&&Iruﬁﬁbﬂab tth&titlh&:o‘rﬂpamdlw

benzyl oxycar bonyl anj .no- car boet -tri azo 1) matllzl | but ane
fonzyloxy 2 it volia (07558, 43%). MS(ESH: 5841 (MG > YY) Y

(1S) - 1- benzyl oxycar bonyl am no- 1- (2- car boet hoxyt hi azol 4-y| ) - 3- et hyl but ane
in

20 ,

a) ethyl oxalamidrazonate
To a solution of ethyl thicoxamate (3.0 g, 22.6 mmol) in ethanol (50 mL)

was added hydrazine hydrate ( 1.13 g, 22.6 mmol, 1.09 mL). The mixture was
aflowed to stir for 3 hours at room temperature, while venting through a scrubber of

25 concentrated sodium hydroxide solution. The solution was allowed to stand for 16
hours and the ethanol was evaporated. The residue was boiled in 30%
dichloromethane in petroleum ether, filtered, and recrystallized to give the desired
compound as a tan solid. (0.264 g, 9%).
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20 step (c), the title conmpound was prepared. M5 (ESI): 594.5 (MtH)[err].
Preparati on of _ R
(1S)-N-(N-acetyl -L-leucinyl)-N -[2-[1- (N benzyl oxycar bonyl am no) -

3- et hyl butyl ]t hi azol - 4-yl carbonyl ] hydrazi de 25 Fol | owi ng t he
procedure of Exanple 28(a)-28(e), except substituting N .
acetyl - L- | euovo@i6d33 N-benzyl oxycar bonyl - L- 1 euci ne in step PETAUSIHIE000; | o

conmpound was prepared as a white solid (95 ng, 67%. MS(ESI): 518.0
(MtH)[err]. 1. e _ riaralgvlya. 199

WO 97/ 16433 b) (1S)-1-benzyloxycarbonylamino-1-(2-carboethoxy-1,3,4-triazol-5-yl)-3

PCT/ US96/ 18000 methylbutane Exanpl e 135

benoyl oxyoar bony | am WD RERRECHURBHEIFIReIn Q207 B e s P i 0
Fol | owi ng the py et epmyFchidroformaR (@27 34 22 4 48061) an@rxiemﬁtanﬁn@@mstgmmg N5

benzyl oxycar bonyl - L-al ani ne for N-benzyl oxycarbonyl-L-1eucli ne 1n st eS) (e),

t he t i% | enmohPSdml)wese pddeda Thel compaundef Exaraple 10(a) (026485 2.0gumpl

MB(ESI): 568. 1 . )
Exampl e 136 10 Waslglrleélpaggig@%tﬁ%fﬁxmwas allowed to stir at room temperature overnight.

(1S) - N- ( N- acet yThelsolvents weje-evapdrared and thee midnym;iismmmykﬁaﬂas@d Beated to
nmet hyl but yl ]t hi |-4-ylgarb hydr azi_de ) Fol | owi n he
pr ocgdur eyo3c QFé’s’?%/@g@E%k%%tﬂ?&BWt‘tﬂsiswm 4 0urs Snd

acetyl - L-al ani Rfe $dhitionwi R¥iopate R atedidtile whittewss dhforhdiogh Qﬁﬁcaﬁeﬂe title
conpound repared as a white solid (74 ng 9 MS(ESI): 498.1

Was : :
( MtNa) [ er r 110 1510% etgy} acetate in hexane) to give the title compound as a whiggaﬁebé(ngg;

Preparation of ) 1 "’P‘R - N z C3kRO ' - 3-
met hyl but yl ]t hidgi% I -y:y car o%#ﬁéﬁﬁd&h’m’Sh?)“’qtﬁl’?%?n%aﬁ%’e
procedure of B9 dd , AH)aN-368(g)2H)eA1B4ph , SHps1.59 (i, 11¥)adSti(e, 2H) , 083 ¢ f or
N- benzyl oxycar tﬁgn%h-)L-l eucine in step (e), the title conpound was

15  c) (1S)-1-benzyloxycarbonylamino-1-(2-hydrazinocarbonyl- 1,3,4-triazol-5-yl)-3-
methylbutane
Following the procedure of Example 26(c)-26(d), except substituting (1S)-1-
benzyloxycarbonylamino- 1-(2-carboethoxy-1,3,4-triazol-5-yl)-3-methylbutane for
(lS)-l-benzyloxycarbonylamino—I-(2-carboethoxythiazol-4—yl)—3—methy1butane in
20  step (c), the title compound was prepared. MS (ESI): 594.5 (M+H)*.

25 Following the procedure of Example 28(a)-28(e), except substituting N-
acetyl-L-leucine for N-benzyloxycarbonyl-L-leucine in step (e), the title compound
was prepared as a white solid (95 mg, 67%). MS(ESI): 518.0 (M+H)*.
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prepared as a white solid (87 ng, 78%. MS(ESI): 405.1 (MtH)[err].

Exanpl e 138 Preparati on of

(1S)-N-[2-[1-N benzyl oxycar bonyl am no) - 3- et hyl but yl ] t hi azol -

Fol I owi ng the procedure of Exanple 28(a)-28(e), except substituting N (4-

pyri di nyl met hoxycar bonyl ) - L-1 euci ne for N-benzyl oxycarbonyl - L-]| g lﬁo in
step (e)WOUHE4E3 t | e conpound was prepared as a white s ?‘i

72% . MS(ESI): 611.0 (MrH)[err]. 30

160 WD 97/ 16433 Example 135

PCT/ US96/ 18000 . i Exanpl e 139
Preparati on of FICpam L1 : A Loala -ls

(189 -N-[2-[1-( : ‘ ! :
yl carbonyl ] -N - ' ¢ T) :

Fol | owi ng t he procedidbwdgtﬁawm(ﬁﬂﬁmﬁﬁ(zgla}%@mmlﬁsumgNag N- ( 2-

5 pyrldlnyl t.hoxycarb | e for. N-ben car hon eucine in
otep AL B A SR TS IO N P
65% . M5 (ESI) :title compoﬁﬂdlwi?s frdpidrdd Brarvwhite solid (129 mg, 82%). MS(ESI) 568.1

Exanpl e 140 10 reparation of

(1S)-N-[2-]1-( yl oxycar bonyl am no) - 3- net hyl but | ]t hi azol - 4-

yl carbonyl ]-N - (N-benzyl oxycar bonyl - N- et hyl - L- | euci nyl ) hydr azi de

Fol |l owi ng the procedure of Exanple 28(a)- 28(e; except substituting N
benzyl oxycar bonyl - N- met hyI -L-l eucine f yl oxycar bonyI L-1 eu0| ne in

step ) ' p
S0 w6 (29):
Exanpl e 141

1S)-N-[2-[1-(N-b

gret%yl bl[JtyI[]tgn azﬁ{‘%"gfsﬁwuﬁ IW??&%“%?A%BWEQP%W) L- 20
| | euci nyl ] hydr azicetyl-L-alanine for N-behzyldxyearbonyl-Lelepeinecindtepde)p the fixie epinpound
28(2)-28( ), exXg o Pt s o white 301id (74 mg, 57%). MS(ESI): 498.1 (M+Nay*.

15

Following the procedure of Example 28(a)-28(e), except substituting acetic
20  acid for N-benzyloxycarbonyl-L-leucine in step (e), the title compound was
prepared as a white solid (87 mg, 78%). MS(ESI): 405.1 (M+H)*.

25 i 3 [ ) A
Following the procedure of Example 28(a)-28(¢), except subsntutmg N-4-
pyridinylmethoxycarbonyl)-L-leucine for N-benzyloxycarbonyl-L-leucine in step
(e), the title compound was prepared as a white solid (121 mg, 72%). MS(ESI):
611.0 (M+H)*.
30
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benzyl oxycar bonyl - N-net hyl - L- | euci ne for N-tert-butoxycarbonyl-L-1eucine in

step (a) and N-(? pyridinyl nethoxycarboaylyel-l euci-nefor

N- benzyl oxycar bonyl - | eucine in step (e), the title conpound was
prepared as a white solid(120 ng, 729 . 25 M5 (ESI): 625.3 (MtH)[err].
161 WD 97/ 16433 _
PCT/ US96/ 1800@0 97/16433 Ex AFT{S96/18900
Preparation of (1'S)-N (N benzyl oxycarbonyl -L-leucinyl)-N-[2-]1-(N
benzyl oxycar bonyl - N- net hyl am no) - 3- et %hi azol - 4-yl car bonyl | hydr azi
de FoI I OWI ng the procedur

Ie 28(a) 28(e) except

prepared as a (MtH) [err].

Exanpl e 143 10 Pr ep%lﬁiﬂlﬂﬁ‘ fprocedm'e of Example 28(a)-28(e), except substituting N-(2-

(1S)-N-[2-[1-(N-benzyl oxycar bonyl N- et an no) - 3-

met hyl but yI ] # hi avidinyimethipzycarhonyl)- eu@»&%éﬁwwsﬂrbwfbhuﬁmm

IeUC|nyI)hydraz

5403 L) "6l compoundwaf b B e AR5 B0 HESTESD

benzyl oxycar bonﬁllm(MtHh"yI -L-leucine for N-tert-butoxycarbonyl-L-1eucine in

step 15 (a) and N-benzyl oxycar bonyl - N-net hyl - L- | euci ne for

N- benzyl oxycar bonyl - | eucine in step (e), the title conpound was

prepared as a white SO|Id (129 ng, 59%Example 140 V5 (ESI) 683.3 (MtH)[err].

Exanpl e 144 go Prearat f .

(18) N[2-[ 1}
-[N-(4-pyri dl Gi¢hB

Following the procedure of Example 28(a)-28(e), except substituting N-
benzyloxycarbonyl-N-methyl-L-leucine for N-benzyloxycarbonyl-L-leucine in step
. (), the title compound was prepared as a white solid (78 mg, 50%). MS (ESI):
15 6243 (M+H)*.

Following the procedure of Example 28(a)-28(e), except substituting N-
benzyloxycarbonyl-N-methyl-L-leucine for N-ters-butoxycarbonyl-L-leucine in step
(2) and N-(2-pyridinylmethoxycarbonyl)-L-leucine for N-benzyloxycarbonyl-L-
leucine in step (e), the title compound was prepared as a white solid (120 mg, 72%).
25 MS (ESI:: 625.3 (M+H)T.
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a) :
(1S)-N-[2-[1-(N-tert-butoxycarbonyl - N-net hyl am no) - 3- net hyl butyl ] t hi azol - 4-
yl carbonyl ]-N -[ N- (4- pyri di nyl net hoxycar bonyl ) -L-1euci nyl ] hydrazi de

Fol l owi ng the procedure of Exanple 28(a)-28(e), except substituting N 25
tert-but oxycar Q met hyl - L-1 eucine for N-tert-butoxycar spfUCi ne
I n st ep 9’! ai\l- N- (4- pyri di nyl met hoxycar bonyl - L- 1 euci n?&?‘)ﬂsﬁn
‘N-benzyl oxycar bonyl - | eucine in step (e), the title conpound was
prepared as a white solid MS (ESI): Examﬁﬂll 44 (MrH)[err].

162 WO 97/ 16433

PCT/ US96/ 18000 ii=pd

<1s_>-N[2-[1-<Nna@gﬁ&e@¢m§mm . At
pyri di nyl met hoxycarbo eucl

of the conpound of EiiegmvlagQmm@wenéﬁhmﬂnas@hwn),dwmbsumummu was
added triflugro r|n one our room

t enper at ur e he%!ﬂi?'%ﬁi’o %ﬁ%%lréﬁtaﬂ%ga%é\r l\?@'iwf'@ﬂf'bs&ﬂ ved
in et hy l ea)sethehﬂecdndp;unumbpfbpmvealas & avhité ednac@amgemxsmdl(sm.

bi car bonat e, Iégj + MySO err] and concentrated to afford the
title conpound AMEDE solid (259 ng, 68% for two steps). M5
(ESI): 491.4 (MtH)[err]. 10 Exanpl e
145 Preparation of

(1S)-N-[2-[1- (N benzyl oxycar bonyl am noﬁmnh.ﬂ@'l but yI ] t hi azol 4-

yl carbonyl ] 14V - b
Fol | owi ng t%e pFott

uting N-tert-

but oxycar bonyl - inethyibutyilthibzol-4M 1 jreri ] ylolxydarbony ep (e), the
title 15 conpoyn S Jpre ared asav\hlte SO|Id(293 ny, 74% M5 (ESI):
576. 4 (M%@M& Exanpl e
146 Pr epar at i OFollowing the procedure of Example 28(a)-28(e), except substituting N-

Vi ohr bonyl |- N - PREVEYABaP N FELb s iak or S oL yiioe i
Fol | owi ng tipe p(ﬂ%ﬂcﬂN%nﬂﬁoﬁ\é 32-Nethy1-2. 9 6ine @mﬂﬁhzﬁbb%%&ﬂbbﬁwmg N-tert-

but oxycar bonyl - N- et hyl - L-| eu0| ne for N-benzyl oxycarbonyl -L-1etcine in step

(e), t he ?’P%WG the titlecoppepndd wes prepage Iat“@“§éph@(l(22HE A8%).87%) .
MS (ESI): 590. 3pms (ESD): 683.3 (M+H)*.

"IN ginv] 1 leuci

a) (1S)-N-[2-[1-(N. -tert-butoxycarbonyl—N—methylamino)-3-methylbutyl]thiazol-4-

ylcarbonyl]-N" [N-(4-pyndmy1m=thoxycarbonyl)-L-leucmyl]hydraznde
Following the procedure of Example 28(a)-28(e), except substituting N—

25  tert-butoxycarbonyl-N-methyl-L-leucine for N-fert-butoxycarbonyl-L-leucine in
step (a) and N-(4-pyridinylmethoxycarbonyl-L-leucine for N-benzyloxycarbonyl-L-
leucine in step (e), the title compound was prepared as a white solid. MS (ESI):
591.4 (M+H)*.
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(MtH)[err]. 25 163
WD 97/16433 :
PCT/ US96/ 18000 ' Exanpl e 147
Preparation of

(1S)-N-[2-[1- (N benzyl oxycar bonyl am no) - 3- et hyl but yl ] t hi azol

yl car bonyl | - Nwa 916438 hy| - L- | euci nyl ) hydr azi de TRSRF99¢ e
procedure of Exanple 144(b), except substituting (1S)-N-[2- 5

[3- (N beney| oy SpiaRy 21 ok FEARS DUt Mgl Sl (1 (1

(1S) - N-[ 2- [ 1- ( Npysidin lmethoxycarbonyl)-L—leucmyl]h drazide

i

pr epat ed HiL)awabhadicn :ﬁﬂhhx%aéeﬁ@aém (3 Y0 ArcdEstindisy drie W8P atFoédtH) . 10
Exanpl e 148 Prepar ati on of

(1S)-N-[2- 15( Nmmmwmwﬁﬁpmymmm rsidye yanredissalved in

I b 11-N - soﬁglﬂ %rﬂ&a&eh d
)c/)fcaE:(—a?rg?/e] 144(Db), except sub ?%du‘?iimnsg H%i ﬂﬁs b Bridl Ve 11 ©

[ 1- (N- benzy| oxy MgS@yandaoncenjratad toeafford thettipie compoundas 4-white aolib{258 mgN - [ N- (t e

(19N (271 ( NSRBIl sgpt HSSRYD! BLA Bty '

met hyl am no) - 3- net hyl butyl ]t hi azol - 4-yl carbonyl ] -N -[ N (4-

pyri di nyl met hoxycar bonyl ) -L-1 euci nyl ] hydr azi the title corrpound was

pr epar ed 10 55 a white solid (39 ng,ﬁ%éfj—&/s (ESl): 476.4 (MrH)[err].
20 Preparation of ~N-[2-{1-(N-bepzyloxyexdoRy18mik6 £ 3-methylRicPIfi{agdlign of
(1S-N-[2-[1- (N-benzyl ox car bonyl am no) - -rret y but yl [t hi azol - 4-

y| Carbony|] N - Micarbonyl l-N+HEN-{fertrtbatoxyvoarvon RVINYOYARIQE | de

ggl | ?Vl\\f- Bgngcfog;ggsbonl% At no%ﬁfﬁﬂ@%(?f(ﬁi' ﬁgﬁb_ééegﬁb&gu ﬁuﬁ [ 2- [ 1-

| euci nyl ) hydr azbutexycarbonyl-L-leucine for N-benzyloxycarbonyl—L-leucme in step (&), the title
(15)-1- (bengyl oxyCaiRa et bATERA ad a Whit SHAGHS' DS/ 4% )7 88 Bs: 5764
(M+H)*.

20

Following the procedure of Example 28(a)-28(e), except substituting N-terz-

butoxycarbonyl-N-methyi-L-leucine for N-benzyloxycarbonyl-L-leucine in step (e),
the title compound was prepared as a white solid (120 mg, 87%). MS (ESI): 590.3
M+H)*,
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2-yl)-3-net hyl butane and 4-i m dazol eacetic acid for N-benzyl oxycarbonyl -

| eucine, the title conpound was prepared as a white solid (50ng, 47%. M
(ESI): 584.4 (M+H)[err]. 30 '

164 WD 97/ 16433

PCT/ US96/ 18000 af%)ll@ssy; 0

Preparation WOYM&3[ 2_[ 1- (N-benzyl oxycar bonyl - N- et hyl am noj -

met hyl but | ]t hi azol - 4-yl carbonyl ]-N -[ N-(3-pyri di nyl net hoxycar bonyl ) N- et hyl
L-l euci nyl ] hydrazide 5 a) l1a8- | euci ne net hyl ester

N—rrethyl LIeu0|ne(13 8.95 mmol ) was |ssolved|n 4MHCI 1, 4-
di oxane (10 nl)Prenaration OfiaodiN-[ 0 -(NDCNZYIRRYCHE AR, rneaVIDUIMtIaZa-4d ght  at
room te A L na_%:: . affordthetltle corrpound as a

white solid (1 H[err]. 10 b)
N- et hyl - N- ( 3- pyri anngtlmgmadhenﬁE)mmPIb d44(b), exaept supktitating(1S)-N-[2-

L e S
pyridine (1.10 S "5 15 13 89 _mmo |gerreﬁlsy)lﬁe[{:wbrl-&ﬁé? m.)

The sol ution mytogywwa &m%ﬂﬂ"}"@ Ibutyl]thiazolr4:ylcarbamyl 1N -BYr(

3-pyridyl carb gﬂn x? agﬁoe{{&ﬁ-ﬂlﬁ%my@l )ﬂl%ﬁeéé‘iﬁﬁo dwas?ﬁ!gﬁ‘édand the

reaction mxtu stir room tenperature for urs

sol ution was caseavhite a0ldHi(40mgiBO%Y| MS(ESH: d4903 (MtEdtat e, washed with water,

dried 6|vgsq err]), filtered and concentrated. The crude residue was

purified b} colum 20 chromatography on silica gel (6% nethanol in

nmet hyl ene chl orlde) to afford the tltmlnplg_l_{&corrpound as a yeIIow oil (88
: ) , , y

ricafbonal ichh iy subst ituting N rret hyl - 25
N (3- pyri di nyl net oxycar bonyl ) I eu [.ne meth est er
benzyl oxycar bonyl a Eowmgﬂwrgrmca'ﬁﬁ gé%ﬁ}?%/(h) S35PL W ;““35%1 Nout ane,

| Egg D 281 g' e [Pmﬁﬁ%ﬁﬁ&b&ﬁﬂﬁhﬁ)@-ﬁﬁﬂﬁh%mmﬁnwl&&% NUN-GR% . M5
' butoxycarbonyl)—L—leucmyl]hydrazxde for (1S)-N-[2-[1-(N-tert-butoxycarbony}-N-

methylamino)-3-methyibutyljthiazol-4-ylcarbonyl]-N'-[N-(4-
pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide, the title compound was prepared
as a white solid (39 mg, 100%). MS (ESI): 4764 (M+H)*.

20

Following the procedure of Example 28(e), except substituting (1S)-N-[2-{1-
25 (N-benzyloxycarbonylamino)-3-methylbutyl]thiazol-4-ylcarbonyl]-N'-(L-
leucinyl)hydrazide for (1S)-1-(benzyloxycarbonyl)amino-1-(4-carboethoxythiazol-
2-yl)-3-methylbutane and 4-imidazoleacetic acid for N-benzyloxycarbonyi-L-
leucine, the title compound was prepared as a white solid (S0 mg, 47%). MS (ESI):
584.4 (M+H)*.
30
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165 WD 97/ 16433

PCT/ US96/ 18000 d) - : —

(IS)- N[ Z2-[ 1- (N-benzyl oxycar bonyl - N- net hyl am no) - 3- net hyl butyl ]t hi azol - 4-

yl carbonyl]-N -[ N-(3-pyridi nyl met hoxycar bonyl ) - N- et hyl - L-1 euci nyl ] hydrazi d
Fol |l owi ng the procedure of Exanple 28(a)- 28(%;111@85%'

substituti ngwe9716433 Dbenzyl oxycar bonyl - N- et hyl - L- | euci ne

N-tert-butoxycarbonyl -L-leucine in step 5 (a) and

N-net hyl - N-(3- pyri di nyl met hoxycar bonygaahﬁ% ne for N

benzyl oxycar bonyl -L-1eucine.in step ( tIe conpound was prepared as

avx/mte Brlevh 4 . 33991 BetAvixycarbiv]-N-mnbthiatnimo) -

(1S) N—[2[1( — ety T2 S E—
net hyl but hyl t hi ,'" 2 ,:n.o ]- [N-(3 pyr| di nyI met hoxycar bonyl ) - L-
| euci nyl ] hydr azi de oI | om ng the procedure of Exanple

28(a)-28(e),3 exa)éimnﬁwb&lpmq mgtmester
b | bony| f |
enzyl oxycarbony NN?‘S.WW Bt -reh 8‘9"51%51 £ Was Bi4SAVGAUNPRE), 114-| eucine in

step.15 (a) and ycar L-Teucine for_
N- benzyl oxcycardmxnpb(mmL)andmethannlﬁwmh) sTleSO ipn wasstirredovernightplooem was

prepared as a Wh' NS ilrel,alﬂ 8%%%@Mé%ordtheuﬂe¥§nﬁh)as a%ﬁeéomt&%?”]

Exanpl e 152 20 €

(1S)-N-[2-[1- (I\M‘semsm Q860.0@REDY) ani no) - 3- met hyl butyl ] t hi azol -
yl carbonyl ] -N -[N-(3-pyridinyl met hoxycarbonyl)-L-1eucinyl ] hydra2| de
Fol | owi ng tHé procedure of Exanple 28(a)-28(e), except substituting N-(3-

pyri di nyl met hoxm%myﬁ@pmméwmpmémag&r L-leucine in
step (e), the title conpound was prepared a?G%mL togssol i.d (63 nyg,

429 . MB (ESI): 25 Topastirdng sphwtjonof phosgene in toluene ( mmol) in
methylene chioride (10 mL), cooled to 0°C, was added drquise a solution of N-

methyl-L-leucine methyl ester (673 mg, 4.63 mmol) and pyridine (1.10 g, 0.97 mL,

15 13.89 mmol) in methylene chloride (4 mL). The solution was stirred at 0°C for 2
hours. A solution of 3-pyridyl carbinol (0.56 g, 5.09 mmol, 0.49 mL) was then
added and the reaction mixture was stirred at room temperature for 5 hours. The
solution v;'as concentrated, redissolved in ethyl acetate, washed with water, dried
(MgSO0y), filtered and concentrated. The crude residue was purified by column

20 chromatography on silica gel (6% methanol in methylene chloride) to afford the title
compound as a yellow oil (88 mg, 7%). MS (ESI): 295.4 M+H)*.

c¢) N-methyl-N-(3-pyridinylmethoxycarbonyl)-L-leucine
Following the procedure of Example 130(b), except substituting N-methyl-
25  N-(3-pyridinylmethoxycarbonyl)-L-leucine methyl ester (1S)-1-
benzyloxycarbonylamino- 1-(2-hydrazinocarbonylthiazol-4-yl)-3-methylbutane, the
title compound was prepared as an orange solid (84 mg, 100%). MS (ESI): 281.3
M+t
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PCT/ US96/ 18000 Exanpl e 153
Preparation of (1'S)-N (N benzyl oxycar bonyl - L-1 euci nyl)-N -(1-

benzl oxycar bonyl)-N -[2-[1- (N- met hyl ami no) - 3- net hyl but yl ] t hi azol - 4-

yl carbonyl ] -N -net hyl hydrazide 5 Fol  ow ng the pr -
Exanpl e 28( aN@¥ (@’3\4 except substituting N W‘Sﬁﬂ

benzyl oxycar bonyl - N-net hyl - L-| euci ne for N-tert-butoxycarbonyl-L-1eucine in

step (a) @Ixs)m i 1-v ﬂé&ﬂoﬂ oyl N%&Ey Hn%xdom&ﬁ&ﬁyl&%ﬂthia%ldi itle
conpound was pre are Ite ny, (ESI) 660. 4
(MrNa) [err]. arbonyl]-N'-[N-(3-pyndmylmethoxycarbonyl)—N—methyl-L- woinyifiydrazide

P ti f
( r12;)6”!\;-5‘[ I20{]10( N- benzyf)oxc FB‘%W ng)ngmﬁglfﬁ)s/ "%’3?&, ,]eﬁ]epgszugfntﬂmg N- )
yI carbonyl]-N - ﬂ:bhiyl’omarbnhym—w mmybkstmlﬂedmylﬂateﬁébutaxybptbohyﬂ-bdmmpm}hypﬂr azid .

(e AR RSB R s  2

mol) was di ssolw@gldx@c&b&y(-m@udﬁe)mmg(énembyiue colpsiad Was amasﬁw%&emml) .

was added. The reactlon m xture was cooled to O[err]C in a flask protected
from noi s®Boik(S Qéﬂi|3§7ﬁ)h§4§r(|5§9 &3964%'[}% (236 ny, 2.62 mmol) was
added cautiously and the suspension was stirred for 5 hours at room
tenperature. Ethyl acetate was t hen added, followed by water,

dropwi se. The sol utlon was concentrat e@s.mphéﬁho 20 and the oily residue
partiti oned ) 1V 6 washed

W th saturat

acidified to pH yvilinity] ithia N invhnethakvearbbeel)-Ik t h et hyl
acetate, the %@Ws washed W|th water 5% aqueous sodi um

t hi osul fate and (MgSd err]), f| | tered and concentrat ed.
The crude product V\/a'iowméuﬂqxé&m@bﬂm ezs(a)- )eﬁeapéubsﬁtﬁmsgmca gel

(ethyl acetate/ hexane, 3: 2 ive a yellow oi} ng,, 4699 . MS
(ESI): 295.4 ( MDFWL‘}XVT -N-me l-L-leucme for N—ten-butoxycarbonyl-L-leucme in step
15 (a)and N—(3-pyndmylmeﬂloxycarbonyl)-l,—leucme' for N-benzyloxycarbonyl-L-
leucine in step (e), the title compound was prepared as a white solid (31 mg, 34%).

MS (ESI): 625.4 (M+H)*.

20

Followmg the procedure of Example 28(a)-28(e), except substituting N-(3-
pyridinylmethoxycarbonyl)-L-leucine for N-benzyloxycarbonyl-L-leucine in step

(e), the title compound was prepared as a white solid (63 mg, 42%). MS (ESI):
25 6115 (M+H)*t.
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PCT/ US96/ 18000 b) Nnmethyl -N(2-pyridinylnoethoxycarbonyl)-L-leuci-ne

Fol I owi ng the procedure of Exanple 130(b) except substituting N rnethyl -

N- ( 2- pyri di nyl met hoxycar bonyl ) -L-| euci ne nmethyl ester (1S)-1-

benzyl oxycar bonyl am no- 1-(2-hydrazi nocarbonyl thiazol -4-yl)-3-net hyl but ane,

the 5 titl evOeHpEdhd was prepared as a white solid (223 nﬁFT@Eﬁ“ 000\5

(ESI'): 281.3 (MtH)[err]. c)

(1S) N—[2 [ 1- (N—benzyloxycarbonylan1no#ﬁ;wa%#agtnnyl]thiazol 4-yl car bonyl ]
-[N-(2-pyridi nyl met hoxycar bo hyl - L- 1 euci nyl ] hydrazi de 10

FoIIomAng t he prPrepmiation 11 5)ch penZ 0% opgipEN'Sibst i tuti ng N

benzyl oxycar bony| - cjrbon - L-1eucine in

step AR PR - e e oMyt e steuci ne for N

benzyl oxycar bonjcdrbdrgIon ;-' ;,ﬁtta the t|tIe conpound was prepared as

a whi-te M5 ( S) 6395£M+H)[ r]. 15
Exanpl e 155 Example 28(a)-28(e), except substituting N-

(1S)-N-[2-[1- (N L-
et fyl but yi 11 hi 2eapd ﬁ%ﬂ)ﬁﬁ%on%eiﬁ'iyi‘ﬂl@ﬂ&ﬁé?o?@-feﬁ‘butoxycarbonyl L-leucine in fteKI- et h

yl - L-1 eudamud]m}hurlelwmzﬁorhaylramemm@) tther titlemompburgbwas prépacedy anat e
L-l eucine tert- but est |, oL} 5 muol) was

di ssol ved in metﬁﬁﬂ g{by O’?%D%& 5@%&]@%@3[ ‘err] C and pyridine
(12.7 i, 182.0 nnDI) was added, then phosgene in benzene (47 nmL, 59.1

nmol ) . The solution was stirred at_Of[err for 2 hours. The reaction
M coI d 0. 5 M aqueous HO .

pyridi nyl met hoxycar bonyl

m Xt ure was 1\’aashed tvvo tlrres 25 W|th

aqueous Nad solvdat : puridinvigethg ucin 1
iggce“t rated to ai‘kf Bétﬂylt lttetz ﬁﬁ&%?ﬁ%ﬁ: 9§arﬁorb99-L-&%xhé H{éhﬂrl ésﬁer37 9, 55%
N-(2-pyridinylmethoxycarbonyl)-L-leucine methyl ester (490 mg, 1.75
15 mmol) was dissolved in THEF (7.0 mL) and methy! iodide (0.435 mL, 6.99 mmol)
was added. The reaction mixture was cooled to 0°C in a flask protected from
moisture. Sodium hydride dispersion (236 mg, 2.62 mmol) was added cautiously
and the suspension was stirred for 5 hours at room temperature. Ethyl acetate was
then added, followed by water, dropwise. The solution was conoe:it.rated in vacuo,
20  and the oily residue partitioned between ether and water. The organic layer was
washed with saturated aqueous NaHCO3 and the combined aqueous extracts
acidified to pH 3 with citric acid. The product was extracted with ethyl acetate, the
extract was washed with water, 5% aqueous sodium thiosuifate and water, dried
(MgS0y), filtered and concentrated. The crude product was purified by column
25  chromatography on silca gel (ethyl acetate/ hexane, 3:1) to give a yellow oil (235
mg, 46%). MS (ESI): 295.4 (M+H)*.
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PCT/ US96/ 18000 b) N-(4-pyridinyl met hoxycarbonyl)-L-1eucine
tert-butyl ester The conpound of Exanple 155(a) (3.05 g,
14.32 mmol) and 4-pyri dyl carbinol (1.56 g, 14.32 muol) were

di ssolved in toluene (80 nL) and heated at refl ux over gjghnéﬁ
sol ution was WO¥H8} ated in vacuo and the residue was %:5 8 by
col um chr omat ography on silica gel (ethyl acetate/ hexane 3:1) to

gfz g oz d the titl e)opreeyRN- @Spyﬁdﬁ@lrﬂﬁtﬁcﬁ@&u%dyl)(-ﬁ—l&éﬁe& 64% . M5 (ESI):

N- et hyl - N—(El p;?| di ﬁyﬂmmmﬁxmledévmeseqp!sqb&wunekltmthylio

At AN L T

pyri di nyl nmet hoxybeasylexygarponylamineil-(3-hydrarinbcarbonylthiazdid-y1)-8metindbmpane e was

(i forr) . S 1 EtefomRongdiasoiiaen'ef s Sibhelond 323 e 100, s P01 287

Fol | owi ng t he pridadtr e of Exanpl e 144(b), except substituting N nethyl-
N- (4- pyri di nyl met hoxycar bonyl )-L-1eucine tert-butyl ester for
(1S)-N-[2-[2-(N-tert-

but oxycar bony! - k) (Es)M{22p1- k&ymydhﬂohyrasﬂxﬂd)mﬁatﬁhb&ymwmwboh&u-[ N-(4-
pyri di nyl met hoxié:ar bonyl ) -L-1euci nyl ] hydrazi de, the title conpound

prepared 20 as & WMNr ?@Yeémwhnthxcwny Nymethayl-irleuoiayl jydrazide 281 3

(V3
Elsg_b I[\f{ r2] [ 1- (N benzy% (l)c;(v;/xggt%eopﬁﬁedul\xi_e r?ltet ﬁ"’f’%{?r?%%}'z%(")’ ex‘ﬁ? %lbfmﬁl?%l azol -
yI car bonyl ] - N' - peazyloxpearbetiyiriN-methilol-jengine donIN-yerrbutosyeptbonylHe-deniciny fir étgp:ir a2| d

substltutl ng M%éghagenzy&pﬁﬁ?ﬁggﬁwf ”ﬁ@‘f%bigﬁﬂl‘é’i"}ﬁ@ %6) excep!

ﬁ' $ { ':1 - lt)e'lt\le?ﬁeabbmyr : _;dxyd.arbdnyl bXLFleum 1ﬁkt|ep (e), the txtllé g()em?ﬂ:rdd was prepared as a white
benzyl gxycar bo%?‘!‘f@%&"%@?ﬁ m&%ﬁ %5%{\41'25%1 tl e conpound was prepared as
a white 1s solid (50 ng, 44% . Ms (ESI): 639.5 (MtH)[err]. 30

1@9

20  a) L-leucine terz-butyl ester isocyanate
L-leucine rerz-butyl ester hydrochloride (10.185 g, 45.5 mmol) was

dissolved in methylene chloride (100 mL), cooled to 0 °C and pyridine (12.7 mL,
182.0 mmol) was added, then phosgene in benzene (47 mL, 59.1 mmol). The
solution was stirred at 0 °C for 2 hours. The reaction inixture was washed two times

25  with 300 mL of cold 0.5 M aqueous HCI. Each aqueous layer was exctracted with
100 L methylene chloride. The combined organic phases were washed with a
mixture of saturated aqueous NaCl solution and crushed ice, dried over MgSOy4,
filtered and concentrated to afford the isocyanate as a yellow liquid (5.37 g, 55%).
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PCT/ US96/ 18000 Exanple 156

Preparation of 2,2'-[N, N -[bis-(Nacetyl-L-1euccinyl]carbohydrazide

Fol | owi ng the procedure of Exanple 29, except substituting N acetyl -

| euci ne for N-benzyl oxycarbonyl-L-1eucine, the title corrpound was prepar ed
as a 5 pal ewebtmassolid (0.153 g, 23% . MS(ESI): 401.3 ( MPFI/UEI 1000
Exanpl e 157 Preparat i on of

r2re£ Etll(gtalro\tegﬁz: ;)] ﬁ@?ﬂ%{%‘!“y %3'}91}@%'&%9(%% L- | euci ne net hyl

oot o) Terha cBiybidoliel Exie 195193, 4. 24D EdIpd®A-psie’ (2.0 0.

11.0 mmol ) in 1, 4- d| oxane (20 was a ueous | ution

(12.1 nL, 2Mi ncn{bmllbiﬁg- 14.32 meypl) lesémzsvilwm apdiheated algg g,
11.5.mmol) . The éﬁﬁg%‘{eﬁuﬁlﬁ ﬁ'ﬁ@g)lﬁﬁon:]v%‘g%ncentrat m@ﬁ@ﬁdrtﬁellgﬁﬁlx a@ag hen

partitioned between acefate and wat er e organic yer was
washed with $Sat pueifiedibypedluren chromstdgiapbsoh Sbcq gel (éthyltacetatef hemanec I tont r at ed

to ield t co und a 9 .
[err]HNNRyI(4OO °'dt'5‘ hﬁeﬁiﬁ) P‘Hg‘%ﬁ‘?s? %ﬁfiﬁf“@é ﬁ"%@) (-}%m), 5. 12
(s, 2H), 441(M+¥l)ﬂ'., 3.75(s 3H, 1.65 (m 3H), 0.96 (m 6H). 20
b) N (N-benzyl oxycarbonyl - L-1euci nyl ) hydrazi de To a stirring
solution of the conmpound of Exanple 157(a) (3.1 g, 11.0mmol) in

met hanol (15 nl)) NegmeBACRH4pyHdin hﬂ&oﬁ)’&i‘lﬂin?l)@leﬂcxﬂe tetlbtryldhtey 5.7 NL). The

sol ution stlrred at roomterrpera ure hen concentrated to yield

the title conpHollmwing thgrprmedumnfliéammlc |1€|4(GBGlC°gt subgizogng NAGH-ES| ) :
i88e§z§/:\/g>®£g; [)%Xn{ﬁﬁ °§92ﬂ?%§*)'11-lewn§teﬁt-bug(fstgﬁg Ni( on-5-yl ) but ane
To a stirring spjrﬂ&nsdmﬂfoxyémbongmlglcudne)fneﬁyms;drah&ﬁﬂ( tompiolind wgs prépared
o oLUeSs a2 L R SR s S o o 1, Lol vene)  The
compound as 30 a pale yellow foam (3. 15 g, 969% . MS(ESI): 306.1 (MrH)[err].
170 15 d) N-methyil-N-(4-pyridinylmethoxycarbonyl)-L-leucine
Following the procedure of Example 144(b), except substituting N-methyl-
N-(4-pyridinylméthoxycarbonyl)—lfieucine tert-butyl ester for (1S)-N-[2-[1-(N-tert-
butoxycarbonyl-N-methylamino)-3-methylbutyl]thiazol-4-ylcarbonyl]-N'-[N-(4-
pyridinylmethoxycarbonyl)-L-leucinyl}hydrazide, the title compound was prepared
20  asa white solid (343 mg, 72% yield). MS (ESI): 281.3 (M+H)*.

e) (1S)-N-[2-[1-(N-benzyloxycarbonyl-N-methylamino)-3-methylbutyl]thiazol-4-
ylcarbonyl]-N'-[N-(4-pyridinylmethoxycarbonyl}-N-methyl-L-leucinylJhydrazide
Following the procedure of Example 28(a)-28(¢), except substituting N-

25  benzyloxycarbonyl-N-methyl-L-leucine for N-fert-butoxycarbonyl-L-leucine in step
(a) and N-methyl-N-(4-pyridinylmethoxycarbonyl)-L-leucine for N-
benzyloxycarbonyl-L-leucine in step (e), the title compound was prepared as a white
solid (50 mg, 44%). MS (ESI): 639.5 (M+H)*.

30
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PCT/ US96/ 18000 d) N-(4-nethyl pentanoyl) hydrazi de To a
stirring solution of ethyl isocaproate (2.0 g, 13.8 mml) in ethanol (25
m.) was added hydrazi ne nonohydrate (6.9g, 138nmmol, 6.7 nL). After stirring

at roomtenperature for 48 h, the solution was concen&, yield
the title 5 WOOHMIBUNd as a white solid. (1.8 g, 100%. F?W%OOM%Z,
CDCl[err]) [err] 7.48 (s br, 1H), 3.62 (s br, 2H), 213(t 2H), 1.51
(m 3H), 0.85 (d, 6H). e)

2-[ N-(N-benzyl oxycarbonyl L-1 euci nyI ]- - - 4- .

met hyl pent anoy| )Breparation ofi2.27 ININ'-[his SRz anpl e 157(c)

(0.100 g, 0.325 rrm)l ;E”ﬁl ( k k) were
conbi ned and di ssol ve Ef% no Pfoﬁgﬁﬁélgbg chm% Ftu?ng eated at
\rlﬁfl EX for 24hhg¢tfcmefbﬂ§-rbe arbaiyédifl bmcm,ﬂmlmtécynbbmdwaspmparedsasdue

I ch was washed w t y the title conpound
as a white sdli @2ede %‘%S'gh" 1%% %E%%Jgéé%(%h q'err] 15
Exanpl e 158 Preparati on of

2,2'-[N,N -[ bi s-(N-benzyl oxycar bonyl - N. pret hyl - L-
| euci nyl)]] carbohydrazi de &Mg t he procedure of Exanple

29, except substpdiitisag oMy Yol 100Ry pifvl4L- | euci ne for

substituting N-Dei zy oxyca ony - ) I'tTe conpound was
prepared with pm ¢ chr omat ogr aphy (s:)l i ca gel, _
et hanol / di g of S by kA2 O | 250! VB (MH:):

To a stirring solution of L-leucine methyl ester (2.0 g, 11.0 mmol) in 1,4-

dioxane (20 mL) was added agueous NapCOj3 solution (12.1 mL, 2M in H»O)
followed by benzylchloroformate (1.96 g, 11.5 mmol). The mixture stirred at room
temperature for 4h then partitioned between ethyl acetate and water. The organic

15 layer was washed with saturated brine, dried (MgSOy), filtered and concentrated to
yield the title compound as a colorless oil (3. 1g, 100%). l_l-INMR (400MHz,
CDCl3) 87.34 (m, 5H), 5.27 (d, 1H), 5.12 (s, 2H), 4.41 (s, 2H), 3.75 (s, 3H), 1.65
(m, 3H), 0.96 (m, 6H).

20 b) N-(N-benzyloxycarbonyl-L-leucinyl)hydrazide
To a stirring solution of the compound of Example 1 57(a) (3.1g, 11.0mmol)
in methanol (15 mL) was added hydrazide hydrate (5.9 g, 118 mmol, 5.7 mL). The
solution stirred at room temperature for 16 h then concentrated to yield the title
compound as an off-white solid (3.1 g, 100%). MS(ESI): 280.2 (M+H)*.

c) 1-benzyloxycarbonylamino-3-methyl-1-(1,3,4-oxadiazol-2-on-5-yDbutane
To a stirring solution of the compound of Example 157(b) (3.0 g, 10.8
mmol) in toluene (50 mL) was added phosgene (56 mL, 1.93M in toluene). The
solution was heated at reflux for 4h, then concentrated to yield the title compound as
30 apale yellow foam (3.15 g, 96%). MS(ESI): 306.1 (M+H)*.
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PCT/ US96/ 18000 Exanple—159.
Preparation of 2-[N-acetyl-L-leucinyl)]-2"-[N -(N benzyl oxycarbonyl -
a) 2-[N-(N-benzyl oxycarbonyl - L-| euci nyl)]carbohydrazide 5 To a

stirring solution of the conpound of Exanple 157(c) (3.15 g, '
mol ) in net hWeA6433 1) was added hydrazine hydrate (5.0 gFPCE G@W 4.8

m.) . After stirring at roomtenperature for 24 h, the solution was
concentrated to yiel he &1Ll onpound as a pal e yellow foam (3.471
g, 100%. NS( ESl%‘:ﬁé§§?°Q’ylpe“&“°ﬂWF§rr]. 10 b)

2-[N-(N-acetyl - L- | euTdoraystijringZoluitidh of éthyldsuegproaty (20 gptB/8 mmol) in ethanol (25

compound of - Exartiiiovaes8i bydeezins apnobycias (6% 38Rt 11 RLCARSE shrihettci ne
(0.054 g, 0.312 r5em fmrmmélsemﬁeﬁmcﬁb&ﬂ&d(@ymﬁmsuw 0594 mmol )
in DVF (2nL) was added 1-(3-dinmethylam no ) 3- et hyl car bodi i m de

hydr ochl ori dé (GOM@”@VM@SMI( 8gal ) W@ﬁm5748 (s br,
tenperature for r and extracted with
et hyl- acet%@ 5162%5 ﬁ@a% 2&?? 5@3%” gﬁ 'éi(?s(()ﬁ%@ﬁferr] ), filtered and

concentrated. The resi due was purified by colum chromat ography

1L o O B8 11 oot s

Exarrpl e 160 mekliySgontadby1§)Barbbhydrazide

-[N,N -[bis-[N-(4-pyridi nxl rrethox car.bon
I eu0| nyl )11 d4r bohydrﬁ?ﬁ@np"““ sofExamp elai?(d dh@& ézﬁ%@b%ﬂ%ﬁ’@Maml e

29, except subs é\'oﬁaés I e for
N-benzyl oxycar btcs)lf‘ly?I L@@eum nemﬂ)W%Cb%Mqﬁiggn%gﬁgép%%rt% ed as a
white solid (199olion waoheatedat ©fuy for 34 hours, then-Honeentiated to a solid yellow

172

residue which was washed with cool methylene chioride to yield the title compound
as a white solid (0.053 g, 37%). MS(ESI): 436.2 (M+H)*.

15

Following the procedure of Example 29, except substituting N-

20  benzyloxycarbonyl-N-methyl-L-leucine for substituting N-benzyloxycarbonyl-L-
leucine, the title compound was prepared with pun'ﬁcation_' by column
chromatography (silica gel, methanol/dichloromethane) as a white foam (0.236 g,
23%). MS (MH+): 613.2.
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PCT/ US96/ 18000 Exanpl e 161
Preparation of 2,2'-[N, N -[bis-[2-pyridinyl met hoxycarbonyl)-L-

| euci nyl)]] carbohydrazi de Fol | owi ng the procedure of Exanple
29, except substituting N-(2- 5 pyridinylnethoxycarbonyl)- L I eu f.or
N-benzyl oxycaWB8M&43 - | eucine, the title conpound was ¥ gﬂ/ as a

white solid (263 ng, 81%9. MS(ESI): 587.1 (MtH)[err].

Exanmpl e 162 Preparati on of
2- [ N (N- benzyl oxycar bonyl - L-1 euci nyI )] %‘EDH&'L?I\I- ( 2 10
pyri di nyl met hy c &irepaat 5 3 - wvl-l- Fol | owi ng

t he procedure of, Exanpl 159( 2 59(b) except subst ituti ng N-(2-
pyri di nyl met hox - rne lithiumsalt for N-acetyl-L-leucine in

igoep (ll\)/l)S . 5%6 3-m4mmymemwm1ewxmmmmmmu te solid (0.040 g,
Exa/()npl e (163 )5 Pr g‘B Eztion loe compound of Example 157(c) (3.15g,10.3

2- [ N- (N- benzy! oxymal km¥thadol (2 Hit)) Wak Added hyldbihdhydtate (5 100mmol48mL%\l_
Fol | owi ng t he procedure of Exarrpl e 159(a)- 159(b) except supstitutin (4-

20 pyri di nyl net h@ff@;msﬁymm_te or 24 hi thersolution wasrcoppentsated fo Yieldeuci ne
in step (b), féﬁ I d (0.045
g 179%. NB(ES ) %%é%oé‘lﬂohﬁd@% oW foall (SR £200%)2MYESS: 398.2

Exanpl e 164 25 (MAEBparation of

2-[ N-(N-benzlﬁl oxycarbonyl -L-leucinyl)]-2"-[ N -[ N-(3-

pyri di nyl met'Noxycar bonyl ) - L-1 euci nyl)]] carbohydrazi de

Fol | owi ng t he prbt)QQNb(Nemfyl-ExRﬂﬁhﬂ)]Mam bézPloRycatbongPL- substituting N-(3-
pyri di nyl met hox carbBi‘% Z L-leycine lithiumsalt for Nacetyl-L-leucine in
step (b), E ?1d was prepared as a white solid (0.084 g,
3299 . MS(ESI): 586.3T134@ stxerﬁ'ﬂbftﬁbﬁLf the compound of Example 159(a) (0.100 g, 0.297

173 WO 97/ 16433
PCT/ US96/ 18000 mmol), N-acetyl-L-leucine (0.054 g, 0.312 mmol) and 1-hydroxybenzotriazole

15 (0.008 g, 0.0594 mmol) in DMF (2mL) was added 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (0.060 g, 0.312 mmol). After stirring at room
temperature for 16 h, the solution was poured into water and extracted with ethyl
acetate. The organic layer was dried (MgSOy), filtered and concentrated. The

residue was purified by.column chromatography (silica gel,
20 methanol/dichioromethane) to yield the title compound as a white solid (0 052 g,
36%). MS(ESI): 493.1 (M+H)*.

25
Following the procedure of Example 29, except substituting N-(4-
pyridinylmethoxycarbonyl)-L-leucine for N-benzyloxycarbonyl-L-leucine, the title
compound was prepared as a white solid (199 mg, 64%). MS(ESI): 587.1 (M+H)"".
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Exanpl e 165 Preparati on of

2,2 -[N,N -[bis-(Nbenzyloxycarhanyl-l-leucip311.2. (N —_—_—
nmet hyl ) car bohydr azi de a)

N- et hyl - N- (N-benzyl oxycar bonyl - L- | euci nyl ) hydrazi de 5 To a
stirring solution of N benzyl oxycarbonyl-L-|eucine nmethyl ester 9&%

8.15 mmol ) | woewisedsol (4 nlL) was added net hyl hydrazi ne (3. ‘?C

After stirring at roomtenperature for 16 h, the solution was concentrated

to yield the title conpound as el l.oyw sol i d (2.14 g, 7.3 muol).
NB(ESI): 294.1 (MeH)[err]. 10 b) “Edampic {61

2,2'-[ N, N -[ bi spfedarags wimethdxvedtbdnylalt hyl ) car bohydr azi
de ' Th e conpou d of Exanple 157(0) (O 250 g, 0.819 mmol) and

t he conpound I (a) (0.240 g, 0.819 nmmol) were conbi ned,

di ssol ved in et hanol riifatin m&%@&%ﬁéiwéx&ms@&m Mg2sol ution was
concentrated and the reS|d%e purified by um chronatograph

(silica gel,5 mpmwmmm%-hqufof plrwlemaquléflpscm@ d as a
white solid (0.000 8.4 %M@é?ﬂ%mé&%ub&%&')él%f MscEsD): 587.1 (+H)*.

Exanpl e 166 reparati

2.2"-[N,N -[bis-[N(3-pyridinyl net hoxycar bonyl ) - L- 20 Fol | owi ng
the procedure of Exanple 29, except substituting N-(3-
pyri di nyl met hoxycar bonyl ) - L-1 euci ne fM| oxycar bonyl - L-1 euci ne, the

title C ONpPleparatidtes Epbeskvivi vearbdhivi-E -lewdinyd) 1 3(2-48% . NMS(ESI):
587.0 (IVHrH)gerr .
174 0

Following the procedure of Example 159(a)-159(b) except substltutmg N-(2-
pyridinylmethoxycarbonyl)-L-leucine lithium salt for N-aoe;yl-L-leucme in step (b),
the title compound was prepared as a white solid (0.040 g, 15%). MS(ESI): 586.3

(M+H)*.

15

Following the procedure of Example 159(a)-159(b) except substituting N-(4-
20 pyridinylmethoxycarbonyl)-L-leucine lithium salt for N-acetyl-L-teucine in step (b),
the title compound was prepared as a white solid (0.045 g, 17%). MS(ESI): 586.3

(M+H)*t.

25
Following the procedure of Example 159(a)-159(b) except substituting N-(3-
pyridinylmethoxycarbonyl)-L-leucine lithium salt for N-acetyl-L-leucine in step (b),
the title compound was prepared as a white solid (0.084 g, 32%). MS(ESI): 586.3
30 M+H)*
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PCT/ US96/ 18000 Exanpl e 167
Preparation of 1-(N-benzyl)-2,2"-[N, N -[bis-[N benzyl oxycarbonyl -L-

| euci nyl)]]car bohydr azi de a)

N- benzyl i dene-N - (N- benzyl oxycar bonyl - L-1 euci nyl ) hydr azi de To a
sol ution of tvﬁgy'g ound of Exanple 157(b) (1 g, 3.5 mmol) Fﬁ§“s°"‘””“é‘t hanol
(30 nmL) was added benzal dehyde ( 0.33 ni, 3.2 mmol ). The resulting

m xture was heated at reflux for 4 h. mﬁﬁ]‘ﬁ(‘!ﬁﬂre was concentrated in vacuo
t hen purified by flash chroryatorap y (stlica geI 10-50% Et OAc /
hexane) to vyi el diepagtion of 2. 2-{N.Ne-Thiso(N-ben: : DAl-

VB(ESI ) : 3680§M@m&%®b) S

N-benzyl - N - ( N- benZyT oXycar | - L-1 euci nyl ) hydrazi de To a
cool ed sol ution abN-mﬂvbM—bénzﬂoamﬂmnyBMw)ciwnhﬁ#ame 0.65 mmol) in

THF (5 ) s added ane r.ah furan co 0..65

solution in THF). Thggr%es igl ﬁ “ﬂt‘ §f’ﬂ%§“ﬂ%ﬁ§?’$‘t¥§'§“§t‘°’%€%¥ ?%t?m)e fo

4 h 15 then codénhmel) arimethane] ¢4ml)nas ddded intethylhydrazirie(3.)7 gasehﬁa) washed
wth water, sat ur at ed brlne drledl)‘()(l\/g:h filtered and concentrated
in vacuo to gi vAfieRgHring piroom %-“%HH op avag gpncgnyratedto yield ggoy |
MS(ESI): 370.0 @difletompound low solid (2.14 g, 7.3 mmol).

1- benzyl oxycar bonyl am lrltlo % rr?estayy?vlvﬂ(’é %enzgy -1“”:?0 oxéﬁ?gzg?‘”a(\)dﬁl-

yl ) but ane Fol | owi ng the procedure of Exarrpl e 157(c), except

For N (M- bordy! Sy ae ey S BSAROL e RBIY bl M BSRAR [0

was prepared as an oThe Q@Mngprwple 157(c) (OMES) ;19 BM6]) @nd tHetdpfnpoudd 25

Eo1 Fowt ng. the. hPCRARRICTGRAL A8 6 REMiOh eE ipBtica) bispivRA 1 Shlior aha
benzyl o]>c<ycar bontiéared 2 eefRuxfoF 24/h.- Ihe(s’idthbﬂmako&n&mfatm@ﬂltﬁeﬁkmﬂeﬂmfﬁd)ﬂy) but an
or

1. benzyl oxycar bSHYPA hRgatosmphy (ilica gel, methangl/dichloromethane) to yield the fitle e i n 30
step (a), th® tcdhsouh@a® e white ¥61R1 (008D 2! EX% R MB(ESY): | 99(1QMIEB+0, 62%) .

MS(ESI) : 428.0 (MtH)[err].
175 WD 97/ 16433

PCT/ US96/ 18000 Example 166

20 Foliowing the procedure of Example 29 , except substituting N-(3-
pyridinylmethoxycarbonyl)-L-leucine for N-benzyloxycarbonyl-L-leucine, the title
compound was prepared as a white solid (157 mg, 48%). MS(ESI): 587.0 (M+H)*.
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d)

1- (N-benzyl )-2,2' - N. N -[bis-(Nbenzyloxycarbonyl-1-1eucinyl.)]]lcarhohydrazi
de Fol l owi ng the procedure of Exanple 159(a)-159(b), except
substituting 1-

benzyl oxycar bonyl am no- 3- net hyl - 1- ( 3- benzyl - 1, 3, 4- oxadi azol - 2- on- 5-yl ) but an
e 5 for WO 97/16433 PCT/US96/18000

1- benzyl oxycar bonyl am no- 3- net hyl - 1- (1, 3, 4- oxadi azol - 2- on-5-yl ) butane in
step (a), the title conpound was prepa ite solid (13 ng, 86%.
VS(ESI ) : 6750(|\/H-|)[err] M

Exanpl e 168 10 Prtparatic ‘

EUR
benzyl oxycar bony$ueiyy eLHci nyl )] car bohydr azi de

Fol |l ow ng the prp NEIQH igﬂxd@ﬁe-ﬁxfmiﬁé ':"t?daﬂ)on PO duking Wz,&ubst ituting N
benzyl oxycar bonyr N- et hyl euci he tor N?acet -l eucine in step (b),
the title 5 conpa‘amomgngﬁ@pmnevpuaéogﬁm%l%'lm(ag(é5molgm 539 .
MS(ESI): 599.4

Eear & 165 QM&Eﬁgpara waSadded benzaldehyde ( 0.33 mL, 3.2 mmol). The resulting

N-[ 2- (1- napht hyln)mmrmaslhcm@hmﬂm#]h KThe [tixtire was cogcentrated in Yagls tei ng t he

Doront o aci d f oPBRGLAE birbmalbeeng iR ze {0Sb0 RHOAL] nbiane) e d B
conpound was prﬁﬂamﬂpmdas wbalide030 gl 23%)). MISEESY): 368X)(M-NBFESI ): 518.4

(MtH) [err]. Exanpl e 170 25
Preparation 191 N-[ 2- (2- bi phenyl )t hi azol -4-yl carbonyl ]-N -[ N-(4-

pyri di nyl met hoX¥$ RLEAANIN: Heﬁiéﬂé YarbbyAl Blebdfyhhydrazide Fol | owi ng the
procedur e of Exa?rpl eﬂ?b:'LZ(gI 11 (g) except suﬂg‘vst |yt uting 2-

bi phenyl boron| c aci dTe arogledywolntion WﬂOﬁml@:l%mOﬂﬁgsMéwlm he
title m&&w&@rm GahBiditras Sdrhflex 0.65HL 2.6 huflon; Mf’( ES' ):

544.3 (M+H) [ er r
WD 97/ 16433 solution in THF). The resulting mixture was stirred at room temperature for 4 h

PCT/ US96/ 18?9 0 then concentrated in vacuo and diluted with ethyl acetate, washegx VAt wgte 171
| saturated brine, dried (MgSOy), filtered and concentrated in vacuo to give the title
compound as a white solid (0.25 g, 89%). MS(ESI): 370.0 (M+H)*.

c¢) 1-benzyloxycarbonylamino-3-methyl-1-(3-benzyl-1,3,4-oxadiazol-2-on-5-
20 ybbutane
Following the procedure of Example 157(c), except substituting N-benzyl-
‘-(N-benzyloxycarbonyl-L-leucinyl)hydrazide for N-(N-benzyloxycarbonyl-L-
leucinyl)hydrazide, the title compound was prepared as an oil (0.02 g, 83%).
MS(ESI): 396.0 (M+H)*t.
25
d) 1-(N-benzyl)-2-[N-(N-benzyloxycarbonyl-L-leucinyl)Jcarbohydrazide
Following the procedure of Example 159(a), except substituting 1-
benzyloxycarbonylamino-3-methyl-1-(3-benzyl-1,3,4-oxadiazol-2-on-5-yl)butane
for 1-benzyloxycarbonylamino-3-methyl-1-(1,3,4-oxadiazol-2-on-5-y)butane in
30  step (a), the title compound was prepared as a solid (0.013 g, 62%). MS(ESI):
428.0 (M+H)*.
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Preparati on of N-(N-benzyl oxycarbonyl-N-nethy-L-leucinyl)-N-[2-[N(2-
nmet hyl propyl ) - N- phenyl am no] t hi azol - 4-yl car bonyl ] hydr azi de

Fol |l owi ng the procedure of Exanple 116(a)-116(b), except substituting N
5 benzyl oxycar bonyl - N-net hyl - L-1 euci ne for

N- (4- pyridi nyl met hoxycar bonyl ) - L- | eucine in step (b) ogrisbdo €
conpound vvas%ﬁ?gb%ff% as a white solid (40 ng, 25%. K/g&‘)(%%SI ;8““552. 5
(MtH)[err]. Exanple 172 10

Preparation of
N-[N-net hyl - N- (2-pyridi nyl met hox carbonyl) L-l eucin
(2- met hyl proy!| ) -BHRebrpEbRR N ﬁfl (N-bengylogyearh -i-yl]epcaqyl{]]gar[bohydrazlde

Fol | h d N-
oty N2 pybi di y | olofing Sk Bue df R o %?‘%2?*?5 RF Biocbt ibktidg 110
pyri di nyl met hox;bsammonﬂmwmmmyﬂ-b&peml 3. #oxadiazal-2-anefrphbutanenas
priepar e0 15 525 g 45l bt it 108115 cnaliaERb 5 B n
Preparation of IstepZa) thehitle cympaundvess)propatdus ehité sylic@B agy) 86%). NVIS(BSDer t -

but oxycar bonyl - %15 ?él L) hydrazi de 20 Fol | owi ng t he procedure of
Exanpl e 112(a)- @353{ xcept substituting N

tert-but oxycarbonyl -L-1eucine for N (4-pyridinyl nethoxycarbonyl)-L-Ieucine
in step (g), the title conpound was prepared as a white solid (1.015
g. 949%. IVB(ESI) 539.1 (M+H)[err§&lnﬂsz§.§

Exanpl e 174 {o rerz ) .

phenyl am no] t hi dexnd Fol | ow ng the

Cer't - but oxycar bony eﬁ*q&e% &é&wﬁ%@“ﬁ%&ﬁ@%mwﬁmw euci ne

in 30 step (b) betdyloxytdrbanyd-OixmethyhLraking fopNraeetybk-leuciteiih step ()] e (<0 ny,

0 .
85%. M PIRBOU, v7ag prepated as a white solid (0.141 g, 53%). MS(ESI): 599.4 (M+H)*.
PCT/ US96/ 18Q80 Exanpl e 175
Example 169
[2-(1- ia70]-4- -N'-[N-
20 Following the procedure of Example 112(a)-112(g), except substituting 1-

naphthyl boronic acid for 2-benzyloxypheny! boronic acid in step (e), the title
compound was prepared as a white solid (0.094 g, 58%). MS(ESI): 518.4 (M+H)*.

25
Following the procedure of Example 112(a)-112(g), except substituting 2~
biphenylboronic acid for 2-benzyloxyphenyl boronic acid in step (e), the title
compound was prepared as a white solid (0.100 g, 43%). MS(ESI): 544.3 (M+H)*.
30
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Preparation of N-(N-tert-butoxycarbonyl-N nethyl-L-1|eucinyl)-N - [2-[N—(2-
met hyl propyl)-Nphenyl ani no]thiazal-4-yl carbonyllhyrazide 5

Fol | owi ng t he procedure of Exanpl e 116(a) 116(b) except substituting N
tert-but oxycarbonyl - N-net hyl -L-1 euci ne for

N- (4- pyri di nyl met hoxycar bonyl ) - L- | eucine in step (b), the title
conmpound was WO 8Hte4Bd as a white solid (610 ny, 69%. PERUSISAPI00 515 4
(MtH)[err]. 10 Exanpl e 176

Preparati on of N [ 2- (2- benzyl oxyphenyl )ﬁtlglimazlé_g.)lﬂ.yl carbonyl]-N - (N

pyr azi necar bonyl - Ieu0|nyl)hydra2|de

N-[ 2- (2- benzyl o
Fol l owi ng the procedure o
benzyl oxyphenyl .

| euci nyl') hydrazi de fPéllowmthe edureofEx le 116(a)-116(b), ex tsubsntuun N-
(1S)-N-[2-[1-(N-tert- butoxycarpf)%cn I - N- anﬁplang(n)o) P &

met hyl but yl ] hi mmmwwwmnemwmmmmmm) L-

I( euc %gyg] hydr az h%g% hhﬁg% @I e ﬁ@g@%@%@m @Eﬁl&f %i, ‘aﬁmasog? (PP 98

N[ 2- (2- benzyl OMQ)@»ISSZE(MH{)—M yl carbonyl ] -N - [ N- (2- pyr azi nyl car bonyl )-L
- | euci nyl ] hydr azi de Fol |l owi ng the procedure of Exanple
116(b), except substituting N-[2-(2-

benzyl oxyphenyl ) t hi azol - 4-yl car bonyl ] - &mﬂﬂﬁlm nyl ) hydrazide for N-[2-[ N
25 phenyl - N- (2- met hyl - -prop I) -ylcarbon I]h dra2|de and
pyr azi necar iy x y Erepargion ok D Ny A A A= t he

: 94% I\/S( ESI):

title conp 1
545.4 (MrH)[err]. 178
WO 97/ 16433 Following theprocednre of Example 116(a)-116(b), except substituting N-

PCT/ US96/ 18000 No(?- R . Exmapl e 177
Preparation of methyl-N-(2-pyridinylmethoxycarbonyl)-L-leucine for N-(4-

N- [ 2- ( 2- benzy| opyrjsinyimethoxycachonylLyleucineiostep (b)ithe title compound iwas pyepared

- I nyl d . f I
1768 - 1ol b S ligsolid (Pme T MSESDIBSRUINREE” O SO ©

pyr azi necarboxylic acid in step (b), the title conpound was

Uto; 1- invhh ide
20 Foliowing the procedure of Example 112(a)-112(g), except substituting N-

tert-butoxycarbonyl-L-leucine for N-(4-pyridinylmethoxycarbonyl)-L-leucine in
step (g), the title compound was prepared as a white solid (1.015 g, 94%).
MS(ESI): 539.1 (M+H)*.

Following the procedure of Example 116(a)-116(b), except substituting N-

tert-butoxycarbonyl-L-leucine for N-(4-pyridinylmethoxycarbonyl)-L-leucine in
30 step (b), the title compound was prepared as a white solid (740 mg, 85%). MS
(ESI): 504.4 (M+H)*.
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prepared as a white solid (0.135 g, 87%. MS(ESI): 544.3 (MtH)[err].
Exanple 178 Preparati on of

N-[ 2- (2-di benzof uranyl )t hi azol -4-yl carbonyl]-N -[N-(4- 10

pyri di nyl met hoxycar bonyl ) - L- I euci nyl ] hydr azi de Fol | ow ng the
procedure of | e 112(a)-112(g), except substituting 2- -

br onodi benzof‘UPa???‘jﬁ‘Bsr 2- benzyl oxybronpbenzene in step (d), grmssﬂsgoo
conmpound was prepared as a white solid (0.079 g, 49% MS(ESI): 558.3
(MrH) [err]. 15 Exanpl e 179

Preparati on of '
N-[ 2- [ N- (2- net hyl propyl ) N- phenyl ani no]ﬁlﬂm&&ﬂi4 yI car bonyl ]-N -
(N- pyrazi necar bg Worlais X dr 2 | ;
procedure of Exampl

(N-t ert - but oxyc anetinipriopy 2 ’pyI) N- 20

phenyl am no] thi azol | car hot | d — -
N-[ 2- (2- benz onypheﬁ?ﬁ e 5 Xre Example%ﬂa) 116(b), except substituting N

4-yl carbonyl | - Mé%ﬁwxjcamhmmmmqyleuhné for N-(ypyridirimethobeycarbosylpp- ( @) ,
the title conpound was_ prepared ag a white SO"ﬂnéSo?ad'}?m 279

(ESI): 510.4 (Mh‘bc{'@r‘\‘ftel’ (b), the title compound was prepared as a w mg./g%éarrpl e
180 25 Prepar ath[l 518.4 (M+ID+.

N-[2-[ N-(2- et hyl pr opyI ) - N- phenyl ani no] t hi azol - 4-yl carbonyl ] -N -

Fol l owi ng the procedure of Exanple 176(a)-176(b), except substituting N
(N-tert-but ycarbonyl N- et hyl - L-1 euc [ 2-[ N-(2- net hyl propyl ) - N-
phenyl am noiiphl azoI yI car bonyI ] hydraw

N[ 2- (2- benzyl oPypam :

4-y| carbonyl ]-N_-

the title A lirselsnican = Wmte solid (70 ng, 72%. M5
fME)S|9)7/ 123334 ( Mh)‘NE[QI(IZ-]benzyloxyphenyl)thmzol-4~ylcarbonyl]-N'-(L-leucxnyl)hydrazlde 179
PCT/ US96/ 18000 Follomng theprocedure of Example 144(b), except subsu%-[[% (331
Preparati onjef Ne&z% anSbsql.mtﬂ-zé)b-bﬁtaxic&bﬁag{umt hyl propyl ) - N-
phenyl am no] t hi azol - yI car bon dra2| | ow ng the
procedure of Exéﬂﬂsm&l)m%fw -2l c@pterishisesyrarhenylN-methylamino)-3-

(N-tert-but OXYC%H%EBGMWIDWMWN {4 Pridid it BbV-RL OPY ) - N
leucinyl]hydrazide, the titie compound was prepared as a white powder (0.766 g,
93%). MS(ESI): 439.3 (M+H)t.

b) N-[2-(2-benzyloxyphenyljthiazol-4-ylcarbonyl}-N'-[N-(2-pyrazinylcarbonyl)-L-
leucinylJhydrazide |
Following the procedure of Example 116(b), except substituting N-{2-(2-
benzyloxyphenyl)thiazol-4-ylcarbonyl}-N'-(L-leucinyl)hydrazide for N-[2-[N-
25  phenyl-N-(2-methyl-1-propyl)amino]thiazol-4-ylcarbonyllhydrazide and
pyrazinecarboxylic acid for N-(4-pyridinylmethoxycarbonyl)-L-leucine, the title
compound was prepared as a white solid (0.146 g, 94%). MS(ESI): 545.4 (M+H)*.
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phenyl am no] t hi azol - 4-yl car bonyl ] hydr azi de for
N[ 2-(2-benzyl oxyphenvl)thiazol -
4-yl carbonyl]-N -(N-tert-butoxycarbonyl -L-1euci nyl)hydrazide in step (a)

and i sonicotinic acid for pyrazinecarboxylic aicd in step (b), the
title conpound was 10 prepared as a white solid (28 ng, 22% . M (ESI):
509. 4 ( M+H) [ ewo]97/16433 PEXARM 2

Preparation of N-(N-isonicotinoyl-Nnmethyl-L-leucinyl)-N-[2-[N-(2-

net hyl propyl ) - N- pheyl anmi no] t hi azol - 4- y?car Elogﬁ] hydrazi de 15

Fol | owi ng the procedure of Exarrpl e 176 ), except subst [ tut| ng N-
(N-mmet hyl - N-t er Prdijatatiy Y behvitxivbhi _ i I

met hyl propyl ) - N- phenyl ani no] t hi azol - 4- yI car bonyI | hydra2| de for N- [ 2-(2-
benzyl oxyphenyl #ﬁ%ﬁlﬂiﬁﬂﬂéar bonyl ]-N - (N-tert-but oxycar bonyl -

| euci-nyl) hydr azi de i pojidwaRg fie r@dadure%pawle M & a)RLi6th f&[ceﬁtléﬁ@sﬁhﬁﬁgar boxyl i c
aicd-in 20 step (b), the |tIe conmpound was prepared as a white solid (117
my, 93%. M5 xsomogggq:yc: mqmgq:]nxg}m ]ac1d in stcp(b), the title compound was

180 PRo2ea 184 ite solid (0.135 g, 87%). MS(ESI): 544.3 M4

PCT/ US96/ 18000 anpl e 183
Preparati on of

N-[N-(4-imdazolylacetyl)-L-leucinyl]-N -]2- (2- et hyl propyl )-N
phenyl am no] t hi azol - 4 yl car bonyl ] hydra Fol | owi ng t he

procedure of ExPréphtidn of yued thiazol-dsilearbi
(N—tert-but%ycarbn I- ‘ 2UGI ' [2 [ N-(2- rrethyl propyl ) - N

Following the procedure of Example 112(a)-112(g), except substituting 2-
bromodibenzofuran for 2-benzyloxybromobenzene in step (d), the title compound
was prepared as a white solid (0.079 g, 49%). MS(ESI): 558.3 (M+H)*.

15

Following the procedure of Example 176(a)-176(b), except substituting N-
(N-tert-butoxycarbonyl-L-leucinyl)-N'-[2-[N-(2-methylpropyl)-N-
20  phenylamino]thiazol-4-ylcarbonylJhydrazide for N-[2-(2-benzyloxyphenyl)thiazol-
4-ylcarbonyl}-N'-(N-tert-butoxycarbonyl-L.-leucinyl)hydrazide in step (a), the title
compound was prepared as a white solid (36 mg, 27%). MS (ESI): 510.4 (M+H)*.

25

Following the procedure of Example l76(a)-l76(b), except substituting N-
(N-tert-butoxycarbony}-N-methyl-L-leucinyl)-N'-[2-[N-(2-methylpropyl)-N-
phenylamino]thiazol-4-ylcarbonyl]hydrazide for N-[2-(2-benzyloxyphenyl)thiazol-

30 4-ylcarbonyl}-N'-(N-rerz-butoxycarbonyl-L-leucinyl)hydrazide in step (a), the title
compound was prepared as a white solid (70 mg, 72%). MS (ESI): 524.4 (M+H)*.
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phenyl am no] t hi azol - 4-yl car bonyl ] hydr azi de for

N-[ 2- (2- benzyl oxyphenyl )t hi azol -

4-yl carbonyl]-N -(N-tert-but oxycarbonyl -L-1eucinyl)hydrazide in step (a)
and 4- i m dazol yl acetic acid for pyrazinecarboxylic aicd in step (b),

the title co prepared as a white solid (60 ,1"@’?‘49

[ err] HNMR (48%%9“&&”]) [err] 7.62-7.23 10 (m 8H), g%g TH)
4.72-4.66 (m 1H), 3.75 (d, IH), 3.55 (d, 2H), 1.96-1.93 (m

1.76-1.54 (m 3H), 0.96-0.84 (m 12H).

Exanpl e 184 Preparation of

N-[2-1N-(2-net hyI propyl) N-phenyl am nom4 yI car bonyl] N - 15

(N- pi col i noyl - L plepui , G 1 (OMd el paRcedur e of
Exanpl e 176(a)
(N-tert-but oxycResnys 7 EN' - [ 2-[ N- ( 2- et hyl propyl ) - N
phenyl am no] £hi azo % _

N[ 2- ( 2- benz§/ I oxypheny?ﬁﬁém:wgﬁﬂ%ﬂ ?’56(:1) 176(b), except substituting N-
4-yl car bonyl | - N(N{xs-batoxydarhionylyN amesinyiyll-lebeinpl)dN-{3-[IN/(-tredniptepylpNst ep ()

Comound was  Phesd rpBliapola ViR S bade Fo 18 DerypRvmsnitahizra- 5005

(MH) [err]. 4-ylcarbonyl}-N'- (N-ten‘-butoxycarbo Kl-l..—leucmzl)h?'dram@(ﬁ Qa)ldhd
Preparation of N-[2-(2- benzyl oxyphenyl) |azo - &/‘ carbonyl [nmet hyl [N-(4-
25 pyri di nyl nmelSARIRORRIS acid for)py Laznnembw aied in step (b the title compound was
2- (2-benzyl gxyp X MS! + Follow ng the
pr ocedur e 01?6( Exi(?l‘%mp;zlﬁ-ga %nggi)tgs‘fehggg%?&si%%fl tuttlﬂ%% g?9h4 M§HE
benzyl oxyphenyl )t hi azol e- 4- car boxyl ate for nethyl 3- (4-
pyri di nyl ] met hoxy) benzoate, the title was prepared as a white
solid 30 (O. 361 g 90% I\/IS(ESI) 312 err]
181 $-EN-isc ethyl ,
PCT/ US96/ 18000 ___ ) ol. 4 br ononet hyl
ket one . OV ule P& 103(a), except
substitutints 2- (2- Fonowxﬂpmapfoeww aiﬂjilﬁﬂﬁtﬁlllmaﬂtm&ﬂtbﬁbsﬁﬁhd Nor

N- benzyl oxycarb | - uci.n ne, title corrpound was

‘prepared as a \Aﬁi{'@ﬂ’%hg B°nyli’§{" o ylcg-lqug(jggy‘) @2 (MrH)[err].

c) 2-(2-benzyl omsthim Qt | 185 glléﬂﬂﬂﬁforN-[z-(z-) A
e :

solution of the conpoun
benzyloxyphenyl)thxazol#ylcarbony -N -(N-ten-butoxycarbonyl-b

leucinyl)hydrazide in step (a) and isonicotinic acid for pyrazinecarboxylic aicd in
20  step (b), the title compound was prepared as a white solid (117 mg, 93%). MS
(ESI): 5234 (M+H)+.

180



sodi um azide (0.064 g. 0.987 mmol ), and potassium fluoride (0.072 g, 1.23
mmol) 10 in DVE (6 1) was stirred at roomtenperature for—3i6—h—TFhe :

sol ution was then diluted with ethyl acetate and washed successively
with water, saturated agueous sodi um hydrogen car bonate, and bri ne.
The organic |ayer was dried (MgSH), filtered and concentrated.. The
resi due was wo9716€8 by col umm chronat ogr aphy (si i cPCAySo6/Laog,

acet ate/ hexane) to yield the title conpound as a white solid (0.087 15 g,

30% . MS(ESI): 373.3 (MrNa)[err]. &l@gm&%&—
2-azido-1-[2-(2- benzyloxyphenyl)thlaz ' =1- hydroxyethane

d8ture was diluted with et hyl

acetate and washd N ’ i W ed
fil tereg anﬁymﬁk&.%@ I?G(a)-ﬁﬁbpmptﬁbgm Na

(MgSd err]), concentrated to vyiel he title corrpound as

a white sol isd ((N-zes¢uwymbqayl-Nemﬂpﬂﬂmucmyw ([ZﬂUWIZ“w}N]') [er r]

S ot 11y svegudihoBtiteol 4 A8t ivdide SN2 ehsy GkyBlleny tiazof S 21

2-am no-1-[ 2- (Z&jﬂqum’ﬁ(ﬂ?hw@lﬂmmn%b?@mﬁmymm stepé@) and 4-

To a stirring sol utlon of t ound of 0.084 0 239
mrol ) in met haie¥dagelylaestic,ag @%ﬁﬁf%i’g &%9& 8 9,
0.478 "‘_T‘[izlﬁépareafak‘irwﬁﬁe'sﬁﬁd(mlﬁ’é 55691 HRNVIFE(4B0MIEE:, EDCIHG T62-7. ns m xture
was diluted w

et hyl acetate and washed successi veIH\; w th water,

sat urat ed d@uedos SHAIEEY (as HD), 4.32d.66 (m, 1H) 3. 75(d, b 3554&.AD. 1.89-4 93 (e i ed
¢
(MySOLerr]), fighel g8 AndnCofis BslA A th, 1588

PCT/ US96/ 18000 resi due was purified by colum chromatography (silica
gel, met hanol / di chl or onet hane) ield,the title compound as a white
solid (0.07 5g, 96%) . I\/S( ESI) M

H)[err] 5 f)
1-[2- (2- benzy| pryakys 2 flthiazol-4-vica

8ly; Hvipro; larhinelthiaze : !
pyri di nyl met hoxycar bonyl | euci nyl a no) et hane Fol | owi ng the
procedure df Bléﬂmﬂ%mﬂgwﬂgjbst ituting 2-am no-1-
[N2[ (2 2( lﬁfnﬁyl oryph(enrbnwhgm précedhr of ERMAPIE 1 Y6} #T6LbY, eXcept substituting N-
pheny

met hyl - 1- pr opy |(Nefatthutoxyeasbanyl-N-pethyl Lrdsyciny Nl 2N (2-methdpropyh)-N- ¢ o npound
‘(’"awi H)lf[Jer P]r epar efleATarfindfifibior A% atboniiRydadide for Mif2-M¥eteFioxyphenylythiazol-

- 4-ylcarbonyl]-N'-(N-zert-butoxycarbonyl-L-leucinyl)hydrazide in step (a) and

20 picolinic acid for pyrazinecarboxylic aicd in step (b), the title compound was

prepared as a white solid (50 mg, 44%). MS (ESI): 509.5 (M+H)*.

a) 2-(2-benzyloxyphenylthiazole-4-carboxylic acid
Following the procedure of Example 105(b), except substituting ethyl 2-(2-
benzyloxyphenyl)thiazole-4-carboxylate for methyl 3-(4-
pyridinylimethoxy)benzoate, the title compound was prepared as a white solid
30 (0.361 g, 90%). MS(ESI): 312.2 (M+H)*.
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g) N-[2-(2-benzyl oxyphenyl)thi azol -4-yl carbonyl ] net hyl [N-(4-

pyri di nyl met hoxycar bonyl ) -L-1 euci nam de To a stirring solution
of the compound of Exanple 185(f) (0.075 g, 0.131 15 nmol) in

di chl oronet hane (1 nlL) was added Mh(Jerr] (0.300 g, 3.45 mmol). After

stirring at r erature for 24 h, the mxture was filt he
filtrate was V%)BM oncentrated. The residue was purified b?}&@@ﬁ%&)
chromat ography (silica gel, met hanol / di chl oronet hane) to yield the
title conpound Bp2-R-BeétzgloxgphenyNthiaboldt-{1brErhdmethyl ketde 23%) . MS(ESI): 573. 4
(MtH)[err]. 20 ) Exanpl e 186

Prepar at i on of Following the procedure of Example 103(a), except substituting 2-(2-

N-[ 2- [ N-met hyl - Nﬁ{zﬁlbﬂﬁﬂéﬁ 1&&%&&%&3@1& h{:.?ﬁgﬂ ﬁ-&%@%&k%ucmybu

[ N- (4- pyridi nyl met hoxycarbonyl ) -L-1euci ny : €
N-benzoyl - N - mebeticinenthe title gpmpgund vwas preparedas e achite Solid (0.327 gT8%).stirri ng

sol ution of W's ape (3.21 g, 36.8 mmol, 4.45 m.) in 40
nm. of CHC [e'ﬁ] S Ig'dggé(;égﬂg%@)y'l i sot hi ocyanate (6.0 g, 36.8 mmol, 4.95
m.). After stirring for 45 mn, the solution was concentrated to yield the
title co as a pale vel | ol..d .22 g, 100% . [err] HNMR
(400MHz, CDG[QB%H& PEYI“%%‘“Mg‘YEFFB‘P&M?P%feH] 7.86 (d, 2H), 7.60
(s, 3H, 2.35-2.32 (m,. 1 2.13_;m 1H), élx.ﬁ%G_(c}b ?I;&%QO 2 d, 6H).
183 W‘Wﬁ%&dﬁ g. 0.987 mmol), and potassium flucride (0.072 g, 1.23 mmol

PCT/ US96/ 18§00 ; Gdd '!%Finm! I '
The conpounfjwofmg?né?tenl')év&yg) (9. E%J}%(e%n . 8 m%%gwm%&%@g{éﬁggjmﬁ 80

mL of 1:1 met hadilwedwitheethylagetaisiand) washed succassivelyr withnwater, s@Brald agueabd 0 rmol )

bar 1 i oned  CRphyiibien SIS BhF bl O drbhic Bertis A NSOR) . e

extracted with filtessd andeoncentrated. The sesidive wahpurifiediby celdmarchromatographgr s wer e
hed with t t ' dri ed . e Tt .
\(/:vg?] c g nt \rMat ed > ? O@Fa%ggfgﬁ#l%é%%nﬁb‘ﬁ%ﬂﬂ ghl\e/g'@g{rg’rﬂra}"b% :al“f!ﬁ’re%" (0.087

crystal i nelssolg,30%%. BS(BSS398.3 MeNESt.): 147.0 (MtH) [err]. 10 c)
N-[ 2-[ N- et hyl - N- ( 2- net hyl propyl ) am no] t hi azol - 4-yl carbonyl ]-N -[ N- (4-
pyri di nyl met hoxycar bonyl ) - L- I euci nyl ] hydr azi de Fol | ow ng the

rocedur e of PRdzRoLIL BY-()- behyioky pheyifikiatol 4 kedhaile
ﬁet hyl - N- ( 2- rreEﬁ?yl propylﬁg%i ou)?ga for N—(4-l.p.i)ﬂr-1j}g]r;L lhgﬁ?eﬁ&%%ﬁk\a 2-met hyl -1- 15

propyl )thiourea in JedFtirase solytioniof theco XA 58 0248hi t e
solid (202 mm6Y in PUE(1 cY§aFEPO, waé ddded sbditizd)dofdnydiride (0.031 g, 0.820

20 mmol) slowly. After 20 min the mixture was diluted with.ethyl acetate and washed
with water then brine. The organic layer was dried (MgSOjy), filtered and
concentrated to yield the title compound as a white solid (0.084 g, 96%). /HNMR
(400MHz, CDCl3) 5 8.41 (m, 1H), 7.50 (m, 2H), 7.38 (m; 4H), 7.11 (m, 3H), 5.31
(s, 2H), 5.08 (t, 1H), 3.69 (m, 2H), 3.58 (s b, 1H).

25
€) 2-amino- 1-[2-(2-benzyloxyphenyl)thiazol-4-yl}-1-hydroxyethane

To a stirring solution of the compound of Example 185(d) (0.084 g, 0.239
mmo}) in methanol (2 mL) was added stannous chloride dihydrate (0.108 g, 0.478
mmol). After stirring at room temperature for 16 h, the mixture was diluted with

30  ethylacetate and washed successively with water, saturated aqueous NaHCO3, and
brine. The organic layer was dried (MgSOy), filtered and concentrated. The
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Exanpl e 187 Preparation of

N-(N-methyl -N-picolinaoyl-l-leucinyl )N -[2.IN2 gpthy| propyl—N—=2
phenyl am no] t hi azol - 4-yl car bonyl ] hydr azi de Fol | owi ng t
procedure of Exanple 176(a)-176(b), except substituting N

(N-net hyl - N-tert-but oxycarbonyl - N-net hyl -L-1eucinyl)-N [2%{1&&’ ;
nmet hyl pr opy| WoOMN7/#88hy| am no] t hi azol - 4-yl car bonyl ] hydr azi de '[sﬂqo( 2-
benzyl oxyphenyl )t hi azol - 4-yl carbonyl ]-N -(N-tert-but oxycarbonyl -L- 25

| euci nyl ) hydr azj i ' Wl iiftalo@y, Pyrazi necarboxylic
aicd in step ég&(‘%ﬂ"’ﬁﬁg{@f@gﬂgghﬁ%@tﬁ &/gg&prggar ed as a white solid
(30 -ny, 41% . bethdnsl/dichloromethan2Boyieldthiititte corhpound as 2 white solid (0.07 5g,

184 97/ 16433 .
PCT/ US96/ 18000 960). MS(EST)? 327.3 v+, Exanpl e 188

Preparati on of N-[2-(2-benzyl oxyphenyl)thiazol-4-ylcarbonyl]-N -[N-(2-

pyri di nesul fonyl)-L-1eucinyl]hydrazi de a -pyridi nesul fonyl chl ori de
5 Thr50u&%izﬂ‘hwmwwwlﬁy&-lﬁpéﬁ ofyridine (2.235 g, 20
mol ) in IntefhoxyBrdo @_]5531,%- AshingledndC! (26 nL) at O[err] C was
bubbl ed C [err]%g??er Y S%rnﬁ n, % mL g’:‘e | ce water was added and

extracted with col dFollemsing i progegnre)of Example 116(b), sxeephsubstityting 2-apjinopl-

conbi ned and ' | 4 binGo Q S9_IN- e err],
and cold bri nﬁ%—}%&féo%ﬁﬁlﬁén@%ﬁz%%gu gﬁ’eﬁ E@%&ﬁ%}?mﬂ ?ﬂ?ﬁ' and 10

g ;) ncentrat ed t Gnethyd Idpropyl)dmihd]ehigzolb<yloarboayllhydmzide  thetitle cqmBpaing wag7%) .

N-[ 2- ( 2- berly | PESRIFRAHS P thife 5984 (007512 ATRYYER: . TRA SN di nesul fonyl ) - L-
| euci nyl ] hydr azi de To a stirring solution of the conpound of
Exampl e 176(a) (0,125 g, 0.285 15 mol ), .and the co nd of Exanple 188(a)
(0.101 g, O. 5738 m&-mmloxwim?mwﬁﬁm&gnﬁyfﬁﬁ%; added

N- net hyl nor phol &n&;ﬁn&ﬂcyéhrb&yﬁ?ﬂ-ldmmde After stirring at room
tenperature for"10 mn thé solution was diluted wth egﬁ% cetate

|
and washed successi Telaytiingsolpsion of thegompoynd of Example J8p(HOYy g O dried
15 mmol) in dichloromethane (1 mL) was added MnO» (0.300 g, 3.45 mmol). After

stirring at room temperature for 24 h, the mixture was filtered and the filtrate was
concentrated. The residue was purified by column chromatography (silica gel,
methanol/dichloromethane) to yield the title compound as a pale yellow solid (0.017
g, 23%). MS(ESI): 573.4 (M+H)*.

20

In)
\v)
he

a) N-benzoyl-N'-methyl-N'-(2-methylpropy])thiourea

25 To a stirring solution of N-methylisobutylamine (3.21 g, 36.8 mmol, 4.45
mL) in 40 mL of CHCI3 was added benzoyl isothiocyanate (6.0 g, 36.8 mmol, 4.95
mL). After stirring for 45 min, the solution was concentrated to yield the title
compound as a pale yellow solid (9.22 g, 100%). IHNMR (400MHz, CDCl3; 2:1
mixture of rotamers) & 7.86 (d, 2H), 7.60 (t, 1H), 7.50 (t, 2H), 3.90 (d, 2H), 3.44 (s,

30 3H),3.41 (d, 2H), 3.27 (s, 3H), 2.35-2.32 (m, 1H), 2.13 (m, 1H), 1.06 (d, 6H), 0.90
(d, 6H).
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(MySg err]), filtered and concentrated. The resi due was purified by colum
20 chromat ography (silica gel, et hyl acetate/hexane) to yield the title
conmpound as a pal e yellow solid (0.100 g, 61%. MS(ESI): 580.2

(MrH) [err]. Exanpl e 189
Preparation of :

N-[ 2- [ N- (2- mYR9¥88#Bpy 1 ) - N- phenyl ani no] t hi azol - 4-yl car bony! Ferpsosysovo
[N-(2-pyridinesul fonyl)-L-Ieucinyl]hydrazide Fol | owi ng t he
procedure of Exanple 188(b), except substituting N-(L-

| eucinyl)-N -[2-[N-(2-net hyl propyl)-N- phenyl am no] t hi azol -

yl car bonyl ] hydr byNdaethiyl+N-(2-methylpropy)thi

N[ 2- (2- benzyl oxyph I & xl A dci””

| euci nyl ) hydr azi de, ﬂe&%ﬁ%&%%npogﬁedﬁ\%g@(pr eg‘a?'rée sol)av'rrlasos#Js ﬁgcds"ollspd (56
ng, 30 48% . MaL(dE3t]) methdiol/Ivafel/ahd §odidpptassium carbonate (15.27 g, 110 mmol) was

185 7416433

PCT/ US96/ 18000 %%3 11'%e mixture was heated at reflux for 48 h, then cooledégg%rpgowo

Preparation of between ethyl acetate and water. The aqueous layer was extracted with ethyl acetate
N[2-[N-(2-neth ro yI ) N- phenyl am no] t hi azol - W&gl car bonyl ]
[ N- et hyl - N- ( 2- é}f inedQneani¢ layers wers Washed with sqturated brine ed

Fol | owi ng t he p r E;‘?é
met hyl - L- | euci ny gﬁ@ “Qfd 32 met MBrO Vﬁéﬁﬁ eﬁyﬁga noE Rﬂlcyfl
yl car bonyl ] hydr erystalting mhd (4.82 g, 89%). I): 470

N-[2-(2- ben(f][yl oxyphenyl )t hi azol - 4-yl carbonyl ]-N - (L-

| euci nyl ) hydrazide, the title conmpound was prepared as an orange solid (53

g, 40%) . c)I\]B[1-H$ln)e‘.th)5-50(Bm@ﬁiylﬂ)'c[pgl)mno]thﬁﬂ:lA-ylcarbonyl]-N‘ [N-(4-

Ex | 191 t
N- ?rzrpl\l?met hyl - I\W"EEWS‘! Fé?a’ﬁ’lrcgﬁ%ﬂl}a{ﬁlﬁlﬂ‘qyﬂh&%?dﬁ yl carbonyl | -N -

[ N-(3-pyridi nyl met hoponedidpahy b aocéduheammpldma@me@ except subsumnngﬁol | owi ng
the procedure of Exanp (c), except substitutlng

le 186(a
(3- pyr i di nyl ot MERHRIGH rgqepﬂ?s@em f?fd?-@’rphenvlphenvb-N-(Z-methyl-1-
N-(4- pyri di py! NEbpRNtNe é&&{ﬁhﬁ@ ﬁ&l‘s@ hitd 'R
e %m}p e soI id (138 v VS (I'E&gze

conmpound was prepared as a Whl

(MH) [err]. mg, 97%). MS(ESI): 477.4 M+H)*. Exanpl e 192
Preparation of

N-[2-[ N-(2- net hyl propyl ) - N- phenyl am no] t hi azol -yl carbonyl]-N - 20
[ N- et hyl - N- (4- pyri di nyI met hoxycar bonW| nyl ] hydra2| de

477. 4

Following the procedure of Example 176(a)-176(b), except substituting N-
(N-methyl-N-ters-butoxycarbonyl-N-methyl-L-leucinyl)-N'-[2-[N-(2-

methylpropyl)-N-phenylamino]thiazol-4-ylcarbonyl]hydrazide for N-[2-(2-
benzyloxyphenyl)thiazol-4-ylcarbonyl}-N'-(N-zerr-butoxycarbonyl-L-

25  leucinyl)hydrazide in step (a) and picolinic acid for pyrazinecarboxylic aicd in step
(b), the title compound was prepared as a white solid (30 mg, 41%). MS (ESI):
523.5 (M+H)*. |
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Fol l owi ng the procedure of Exanple 116(a)-116(b), except substituting N
net hyl - N- (4-pyridinyl methoxycarbonyl)-l-leucine for N-(4-. - i
pyr 1 dr nyl met hoxycar bonyl )-L-1eucine in step (b), the title conpound was

pr epar ed as a white solid solid (74 ng, 41%. M5 (ESI): 553.4 (M+H) +.
25 186 :

97/ 16433 WO 97/16433 PCT/US96/18000

PCT/ US96/ 18000 Exanpl e 193
Preparation of

N-[2-[ N-(2-net hyI propyI ) - N phenyI am ncﬁ‘ﬁgmn%'s'-4 yl car bonyI ]-N -

[ N-net hyl - B[R ien : :

Fol | owi ng t he pcedurgoE géarrl ﬁél% a) - 116( b), except substituti ng N
met hyl - N- ( 3- pyr 3 | euci ne for N-(4-

pyridi nyl met hoxdjqa‘;ﬁgﬁ*gﬁlfdn Ichlefiire in step (b), the titIe conpound was

pr epar ed whi t e soI id solid § 380 S| 553. 4
(MH)[err]. Throughasnmng solution o 2—mcrcaptopy ne( E;,T#
Preparation Of t 0°C bubbl fte
N-[ 2: (2- benzyl oxyph(gr?y ) |d:f§oen -y gacr! % ony 1aN [was 3 l?]e(fCll%_(A r

pyri di nyl met hox30min, Hérmlpficelvmetmyaqd@dndmxmtedwlth001dether(2xdl5hﬂ-w ng the
procedure of nple 1 2 X
et hyl N (4- py T CRRAR RS e cnihiped B Phehis RRbisbisbi tp!botd 10% aqueous
pyri di nyl met homm@gmuﬂ):olubkmucnmgmoslaw wag)dried (MgS0j4), filteredmalind wWas
. : 3 .
E;:ﬁg{ Zdlégl aSco% Vmp@lﬁgl : }%}%F@r{hl d %gﬂeoc%%p%hndl Es@élwwgl.%ll)g’, 8?'90? 4 (MeH)
N-[ N-net hyl - N- (4- pyri di nyl met hoxycar bonyl )-L-1eucinyl]-N -[2-(1-
napht hyl ) t hi azol - | car bonyl hydra2| de 20 Fol | owi ng the rocedure

of Exanpl e 112(113)N 1chenzyl Yhiazol-Hylaarbegyl- '-IN‘(2-PYﬁélpPﬁ0Ff9ny br oni c
acid for 2- benzléﬂc%)jﬂ?&ﬁi‘ihe borom c acid in step (e) and N nethyl -

To a stirring solution of the compound of Example 176(z) (0.125 g, 0.285
15 mmol), and the compound of Example 188(a) (0.101 g, 0.571 mmol) in
dichloromethane (2 mL) was added N-methylmorpholine (0.057 g, 0.571 mmot).
After stirring at room temperature for 10 min the solution was diluted with ethyl

acetate and washed successively with water and brine. The organic layer was dried

(MgS0y), filtered and concentrated. The residue was purified by column
20 chromatography (silica gel, ethyl acetate/hexane) to yield the title compound as a
pale yellow solid (0.100 g, 61%). MS(ESI): 580.2 (M+H)f".

25 i g inv]

Following the procedure of Example 188(b), except substituting N-(L-
leucinyl)-N'-[2-[N-(2-methylpropyl)-N-phenylamino]thiazol-4-
ylcarbonyl]hydrazide for N-[2—(2—benzyloxyphcnyl)thiazol-4-ylcarbonyl'] -N-(L.-
leucinyl)hydrazide, the title compound was prepared as an orange solid (56 mg,

30 48%). MS (ESI): 545.3 (M+H)*t.

185

5



N- (4- pyri di nyl met hoxycar bonyl ) -L-1 euci ne for

N- (4- pyri di nyl met hoxycar bonyl ) - L- | eucine in step (g), the title
conmpound was prepared as a white solid (0.072 g, 36%. MS(ESI) :
532. 4(MrH) [err]. 25 Exanpl e 196

Preparation Qf .
N-[2-[N, N-( bW.Q)”’Z‘%t hyl propyl ) am no] t hi azol - 4-yl car bonyl ] Pﬁr-ﬂﬁgf"mm

(4- pyridi nyl met hoxycar bonyl ) - L-1 euci nyl ] hydrazi de Fol | owi ng t he
procedure of Exanple 186(a)-186(c), exapiplespgstituting N, N- 30

di i sobutyl am ne_ for N—rreth I |sobut lam ne 1 n step (a ) the title corrpound

was pr eparkeRasailon oy gt-1< OMEEYIDEPY N -DASRY AL uify CRIbonyl]-
(MtH) [err]. - N-(2-pvridi L -leuci ‘e 187 WO
97/ 16433 _
PCT/ US96/ 18000 Following the procedure of Example 188(b), except substitutifg NafN-e 197
Preparation 0 nzvl | -l = ' - N [ 2- N-.(pi s) - 2-
met hyl pr opyI mﬁklhfgg%yﬂ-ﬁ-% @g'?%xlh #rggﬁ %@}/ﬂ# nyﬁg&moﬁtﬁu ! ol l owi ng t he
G i sobui vl a ne Lo ’W“‘"‘*ﬁ“@‘?"2‘”‘“"2“?‘??2'5“2”@““""N"‘L'

ii uty u |
N- benzyl oxycar I)B;&dg @E@ﬁ’@"?’@if (anorangesohd (53 mg,

N- (4- pyri di nyl rmt;djoms: §50)3 .Lm&m ne in the final step, the title
conpound was prepared %ﬁp yel Id(!ﬁv\’v solid (131 ng, 69%. Ms (ESI): 518.4

(MtH)[err]. 10 Exanpl e 198

Preparaton gf N-[2-(4-norpholino)thia arbonyl]-N -[ N-(4-
0 %%ﬁgzeim o FoIIovvingthe

pyr|nylnethoxycarbonyl) L- Ieu0|nyl]hy
procedure of Paenaia SENAR- N ]

N- net hyl i sobut as
a white solid (4 o T ‘
El_xarzrpl g 129 PFem?‘r]m rodedure of Bxam1|>le 186(|a)-186(c), except subsulgiundgf N-20
-[2- (4-pyri met hgx en i 8z0 car po
py'Li di[ nyl( mt:lto Ko%ﬁgﬁ%w&%gwh r 502%{3 $-pyn Té?&"’xy“lbc'n’gl)'b
2- met hoxy mashoXaRine R8P & Be title compound was pRp@ledisd 4 WhitdscoHd P38 aE 06690
sodi um hydri de 60% di spersion in mneral oil) in

1.
DMVF (75 L) at b&f@ﬁl}g(f‘%hﬁtﬁbd 2- br onophenol (6.0 g, 34.7 mol)

dropwi se. After stirring for 20 mn, bronmonmethyl nethyl ether (4.3 g, 25
34.7 mmol) was added. After stirring for 16 h at roomtenperature, the
m xture was Example 192

20
Following the procedure of Example 116(a)-116(b), except substituting N-
methyl-N-(4-pyridinylmethoxycarbonyl)-L-leucine for N-(4-
pyridinylmethoxycarbonyl)-L-leucine in step (b), the title compound was prepared
as a white solid solid (74 mg, 41%). MS (ESI): 553.4 (M+H)*,
25
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poured into water (250 nmL) and extracted wth hexane. The organic |ayer was
washed with brine, dried (MySOerr]) filtered and concentrated—Fhe—-

resi due was purified by colum chromatography (silica gel, hexane) to
yield the title conpound as a colorless oil (4.0 g, 53%. [err]HNI\/R
(400MHz, CDCl[err]) [err] 7.55 (d, 1H), 7.28 (t, 30 1H), 7.16 1H),
6.91.(t, 1H) woR7a83ss, 2H), 3.54 (s, 3H). PCTisob/Sto00

188 WD 97/ 16433

PCT/ US96/ 18000 b) ethyl

2- ( 2- met hoxynmet hoxyphenyl )th| azol e-4- m}% e Fol | owi ng

t he procedure Opretacaion of NLiZ )-nbéhiyibrorilEN Jbhedvidmihd Riigaol-4-vicarbonyN e pt

substituting 2-nget hgx hox,y .
benzyl oxybronnb%ﬂ’éﬁ'&'v-@m @B prepar ed.

M5( ESI ) : 5 294. 3 HoMbtirgahé i>rocedure of Exanﬁ)ie ﬁ%th\ﬂllﬁ(b), t substituting N-
2-(2- hydroxy;henyl )thiazol’e-4-carboxyl ate 0 a stirring

sol ution of & hemethy«3ayndin mmﬁqwb)b(e@cme@r@‘-(“z 86 nmol) in

A ter stirri ng BREYRAS e d P e Slen I8 FER IO s AR Bl freflied 7

redi ssol ved i n as a whitessbligy bolitl(50 aige 38% N eMSAESD: 663.4aM-+Hthed successively

with saturated sodi um bi carbonate, and brine, dried (MgSO4), filtered
and concentrated to yield the title conmpound as a pale yellow solid
(0.674 g, 959% . MS(ESI): 250.2 (MFH)[W d) et hyI

2-[2- (4-pyridyl et hoxy) pheny| 0 a

Stl rrl ng SO tl 'é!.ﬁ':,(, DINOL 1Y T Ly 1OA Y DI 1Y A0 A LA ' _f \' z

mol ), 4-pyridyd a ATl Bhos 3 0L -1&hcBR ’A'?, and tri phenyl phosph| ne

(0.171 q, C was added di i sopropyl

azodi car boxyl at e (0FDQQWIDgthcP@M@Xﬂmle)“a(ﬂbém(sbﬂwt%lbs@?m& ng at

t t trated d fied
by 01 e o B pltiabielibkitaltiy 1 oblize RRREAD T 21 o] A0 P el
the title conpqymidinylmeshosycarbonybi-li-deucine id Step(g)3bAitle compound/Waspiepared4 1. 3
M-H) [err L) . ]
Nl 2] 2 (8- r i8R REPIB QPR R OB S84 M1 1w - (v (4- 25

pyri di nyl met hoxycar bonyl ) - L- I euci nyl ] hydr azi de Fol | ow ng the

procedure of Exanple 112(f)-112(9g), eégegt SESSt:ttjtipg et P%ll 2-(2
xylate for ethyl 2-(2-

2-[2-(4-pyri dyI nmet hoxy) phenyl ]t hiazol

20 Following the procedure of Example 112(a)-112(g), except substituting 1-

naphthyl boronic acid for 2-benzyloxyphenyl boronic acid in step (¢) and N-methyl-
N-(4-pyridinylmethoxycarbonyl)-L-leucine for N—(4-pyridinylmethoxycarbonyl)—L-
leucine in step (g), the title compound was prepared as a white solid (0.072 g, 36%).
MS(EST): 532.4 (M+H)*. |

Following the procedure of Example 186(a)-186(c), except substituting N,N-
30 diisobutylamine for N-methylisobutylamine in step (a), the title compound was
prepared as a yellow solid (60 mg, 39%). MS (ESI): 519.5 (M+H)+.

187



benzyl oxyphenyl )t hi azol e- 4- car boxyl ate in step (f), the title conpound was

pr epar ed as a white solid (146 ng, 83%. MS(ESI): 575.4 (MtH)[err].
30 189 WO

97/ 16433

PCT/ US96/ 18000 &i’(ﬁu
Preparation f‘?”'( 2- napht hyl )t hi azol - 4-yl carbonyl ]-N - 45%9198000

Fol | owi ng the procedure of Exanple 112(a)-112(g), except substltutlng 2- 5
napht hyl boroni c acid for 2-benzyl oxyphenyl boronic acid in step (e), the
title compound was prepared as a white solid (226 ng, 75%. MS (ESI):
518. 4 (M+H)[err] Example 197 Exanpl e
201 10 Prepar apy, ; ;

N-[2-[N, N-(bis)~ y
met hyl - N- ( 4- pyrineihyly "'ehydra2|de

(i1 sobutyl ark ne 1 g ‘Fée%ﬁf #@%@*@Pﬁﬁ'@é@éls@f%&% Lo T

pyri di nyl net homebthﬂamidefbrmmhmoﬁmylaﬁﬂnM(ﬂwNmbﬂm%bﬁmm )-L-

15 leucine in

solid (30 ny, IE" /ﬁ'( 7 thds tgu%ogﬁﬂ;?{ugw‘ﬁn’a&e‘yﬁfép?ﬂma&ea yel I ow

Exanpl e 202 onipoBRd: xeﬁa:e&asa eilowsohd 131 mg, 69%

N- (N- benzyl oxyccar bonyl - e%m nyl ) 2- (4- ﬁmr phgol | n()))%dﬁl(aszs(l))l 5Alf8420

yl car bonyl ] hyra(Mt?@ Fol I OWI ng the procedure of Exanple
186(a)- 186(fp , except substituting nor phol i ne for

N- net hyl i sobutylamne in step (a) and N benzyl oxycarbonyl - L- | euci ne

for N-(4-pyridinyl rrethoxycarbonyl) L- Iw the final step, the title

conpound was prgparad a ) L i ] {ESI): 576.4 25
(MtH)[err]. : e =
idipvimet bonvD-L-leucinvilhydrazid

Following the procedure of Example 186(a)-186(c), except substituting
15  morpholine for N-methylisobutylamine in step (a), the title compound was prepared
as a white solid (45 mg, 31%). MS (ESI): 477.3 (M+H)*.

20

a) 2—methoxymethoxybromobenzene

To a stirring suspension of sodium hydride (1.2 g, 52.1 mmol, 60%

dispersion in mineral oil) in DMF (75 mL) at 0 °C was added 2-bromophenol (6.0 g,

34.7 mmol) dropwise. After stirring for 20 min, bromomethyl methyl ether (4.3 g,
25  34.7 mmol) was added. After stirring for 16 h at room temperature, the mixture was

poured into water (250 mL) and extracted with hexane. The organic layer was

washed with brine, dried (MgSO,), filtered and concentrated. The residue was

purified by column chromatography (silica gel, hexane) to yield the title compound

as a colorless oil (4.0 g, 53%). IHNMR (400MHz, CDCl3) 87.55 (d, 1H), 7.28 (t,
30 1H), 7.16 (d, 1H), 6.91 (t, 1H), 5.25 (s, 2H), 3.54 (s, 3H).
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PCT/ US96/ 18000

Preparation of N[N (4-pyridinylmethoxycarbonyl)-L-1eucinyl]-N-[2-(4-

t hi onor phol i no) t hi azol - 4-yl car bonyl ] hydr azi de : Fol | owi ng t he
procedure of Exanple 186(a)-186(c), except substituting 5

t hi onor phol W@9FISA3N- net hyl i sobutyl amine in step (a), the PEVPE6A8MBouUNd
was prepared as a white solid (35 ng, 20%. MS (ESI): 493.4 (M+H)

P ti f 2-(4- 10 '
t[neg?rp?plhglnl 203)%3{3@53?%&10%%8@%@?%@612 %ﬁgﬁ&ﬁg{e[ ( Fol | owi ng t he
protedure of Exarrplﬁallaﬁﬁngaheprﬁ&(duyeofdkampte HR2GE3112(b) andgl 12(d)-112(e),

t hi onor phol i ne"gﬁ{}ﬁ‘%%%g&l (212 %ﬁﬁmﬁhmmgbe teB ﬁgaﬁ and

N-benzyl oxycar

N- (4- pyri di nylieaiylenybecaidbensens in stép(dy, ithetide confpouid was prepasgtl. MBESI):t | e

conpound vvas prepared gs a white solid (20 ng, 20%. Ms (ESI): 492 3
(I\/H—I)[err] 194.3 (M Exanpl e 205
Preparation of

N[ 2- (2, 3-et hyl enedi oxy- 4- thoxyphenyl )t hi azo- 4-yl carbonyl]-N -

[ N-(4- pyri di nyd etyh& i3, ’F)‘}Q!#am de FoI | owi ng
t he procedure of ()

et hyl enedi oxy- 4- net h%&%@éﬁég Qé 99%{) géﬁe I'n step
(d), themholo ircethanob (25 ol was arldeblﬂ&dpsaaf cancdmated h)tdrodllt(rﬁﬂacmg 26%) .

-
=

ga(masle) 26356 er m&&agg o ?qr;frZ]h the solution was concentrated then redissolved in

N-[2-N, N-(bi s)euad%tdwlmecsawhb@w%gmﬂm | vy Safumated sodfiumh N-
Fol | owi ng the praqcedure Exanmpl e 186( a 186(c), except substituting N, N
di i sobutyl ani h@“@‘%%?’ﬁ?ﬁ@ﬁﬂéﬁaﬁgﬁ exed esipoentmated te yield be Hile - - ( 3-

compound-as a pale yellow solid (0.674 g, 95%). MS(ESI): 250.2 (M+H)t.

15  d) ethyl 2-[2-(4-pyridylmethoxy)phenyljthiazole-4-carboxylate
To a stirring solution of the compound of Example 199(c) (0.125 g, 0.502
mmol), 4-pyridylcarbinol (0.071 g, 0.653 mmol), and triphenylphosphine (0.171 g,
0.653 mmol) in THF (5 mL) at 0°C was added diisopropyl azodicarboxylate (0.132
g, 0.653 mmol) dropwise. After stirring at room temperature for 16 h, the solution
20  was concentrated and purified by column chromatography (silica gel, ethyl
acetate/hexane) to yield the title compound as a white solid (0.100 g, 59%).
MS(ESD): 341.3 (M+H)*.

e) N-[2-[2-(4-pyridinylmethoxy)phenyl]thiazol-4-ylcarbonyl]-N'-[N-(4-
25 pyridinylmethoxycarbonyl)-L-leucinyllhydrazide
Following the procedure of Example 112(f)-112(g), except substituting ethyl
2-[2-(4-pyridylmethoxy)phenyl]thiazole-4-carboxylate for ethyl 2-(2-
benzyloxyphenyl)thiazole-4-carboxylate in step (f), the title compound was prepared
as a white solid (146 mg, 83%). MS(ESI): 575.4 M+H)*t.
30
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pyridi nyl met hoxycar bonyl)-L-1eucine for N-(4-pyridinylmethoxycarbonyl)-L-
30 leucine in the final step, the title conpound was prepared as a yell ow

solid (30 ny, 309%9. Ms (ESI): 533.5 (MtH)[err].
191 WO 97/ 16433
PCT/ US96/ 18000 W&&Z&Z .

Prepar ati on ¥4097/16433
N- [ 2- (N-cycl opropyl met hyl - N- propyl am no) t hi azol - 4-yl car bonyl ] -

-[ N-(4-pyridinyl met hoxycar bonyl ) - L- IWydr azide 5 Fol | owi ng
the procedure of Exarrpl e 186 a) 186 c) except substltutl ng N-
cycl opropyl net hixepa QLN -t RAPNULY g cathonylih- i step (a), the
title oI|d(60 ng, 23%. MsS (ESI):
503. 3 N ' ] Exanpl e
208 Pr epar at i d?vllofvmg the procedure of Example 112(a)-112(g), except substituting 2-

N-[N-(4-pyr| n gxycarb euc

qui nol yl )t hisa o#/ H@M ﬁ%?épﬁhﬁ&gpﬁﬂi J;oruncL&d%tm %‘h"g“%e
procedure of Exsiipodnd was prepakdd4son whitsolif (226uhg,175%)! MBI(ESI): 518.4

br onoqui nol i ne for %. benzyl oxybr onobenzene in step (d), the title conpound
was 15 prepar M¥D¥a white solid (134 ny, 56%. MS-(ESI): 519.3
(MtH)[err]. Preparati on of

N-[ N-net hyl - N- (4- pri di nyl met hoxycar bonyl )-L-1eucinyl]-N -[2-(8-

qui nol y) t hi azol - 4-yl car bonyl ] hydra2| deﬁ(amnklﬂl Fol I owi ng the procedure of
Exanpl e 112{n) -g12( 0 P 2 _ ; : 6

2- benzyl oxybr orobET

pyri di nyl met hoxmpethy gzideet hoxycar bonyl ) - L-

| eucine in step (g) he t | e co% ; ) fe%&g_%g),mmsﬁte‘mgokﬁj (53

ng, 229%.

diisobutylamme for N-methyhsobutylamme in step (a) and N-methyl-N-(4-
pyridinylmethoxycarbonyl)-L-leucine for N-(4-pyridinylmethoxycarbonyl)-L~

15 leucine in the final step, the title compound was prepared as a yellow solid (30 mg,
25%). MS (ESI): 533.3 (M+H)*.

20

Following the procedure of Example 186(a)-186(c), except substituting
morpholine for N-methylisobutylamine in step (a) ahd N-benzyloxycarbonyl-L-
leucine for N-(4-pyridinylmethoxycarbonyl)-L-leucine in the final step, the title
compound was prepared as a white solid (115 mg, 67%). MS (ESI): 576.4

25 (M+H)*
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PCT/ US96/ 18000 Exanple-210Q
Preparation of 1-N- (N Cbz-Ieucinyl)-am no-3-N(4-biphenyl-sul fonyl)-am no-
pr opan- 2- one a) 4-biphenyl sulfonyl chloride 5 4- Bi phenyl
sulfonic acid (2.4 g, 10 nmmol) was heated to 100 C with phosi)horus
pent achl ori dewp®716433 10 nmol ) overni ght. The reaction was &F&3TUSH¢/

RT, diluted with water, filtered and washed with water. The solid was then
triturated with Et OAc-ether and the beige solifd was used in the next
reaction wi t hout further pur|f|c , b)

1- N-(N-Cbz | euci Mrgbarativn of N ; ethutvcatbohvl) g1 _RN-[P-@pan- 2- one

Fol | owi ng the procedure. of Exanpl e51( " except subs ituti ng " 4- bi phenyl
sul fonyl chl or i ceIRSRUIOAMQIEEAZC Y SIOONFMAYQEAZIAR noXY ) - phenyl sul f onyl

chl ori de", the goliblwing W‘@?&H& R ExRasRAE6E)-1 sib&ithdagoo0. 15
Exanpl e 211 Pr gp?c!ir atron ire bie Gﬂ) W)E&WM

1- N- (N- Cbz- 1 éucummmmmmwymopmmnNIWWme qompound was

romde (03 o, MR WHRSHA e 00, SRS R Ay 7B PETYL

reagent was prepared in standard fashion wth magnesi um povvder (1.2 g,

50 nmol ). The reaction was cannul ated into | ution of sulfuryl chloride
(10.5 g, 6.4 m, 80 mol) in hex#@@@rﬂ) and was strirred at RT
for 2h. The rea®@rgabation of N~(NE = : alre extracted with

ether, dried wth nmagnesi um, suI fat e 25 fi I tered concent rated, and was
used in t he lfexithiememhelipolthiazabd: RePAICET | cat i on b) 1-N-(

N- Cbz- | euci nyl ) - ani n%&%@%:@&@ﬁ%'of%ﬂ@%ﬁ(ﬁﬁm é!( b hﬁ.ﬂ%
e u |ng |phenyl

Fol |l owi ng the procedure of "Exanple 51(a), ‘except substit

30 sulfonyl ch|tl@pmamhomforhhp@hmwm sp (4 and Rybengylexycarbenyltlen
chl ori de” 1dfhe e NR4-PPARAYIRR MRS caonP T SlucihEinttim bkl slef! thé G-

compound was prepared as a white solid (20 mg, 20%). MS (ESI): 492.3 (M+H)™.
15

Following the procedure Qf Example 112(a)-112(g), except substituting 2,3-
20 ethylenedioxy-4-methoxybromobenzene for 2-benzyloxybromobenzene in step (d),
the title compound was prepared as a white solid (31 mg, 26%). MS (ESI): 556.4
M+H)*. '

25

Following the procedure of Example 186(a)-186(c), except substituting N,N-
diisobutylamine for N-methylisobutylamine in step (a) and N-methyl-N-(3-
pyridinylmethoxycarbonyl)-L-leucine for N-(4-pyridinylmethoxycarbonyl)-L-

30 leucine in the final step, the title compound was prepared as a yellow solid (30 mg,
30%). MS (ESI): 533.5 (M+H)*.
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PCT/ US96/ 18000 Exanpl e 212
Preparation of

1-N- (N- Cbz- | euci nyl ) -am no- 3- N- ( 2- benzyl oxy- phenyl - sul fonyl ) - 5 a)

2- benzyl oxy- phenyl -sul fonyl chloride Fol I ow ng rocedure
of Exanpl e 2MQ ¥ 1648y cept substituting "2- benzyl oxy- Bﬁgﬁﬁ"gﬁm de "
for "3-bi phenyl brom de", the title conpound was prepared and was

used in the next step wi t hout further purification. 10 b) 1-N-(

N- Cbz- | euci nyl ) - am no- 3- N- (2- benzyl oxy- phenyl - sul f onyl) - am no- pr opan-
2-one Fol | owi ng the proce@umphﬂﬁxarrpl e 51(a) except
substituting "2z

"4-(3-Chl oro- 2-
conpound was pr dpRN-S4Loviiding Ak irfast i de
1185. E)x

Preparation ¥f 1- N(F‘N!%%%W%ﬁi‘mlsl%ﬁ? %o?&eﬁsﬁwp%‘&ﬂ'onyl)

am no- pr opan- 2- gy g%’p Iﬁi{eﬁhﬂlﬁﬁbﬂ@hﬂoﬁ the title
Fol | owi ng the procedure of anple 211(a), excep substltutl ‘?%1'!'54 phenoxy

phenyl bromni de ¢¢IEP0“HQM@FW abamﬂqresohdt(ﬁ@m» 23%)- MR EBYRYI S prepar ed

and was ug\q ?-ﬂ the next step without further purification. 25 h)

1-N-( N-Cbz-1eucinyl)-am no-3-N-(4-phenoxy-phenyl - sul f onyl ) - ani no- pr opan- 2-
" one Fol Il owi ng the procedure of Exanmple 5 1(a), except

“substituting,"4-phenoxy- phenyl - sul f an chloride " for
"4- ( 3- Chl or 0- 2- cyano- phenoxy) phenyl sgﬁ%ﬁﬁi& chloride", the title
conpound was pr PRpirata 4 i@ o Carb VL -feubinv1 102 -(8

Following the procedure of Example 112(a)-112(g), except substituting 8-
bromoquinoline for 2-benzyloxybromobenzene in step (d), the title compound was
15  prepared as a white solid (134 mg, 56%). MS (ESI): 519.3 (M+H)*.

20 Following the procedure of Example 112(a)-112(g), except substituting 8-
bromoquinoline for 2-benzyloxybromobenzene in step (d) and N-methyl-N-(4-
pyridinylmethoxycarbonyl)-L-lencine for N-(4-pyridinylmethoxycarbonyl)-L-
leucine in step (g), the title compound was prcpared as a white solid (53 mg, 22%).
MS (ESI): 533.3 (M+H)*t.

25
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PCT/ US96/ 18000 Exampte—234—-
Preparation of 1-N-(

N- Cbz- | euci nyl ) -am no- 3- N- ( 2- di benzof ur an- sul f onyl ) - am no- a)

4- phenoxy- phenyl - sul fonyl chloride 5 Fol | owi ng the procedure of
Exanpl e 210 wa)emnessept substituting "2- di benzof ur arPCHIPHIR0 ¢ d"
for "4-bi phenyl-sulfonic acid", the title conpound was prepared and
was used in the next step w thout furmer Egrification b) 1-N-(

N- Cbz- | euci nyl ) - am no- 3- N- ( 2- di benzof onyl) - ami no- propan 2- 10 one
Fol l-.owi ng t he %ﬂ%ﬂ:ﬁﬂ%ﬁfﬁ Amin@3eP-bipheid-killfiny Dshmido-Phenoxy
phenyl sul fonyl chloride or -(3- oro 2- cyano- phenoxy) phenyl

sul f onyl propan2ope’ . the title conpound was prepared: MS(ES) MrH err]=
566,- MtNa[err] Z, 3¢ . Exanpl e 215
Preparation of alﬁ%_ﬁ:(hcnyﬁélfonyl chloride _

N- Cbz- | euci 8yl ) - am nfBIﬁthy(sillfénntlandt(ngl@M]wmcmw 00 C with

am no- pr opan- 2- C Exa 51,
except substit Bomgpgptac}ﬂonde(g? WE’Q’& p‘ﬁ' ﬂ@éh?' ﬁﬁ%‘%ﬁ‘iﬂ%“é‘ﬁﬁﬁﬁg‘ f or
"4-(3-Chloro- Ziman@m@mn@ow filfeeetydndbashed Witinwhter: Tharsolidivas ther title
conpound was prepared: NS(ES) MtH err] =, 536 se([}/tk t'fx' err 553.

Exanpl e 216 mtu;qteéiﬁglplhﬁq -gther and the beige solid was used in the next reaction

1-N-(N- Cbz- | euGjibho fuftfidrparificdon2- 5- di chl or ot hophene-3- 25
sul f onyl ) - am no- propan- 2- one Fol | owi ng the procedure of Exanple

51, except 18ub®) il N{N-Ez-iqucinyl)-amino-d;N-+4-bipbenyl-splfanyb-amiserpropas,2-o88| or i de
for "4-(3-Chl oro-2-cyano- phenoxy) - phenyl sul fonyl chloride", the title
conpound was prepared: MS(ES) MtNH err] = 567, 2MtH err] = 1101. 30

195 Following the procedure of Example 51(a), except substituting “4-biphenyl

sulfonyl chloride” for *4-(3-Chloro-2-cyano-phenoxy)-phenyl sulfonyl chloride"”,
the title compound was prepared: MS(ES) M-H'=550.
15

a) 3-biphenyl-sulfonyl chloride _ :

20 3-Biphenyl bromide (9.3 g, 40 mmol) was dissolved in THF (40 ml) and a
Grignard reagent was prepared in standard fashion with magnesium powder (1.2 g,
50 mmol). The reaction was cannulated into a solution of sulfuryl chloride (10.5 g,
6.4 ml, 80 mmol) in hexanes (25 ml) and was strirred at RT for 2h. The reaction

was quenched with ice-water, extracted with ether, dried with magnesium sulfate,
25 filtered, concentrated, and was used in the next reaction without further purification.

i)) 1-N-( N-Cbz-leucinyl)-amino-3-N-(3-biphenyl-suifonyl)-amino-propan-2-one

Following the procedure of Example 51(a), except substituting "3-biphenyl
30 sulfonyl chloride” for "4-(3-Chloro-2-cyano-phenoxy)-phenyl sulfonyl chloride",
the title compound was prepared: MS(ES) M-H'=550.
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PCT/ US96/ 18000 Exanpl e 217
Preparation of 1-N-(

N- Cbz- | euci nyl ) - am no- 3- N- (phenyl - sul f one- 5- t hi ophene- 2-

sul fonyl ) - am no- pr opan- 2- one Fol  ow ng the pr -
Exanpl e 51, WREMIJubstituting " phenyl 5 sul fone-5-thi 08’&28{%-5@% f onyl

chloride " for "4-(3-Chloro-2-cyano-phenoxy) - phenyl sul f onyl
chloride”, the title conpound was prepared: MS(ES) MtH err] = 622.

Exanpl e 218 Preparation of 1-N

N- Cbz- | euci nyl ) - am no- 3 N- (8- qU| noI I n ) -am no- 10 propan-2-one
FoIIovmngthe > f X | I 18 Lnol i ne-
sul fonyl chl or i*58 pAEIDg of oY = I

chl ori de", Womound was prepar ed VB( ES) MtH err] = 527.
15 anple 219 Preparati on of
1-N- (N Cbz I e Pisaylony phsny- walﬁwgl -sul fonyl ) - ani no-

propan- 2- one Followinf @hd proé eaaretdwxah?eadwa &ceprsabihfing 22- except
substituting "2-pyridyl - orlde (as described in J. Og.

Chem 1989, 54, :bswlqmrpheayl(bsor@# ) fQ5-"3<hip bswﬁ!s-.plppetn&gmppmd]yas sul f onyl
chlori de” theﬁeﬂammeu&ém&&&wmmmm;uwwe”l‘ 4re, M

Na[err] = 499.

10 b)1-N-(N -Cbz-léucinyl)—anﬂno-é)—N-(2-benzyloxy—phenyl-sulfonyl)-amino-propan-
2-one
Following the procedure of Example 51(a), except substituting "2-
benzyloxy phenyl sulfony] chioride " for "4-(3-Chloro-2-cyano-phenoxy)-phenyl
sulfonyl chloride", the title compound was prepared: MS(ES) M+H'= 581, M+Na'=
15 604,2M+Na’= 1185.

20  a)4-phenoxy-phenyl-sulfonyl chloride
Following the procedure of Exampie 211(a), except substituting "4-phenoxy
phenyl bromide " for "3-biphenyl bromide", the titie compound was prepared and
was used in the next step without further purification.
25  b) 1-N-( N-Cbz-leucinyl)-amino-3-N-(4-phenoxy-phenyl-sulfony!)-amino-propan-2-
one
Following the procedure of Example 51(a), except substituting “4-phenoxy-
phenyl-sulfonyl chloride * for "4-(3-Chloro-2-cyano-phenoxy)-phenyl sulfonyl
chloride", the titie compound was'prepared: MS(ES) M+H'= 568, M+Na'= 590.
30
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PCT/ US96/ 18000 Exanple 220
Preparation of 1-N-( N-Cbz-Ieucinyl)-am no-3-N-(2-pyridyl-sulfonyl)-am no-
pr opan- 2- one a)

1- N- (N-Cbz- 1 euci nyl ) - am no- 3- N- (4- phenoxy- phenyl - sul f onyl ) - am no- pr opan- 2-
5 ol wo 97716433L, 3- Di ami no propan-2-ol (6.75 g, 75 mmﬂ’FfW&%‘%émsol ved
in DMF (100m) and Cbz-leucine (20g, 75.5 mmol), HOBT-hydrate (11 g,
81.5 mmol ), and EDCI (15. 59, 81. Wre added. The reaction was
stirred overnight at RT. A porti reaction mxture (30 m)
was concentr at ey n$ ratiog of 2 “I A1)o3 j- ez ofra i g
added. A 1N sol ution_of hydrochl oric acid in et her was added (1 M 30
m) and a whit e PRRRRS0&ed, which was washed several times with

et her. MeOH ace ggg,j: 1 éiigided until the gum becane a white
solid. The V\hltgpsgflwg*ﬁ/g g‘go ved in DM (25 m) and DI EA (5m ), then 4-
phenoxy phen§l sul foﬁwowmmmmoaamlem& pt@hb&m-ﬁmsﬂ-rred for

2h, 15 concentr |.n hg;i 0 & 9§| Et OAC
hex anes) to d‘a"“ﬁg&“’a e‘???re fﬂ%&?@ﬁf&@i@é&gﬁ und ods

Leuci nyl - am no- Mdaﬂwmdptﬁayéxtsmbfmﬁpﬁt)fummaﬁcmm 2- ol

1-N- (Cbz- 1 euci nyl ) - am no- 3- N- ( 4- phenoxy- phenyl - sul f onyl ) - am no- propan- 20

2-ol (1.0g, 1.8 nmol) was dissolved in EtCH (30 m ), then 10% Pd/ C (0. 229)

was addedp} pIN- QN@bzﬂ!u&anPﬂﬂinﬁ@ﬂQﬁ%eﬁﬁfﬁaﬁ@ulﬁoﬂﬂ))mﬂﬂérd?h@ﬂ eaction
was stirred under a bal oon of hydrogen gas for 4h at RT he reaction
m xture was 10i| 088 ed, concentrated, and azeotroped with toluene to

provide a white gl asﬁolWWofoan}FléS‘I(L)h%x&%i‘iubrs@ﬁﬁﬁg Y piiinbRP ut

further purification

acetyl - | euci ny| phenyl mioaylmhtondpﬁ&r "HSMZ.—@mq-MpJ;y)-phenyl Smf°ﬂy1
am no- pr opan- 2- " o
sul fonyl)-am no&g?%%eahmﬁnﬂ? c?zap@gUWaE'iﬂep%%g%@Sm&} g%@qgl ssol ved in DVF

(5mM), then NWM (0.45 m, 4 mmol) was 30 added foll owed by 4-pyridyl
acetic acid 0. 13g, 0.75 mmol) and HBIU . , 0.76 nmol ) and the
reaction vvaégstl rred at RT over ni ght W| on mxture was

197 AIING-2 ; )

Following the procedure of Example 51, except substituting "3,4-
dimethoxy-phenyl-sulfonyl chloride * for "4-(3-Chloro-2—dyano~phenoxy)—phenyl
20  sulfonyl chloride”, the title compound was prepared: MS(ES) M+H'= 536,
M+NH4'= 553.

25
Following the procedure of Example 51, except substituting “2,5-
dichlorothiophene-3-sulfonyl chloride * for "4-(3-Chloro-2-cyano-phenoxy)-phenyl
sulfony] chloride", the title compound was prepared: MS(ES) M+NH4'= 567,
2M+H'=1101. |
30
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PCT/ US96/ 18000 concentrated in vacuo, then chromatographed (silica
gel, 5%ve0OH. net hyl ene chloride) to provide the desired product as a
white solid (90 mg, MS(ES): M+ Herr] = 555. 5 d) 1

-N-(N-4-pyridyl acetyl-Ieucinyl)-am no-3-N(4-phenoxy- phenyl sulfow\{w)

am no- pr opan o Hg433

1-N-(N-4-pyridyl -acetyl -1 euci nyl ) - ani no- 3- N- (4- phenoxy- phenyl - sul f onyl ) -
ani no- propan-2-ol (45 ng, 0.08 mmol) ved in acetone (5m ), then
1IN hydrochloric acid (2 m) was e reactl on was concentrat ed
in vacuo, then Pidparationof b-d-(/NeCl i BoN € phenghgulfc ioplidne-2ever al
drops) was added .and. the eaction mxture was stl rred for 6h at RT.

| sopr opanol (0. gﬂlfﬂ%ﬂm"%&@@aﬂ-%#the reacti on nixture was
concentrated in vacuPBolioWigg ﬂﬁfpﬁ&de&ﬁebﬁﬁxﬁﬁlblﬁ!?dempﬁsuwdnﬁng "phenybuf f er and
then was extracted with EtOAc dried " | fate, flltered
concent r at ed3i nSYRRES- “'HPBFP%?TP‘H?P&%’ 'ﬁ'b# &g% ér@g]'gé-cyaa%’ MR et hyI ene
15 chloride) t ] 0% :
(S h@hﬂ¥ﬁlfo?ﬁ5m53 de® hetitRUoripodd Wasfepdted MS(ES] MIGHTD 622
Exanpl e 221 Preparation of 1-N-(

N- 2- pyri dyl - sul fonyl -1 euci nyl ) - am no- SWnoxy 20

phenyl sul f onyl ) ani no- pr opan- 2- one FoI I OWI ng t he pr ocedure of
Exanpl e 220(a)- Prparation of y inbv/dulfe :

chl ori de" 36 descri ged in J. Org ’ Chem 1989 54 392 for 4 L
pyri dyl -acetYc HBTU', the title conmpound was prepared: MS(ES)
MeH err] = 475, Féllowiag ekrp}oceduﬂ%fekﬂmﬁxaseréﬂceﬁt siBstituting 98-quinoline-

Exanpl e 222 Preparation ¢ .
1- N (N- nor phol i Hgfoé‘&]rwe Ifeﬁéﬁ'@ﬂl)b@rﬂ‘ﬁﬁns‘wlt%ﬂ)ms}ﬂfmﬂ chioride",

phenyl - sul f onyl %hﬁ ?raﬂﬁ MS M+H‘- sipl lowing the procedure of
Exanpl e 220(a)-(d), exmggt substrtutin (ES) nmor phol i no- car bonyl
chloride" for "4-pyridyl acetic acid and HBTU the title conmpound

was prepare MS(ES) M +H err]= 547, 569, 2Mt Na[err] = 1115.
was ¥ '\’Exﬁ'ﬁﬁxﬁ_i'ii

Following the procedure of Example 51, except substituting "2-pyridyl-
sulfonyl chioride™ (as described in J. Org. Chem. 1989, 54, 392) for "4-(3-Chloro-
20  2-cyano-phenoxy)-phenyl sulfonyl chloride”, the title compound was prepared:
MS(ES) M+H'= 477, M+ Nat = 499.
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PCT/ US96/ 18000 Example—223—-
Preparati on of 1-N-( N-4-pyridyl-carbonyl-Ieucinyl)-am no-3-N-(4-phenoxy-
phenyl - sul fonyl ) - am no- propan-2-one 5 Fol | owi ng the procedure of
Exanpl e 220(a)-(d), except substituting " 4- pyri dyl -carboxylic acid"
for "4-pyridwoeagedsc acid ", the title conpound was RAPSUB00 5 ES)
M-H err] = 539. Exanpl e 224 10

Preparation of 1-N-(
N-acetyl -1 euci nyl) - am no- 3- N- (4- phenom%zp-sul fonyl ) -
am no- pr opan- 2-mee; £ 1] St 1ndm NI (€ adyles

220(a) (d), excep Subs Itutlng chloride” for
"4-pyri dyl - acetpropageneand HBTU', the title compound was prepared:

VB(ES) WEH er 5 140Gy, o DREIE JIT..R.@% o MmN LE)-sUGHY-amko-propan-2-

Exanpl e 225 paration
acetyl -1 eucisnylol- am no- 3- N- (4- phenoxy phenyl -

sul fonyl )-am no-pro I ' . Exanpl e

220(8) - (4) - except  dobRt m?mg%ﬂlﬁﬁrﬁ%%z%%f%“q%*k@%‘%'&?‘c‘?ég‘??g?@ 201 dyl

Eiet if agizg tap@ gbkﬂé@:ﬂéqmg)flfﬂ.ﬁ nnﬂ_sl) ml\?gmgdrgte (11g, SF(ﬁﬁbl)ma[Blﬁq = 542.
anpl e reparati gn o Car 0OX

benzoyl - | euci ny#§->&Hl V(‘?!eﬂ#éﬁ’r 2 was shtred "yem‘ghtatRT A

phenyl - sul f Onylp})&?fﬁ&%ﬁ%ﬁ&ﬂfﬁim ml) was concenuEﬁB'uQWcﬂﬂ, théiﬁemérqscedur e of
Exanpl e 220(a) t substituting " car boxynet hyI &nzm C
acid" for "W-p 639 mi} were addade A.lﬂsel"e%%uﬁmké&c acid in gther, 5 o
g/g(g ES) MrHerr ]was%@ed (IYIM I\fﬂtﬁf) ra.]ld a wﬁi’tgguxﬁ%“rnmﬁ @ﬁiﬁﬂ was washed several times

with ether. MeOH-acetone were added and heated until the gum became a white

solid. The white solid was dissolved in DMF (25 ml) and DIEA (5ml), then 4-

phenoxy phenyl sulfonyl chloride was added. The reaction was stirred for 2h,

15 concentrated in vacuo, then chromatographed (silica gel, 1:1 EtOAc: hexanes) to

provide the desired product as a white solid.

b) Leucinyl-amino-3-N-(4-phenoxy pheny! sulfonyl)-amino-propan-2-ol
1-N-(Cbz-leucinyl)-amino-3-N-(4-phenoxy-phenyl-sulfonyl)-amino-propan-
20 2-01(1.0g, 1.8 mmol) was dissolved in EtOH (30 ml), then 10% Pd/C (0.22g) was
added followed by 6N hydrochloric acid (2.5 ml), and the reaction was stirred under
a baloon of hydrogen gas for 4h at RT. The reaction m:xture was filtered,
concentrated, and azeotroped with toluene to provide a white glass which was used
in the next reaction without further purification.
25
c¢) 1-N-(N-4-pyridyl acetyl-leucinyl)—amino-3—N—(#phenoky-phenyl-sulfonyl)-
amino-propan-2-ol
Leucinyl-amino-3-N-(4-phenoxy phenyl sulfonyl)-amino-propan-2-ol (0.3_6
g, 0.76 mmol) was dissolved in DMF (5 ml), then NMM (0.45 ml, 4 mmol) was
30 added followed by 4-pyridyl acetic acid (0.13g, 0.75 mmol) and HBTU (0.29g, 0.76
mmol) and the reaction was stirred at RT overnight. The reaction mixture was
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PCT/ US96/ 18000 Exanmpl e 227
Preparation of 1-N-( N (N, N-di net hyl

gl yci nyl)-1euci nyl)-am no- 3- N (4- phenoxy-

phenyl - sul f on I%{ am _no- pr opan- 2- one Fol | owi ng the procedur.e of
Exanpl e 220(&%1(? él‘)‘f”except substituting "NN- 5 dinethyl gr Pro/asqop
"4-pyridyl acetic acid", the title conpound was prepar ed: V5( ES)

Preparation of 1-N acuo, then chromatographed (silica gel, S%MeSHA Bt ice

N- 8- qui nol i ne- sthilgrisiehiel previde:theidesiteyl productas 3-whitesolid (A0ong, MS(ES): M+H* =

phenyl - sul f onyl ggzam no- pr opan- 2- one Fol | owi ng the procedure of
Exanpl e 220(a) - (53), except substituting "8- qui nol i ne sul f onyl
chloride" for "4-pyridyl-acetic acid and HBTU', the title conpound was

2 B 8 par ed: N§( E%) 1 m-‘*%&nzdy? ggétyl-leucinyl)-amino-}N -(4-phenoxy-phenyl-sulfonyl)-

amino-propan-2-one
1-N-(N-4-pyridyl-acetyl-leucinyl)-amino-3-N-(4-phenoxy-phenyl-sulfonyl)-
amino-propan-2-ol (45 mg, 0.08 mmol) was dissolved in acetone (5mi), then 1IN
hydrochloric acid (2 ml) was added. The reaction was concentrated in vacuno, then
10  redissolved in acetone. Jones reagent (1.5 M, several drops) was added and the

reaction mixture was stirred for 6h at RT. Isopropanol (0.5 ml) was added and the
reaction mixture was concentrated in vacuo. The reaction was diluted with pH 7
buffer and then was extracted with EtOAc, dried with magnesium suifate, filtered,

concentrated in vacuo, then chromatographed (silica gel, 5% MeOH-methylene

15 chloride) to give the desired product as a white solid (27 mg, 50%): MS(ES):
M+H*+ = 553, '

20 = ino- -

Following the procedure of Example 220(a)~(d), except substituting "2-
pyridyl-sulfonyl chloride" (as described in J. Org. Chem. 1989, 54, 392) for "4-
pyridyl-acetic acid and HBTU", the title compound was prepared: MS(ES) M+H'=
475, M+ Nat =497, 2M+ Na* = 1171. '

25

Following the procedure of Example 220(a)-(d), except substituting " N-
30  morpholino-carbonyl chloride” for "4-pyridyl acetic acid and HBTU", the title
compound was prepared: MS(ES) M +H'= 547, M+ Nat* = 569, 2M+ Nat = 1115.
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PCT/ US96/ 18000 Bxarpte—229
Preparation of 1-N-(

N- Cbz- | euci nyl ) - am no- 3- N- (8- gui nol i ne- car bonyl ) - am no-

1,3-Diam no propan-2-ol (6.75 g, 75 mmol) was dissolved in DIVFSQW 5
and Cbz-| euctwo708Qy, 75.5 mmol ), HOBT-hydrate (11g, 81.5 rﬁg("} EDCI
(15.5g, 81.2 mmol ) was added. The reaction was stirred overnight at RT. A
portion of the reaction mxture (30 mM) was concentrated in vacuo,
then ether (50 nl) and MeOH (30 m ). were added. A 1N sol ution of
hydr.ochloric acid in ether was added E;mpjgméM 30 m) and a white gum
fornmed, which vas vvashed acetone vere

added and heat & B AR A Ty “Mthi te solid
(0.44qg, 1.1 L HASIFS ewgr, ';.),, n1) and NNM(O 33m, 0.3

ml ), then 8-dUrnoll ne carbo rc acid (0.17 and HBTU (0. 38¢,
1.0 mfol ) wer EOH%%WM Expmplg )'ép‘l F’f"tgﬂt%‘f’ ¢Fni ght .
The reaction ggﬁ;d*g[ g@@-ﬁp P&&ﬂch&dvaﬁélﬂdeéoh%uﬁ@{vﬁimt ogr aphed
(siljica gel, 7: ¥l C: § exanes)”. The solid was then dissolved in
acetone (5n), préparedt MS(ESYMe#l'563% aci d (2 M) was added. The
reaction was concentrated in vacuo, then redissolved in acet one.

Jones reagent (1.5 M several drops) was added and the reaction m xture
was stirred for 6h at RT. |sopropanol Exdmplei#24 was added and the reaction
m xture was concentr d ith pH 7

buf f er and }PheRrsRagatiS ACETY reuaIny- ) ain NRrEgTEST utr sul f at e,
filtered, conc%&@gﬂgﬂ__@s vacuo, then chr omat ogr aphed (SI lica gel, 5%
MeCH- et hyl ene “ChI O | to give the roduct as.awhit sol i d
(23 ny, 4{% I\/IS( Esfonmgéhegqrocedgg:pf Example 228(&1)—?8 Ecept su sumungvmacet)?l

Exanpl e 230 25, éathb ylaceticdeid and HBTU", the title compound was prepared:

N- Cbz- | euci nyl ) am no- gui nol 1 ne-car bonyl ) - am no- propan- 2- one
Fol | owi ng the [MS(&(]M-&I‘@ME)(W&??M.ZM@ =@¢bstituting "6-quinoline-
carboxylic ,acid" for "8-quinoline carboxylic acid ", the title conpound was
pr epar ed: (ES) MtH err]= 491. 30

201 . Example 225

Following the procedure of Example 220(a)-(d), eicept substituting
20  "imidazole acetic acid” for "4-pyridyl acetic acid”, the title compound was prepared:
MS(ES) M+H'= 542.

Following the procedure of Example 220(a)-(d), except substituting "4-
carboxymethy! benzoic acid" for "4-pyridyl acetic acid", the title compound was
prepared: MS(ES) M+H'= 596, M+ Nat = 618, 2M+ Nat+ = 1213.
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PCT/ US96/ 18000 Exanpl e 231
Preparation of 1-N-( N-Cbz-Ieucinyl)-am no-3-N-(244-bi phenyl) - 4-net hyl -

pr opanani de) - pr opan- 2- one Fol | owi ng the procedure of Exanple
229, except substituting "2-isobutyl - 5 bi phenyl aceti, " for
" 8- qui nol i neWeYHES} ic acid ", the t| tle conpound was fogg,.

MS(ES) MtH err]= 586, M+ NaJerr] = 608, 2M+ Na[err] = 1193.

Exanpl e 232 Preparation of 1-N-( M—@yci nyl ) - am no- 3- N-(
N-4-pyridyl - ment hyl eneoxy 10 car bonyl eucl nyl) - am no- pr opan- 2-one
Fol | ow ng the procedure g . ubst tutin 4 pyr| dyI
net hyl eneoxy carbehal R RHRAINNC2 -5
title CONMpAE

Exanpl e 233 P epa atron of I-K
N- Cbz- | euci nyl ) - ani nﬁo@omgmmym fExa plﬁééaﬁ@) @)onnceptsubstituting "N,N

Eﬁ: lo(r):/\lldg'g'J tEQr p?ﬁﬁﬁﬁﬂ(ﬁ?’{ ne W C 3%| g@i’ %@*‘W%&%P& rrpound

was pr epaMS(ES)M(-&FF S¥PH err] = 440, M+ Na[err] 462, 2M+ Na[err] =
901. 20 Exarrpl e 234

Preparation of 1-N-(

N- Cbz- | euci nyl) - am no- 3- N- ( 2, 4- di net hy [Exagmplel228ny! ) - am no-

pr opan- 2- one ) Fol | ovm ng the r ocedure of Exarrpl e 51
substituting "2l cRaraHas Ling:$ i eyl N

" 4- (3- Chl or q92- SRR ;
conpound was pr&pared: Mo

20r2rp Prep Following the p:

except

V:fonyl chlorlde the t|tIe

494,
e 0 Example 220(a)-(d), except substituting "8-
quinoline sulfony! chloride" for "4-pyridyl-acetic acid and HBTU", the title
compound was prepared: MS(ES) M+H'= 625.
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PCT/ US96/ 18000 Exanpl e_235
Preparation of

1-N- (N- Cb- Cbz-1 euci nyl ) -am no- 3-N- (1, 3-di met hyl - 5- chl or o- pyr azol e-

4- sul fonyl ) - am no- propan- 2- one Fol | owi ng the procedure of
Exanpl e 51, ewosnsegsbstituting " 1,3-dinethyl- 5  5-chl orRECT/US96/18000
pyrazol e- 4-sul fonyl chloride" for "4-(3-Chloro-2-cyano-phenoxy)-phenyl

sul fonyl chloride", the title conpound S prepared: MS(ES) MtH err] = 494.
Exanpl e 236 Prepar ation of 1- N-( yl - rret hyI eneoxy

car bonyl - I euci nyprnapdfion &f 3-NVr Nic ) amino-: 2 _quinoline-carh
phenoxy- phenyl - su -am no- propan- ow ng the
procedur e of Exm;ém&( except substituting "4-pyridyl-

met hyl eneoxy car bonyly-4 F&h@(ggro{,g{%_gl (6775 4, 95 Sl wad difsolvelt i DRETH

prepared: NMS(ES) IVHrH[érr
Exanpl e 237 5 and@bepeucinei(20g, 35.5 tarholj, HOBT-hydsawy(l 1 gr81 Syhmok,cand EDCI

car bonyl -1 euci ny, 0- 3- 4-
phenaxy- phenyl - h%F%:R;%mgﬂl\kﬁ%smapﬁmgﬁ%onwassnrredovemglh_(othRc')[\‘Mﬁmg
procedure of Exaflereattion &hxtm@(B@ﬁil) wastphéentthted th Vadud) idnCifher (50 ml) and

met hyl eneoxy car.bonyl - | euci ne" " Cbz-leucine", the title conpound was
20 prepared: Ms(Mef) ,@q_@rqureaqggg A IN sofution of hydrochloric acid in ether was added

Exanpl e 238 (1 NI, 3D MR whike émﬁ'i wluch was washed several times with ether.
N- 2- pyri dyl - met hyl eneoxy- car bo - (4-

| eucin am no- 3- N
phenoxy- phedfl - NePHmgstonewere h“!ﬂ%-méﬂ gumbecamcawmm r’@ct he

procedure of Ex W%ﬂ& %""ﬁ“ﬂ[

met hyl eneoxy car n?/?ﬁcfl uc hef ¥ ; %le‘;ﬁg?dnewé e 0603
prepared: MS( ESmrhbl)ithen §-quibgihe carboxyhc acid (0.17g, 1.0 mmol) and HBTU (0. 38g, 1 0
ZE mmol) were added and the reaction was stirred at RT overnight. The reaction

mixture was concentrated in vacuo, then chromatographed (silica gel, 7:2 EtOAc:

15 hexanes). The solid was then dissolved in acetone (5ml), then IN hydrochloric acid
(2 ml) was added. The reaction was concentrated in vacuo, then redissolved in
acetone. Jones reagent (1.5 M, several drops) was added and the reaction mixture
was stirred for 6h at RT. Isopropanol (0.5 mil) was added and the reaction mixture
was concentrated in vacuo. The reaction was diluted with pH 7 buffer and then was

20  extracted with EtOAc, dried with magnesium sulfate, filtered, concentrated in
vacuo, then chromatographed (silica gel, 5% MeOH-methylene chloride) to give the
desired product as a white solid (23 mg, 41%): MS(ES): M+H* = 491.

25
Following the procedure of Example 229, except substituting "6-quinoline-
carboxylic acid" for "8-quinoline carboxylic acid ", the title compound was
prepared: MS(ES) M+H'= 491.
30
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PCT/ US96/ 18000 Preparation of 1-N-(

N- 4- car boxy- benzoyl - | euci nyl ) - am no- 3- N- (4- phenoxy-

phenyl - sul f onyl ) - ani no- pr opan- 2- one 1- N- (4- car boxy

met hyl - benzoyl - | eu0| nyI) am no- 3- N- (4- phenoxy- phenyl - 5

sul fonyl)-am an 2-one (0.105g, 0.176 mmol) was di ssoP GHYST6A80R o (5
m ) and vvater (1 mM), then LiOH hydrate (15 ng, 0.35 mmol) was added
and the reaction was stirred at . The reaction was diluted

wth water, acidified W|th 6Nhy rori c aC|d(1 m) then with

EtOAc(leO Preparation ofl-N C; 3 - hinethvik

sulfate, filtergg.. Y chrorratographed (S|I|ca gel 50:50:1

Et OAc: hexanes: > OH) gl V' e desired product as a white solid

(E§,5 6I mg,24850/o |v5( EE()lldWihi &nelp]roce&ﬂre of Eitarhpl¢ 229, ] except Substituting "2-isobutyl-4-
anmpl e

N- Me- N- Cbz- |%ucP’r1?§)1’5Y T Rittin ac I'gmlfﬂ’ "A?l‘lﬂl*’é"(r\’&ﬁ"ﬁ%lwdlsmnﬂe compound was

sul fonyl) - am nOpﬁbﬁﬁNMS(BS)MH-I’- 586, M+ Nat £6D8, oM+ Nat B9 1p3.0cedure of

Exampl e 213(a), except "N Me-N- Cbz- ['euci ne" for" Cbz-1eucine", the
title conpound was prepared: MS5(ES) M+Herr]= 582, Mt Na[err]

=604, 2M+ Na[err] = 1185. 20 Exanpl e
241 Pr epar ation of 1-N-(4- phenoxkgne%&zz%zoy ) - am no- 3- N

4- phenoxy pheny parationof] 1y N-( N-Chz-lencinyh)-amine-3:N-P Nobovridvl-meth xv Fol | oW ng

t he procedui " 4- phenoxy benzoic acid "for"

Cbz- 1 euci ne

cpared: MS(ES) MtH err]= 517, 25

MtNaf[ err] —539 2 M+Nalf(ﬂlow]ng the §ﬁ:cedure of Example 229, except substituting "4-pyridyl
methyleneoxy carbonyl leucine” for “8-quinoline-carboxylic acid ™, the title
compound was prepared: MS(ES) M+H'= 584.

204

15
Followmg the procedure of Example 229, except substxtuung "benzoyl
chloride” for "8-quinoline carboxylic acid and HBTU", the title compound was
prepared: MS(ES) M+H'= 440, M+ Nat = 462, 2M+ Nat = 901.
20 |

Following the procedure of Example 51, except substituting “2,4-dimethyl-
25  3-sulfonyl chloride” for "4-(3-Chloro-2-cyano-phenoxy)-phenyl sulfonyl chloride”,
the title compound was prepared: MS(ES) M+H'= 494,
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PCT/ US96/ 18000 Exanple-242——-—
Preparati on of

1- N- (3- phenoxy- benzoyl ) - am no- 3- N- (4- phenoxy- phenyl - sul f onyl )

am no- pr opan- 2- one Fol | owi ng t he procedure of Exarq)l e 213(a),
except " 3- phegonissdzenzoic 5 acid " for " Cbz-I|eucine"

conpound was prepared: MS(ES) MtH err]= 517, i+ Na[err] 539, 2
Na[ err] = 1055. Exarrpl e 243
Preparation of 1-N-(4- phenoxy benzoylm N—(4 phenoxy phenyl

sul fonyl)- 10 pg eiffor 610 ARy in@uivhg-chiveo-pyaecidur e of
Exanpl e 213(a) ' for" Cbz-leucine"
the title conpfasSik B( ES) I\/HrH[err]— 517, M+ Na[err] =

ggmfgﬁ 22!2[ errl F}?‘g% (,é\ﬁlt' k ?&u{e %15 exfept substituting "1,3-dimethy}-
acetyl) - amso- km@?MM@VM‘T@nWﬁrmoro-z-cm@mbamﬂ one

Fol | owi ng t he d . acetic acid
"for, W ng-l eu&lﬁ’gel&! @W“Sﬁ%ﬁ“ﬁ‘%‘@mgsﬁ?%?% Vi-H[ elrr] = :515,
M+ 20 Na[ err] = 537, 2|\/Hr Na[ err] = 1051.

Exanpl e 245 Preparation of 1-N-(2-benz Xy
benzoyl ) - am no- 3- N- (4- phenoxy- phenyl - fonyl ) - am no- propan- 2- one 25

Fol | owi ng t he ﬂsﬁ&%ﬁﬂﬁ' V4l 3 zoi c
acid " forl(;\/Ebz- eucl ne the Title corrpoun was prepar ed: M5(ES) M+H err]
531, ehoxy-phenvissuifonyl)amige ¥)S3.

205 Following the procedure of Example 213(a), except substituting "4-pyridyl-
methyleneoxy carbonyl-leucine” for " Cbz-leucine”, the title compound was
prepared: MS(ES) M+H'= 569.

15

Following the procedure of Example 213(a), cxcept substituting "3-pyridyl-
methyleneoxy carbonyl-leucine" for " Cbz-leucine”, the title compound was
20  prepared: MS(ES) M+H'= 569.

25 Following the procedure of Example 213(a), except substituting "2-pyridyl-
methyleneoxy carbonyl-leucine” for * Cbz-leucine”, the title compound was
prepared: MS(ES) M+H'= 569.
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PCT/ US96/ 18000 Preparation of 1-N-(

N- Cbz- | euci nyl ) - am no- 3- N- (4- benzyl oxy- benzoyl ) - am no-

Fol |l owi ng the pr ocedure of Exanple 229, except substituti ng "4-benzyl oxy-
5 benzoic acid" for "8-quinoline carboxylic acid ", the ound

was prepar ed¥O916433 \g(ES) MrH err]= 546, M+ Na[err] = 5681"("&*'7&%”] =
1113. Exampl e 247

Preparation of
1-N-(2-(4-Dbi phenyl) A4- rreth I-pent am doi%— - _%-henox -henyl
sul fonyl ) - am n&epamgionoll-NN-4-carboxy-benzoyl-leycinplliaming-JriN-(4-pher

Exanpl e 213(a) pentanoic acid " for"
Cbz- 1 euci ne", U7 Conpo : MS(ES) MtH err]= 571,
Mt Na[err] = 593. -1‘5(4-carboxy methyl-benzoyl-leucmyl)-amno-S-N-(&phenoxyEplmnpl-e 248
Pr epar ati on_of

1- N- ( 2- ( 3- bt phEFHARYDAmHRG-REpas2:ees (- He. 3178 mapopvieas isyolyrd inMeOH (5 mi)
sul fonyl ) - am ngndwaEAN-MHIReh L10H-hy&ite:il$)ﬁzm35)ﬂﬁmol wisRihed ardGRS at e
wa

10
X¥-e of

met hyl -

3-Bromp phenyl acetic acid (2. 159, s dissolved in ether, then 20"

was treated wi fedctioncwas stirmsd atRT fordRo Fbe meap diluged avith-watesacidified
persi sted. Themmmhyaf&ﬁidde&cmm Ben B 0L (#x110 tﬁ?%er fy rated in

vacuo and was used in th nex¥I reaction wthou purification.

b) 3-bi phenyl nmwmetnadwmmagnesmmsulfatefmdenet hyl acetate

(2.29g, 10 ' | , n boroni c
acid (1. 466@%@%%‘5@5&%#?60 ?Agmgg&mbb\u{ ou& gﬁ%ﬁ'ﬁ”@ar bonat e
(2M 4.24 nl, pfddoetmb x whitheolid (35.6 mg, S5k MS(ES) MadTy 582 0dpNate)60dal | adi um
(0.35g, 0.3 rrrml) and was refl uxed overni ght. The reaction was cool ed
to RT, diluted with saturated ammoni um chloride, then extracted with
EtOAc ( 2 x 10 m ). The conbi ned or gaEksfple@4® 30 dried wth magnesi um

sulfate, filteged, concentrated, and chro at 0gr 3 silica
206 ,lld'ﬁ, ALIOJ] OF 4 -iN-1 IN-IVI1C-IN 1) A -

15  sulfonyl-amino-propan-2-one
Following the procedure of Example 213(a), except "N-Me-N-Cbz-leucine”
for " Chbz-leucine”, the title compound was prepared: MS(ES) M +H'= 582, M+ Nat
= 604, 2M+ Na*+ = 1185.

20

Following the procedure of Example 213(a), except "4-phenoxy benzoic
acid " for " Cbz-leuclne" the title compound was prepared MS(ES) M+H'= 517,
25 M+ Nat =539, 2M+ Nat = 1055.
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PC-I_/ U896/ 18000 gel . 5% Et OA\(“ hpxanpe\ t Qo D_l’n_\jl r‘ln t he dCS.Li’G
product as a white solid (1.93g, 849 : Mg( ES) MtH err] = 263.
c) 3-biphenyl acetic acid 5 3- Bi phenyl acetyl nmethyl ester was

di ssolved in MeOH (40 m) and water (6 m ), then L|O-|-h drate (0.7g,
16.8 Mol ) Wagonfkded. and the reaction was stirred 53648098h. The
reaction was diluted with water, acidified with 6N hydrochl oric acid
(1 nl), then with EtOAc (2 x 10 ml). The cofhined organics were dried wth
magnesi um sul fate, filtered, and con to give the de5| red product

asavx/nitelo ) . ) : hind)3 AophéndX r

2H) - -|p en ' y -pent 4-enoi ¢ aC|d
(3.26 m, 1. Gmm:m&é‘&:; was added dropwi se to a sol ution of

di i sopropyl am ne (I'%lléé%égntﬁ? Mg‘%fmﬁ&p@ﬁ?@f gg&ptavg r{ge&,xymﬁzd;@act i on

was 15 stirred for was "  co Bi phenyl acetic
acid (0.59,5 2.&%d " for" Cbmuc;newahaanuhmnouwwmmd( MS(E&) Mwéé‘f.added
dropwise to t _ The reaction was warned to 0 C, stirred
40 m nutes, MH@) g#’?@fﬂ %+'C.1055‘ | sobut enyl brom de (0.475g, 3.52
nmol ) was added and the reaction was stirred for | h. Water (2 m) was
added and the THF was renoved in vacuQ. The reaction was 20 diluted with
water, acidified W|th 6N hydrochl OFIM rr1) then with EtOAc (2
e ‘ BsHR RS Reptll § vl

x 10 n1) The §
filtered, }

met hyl ene Hhl mmm@mm the desired product as a white solid

(1.66 g, 93%: 1H E}%@{" 213(a). exbedial nid7 (L,
iH), 2.87 (dd, 1H), °’§g“g(‘§d9’°§?%3‘é‘? e 213(a) © o>l lenchihe
207 acid " for " Cbz-leucine”, the title compound was prepared: MS(ES) M+H'= 517,

M+ Nat = 539, 2M+ Nat = 1055, M-H+ = 515.

15

Following the procedure of Example 213(a), except “4-biphenyl acetic acid
" for " Cbz-leucine", the title compound was prepared: MS(ES) M+H'= 515, M+
20 Nat =537, 2M+ Na* = 1051.

25 Following the procedure of Example 213(a), except "2-benzyloxy- benzoic
acid " for " Cbz-leucine”, the title compound was prepared: MS(ES) M+H'= 531,
M+ Nat = 553, 2M+ Na* = 1083. '
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PCT/ US96/ 18000 e) 3-(4-biphenyl)-4-nethyl -pentanoic acid

3- (4-Bi phenyl ) -4-net hyl - pent-4-enoic acid (0.5g, 1.87 mmol) was dissol ved
in EtOAc (25 m). Then, 10% Pd/C (60 ng) was added and the reaction was
stirred for 2.5 h under a balloon of hydrogen gas.

filtered, coM®N(FBed 5 in vacuo, then was redissol ved ms‘#’ﬁ?’gl% EtO—|
(15 m). Then, 10% Pd/ C (80 ng) was added and the reaction was

stirred under a balloon of hydrogen g verni ght. The reaction was
filtered, concentrat ed in vacuo, and Waphed (sili ca gel, 5%

solid (1.66 g, 93%:, 14 NVR d: 7.6-7.3 (m 9H) 37(t 1H), 2.07-1.95 (m
1H), 10 1.8-1. . 1.6-1.45 (m 1H).

1- N-(2-(3- bi phenyl) Fbﬂmdgyheﬁe&dﬁfadftﬁuﬂ:p!&m, Bmmt&?ﬁiy%mhﬂﬁi%d())
am no- pr opan- 2-0ne e W t he, procedure o a
except 3- (4%0 plﬁéi‘ﬂ}?f‘c’ - for s'qumﬂ'éqe%ﬁg]r‘ﬁ p@e&gﬂ(fomppgpfxas@sp ici ne”
the title conpoyseES)M+H=E5HE, MF Nat = sssWEﬁh+MH1+ﬂh3?rr]— 571, M+ Na[err] =
593. Exanpl e 249 20 Preparation-

of 1-N-(3-bi phenyl acetyl)-am no-3-N(4-phenoxy-phenyl -sul fonyl) -

am no- pr opan- 2- one Fol | oWrocedure of Exanple 213(a),
except "3-bi phenyl acetic aC|d ' -l eucine”, the title
conpound was prRrcpara tion l\,A-» i A=nietf duita ¥4 ok anv]

=537, 2M+Na[ g r] = o P
208

Following the procedure of Example 213(a), except 2-(4-biphenyl)-4-

methyl-pentanoic acid " for " Cbz-leucine", the title compound was prepared:
MS(ES) M+H'= 571, M+ Nat = 593,

15

a) 3-bromo-phenyl methyl acetate

3-Bromo phenyl acetic acid (2.15g, 10 mmol) was dissolved in ether, then
20  was treated with a solution of diazomethane until the yellow color persisted. The
reaction was then quenched with AcOH, concentrated in vacuo and was used in the
next reaction without further purification. .
b) 3-biphenyl methyl acetate
3-bromo-phenyl methyl acetate (2;29g, 10 mmol) was dissolved in toluene
25 (30mi). Then, phenyl boronic acid (1.46g, 12 mmol) was added followed by
aqueous sodium carbonate (2M, 4.24 ml, 40 mmol), then
tetrakis(triphenylphosphine) palladium (0.35g, 0.3 mmol) and was refluxed
ovemight. The reaction was cooled to RT, diluted with saturated ammonium
chloride, then extracted with EtOAc ( 2 x 10 ml). The combined organics were
30  dried with magnesium sulfate, filtered, concentrated, and chromatographed (silica
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WD 97/ 16433

PCT/ US96/ 18000 _ Exanple—250———

Preparation of 1-N-( N-4-pyridyl acetyl-Ieucinyl)-am no-3-N-(2-benzyl oxy-
phenyl - sul f onyl ) - am no- pr opan- 2- one a)

1- N- (N-Boc- | euci nyl ) - am no- 3- N- (2- benzyl oxy phenyl - sul fonyl ) - am no- ropan-
5 2-ol W0 97/16433 1, 3- D| am no- propan-2-ol (3.375g, 37. PCh{EsPeN

di ssolved in DVF (60 Then HOBT- hydrate was added (5. 5g, 40 7

30,7 ol | Thdck SRR 5 e R B 1,

make a stock s@iehi MS(EBS): MiHt=ad63vol une of 100 ml (0.375 10 mmol/m ). The
stock solution (18 m, 6.75 mml) was treated with NWM (0.89 m , 7.28
mmol ), then 2-benzyl oxy phenyl sulfonyl chloride (1.99g, 6.72 nmol). The
reaction was SE)BJbﬁﬂefo]aééiﬂiabidonm 2h, then was diluted with water,
extracted with dried vmth magnesi um sul fate, filtered,

concentratel, and cmmmWh@Gthylemf%ﬁl%\éﬁdgE MeQH) (40amipand walesénes) -

MS(ES) MtH err
VCES) ML or Ly AR 10f g (. 1.6 mypol e e, and e rcion wes sied
1- N- (Boc- | euci ayRT ftmﬁhn’ﬂh&ehét(oﬁ mnﬂyledwthmmrytcuhﬁed withy bN-hydrochioric

propan-2-ol (0.7 1 TFA. DCM (5 and was
stirred at RT P‘Bﬁ@ﬂ‘,‘*%ﬂ&"éﬁ'?@?&gi id.gﬁa‘f?&'%g"ﬁ% | g'[%éera‘f%'ﬁ oW ng
r )ea(13 ti C’\T( il?4 maghmiim $ulfate) filterddlrand bﬁ:&:‘enmd WpiveShe 88sidbé proligct 458 white

c pyr.i

abetyl 1 cudPny bocetions 33%x BRRRY oG FT GngH)

am no- pr opan- 2- one FoI | ow ng the procedure of Exanple
220(b)-(c), except substituting "1-N 25 | eucinyl-am no-3-N(2-benzyl oxy
phenyl sul fonyﬂ) -éhbipbenyl )o‘bawﬂizl-avnt#enmc 3"14)r

"N-1euci nyl - ami no- 35¥y(; 3@83{1 aBPWiRe1d Qidtibnorol “. the
title conpound was prep ared I\/HrH err 567.
209 dumqumﬁ) 74 mmol)m (6 mi) at 0 C. The reaction was

PCT/ US96/ 189 O0sgtirred for 15 minutes, then was cooled to -78 C. 3-Biphenyl acetic acid (0.5g, 2.35

mmo]) wasa dissolved in THF (2 ml) and was added dropwise to the LDA solution.
The reaction was warmed to 0 C, stirred 40 minutes, then cooled to -78 C.
Isobutenyl bromide (0.475g, 3.52 mmol) was added and the reaction was stirred for
1h. Water (2 ml) was added and the THF was removed in vacuo. The reaction was

20 diluted with water, acidified with 6N hydrochloric acid (1 ml), then with EtOAc (2
x 10 ml). The combined organics were dried with magnesium sulfate, filtered,
concentrated, chromatographed (silica gel, 5% MeOH: methylene chloride) to give
the desired product as a white solid (1.66 g, 93%): IH NMR: d: 7.6-7.3 (m, 9H),
4.75 (d, 2H), 3.87 (¢, 1H), 2.87 (dd, 1H), 2.50 (dd, 1H), 1.70 (s, 3H).

25
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Exanpl e 251 Preparation of 1-N-( N-4-pyridyl
car bonyl -1 euci nyl ) -am no- 3- N- ( 2- benzyl oxy-
phenyl - sul f onyl ) - am no- pr opan- 2- one Fol | owi ng the procedure
of Exarrpl'e 250( a) - (c) except substituti ng "4- 5 pyridyl carboxylic
acid" for rid acetic acid ", the title conpound was par ed:
MB(ES) MeH eWD PCT/US “Q@’S e 252
Preparation of 1- N-( N-4-imi dazol e acetic-leucinyl)-am no-3-N 2-benzyl oxy-
10 phenyl - sul gps. MB Racid Fol | owi ng t he

50(a

procedure of Exarrpl e - c) iexcept substituting "4- I m dazol e
acid" for "4-pyridyl 3-&%—&9@1&1&4@&@1@@4-#@@%% A&7 rmolp wapdissolved
MS(ES) MrHerr] = added g[m!le 253
Preparati on of %E Iﬁ-zfﬁﬁ? I\-Eh(fn'rre({%P G 6°é‘§ﬁ’“’“ and the reaction was

-1 eucinyl)-am nfora-ﬂ\héxmebebzﬂdmmhydrogengas The reaction was filtered, concentrated

henyl - sul f opyl ) - ani no: L1 owi d -
o o 5005) " fruehd el RN in 1:5 Bppe: Eom (S PR, 1B pRICGET° ©
MéJerFyr i ]dy!53§c et mp) oas stided abdithe rédetion wasgtiosed dndera bpﬂmarf&gidmgéh gasg/gg1 ES)
err | e

Prepar ation of evewighty Thgreaction was filtared, °P%EW‘,“"&FH%G“‘§°W graphed) oxy -

phenyl - SU'f0ny|%sﬂﬁﬁ‘g@psﬁrlﬁ%ﬂ’&eﬂx?ﬁn@&londe)togweﬂﬁ%&:ﬂé&' pRstiubt 'R Akieedur e of
Exarrpl e 250(a) excegt substifutin prol i ne" for

e oyt LT Skt SLG(356 & T3%HolH NME: SoPGauan S8, 31 Gyt 307195 (e ES)

MrH err] = 5 8-1.7 1 1.6-1.45 1 Exanpl e 255 30
Preparati on of i (mN- b ]h (m, 1H).

pi peri di ne- 4-car bonyl ) -1 euci nyI ) am no- 3- N- ( 2-

570 O PREM ey ENIQ W bipheAfT) R g HRBHARidaRS- -4 phegomt phepyl-sufony)-

amino-propan-2-one

15 Following the procedure of Exampie 213(a), except 3-(4-biphenyl)-4-
methyl-pentanoic acid " for " Cbz-leucine”, the title compound was prepared:
MS(ES) M+H'= 571, M+ Nat = 5§93,

20

Following the procedure of Example 213(a), except "3-biphenyl acetic acid
" for " Cbz-leucine”, the title compound was prepared: MS(ES) M+H'= 515, M+
Nat = 537, 2M+ Nat = 1051.
25
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Fol I owi ng the procedure of Exanple 250(a)-(c) except substituting "N

met hyl - pi peridine-4-carboxylic acide for “A.guridyl acetic ackad———ihe
title conpound was prepared: MS(ES) l\/HrH[ err] = 573. 5

Exanpl e 256 Preparation of 1-N-( N (N nethyl

pi per di ne-4-carbonyl)-1eucinyl)-am no-3-N-(2- i

di benzof ur anweshAemy! - ani no- pr opan- 2-one Fol | oRCRESPe{18000
procedure of Exanple 250(a)-(c), except substituting "N

met hyl - pi peri di ne-4-carboxylic acid" f%r y g %ri dyl acetic acid " and "2-

10 di benzof uran sulfonyl chlorlde

zyloxy phenyl sulphonyl
chl oride" the d fn6-BSN-(2ibblizyiox )

Exanpl e 257 7

pronI)-Ieucm 2R

sul fonyl) -am nahRLR fB&-leﬁlﬁn 1)-amino-3-N-(2-bEf% én iaﬂfdhw réphn-Exanpl e
250(a)-(c), exgaept Jshgbst I tut |yn)galm ( yi&ypgr oy}ll ne pyr| dyl
acetic aci d5' ahdl "2-di benzofuran sul fonyl chloride" for "2-benzyl oxy

h I | ph | chl ES
e 194-biknind-Blophd- é—o?(?%oﬁf'nm)%s‘?ﬁ%ﬁ@dmlpm(gg( )

Prepar ati on of mb)NThed\HOBN-Hydchiterwasadded;(5/3g, 9.7 mn@li),rfgllqulrhyrﬂnca.-ucu(:m(:z-

or ocedur o of BBt SR DAL 21 1 ol The randeh v i et
glycine " for "tlefdilutsitivitlRDMF 1o nixke d stock Selutich ofi dromr efleme of F00 h(®BT7S

chl ori de" flg)r '2- benzyIE‘g;y pheny| ;F@g&?ﬁémﬂ&h%&%‘%m wnhw(os%rmlound

was prifparemol/nb

IZD%:%' | US96/ 1800\(;\6'987 trff3then 2-benzyloxy phenyl sulfonyl c-hlonde Fl.9g, 6.72 mmol). Tl.:e
reaction was stirred an additional 2h, then was diluted with water, extracted with
EtOAc, dried with magnesium sulfate, filtered, concentrated, and chromatographed
(silica gel, 20% EtOAc: hexanes): MS(ES) M +H"= 550.

15 |
b) 1-N-(leucinyl)-amino-3-N-(2-benzyloxy-phenyl-sulfonyl)-amino-propan-2-ol
1-N-(Boc-leucinyl)-amino-3-N-(2-benzyloxy phenyl sulfonyl)-amino-

propan-2-ol (0.7g, 1.3 mmol) was dissolved in 1:1 TFA: DCM (50 ml) and was
stirred at RT for 2h, concentrated in vacuo and was used in the following reaction

20  without further purification: MS(ES) M +H "= 450.

¢) 1-N-(N-4-pyridyl acetyl-leucinyl)-amino-3-N-(2-benzyloxy-phenyl-sulfonyl)-
amino-propan-2-one | |
Following the procedure of Example 220(b)-(c), except substituting "1-N-
25  leucinyl-amino-3-N-(2-benzyloxy phenyl sulfonyl)-amino-propan-2-ol"
for " N-leucinyl-amino-3-N-(4-phenoxy phenyl sulfonyl)-amino-propan-2-ol “, the
title compound was prepared: MS(ES) M+H'= 567.
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Exanpl e 259 Preparation of 1-N-( N 4-imdazole
aceti c-Il eucinyl)-am no- 3-N- (2-di benzof ur an-

sul f onyl - am no- pr opan- 2- one Fol |l owi ng the procedure of Exanple
250(a)-(c), except substituting "4- 5 i m dazol e acetic aci d" for
"4-pyridyl acetic acid " and "2-di benzofuran sul fonyl | ori

"2-benzyl oxy%%’ﬁW”sul phonyl chloride" the title conpound S96/1 °°°

prepared: MS(ES) MtH err] = 526.

Exanpl e 260 10 Preparation of 1-N-(

car bonyl - I euci nyl ) - am no- 3- N- ( 2- di benzof uran-
sul f onyl ) - anmi nokisPaguen of IoN« N-4-pyridy] carbonylleucimyli-g henziloxs
Exanpl e 250( a) - fie A b _aSh) ym -,m— " 4- pyri dyI car boxI ic acid"
for "4-pyridyl acetic aci ¢ ) daroenzofuran sul f onyl chl ori de"
for "2-benzyl oxy pheFO}lOWSI!Ethptopbdlmhbfﬁxamplezm){(cl,lacepnmmﬁng\% 15

pr epar ed: E ,,

Exanpl e 261 Sﬁyrh%r eparxlé’!i f §§Z 1§-Rpred}ﬂ|_aggu&9ﬂddy§he title compound was

acetyl -1 euci nylprepmtd:MS{ES?m}D’&rﬁ&f ur an- sul fonyl ) - am no- 2-one 20
Fol |l owi ng the procedure of Exanple 250(a)-(c), except substituting "2-

di benzof uran sul fonyl chloride" for "2-benzyl oxy phenyl sul phonyl chloride"
t he title conpound was prepar ed: WH[ err]= 551. 25
Preparation of 1- N-(_ .

N- 4-i mi dazol e- &R 3 B eaming
sul fonyl') - ag ng : FoI | owi ng the procedure of
Exanpl e 250( a) - S " 4- i m dazol e-acryic acid"
for "4-pyridyl acet |H§>llawm the pmdedh&af Emmptcfzsoe}(suleicupy&ubsumnng @bl ori de”
F e ol B Shia® B by SBLRY AP, e V' dobpSuiP R o> 3

212 ME(ES) M -6H F3556.

PCT/ US96/ 18000

15

Following the procedure of Example 250(a)-(c), except substituting "N,N-
dimethy] glycine” for "4-pyridyl-acetic acid ", the title compound was prepared:
20  MS(ES) M+H'= 533. |

25 Following the procedure of Example 250(a)-(c), except substituting "N-
methyl proline” for "4-pyridyl acetic acid *, the title compound was prepared:
MS(ES) M+H'= 559.

30




Exanpl e 263 Preparation of 1-N-(
N-pyrazol e-carbonyl -l eucinyl ) - ami ng- 3= N (2 di-bernzofuran

sul fonyl) - am no- pr opan- 2- one Fol | owi ng the procedure of
Exanpl e 250(a)-(c), except substituting 5 "pyrazole carboxylic acid"
for "4-pyridyl acetic acid " and "2-di benzofuran sul fonyl c%ﬂori de"

for "2-benzyiwoywmasnyl sul phonyl chloride" the title conpobftV
prepared: MS(ES) MtH= 538.

Exanple 264 10 Pr ation of "N
N- benzoyl - | euci nyl )elgtﬂ[ %ngsthﬁlp{qge% {z'fog:fwleszqogagn(ﬂ )excerﬁt substituting "N
propan-2-one  methyl-piperidind=aichekylig acid® far demeidylacetic mrrmemmaomm(d:)

except substituting ‘benzoi %%d for "4-pyridyl acetic acid " and
"8-quinoline suapprepargd MS(ES) M+ = benzyl oxy phenyl sul phonyl
chloride" the title conmpound was prepared: M5(ES) M 15 +H err] = 497.
Exanpl e 265 Preparation of 1-N-(

N-2, 5-di f | uo$ o- benzoyl -1 euci nyI ) - anmi noﬁﬁmﬂgﬁﬁqw nol i ne-

sulfonyl) am nos » y . PIIO\V. Wals ; ,%E&Fgﬂ@__

Exanpl e 250(a) - or 0- benzoil ¢ aci d”
for "4-pyridyl dibedzofura Bz U:= i “: sul fonic acid" for
"2-benzyl oxy phenyl hon chl d . hgpar ed:
MB(ES) MrH err] = 535I§lﬂ %me peiﬁotd)eic)c QPeopW\ﬂ,s%ﬁné’ anpl e 266
Preparation of M?I-pxbbﬁdnﬁe-diciﬂwmiaﬁiaew"mﬁﬂyllacét&iwm'yin)d "am no- 3- N- (8-
qui nol i ne- suI fon am no- pr opan- 2- one he,procedure
of Exanpl e ¥b0(dipenzelt g—hguzylgxgphenyl su?pl{?p\;l'\qql}g}rg Benyl
acetic acid" fofe xﬂ)bﬁ:h&iw .l\m M-ard 558- qui nol i ne sul fonic 30
acid" for "2- benzyf]ooxy pheﬁ;?ﬁsul phonyl chI oride" the title conpound was

pr epar ed: MS(ES) MtH err] = 547.
213 WD 97/ 16433 7
PCT/ US96/ 18000 Examplc23]
15
Following the procedure of Example 250(a)-(c), except substituting " N-
methyl proline " for "4-pyridyl acetic acid " and "2-dibenzofuran sulfony! chloride”
for "2-benzyloxy phenyl sulphonyl chloride" the title compound was prepared:
MS(ES) M+H'= 543,
20

Following the procedure of Example 250(a)-(c), except substituting N,N-
25  dimethyl glycine " for "4-pyridyl acetic acid " and "2-dibenzofuran-suifonyl
chloride” for "2-benzyloxy phenyl sulphonyl chloride" the title compound was
prepared: MS(ES) M+H'= 517.
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Preparati on of 1-N-( N phenyl

acetyl -l euci nyl ) -am no- 3- N- (8- qui nol i ne-sul fonyl ) - 5 Fol | owi ng
t he procedure of Exanple 250(a)-(c), except substituting "phenyl

acetic acid" for "4-pyridyl acetic acid " and "8-quinoline sulfonic acid"

for "2- nzyl oxy phenyl sul phonyl chloride" the ti nd was
prepared: NVP "ng +H err] = 511. 10 ‘pct ST

Exanpl e 268 Preparation of 1-N-( N-4-pyridyl

acetyl -1 euci nyl)-am no- 3- N- (8- gui nol i nf; sul f onyl ) - am no- pr opan- 2- one
Fol | owi ng t he procedure of Exarrpl e ZSOW except substltutl ng "4-

pyr| dyl acetic Bg an-sul f oni ¢

acid” for 15 "2-benzylox henyl suI phonyl chlori de the t|tIe orrpound
was prepar ed: A@%—‘Z&W 512.

Exanpl e 269 Prmnw&ig ma dm'é\bi(E)NmiﬂmO'(aJs(b), except substituting "4-

car bonyl -1 euci nyl, no- ui ngl | ne-, I

sul fonyl ) - am nomﬁi)"!?ﬂfin "o??éd f°’ g"I’Y"‘d)’i “eu‘ﬁﬂ’q g~ *h@zﬁf"b@é&m’@lof _
Exanpl e 250( ) - §fidride®¥dr®D ﬁhuﬁ 1 3@iphdhsyl chlori "merﬁdb/don@am& ic aC' d"
for "4-pyridyl acetic acl an -qui noI I'ne sul fonic aci

" 2-benzyl oxy W@Mﬁ(ﬁ&h#’!*ﬁhﬁ@ﬁ de" the title conpound was prepar ed
MS(ES) M+H[ err] = 498. 25

214 WO 97/ 16433

PCT/ US96/ 18000 Example 260 Exarrpl e 270
Prepar at i onmof N (. ey ' ' :

Following the procedure of Example 250(a)-(c), except substituting "4-

pyridyl carboxlic acid” for "4-pyridyl acetic acid " and "2-dibenzofuran sulfonyl
chloride” for "2-benzyloxy phenyl sulphonyl chloride" the title compound was
15 prepared: MS(ES) M+H'= 537.

20 Following the procedure of Example 250(a)-(c), except substituting "2-
dibenzofuran sulfonyl chloride” for "2-benzyloxy phenyl sulphonyl chioride” the
title compound was prepared: MS(ES) M+H'= 551.

25

Following the procedure of Example 250(a)-(c), except substituting “4-
imidazole-acryic acid” for "4-pyridyl acetic acid " and "2-dibenzofuran sulfonyl

chloride” for "2-benzyloxy phenyl sulphonyl chloride” the title compound was
30 prepared: MS(ES) M+H'= 552.
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sul f onyl ) - am no- pr opan- 2- one Fol | owi ng the procedure of
Exanpl e _250(a)-(c) eX(‘Pm substituting “4. 5 imidazole. acetyl_acid" for

"4-pyridyl acetic acid " and "8- qU|noI|ne sul fonic acid" for
"2-benzyl oxy phenyl sul phonyl chloride"” the title conpound was prepared:
MS(ES) MtH err] = 501. Exanpl e 271
10 Prepar at iwm9vi648- N- ( N- 3- phenyl PCT/US96/18000

propi onyl -1 euci nyl ) -am no- 3- N- ( 8- qui nol i ne-
sul f onyl ) - am no- pr opan- 2- one Ibovvi ng the procedure of
Exanpl e 250(a)-(c), except substltutl rféﬂmﬂf&ﬁ- “hydroci nnam ¢ acid" for

"4-pyridyl acetppspaifiof of I Sdie0 1-Bldihg inRC3-N-. -
"2-benzyl oxy pheny sul phony ‘1tl e compound was prepar ed:
MS(ES) 15 M+HEsMenvi-amigo-propan-2-one Exanpl e
272 Preparat | 'tl&ﬂ}‘mwd 1E 9 hyl tu

car bonyl -1 euci nyl) - gﬂl%&f/mg di aun#ﬁgbpaﬁé)an-d(?%ﬁs o@ﬂ%ﬁfﬁﬁ |:'Il—lgl | om ng the

procedure of ExXpymeale Grboxylic agid” fon ybpyridyl acetic midpynd E{R,fdlbenzoﬁlran sulfonyl

met hyl eneoxy- cagbanwl < | iovd " for. "Chz- | l.ne', t.he title,compound was
or epared: NB(E E&ﬁv_’:fo%%ﬁenzyloxyphe%yls yl%Hl%hﬁg thehﬁe compound was Exanpl e
273 25 Pr epaipgépared: ME(ES)M NHM: 538. N- 3- pyri dyl

net hyl eneoxy- car bonyl - | euci nyl') - 1, 3- di am no- propan- 2- one.

Fol | owi ng the procedure of Exanple 37, except substituting "3-pyridyl-

met hyl eneoxy- car bonyl - | euci nyl " for fChmpleogsine”, the title conpound was
prepar ed: I\/B( ES IVHrH[err = 585. 30 Lo

215 RENZ ] , S-quInos
PCT/ US96/ 18000 Exanpl e 274
Preparation of%&ﬁ%ﬁ (N-2-pyridyl methyl eneoxy carbonyl -1 eucinyl)-1, 3-
di am no- pr opan- 2- onEollowing the proceduré-of Examipie)230()-(0), cxeepa substifutiig anpl e 37
except substi “’\;engcgc a&d‘p%r "'%ndyl acetic acid " and "8-quinoline sulfonic acid" for "2-

benzyloxy phenyl sulphonyl chloride” the title compound was prepared: MS(ES) M
15 +H'=497. |

20 Following the procedure of Example 250(a)-(c), except substituting "2,5-
difluoro-benzoic acid” for "4-pyridy! acetic acid " and "8-quinoline sulfonic acid"

for “2-benzyloxy phenyl sulphonyl chloride” the title compound was prepared:
MS(ES) M+H'= 535.

25

Following the procedure of Example 250(a)-(c), except substituting "2,5-
difluoro- phenyl acetic acid” for "4-pyridyl acetic acid " and "8-quinoline sulfonic
30  acid” for "2-benzyloxy phenyl sulphony! chloride" the title compound was prepared:
MS(ES) M+H'= 547.
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5 net hyl eneoxy-carbonyl -1 eucinyl " for "Cbz-leucine", the title conpound
was prepared: MS(ES) MtH err] = 585.

Exanpl e 275 Preparation of 1-N-(

N- Cbz- | euci nyl ) - am no- 3- N- ( 2- benzyl oxy- benzoyl ) -am no- 10 propan-2-one
Fol | owi ng t he (ﬁrocedure of Exanple 229, except 2-benzyl oxy-benzolc acid"

for "8-qui noM boxyl ic acid ", the title conpound was mﬁé@” M5( ES)

M +H[ err] = 546. 15 Exanpl e 276
Preparation of 1-N-( N-Cbz-Ieucinyl)-am no-3-N-(3-benzyl oxy-benzoyl)-am no-
pr opan- 2- one Fol | owi ng the procedure of Exanple 229, except
"3-benzyl oxy benzoic acid" for " ne carboxyllc acid ", the
title conpound g : .

Exanpl e 277 ' RtyEIedciiV) aniind3
N- Cbz- | euci nyl )mmmm&:m b| phenyl acetyl)-am no-

Fol l owi ng thg proce ex "4- Dbi n I acetic acid"
for "8-quinoline ca?%l 53F§e‘?“ t?%xﬂpiﬁgoéﬂgﬁ? Lf‘ﬁﬂe sB?’EB&r@E“YINB( ES)
M +H[ er r ] =acefi®acid" for "4-pyndyl acetic acid " and "8-quinoline sulfonic acid" for "2-

WD 97/ 16433
PCT/ US96/ 18000 bcnzyloxy phenyl SlllphOlly‘ chloride" the title compound was mwsm M

Preparation of Jgf4£].

N- Cbz- | euci nyl ) - ami no- 3- N- ( 2- car boxynet hyl - t hi ophene- 3-

sul f onyl ) - am no- pr opan- 2- one Fol | owi ng the procedure of
Exanpl e 51, ygxcept substituting "2- Example 268

Following the procedure of Example 250(a)-(c), except substituting "4-
pyridyl acetic acid" for "4-pyridy] acetic acid " and "8-quinoline sulfonic acid” for
15  "2-benzyloxy phenyl sulphonyl chloride" the title compound was prepared: MS(ES)
M+H'=512.

20
Following the procedure of Example 250(a)-(c), except substituting "4-
pyridyl carboxylic acid” for "4-pyridyl acetic acid " and "8-quinoline sulfonic acid"
for "2-benzyloxy phenyl sulphonyl chloride” the title compound was prepared:
MS(ES) M+H’= 498.
25
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5 car boxynet hyl thi ophene-3-sul fonyl " for

"4-(3-Chl oro-2-cyano-phenoxy) - phenyl sulfonyl chloride’—thetitle
conpound was prepared: MS(ES) M H err]=540. '

Exanpl e 279 Preparation of 1-N-(

N- Cbz- | euci nyl ) - am no- 3- N-net hyl - N-( N-Cbz-l eucinyl)- 10

am no- pr opanwad-9nne3s3 a) N-(Cbz-1eucinyl)-ani no- pr open&CTUSIE/18000

N Cbz-l eucine (3.0g, 11.3 nmol) was dissolved in DV (50 ml), then NwM
(1.3g, 12.4 mmol) was added, foll owed al | am ne (0.65g, 0.85 mml),
%@p&eég

and HBTU (4.3g, 11.3 mml) and I on was Stl rred overnight at
RT. Thereactlﬁ?&mm.ﬁ Aidaidié fcerviMicticinyb dming BN (8abiiholfiieOAC, dri ed
wi th magnesi um syl fate fil tered, concent r at ed and chr onat ogr aphed
(silica gel, 4CHIANO@NR-DORARzEONC MS(ES) MHH[ err]— 305. b)

N-(&bz-1eucinyl)- a”‘i’oﬂ@wﬁﬁ‘?ﬁ@ﬂ@cﬁﬁe‘iﬁ le 250ﬁ (), exccfpt ssublsntuténg "4
was di ssol ved 1n

N- (Cbz- | euci nyl ) - am no- propene (2.95

net hyl ene cHi orimidazole @cetyliarid” for H-H!BSBAC@EW ang "8-quipeline sfonicagid] and t he
reacti on was stg & l%%ﬁ .ur at ed
aqueous sfglelzﬁgrﬁ Sg]%%ggltsumsﬁiracbhg% e% C, E#E%pvﬁmé%h

magnesi um sul f MMB(ES) M+Hi=cill. concentrated, and chronmat ographed
(silica gel, 50% Et OAc: hexanes). 25 c)

1- N- (Cbz- | euci nyl') - am no- 3- N- net hyl - am no- pr opan- 2- ol

N- (Cbz- 1 euci nyl') - am no- propene oxi de (Exdfhplep711.25 mmol) was di ssol ved
I n i sopropanol Qs added and the

reaction AL eParalion & A0 PLEIY] O e e e A e ‘ repgsct i on
m xture was co%&w@ﬂ%@mcuo and was used in the next reaction
Wi t hout further pu I catl o

217 WO 9 Foligwing the procedure of Example 250(a)-(c), except substituting

PCT/ US96/ 18000 wy, mnamxc Acift é;r Ni-%d}’l Q&ﬁk Qi 2™ @ﬂuﬁo@e’%ﬁffgﬁk a@l'a( for

N- Cbz-1 euci nyl) - ¥am propan

procedure of EX'&-ri:phzylcﬁQSp@:ax)yl selphanyl cldqlb@f ithetitleregmipound ¢&prepared: MS(ES)

| euci nyl )algi nmf{-{l\_l-%t hyl - am no- propan-2-ol" for "8-uinoline carboxylic
acid 5 ' i *conpound was prepared: MS(ES) MrH err] = 597.

20 Following the procedure of Example 37, except substituting "4-pyridyl-
methylencoxy-carbonyl-leucinyl " for "Cbz-leucine ", the_ title compound was
prepared: MS(ES) M+H'= 585.

25 ion of bis-N.N'-( N-3-pyri _'-'11-

Following the procedure of Example 37, except substituting "3-pyridyl-
methyleneoxy-carbonyl-leucinyl * for "Cbz-leucine  , the title compound was
prepared: MS(ES) M+H'= 585.

30

.,
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Exanpl e 280 Preparation of 1-N-( N-Cbz-Ieucinyl)-am no-3-Nnethyl-N-(
N- 4- pyri dyl - 10 Fol | ow ng the procedure of Exanple 279(a)-(d),
-except substituting "4- pyri dyl - met hyl eneoxy-carbonyl |eucine " for
"Cbz-leucine” in (d), the title conpound was prepared: MS(ES)

M-H[ err] = 598. Q’P@éﬁg

Prepar ati on W@HI6®3 N Cobz- | euci nyl ) - ami no- 3- N- et hyl - N- ( 2- uran-
sul f onyl ) - am no- pr opan- 2- one Fol | owi ng the procedure of
Exanpl e 279(a)-(d), except substitutim di benzof uran sul f onyl
chloride " for "Cbz leuci ne and HBTU' t he title
prepared: M5( ERrcpatatipe of bis- 12-pyrids HleAEUXY C2 :
Exanpl e 282 o Pr at,i on of 1N- rrethyl 1- N (

N- Cbz- | euci nyl %&rﬁ@%ﬁeﬁ-dl benzof ur an-

sul f onyl ) - am no- prOHalIbvﬁnQﬂEproocdureofExamplEG‘V lezvépo gulistimting (Z-pelidyd oOf
Exanpl e 279(a) exce t. substitut, 25 dj benzaof uran sul f onyl
chloride " % “&%}e 2@ t%? 2lpucine, ., ﬁ‘F % °““ng?ﬁound was
prepared: MS( E&pMéhi[MS(ﬁSﬂﬂQH = 585.

conpound was

218 WD 97/ 16433 :

PCT/ US96/ 18000 Exanpl e 283
Preparation of 1-N- nethyl-1 N( N-Cb iyl ) - am no- 3-

N- ( 2- di benzof ur an- sulfonyl) Ny -p opan 2-one

Fol | owi ng t he Rrepasation of dd)-aming Gy Eming 5
di benzof urgp s sul f ghl ori de for N- Cbz | euci ne" i n st ep (a) and
"4-pyridyl | eneoxy carbonyl-leucine " for "Cbz-leucine " in

step (d), the titl eFallnwingithd procedure of Example 229, except 2-benzyloxy-benzoic acid"
for "8-quinoline-carboxylic acid ", the title compound was prepared: MS(ES) M

+H'= 546.
15
Following the procedure of Example 229, except "3-benzyloxy benzoic
acid” for "8-quinoline carboxylic acid ", the title compound was prepared: MS(ES)
20 M+H'=546
25 Following the procedure of Example 229, except "4-bipheny] acetic acid”

for "8-quinoline carboxylic acid ", the title compound was prepared: MS(ES) M
+H'= 530.
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was prepared: MS(ES) M+H err] =580.
Exanple 284 10 Preparation of 1.MN(2-dibenzofuran sulfony~N-methyl)-

am no- 3N- (N- 4- pyri dyl - nmet hyl eneoxy
car bonyl -1 euci nyl ) - am no- pr opan- 2- one Fol | owi ng the procedure
of Exanple 279(a)-(d), except substituting "4- pyridyl nethyl am ne"

for "allyl amo@wleasnd " 2- di benzofuran sul fonyl chloride" f8€T/US/18000
"N-Cbz-leucine"” in step (a) and " N-4-pyridyl methyl eneoxy carbonyl

-leucinyl " for 15 "N- Cbz-Ieucine aﬂg HBTE “~in step (d), the title
conpound was prepar ed: IVB( ES) : 81.

Exanpl e 285 < $2-léudih] » Joy m@RvIaRiodhdiel

4- pyri dyl - net hyI ene -3N—( N 20 euci nyl) - an no- propan- '
Fol | owi ng t he prIYRGeeBIGPIOPALIE 279(a)- (d), except substituting "4-
pyritdyl nmethyl amn é‘ﬁé&a JFERSm e urd was prepared:
VB(ES) M+H err]= 67g°n°méth bre ple’st: °**Hﬁb£mm&é% anpl e 286

Pr epar at i onSof Cﬂbmxmtylltbophmﬂ)suwnwa@r "M-(3Chioroi2esyancrphdmpk prphen@N- ( 2-

or ocedur o of EVAPL ol e RCERkotnd Vs pepnet ASE MRS TG LT, ¢ o

sul fonyl chloride "Cbz-I|eucine and HBTU' in step (d), the title 30

conmpound was prepared: MS(ES) MH err]=657.
219 VIO 97/ 16433 Exémpie 279
PCT/ US96/ 18000 Prepara
Preparation of 1- N-(Cbz | euci ny y

di benzofurdf® s - pr opan- 2- one Fol | owi ng t he

procedure of Ey gAY pt substituting "2- 5 dibenzofuran
sul fonyl chlor| b& ?ﬁ?&lnea TU' in step (d), the title

conpound was pr epar NeCbznepah®) 3NigH k3 mima@Fwas dissolved in DMF (S0 ml), then NMM
(1.3g, 12.4 mmol) was added, followed by allyl amine (0.65g, 0.85 mmol), and

. HBTU (4.3g, 11.3 mmol) and the reaction was stirred overnight at RT. The reaction

15 was diluted with water, extracted with EtOAc, dried with magnesium sulfate,
filtered, concentrated, and chromatographed (silica gel, 40% EtOAc: hexanes): .
MS(ES) M+H'= 305. |

b) N-(Cbz-leucinyl)-amino-propene oxide
20 N-(Cbz-leucinyl)-amino-propene (2.95g, 9.7 mmol) was dissolved in
methylene chloride (100 ml), then mCPBA (5.0g, 29.1 mmol) was added and the
reaction was stirred overnight. The reaction was diluted with saturated aqueous
sodium bicarbonate, extracted with EtOAc, dried with magnesium sulfate, filtered,
concentrated, and chromatographed (silica gel, 50% EtOAc: hexanes).

¢) 1-N-(Cbz-leucinyl)-amino-3-N-methyl-amino-propan-2-ol
N-(Cbz-leucinyl)-amino-propene oxide (400 mg, 1.25 mmol) was dissolved
in isopropanol (S ml), then aqueous methyl amine (2 ml) was added and the reaction
was heated to 70 C in a sealed bomb for 2h. The reaction mixture was concentrated
30  in vacuo and was used in the next reaction without further purification.

217



Exanpl e 288 Preparation of 1-N-(4-biphenyl
acetyl)-am no-3-N-(4-pyridyl-nethylene)-3N( N 10

Cbz- 1 euci nyl) - am no- propan- 2- one Fol | owi ng the procedure of
Exarrpl e 279(a)-(d), except subst i tuting "4- bi phenyl acetic aci d’
for Cbz | eucine " in step (a), "4-pyridyl nethyl amne "for " met hyI

amine", theWO¥¥¥4Borpound was prepared: MS(ES) MH er r] =6544/US9648000
Exanpl e 289 Preparation of

1- N- (4- phenoxy gppRzON| d-ABAdNT R sl RMbEHILN TR, RAGhsi

Cbz- 1 euci nyl) - g*r)nFnop%ropan dgﬁyg)ze tﬂ% Izr'Nt‘&?"ovvl ng ? o%)ogao?ure of
Exanpl e 279( a) ofel) , except substituting "4- phenoxy ben20| c acid "

Lo 7 U Rk e Y e DY ol Rl CR o™ 1

Exanpl e 290 leuc:nﬂb—ﬁﬂﬁiﬁ@ﬁethﬁl—ammo-propan&-ol " for "8-quinoline carboxylic acid
1-N-(2-di bepzofu n sul fon -am no r dyl,-met hyl ene) - 3N-(
N- Cbz- | eumgyl ) %"HRS’BQ Ml\é&é) l'lr 5371 owi ng the procedure of

Exanpl e 279(a)-(d), except subst ituting "2- di benzof uran sul fonyl
chloride " for "Cbz-leucine and HBTU' in step (a), "4-pyridyl met hyl
am ne" for "nmethyl amne", the title was prepared: MS(ES)

MtH err] = 657. panarati : . 220

WO 97/16433 °

PCT/ US96/ 18000met Exanpl e 291

et hyl N (B gi gRp k’s%e %ﬂ%ﬁb‘g«;ggﬁa@pw S GBAEhR, b 2 no-3- N

Fol IhO\l/vl ng ltrl:elpyrmyﬁdleﬂg]!en‘eo@(alﬂw:@l Rudina) foﬁ-do(tbz)—buaﬂgtm:{dabﬂieltﬂutl ng "N 5
methyl -N-al kyl _amne " for a), an
"3-pyri dyl - met FRAROYRY ygsprepmé I%é@gw&]ﬁ@& ne" for "Chz-leucine" in step

(d), the title compound was prepared: M5(ES) M +H err] = 581.
15
0 - .
Following the procedure of Example 279(a)-(d), except substituting “2-
dibenzofuran sulfonyl chloride " for "Cbz-leucine and HBTU" in (d), the title
compound was prepared: MS(ES) M+H'=580, M+ Na* = 602.
20

Following the procedure of Example 279(a)-(d), except substituting "2-
25  dibenzofuran suifonyl chloride " for "Cbz-leucine and HBTU" in (a), the title
compound was prepared: MS(ES) M+H'=580
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10 The above specification and Exanples fully disclose how to make

and use the conpounds of the present lnvention However,...the present

i nvention i s not limted to the particul ar enbodi ments descri bed

her ei nabove, but i ncludes all nodi fications thereof within the scope
of the follow ng clains. The various references to journals, patents
and ot her puMO9d643dns which are cited herein 15 conpri se ROTAS/HOM of t he
art and are incorporated herein by reference as though fully set
forth.

221 VO 97/ 16433 Example 283

PCT/ US96/ 18000 Preparati
X ulfonvl)-ami -2-one
Following the procedure of Example 279(a)-(d), except substituting "2-
5  dibenzofuran sulfonyl chloride” for "N-Cbz-leucine" in step (2) and "4-pyridyl
methyleneoxy carbonyl-leucine " for "Cbz-leucine " in step (d), the title compound

was prepared: MS(ES) M+H'=580.

10

Following the procedure of Example 279(a)-(d), except substituting "4-
pyridyl methyl amine” for "allyl amine" and "2-dibenzofuran sulfonyl chloride" for
"N-Cbz-leucine"” in step (a) and " N-4-pyridyl methyleneoxy carbonyl -leucinyl ” for

15 "N-Cbz-leucine and HBTU " in step (d), the tit!e' compound was prepared: MS(ES)
M+H'=581. '

20
Following the procedure of Example 279(a)-(d), eicept substituting "4~
pyridyl methy] amine " for "methyl amine” , the title compound was prepared:
MS(ES) M+H'= 674.
25

Following the procedure of Example 284(a)-(d), except substituting "2-
dibenzofuran sulfonyl chloride "Cbz-leucine and HBTU" in step (d) , the title
30  compound was prepared: MS(ES) M+H'=657. |
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wher ei n:

WO 97/16433 PCT/US96/18000

[err] 5
222
5
10
15
20
25

Following the procedure of Example 284(a)-(d), except substituting "2-
dibenzofuran sulfonyl chloride “Cbz-leucine and HBTU" in step (d) , the title
compound was prepared: MS(ES) M+H'=657.

Following the procedure of Example 279(a)-(d), except substituting "4-
biphenyl acetic acid " for "Cbz-leucine " in step (a), “4-pyridyl methyl amine * for
"methyl amine", the title compound was prepared: MS(ES) M+H'=621.

Following the procedure of Example 279(a)-(d), except substituting "4-
phenoxy benzoic acid " for "Cbz-leucine " in step (a), "4-pyridyl methyl amine " for
"methyl amine", the title compound was prepared: MS(ES) M+H'= 623.

Following the procedure of Example 279(a)~(d), except substituting "2-
dibenzofuran sulfonyl chloride " for "Cbz-leucine and HBTU" in step (a), "4-pyridyl
methyl amine” for "methyl amine", the title compound was prepared: MS(ES)
M+H'= 657.
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WO 97/ 16433 [err]

WO 97/16433

10

15

PCT/US96/18000

N-(2-dibepzofuran-s nyl)-amino-propat

Following the procedure of Example 279(a)-(d), except substituting "N-
methyl-N-allyl amine " for "allyl amine" in (a), and "3-pyridyl-methyleneoxy-
carbonyl-leucine” for "Cbz-leucine” in step (d), the title compound was prepared:

MS(ES) M+H'= 581.

The above specification and Examples fully disclose how to make and use
the compounds of the presént invention. However, the present invention is not
limited to the particular embodiments described hereinabove, but includes all
modifications thereof within the scope of the following claims. The various
references to journals, patents and other publications which are cited herein
comprise the state of the art and are incorporated herein by reference as though fully
set forth.
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223 WD 97/ 16433 PCT/ US96/ 18000

[err] l = CO, SJerr]; 5

T=Ar, Het ; V— err]cycloalk I W =
H -CN, -CF[err], -NJerr], - e”m“mmm II mﬂ[) -CONHR[ err],
-Sqerr]NHR[g %7_ querr]R[err] CCR[errll -SR[err],

NR Rl err] ‘{ NHR[err], O, "F:"10 MUSISA8000 — NOS
or CRlerr], prOV| ded that at least two of X, Y and Z
are het er oat oms Werdaige | east one of X, Yand Zis N, or
one of X, Yand Zis C=N, C=C or N=N and the other two

are CRlerr] or N, provided that X, Y and Z together
conprise at |eabt twdcoinpdind according to Formula It Ndi cates a single or double

bond in the five-nenbered het er ocycl e;
m=0, 1, 2; n=11to 6; [err] =0, 1,
2; 20 Ar = phenyl, naphtyl, optionally substituted by one -
or nore of ”
5 D—C—Q
I
wherein:
D=
R 2
R? l!l R z 130
\A/ Y \[r \N/ v
10 RR.RAR%B—. o0 K. "§

43
e L W B
~ R N
N o
Ao \Rg \g/ Yo
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Ph-Clerr]alkyl. Het-C[err]alkyl, C[err]al ko
Het-Cerr]al koxy, Q4 (ﬂ—ﬂprrlj_fnrr1hJR[err]
QO CHerr])[err]NRlerr]Rerr];
optionally substituted by one or ”!’Ml M w
Ph-Cl err]al kyl, Het-Cerr]alkyl:,
Het-C[err]aIWowleﬁm-l (CH[err])[err]NR[e r]

X ([ err] al koxy,
R

’
[ Ay
C1

”

= phenyl or naphthyl,

Ph-

r 1

T J I

FIl]' errlal l%%)'%swmoo

O CHerr])[err]NRlerr]R err], or hal ogen; R = H,
Clerr]al kyl, Ar- C[erQ]_aI kyl, Het-C[err]alkyl; Rerr] =
H, C[err]alkyl 30 Rlerr] = (Jerr]alkyl, Cerr]al kenyl,
benzyl ; 224 WO
97/ 16433 12 PCT/ US96/ 18000
Rlerr] = (err]alkyl, Rr - Cker\f]al kyl, t ﬁ[err]al kylg?®R[ err] CO-,
Rlerr]Sqerr]-, | >—W errrk ﬁ}}s, R[ er r] NHCO- ;
Rlerr] = H Cerr]al kyN; err]al KS/I NFgf‘Rﬁ[erP“}ﬁi' y&h/

Rlerr] = Ar-[err]al kyl, t- C[err]alkyl Rlerr] = H,

d err]al kyl, [err]CF[e rj, Ar- C[err]alﬁyl Het - C[Fézrr]gl kyl ;

Rlerr] = (ferr]al kyl, Ar- g,rr]al kyl , Het- C[err]al kyl ;

Rerr] = H derr] al,kenNP Cerr]al kynyl; Het; Ar; C[err]al kyl ,
optionally substituted by OR, SR, NR [err], CJerr]R,

CJerr]NR [err], N(C—NH)IHIH[err], Het or Ar; 10 Rlerr] = H,
Clerr]al kyl, Ar-C[err]aI kyI "Het - ([ err]al kyl ;

Rlerr] = derr]alkyl, C[err]al kyl, Het - C[Fé?r]al kyl ;

= H, | k Al Kyl t- |k|
[R[erG:]r] Cerr]a /w\NL-“ er.y Flffk‘e C[er ]a ?/Arozj[err]alkyl

Het | kyl; 15 | kyl ,
chaﬂ]r]a?w?/ Het - [ er H al Ryl ; R[e”] Hé e”]a Y

[err]

R[err] = H ({err]al kyl, err]al kenyl , C[err]al kynyl , Ar, Het, or
Cerr]al kyl optionally stltuted y 0?9 NRO2, &4
CONR[ err] 2, N(C=NH) NH-, or Ar; R I%Lerr]: Clerr]al kyl,
d err]al kenyl , C[errNTk n AR HeL _BF der ]Nillqﬂ
optionally substituted Qy err]N SR['err] N MZ, CJerr]Rerr],
R .
where:
O
AN
A = absent, o ;
R®

10 B_\(’Y \ﬂ/lf;

L = Cy_galkyl, Ar-Cg_galkyl, Het-Cq_galkyl, CH(R66)NR6OR68,
CH(R56)Ar, CH(R66)OAr’, NROOR67,
15 M = C(0), SOy;
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CONR[err]2, N(C=NH)NH, Het or Ar; Rlerr] = H,
Clerr]alkyl, Cerr]al kenyl, Cerr]alkynyl, Ar, Het, or
Cerr]al kyl optionally substituted by ORlerr], SR err], NRerr]2, 25

L R P NS o i

Rlerr] = Rerr] = derr]alkyl; Cerr]alkenyl; Cerr]cycloalkyl; T-Cerr]
[err]al kyl; V-CJerr]al kyl gd-Cerr]al kenyl;

T-(CH2) nCH(T) (CH2) n; optionally suhstituted by one or
two hal ogens, SR[err], OR[err], err] or (JQerr]alkyl; 5
Rlerr] = Rlerr]CO R err]OCO Rlerr] = (err]alkyl;
Clerr]cycloal kyl; Ar; Het; T-(er lx]"aY kyl ;
T-(CHerr])[err]CHT)(CH err])[err]; optionally substituted by one or
two hal ogens, SR{err], OR[err], NRerr]Rerr], (err]alkyl;
Rlerr] = Rerr] = Rerr] ¥ =R@\S02 Rerr] = Rerr] = H (err]al kyl,
Ar-Clerr] 10 _ err]alkyl, Het-(err]alkyl;
Rerr]= 3 T-Ar,HeL, [err]
V = C3.7cycloalkyl;
W = H, -CN, -CF3, -NOj, -COR7, -CO,R6, -CONHRS,
-SOoNHRS, -NHSO,RS, -NHCOR7, -O-CORS, -SRS,
NRRS, NR(C=NH)NHR5, Cl, Br, L, F;
10 X=Y=Z=N,O,S or CR4,
provided that at least two of X, Y and Z are heteroatoms and at least
oneof X, Yand Z is N, or one of X, Y and Z is C=N, C=C or N=N

and the other two are CR4 or N, provided that X, Y and Z together

comprise at least two N;
15 == indicates a single or double bond in the five-membered
heterocycle;
m=0,1,2;
n=11t06;
$=0,1,2;
20 Ar = phenyl, naphthyl, optionally substituted by one or more of
Ph-Co_salkyl, Het-Cg_galkyl, Cj_galkoxy, Ph-Cq_galkoxy,
Het-Cg_galkoxy, OH, (CH»)1.NRI8R39,
O(CHy)1. 6NR58R59;
Ar' = phenyl or naphthyl, optionally substituted by one or more of
25 Ph-Cp_galkyl, Het-Cg_galkyl, C1_galkoxy, Ph-Cq_galkoxy,
Het-Cg_galkoxy, OH, (CH»)1_sNR8R9,
O(CHp) 1-6NR58R59, or halogen;
R'=H, Cj-galkyl, Ar-Cq._galkyl, Het-Cq.galkyl;
R! = H, Cj.galkyl;
30 R2 = C4-galkyl, C4-6alkenyl, benzyl;
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WD 97/ 16433

PCT/ US96/ 18000

[err]

WO 97/16433

10

15

20

25

% ¢ L M s =

R3 = Cj-galkyl, Ar-Cp-galkyl, Het-Cq_galkyl, R3CO-, R5505-,
R30C(0)-, RINHCO-;

R4 = H, C}-6alkyl, Ar-Cp-galkyl, Het-Cg_galkyl;

R3 = Ar-0-6alkyl, Het-Cg_galkyl;

RS = H, C)-galkyl, CHyCF3, Ar-Co-6alkyl, Het-Cq_galkyl;

R7 = C}-galkyl, Ar-Co-galkyl, Het-Cg_galkyl;

R8 = H; C7.5 alkenyl; C2-galkynyl; Het; Ar; C]-galkyl,
optionally substituted by OR’, SR', NR'5, CO5R’,
CO2NR',, N(C=NH)NH3, Het or Ar;

R? = H, Cj-6alkyl, Ar-Cg_galkyl, Het-Cy_galkyl;

R10 = C}_galkyl, Ar-Cq_galkyl, Het-Cg_galkyl;

R!! = H, C1-galkyl, Ar-C|_galkyl, Het-Cq_galkyl, or

RIE

n"n"—-N’l\ :

R12 = H, C;_galkyl, Ar-Cg_galkyl, Het-Cg._galkyl;
R13 = H, C|_galkyl, Ar-Cg_galkyl, Het-Cg_galky;
Rw

R14 = )\N-—R’R"‘” Ac:

R15 =H, C|_galkyl, C3_galkenyl, C;_galkynyl, Ar, Het, or
C.galkyl optionally substituted by OR?, NR9,,

CONRY,, N(C=NH)NH-, Het or Ar;

R16 = Cy_galkyl, Cy_galkenyl, Cy_galkynyl, Ar, Het, or Cp_galkyl
optionally substituted by OR?, SR?, NR92, C02R9,
CONR?;, N(C=NH)NH-, Het or Ar;

R!9 = H, C}_galkyl, C;_galkenyl, Cy_galkynyl, Ar, Het, or
C.galkyl optionally substituted by ORY, SR?, NR?,,
CO2R9, CONRY,, N(C=NH)NH-, Het or Ar;

R17 = R72 = H, C}.galkyl, R10, R10C(O)-, R10C(S).-, R100C(0)-;

PCT/US96/18000
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Cbz-leucinyl-; 2-, 3-, or 4-pyridyl nethyl oxycarbonyl- 5

| euci nyl -; 4-im dazole acetyl-leucinyl-, _phenyL_aeeHLl—-
| euci nyl, NN-di net hyl - gl yci nyl |eucinyl, 4-pyri di acety

| euci nyl, 2-pyridyl sulfonyl-I euci nyelll“ﬂm ‘mw ﬂm nyI

| euci nyl, acetyl -1 eucinyl, benzoyl -

benzoyl -, 2-WEW643benzy| oxybenzoyl -, bi ghefiyl " acet yl, 10 PCT/US96/18000
al pha- isobutyl bi phenyl acetyl, Cobz- phenyl al ani nyl , Cbz-

nor | euci nyl -, Cbz-norval i m'ayll-RZSQJ:yMﬁWi_ﬁalk&M'(?Oﬂc&élﬂalkyl T-C3.
(t-butyl ester)-glutanyl; acetyl-Ieucinyl quin

carbonyl, biphenyl acetyl, al gakvkiVs Wtﬂ‘r%ﬂy?n)’&cet yl .
acetyl, benzoyl , 2- or 3- benzlyt@wn@pﬁggﬁz)n aﬁggawb;@uwdb onE o
benzoyl -, oY o or
pyri dyl met hyl oxycar bonyl - two halogens, SR20, OR20,NR 0R37mnﬁp.a,nl&yl* aryl
Cerr]- C[eraal Kyl oxy car W
het er oar yl err]-Cerr]a yT gw&g'g?z am no acid-,
g[ryl ]C[arr] ]C[Ierkr}al ky! 0>Btf:* lcmalkbl'msl Deycloaltlyi; mmﬁ*MYaLl&P

err err]a oxy carbon 0 errja 0X
297 WO g7 / 1% 433 y T‘&fﬁ nCﬂ& )PCH2)[], Optlolla.lly SUbStltuted y Oneyor

PCT/ US96/ 18000 two halogens, SR20, OR20 9y 2073 Ci"%blﬂﬂ aci d-;
Cerr]-Cerr]al kyl carbon

Clerr]-Clerr]al kyl carbolRf= ﬁ%%lﬁﬁgaﬁﬂuef B £ RP e H)Gj.usikgarbGpy | |

aryl (err]iglerr]alkyl carbo % Cerr]-Cerr]al kyl carbonyl,
Cerr]-Cerr]al kyl sul fonyl, gérﬁkrl' {e%-gérr]al kyl sul fonyl, heteroaryl 5

Jerr]-Cerr]al kyl sulfonyl, E derr]-Cerr]al kyl sulfonyl, heteroaryl
Jerr]-Cerr]al kyl sul fonyl; Rlerr] =-H ({err]
al kyl ; R31 =
H
32
O 7 O : N\_)l\
< -
_ - 0 .
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[err] WO 97/ 16433

PCT/ US96/ 18000 ——=Chz-| euci nyl ~-—2——-3—— -or
4=pyrrdyl nethyl oxycar bony uci nyl -

4-im dazol e acetyl -1 euci nyI , phemm%w'““l MLHN!J

l.euci nyl, N, N-di net hyl - gl yci nyl acetyl

| euci nyl, 2-werdrdgdassul fonyl -1 euci nyl .~ 4-pyridyl carbonyi - PCTUS96/18000

| euci nyl, acetyl-Ieucinyl, benzoyl-leu0|nyl 4- phenoxy-
benzoyl -, 2- or 3- benzyloxybenzoyl-, biphenyl acetyl,
al pha- isobutyl -bi phenyl acetyl, Ch h-nylalanlnyl
norl.euci nyl -, Cbz-norvalinyl-, Cbz
(t-butyl ester)-glutanyl; acetw- 5
carbonyl , biphenyl acetyl, al phg® jsobuty
acetyl, benzoyl, 2- or 3- benzy@ o benzoyT,” 4- phenoxy
benzoyl -, 15 Cbz-am no acid-; 2-, or 4-

3-1
pyri dyl nmet hyl oxycar bonyl - Me Z ayi noaci d-; aryl
Clerr]-Cerr]al kyl oxy carbonyl - ani -
Qonyl -

heteroaryl Clerr]-C[err]alkyl oxk ca am no acrg<,

aryl CJerr]-Cerr]al kyl oxy carbor}ﬁ\-a no acid-, hé’te:uoaryl
Clerr]-Cerr]al kyl oxy carbonyl -api @ acid-, Cerr]-Cerr]al kyl oxy 20
carbonyl -amno acid-; C[err]-Clerr]al kyl carbonyl, aéyl Cerr]-Cerr]al kyl
carbonyl, heteroaryl (err]-Cerr]alk ar bonyl , aryl err]-Cerr]al kyl
carbonyl, heteroaryl Cerr]-Cerr]al arbonyl efexr]-derr]al kyl

sul fonyl, aryl err]-(err]al kyl\ : heteroaryl
sul fonyl, aryl Cerr]-Cerr]alkyl g%f nyI subsétbt
Cerr]-Cerr]al kyl sulfonyl; OCHPh
oCH2( err] al kyl, aryl substituted C[err]al kyl ,
het eroaryl substituted CJerr]al kyl, 4-i m dazol e net hyl ene; 2-,
3-, or 4-pyridyl met hyl neneoxy; 4-pyridyl nethylene, 2-
pyrldyl sul fonyl, 4-pyridyl, aryl err]al kyl oxy, 30

heteroaryl substituted C[err] mﬂwg[WP l 3, or4-pyndyl methyloxycarbopylay (] =

g[zgr r]alkyl 'S5 -CHerr] Ph, - CH %Jc]ngitﬁ[rﬁlh&qe%&hﬁéﬂl{yl-; phenyl acetyl-
leucinyl, N,N-dimethyl-glycinyl leucinyl, 4-pyridyl acetyl-

leucinyl, 2-pyridy! sulfonyl-leucinyl, 4-pyridyl carbonyl-
leucinyl, acetyl-leucinyl, benzoyl-leucinyl, 4-phenoxy-
benzoyl-, 2- or 3- benzyloxybenzoyl-, biphenyl acetyl,

10 alpha- isobutyl-bipheny] acetyl, Cbz-phenylalaninyl, Cbz-
norleucinyl-, Cbz-norvalinyl-, Cbz-glutamyl-, Cbz-epsilon-
(t-butyl ester)-glutamyl; acetyl-leucinyl-, 6- or 8- quinaline
carbonyl, biphenyl acetyl, alpha- isobutyl-biphenyl acetyl,
acetyl, benzoyl, 2- or 3- benzyloxy benzoyl, 4-phenoxy

15 benzoyl-,
Cbz-amino acid-; 2-,3-, or 4- pyridylmethyloxycarbonyl-
aminoacid-; aryl Co-Cgalkyloxy carbonyl-amino acid-,
heteroaryl Cq-Cgalkyloxy carbonyl-amino acid-,
aryl Cg-Cgalkyloxy carbonyl-amino acid-, heteroaryl

20 Co-Cealkyloxy carbonyl-amino acid-, C1-Cgalkyloxy
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Rlerr]=-H ({err]alkyl; err] = Ar, HetAr;

Rlerr] = Aryl, het eroaryl , pyrrdyl—r—seq&r—neJr R err]
= (err]alkyl, -CH err]Ph, CH[err err

Rlerr] = Cbz; (err]al kyl or ary u l [ I

Jerr]al kyl -CO_ benzoyl; C[err] Ituted
benzoyl : WO §7/16433 R[err S err] pc'l'/usgma&

carbonyl-amino acid-; C-Cgalkyl carbonyl, aryl
Co-Cgalky! carbonyl, heteroaryl Co-Cealkyl carbonyl,
aryl Co-Cegalkyl carbonyl, heteroaryl Co-Cgalkyl carbonyl,
C-Cgalkyl sulfonyl, aryl Cp-Cgalkyl sulfonyl, heteroary]

5 Cg-Cgalkyl sulfonyl, aryl Co-Cgalkyl sulfonyl, heteroaryl
Co-Cealkyl sulfonyl;

R30=.H, C}-g alkyk;
R3l =

S,
AN o (o) Nau
Me ~
~ &
52 ps
ol/ o) Lo}
6]
'_“sso
~
O © OocH,Ph El0.C™ g
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230 WO 97/ 16433
PCT/ US96/ 18000
4-pyridyl nethyloxycarbonyl - -

~4-inidazol e acetyl -1 eucinyl - ;HIH ’lll mnﬂll l“ld
| euci nyl , NN-di met hyl - gl yci nyI yl acetyl -

Ieucinyl, 2- ﬁmmmdyﬁasulfonyl-leUC|nyI 4 pyrldyl car bonyl -

| euci nyl, acetyl-Ieucinyl, benzoyl-leu0|nyl 4- phenoxy-
benzoyl -, 2- or 3- benzyloxybenzoyl-, biphenyl acetyl,

al pha- isobutyl -bi phenyl acetyl, Cbz-phenylal aninyl, Cbz-
nor l-euci nyl -, Cbz-norvalinyl -, Cbz glutanyl -, Cbz- epS|Ion-

(t-butyl ester)-glutanyl; ac |.e C|n

carbonyl, biphenyl acetyl, ﬁ%& ucinyla gy yldrg"pﬁﬁgﬂ r?etly@éé{y@&&d}?

acetyl, benzoyl, 2- or 3- bemhﬁxmbmmyhcem-idnbmmwenyl acetyl-

benzoyl Cib . 2-,3-, or 4-
pyri dyl met Byl oxycar bonyl - 15leucinyl, N.N-dimethy glycmyl le“"myl 4‘%‘?93’#1?9&5’;16- aryl

Clerr]-Cferr]al kyl oxy Carbon 1§ﬂfon l-leucinyl, 4-pyridyl carbonyl-
het er oar yl C[err]-C[err]aIky 9"1 y an){no a(}‘: dpynyc y

aryl ([err]-err]alkyl oxy cknbmylydoetahiemn)dmedzoyl-leucmyl 4-phenoxy-

het I - | k b I, di
Grer]al byl ok chrbonyl - ant oSt adt S BB BBt e hEhh 1 oy 20
Jerr]-Cerr]al kyl carbonyl, albﬁ-ﬁsbﬁ\.&yly&plﬁhﬂrabglgtﬁi pﬂeaylhmmgacﬁpnyl

fal Vo VRN
4-1 0-1

Ie’ nyl -;

ot v\ .l
\wUa ULy I |

Ch=_1
1

IUS%II 8000

aryl CJerr]-Cerr]al kyl carbonyl, heteroary] err]-Clerr kyI car bonyl
Cerr]-gd ]al kyl sul f onyl , neglepeinygdy, Sbpmorvalinyly Ghxglutamyl-f bR ¢Psilons; o oaryl
Cerr]-Cerr]al kyl sul fonyl, S 0 mﬁt eroaryl
Gorr]-Clorr]al kyl sulfonyl’ (t%bﬁ estérfEiulantyl; %E&IQEMA&[I 8l §r@ MJuno
derr]al kyl; catbonyl, biphr ety alpharisp b PIEheTK YD,
Rerr] = C[err]al kyl, aryl sub L tute al kvl h ryl
substituted err]alkyl,: @ﬁr Ef%’q nezr‘é}‘esf’%‘y*ﬁz'*%?’ﬁ‘{" WNibst i t ut ed
bcnzoyl—
15 Cbz-amino acid-; 2-,3-, or 4- pyridylmethyloxycarbonyl-

aminoacid-; aryl Co-Cgalkyloxy carbonyl-amino acid-,
heteroaryl Cg-Cgalkyloxy carbonyl-amino acid-,
aryl Co-Cﬁﬂkyloxy carbonyl-amino acid-, heteroaryl
Co-Cealkyloxy carbonyl-amino acid-, C)-Cgalkyloxy
20 carbonyl-amino acid-; C1-Cgalkyl carbonyl, aryl Cg-Cgalkyl
carbonyl, heteroaryl C-Cgalkyl carbonyl, aryl Cp-Cgalkyl
carbonyl, heteroary! Cg-Cgalkyl carbonyl, Cj-Cgalkyl
sulfonyl, aryl Co-Cgalkyl sulfonyl, heteroaryl Co-Cgalkyl
sulfonyl, aryl Co-Cgalkyl sulfonyl, substituted heteroaryl
25 Cp-Cgalkyl sulfonyl;
R32 = OCH,Ar, OCH2C_galkyl, aryl substituted Cg-galkyl,
heteroaryl substituted Co-galkyl,4-imidazole methylene; 2-,
3-, or 4-pyridylmethylneneoxy; 4-pyridyl methylene, 2-
pyridyl sulfonyl, 4-pyridyl, aryl Cg-galkyloxy,
30 heteroaryl substituted Cq-galkyloxy;
R33 = C;-galkyl, -CHoPh, -CHyCH2CO,R34;
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Cerr]al kyl; and heteroaryl substituted C[err]al kyl;

231 WD 97/ 16433

PCT/ US96/ 18000 Rlerr] = (Jerr]al kyl, aryl
substituted CJerr]al kyl and het I

substituted C!errl’gikyl,; Hmhelmﬂlﬂm]“HHHMM]m kyl, aryl i}lgﬁsioanuted
Jerr]al kyl ;WIH1#83 er oaryl substitutéd & efr]hl kyl; PCT/US

Rlerr] = CH R err])NRlerr]Rerr], CHRerr])Ar, Cerr]al kyl; 5

Rlerr] = Rerr] = Rerr] R§4R{d~t,|q1-5alla[l;err] = Rerr] = Rerr] = H,
Clerr]al kyl, R35 = Ar, HetAr: Ar-Clerr]al kyl,

Het- ([ err]al kyl ; Rlerr] = Ar, Het, CH(R err])Ar,
CH(R[err])OAr, N(Rferr])AR36-CAgi,mkekdayyl, pyridyl, isoquinolinyl;
CH(Rerr])NRlerr]R err]; 37 e%] = (err]al kyl, .
Ar-Clerr]al kyl, Het- ([ er ®aF&irgalkyl,oCH2Ph, -CHyCH2CO2R>;

Rlerr] and
Rlerr] may connect ed 8Tofwn. lL gl 3
pi peri di ne ??ng; L %@,é;%ﬂﬁ?ok%‘[ygﬁb tgte&[ err] = Rerr],
Rerr](O, Rerr](S), [@ber€i-glk-CO; benzoyl; Ci-galkyl or aryl Rerr] =
Rlerr] = Rerr] = Rerr] .5 3] | kyl, Ar-Clerr]alkyl, Het-Cerr]
[err]al kyl; 15 S%sﬁu}a‘%& = g[err] = Rlerr] = Rerr] = Rerr] =H,
Clerr]al kyl, R39 = Ar-Clerr]al kyl, or
Het - err]al kyl ; ' Rlerr] = (Jerr]al kyl, Ar, Het,
CH(Rerr])Ar, CH R err])OAr, N(Rerr])Ar,
CH R err])NRferr]R[err]; Rerr] = Rerr] =Rerr] =
H derr]alkyl, (CHerr])[err]-Cerr]cycoal kyl, 20
Ar-Clerr]al kyl, Het-Clerr]alkyl; Rerr] =
Clerr]alkyl, (CHerr])[emp]-Berr]cycloal kyl, Ar-Clerr]alkyl,
Het- ([ err]al kyl ; R[err]%am%ﬁw r be conbinped to forma

1-4 of (Jerr]alkyl, Ph-Cer kyl, Het-Cllerr]zal kyl, [ err]al koxy,
Ph-C err] al koxy, Het-{err]al koxy, OH ( erig#err]NRlerr]Rerr],
O(CH err])[err]NRlerr]Rlerr]; Rerr] = Rerr]=Rerr], Rerr]C(O,
Rierr](S),

3-7 menbered nonocyclic or |[7- 10 er bi €ycli
carbocyclic or heterocycli Or%zg, @tion ituted with 25

10

0 "
O >
o
\
~ S
Lo
oo ¢ o n
/©/ME
~
I/s\‘
o O

]
N
\,s\ N
o ©
o
: ____“sso
~
J o E10,C

OCH,Ph
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Rlerr]O0C(O, R[err]OC(O)NR[err]CI—l(R[err])(CO) 30 and pharmaceutically

acceptable salts thereof
232 WO 97/ 16433

PCT/ US96/ 18000 H"MHH”HI B H g to Gaimi wherein:
[err] 5 3. - Acorrpoun aim2 wherein Ais Leu.

4, A conpeaAt@dkording to Claim2 wherein Wis CN, NHRPEFUSI/18M0cr ]
CONHR] err] or CJerr]Rerr]. 10 5. A conpound according to
Claim2 wherein Rerr] is H nethyl or .isobutyl. 6. A conpound

according to Claim2 wherein err] is Rerr]OC(O)- 7. A
conpound accordi ng to C ai m 2Cbzicucingd 2¢, rhmﬂwn@lmmmmhg 15  of:

(2S, 1'S)-2-(benzyl oxycar bony n 1 rbo yt -yl)-3' -
met hyl but yl ] - 4- net hyl pent anam i%&.w; i ‘{afg"gwﬁ cuciy pﬂ acetyl
1' Sy- 2- (benzyl oxycar bonyl ) ami leﬂe:ﬁi‘l.[N,N-dxﬂaemwglym@nedﬂhw £pphdyfackbl- 3' -

4- met hyl pent ana

nmet hyl but yl ] rrie[ | ;
1'S)-2- (benzsyl oxycar bony! ) ani ity [ZIPY"PZ SEKWJ)‘&“FFB&IMYWM“WH 3'- 20
met hyl butyl ] - 4- met hyl pent anangegignyl, acetyl-leucinyl, benzoyl-leucinyl, 4-phenoxy-

benzoyl-, 2- or 3- benzyloxybenzoyl-, bipheny! acetyl,
alpha- isobutyl-biphenyl acetyl, Cbz-phenylalaninyl, Cbz-
norleucinyi-, Cbz-norvalinyl-, Cbz-glutamyl-, Cbz-epsilon-

10 (t-butyl ester)-glutamyl; acetyl-leucinyl-, 6- or 8- quinoline
carbonyl, biphenyl acetyl, alpha- isobutyl-bipheny] acetyl,
acetyl, benzoyl, 2- or 3- benzyloxy benzoyl, 4-phenoxy
benzoyl-,

Cbz-amino acid-; 2-,3-, or 4- pyridylmethyloxycarbonyl-

15 aminoacid-; aryl Cg-Cgalkyloxy carbonyl-amino acid-,
heteroaryl Co-Cgalkyloxy carbonyl-amino acid-,
aryl Co-Csalkyloxy carbonyl-amino acid-,
heteroaryl Co-Cgalkyloxy carbonyl-amino acid-, Ci-
Cealkyloxy carbonyl-amino acid-; C-Cgatkyl carbonyl, aryl

20 Co-Cgalkyl carbonyl, heteroaryl Co-Cgalkyl carbonyl,

‘aryl Cp-Cgalky! carbonyl, heteroaryl Co-Cgalkyl carbonyl,
C)-Cealkyl sulfonyl, aryl Cg-Cgalkyl sulfonyl, heteroaryl
Co-Cealkyl sulfonyl, aryl Co-Cgalkyl sulfonyl, heteroaryl
Co-Cealkyl sulfonyl;
25 R40 = H and C-galkyl;

R4! = H and C;-galkyl;

R42 = C}-galkyl, aryl substituted C1-galkyl and hetero aryl

substituted C}-galkyl,; H when R43 is C{-galkyl, aryl substituted

C1-6alkyl; and heteroary! substituted C;-galkyl;
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(2
1'S)-2-(benzyl oxycarbonyl )am no-N-[ 1' - (2-cyanot hi azol - 4-yl ) -3' - net hyl but yl ]
[1

2 ?Nnetgxlzsleggﬁgg)r(na?nedo) H“Immmm" ﬂ]‘ll l“‘benzyl oxycar bonyl ) am no- N-

yI] 3' - net hyl but - 4- net hyl pent anam det 35
(251'9)- 2‘% M xycarbonyl )ami no-N-[1'-[2-[ N - (3- PCT/US96/18000

met hyI propyl ) car boxam do] t hi azol -4-yl)]-3"-met hyl butyl ] 4- net hyl pent anani de;
(2S, 1'S)-2-(benzyl oxyc @@j -yalkylnoyNupstitute@ Cfj NalkiyPand hetero aryl

gggnyl ethyl )C%bg);?rlnégg%‘tl&lu %e%lél-ﬁz}ﬂq)ll nghenﬁiwls@%/allgyl aryq% }(tu gntanam de;

PCT/ US96/ 18000 6elkyl; and hetero lsubstltu!edC -galkyl;
1'S) - 2- (benzyl oxycar bon%/zgkam no I\E 455 bﬁet hoxyt h| azol -2-yl) - 3-
met hyl but yI ] 4- net hyl penffanaf & “INR 2@1(1{ JAr, Cs_galkyl;

1' S) - 2- (benmzyl oxycar bonﬂ45aJ”R4m_N41&R484.§4£rbngmsaLoh él %Ll){yl?’
met hyI but yl'] - 4- net hyl pent anani de;

(28 'S) - 2- (benzyl oxycar bonyA}@me@BﬂyNﬂel'Co(eﬂl@ér boet hoxyt hi adi azol - 2-yl ) -3’

met hyl butyl ] - 4- Qh_y 56
(28 1'S)-2-(benzyl oxycar onyllgam W@I ?%‘R ?%Ar BI(ESGZ)Afr(Fk‘ﬁiJWDet hoxyt hi
azol - 4-yl)-3" -nmethyl b(IHﬂl-'jﬁ)NRﬁ@RMI pent anani de; (2S,
1'S) - 2- (benzyl oxycar bon (4- oet hoxyoxadi azol - 2-yl )-3' - 10
rret hyl but yI ] 4- net hyl penﬁaﬁiﬁa@‘kﬂ 'CO 2'%1'{ b ‘50-61'3(‘
' S) - 2- (bewpzy! oxycar bonyl - kébﬁlMS)xﬁsp Bcdiinécled to fori PRedIameNs hi azol - 2-yl

3' - met hyl butyl ] - 4- net hy| pent anam de;
(28 1' S) - 2- (benzyl oxycar bonyPiPeiiseFing: [ 1' - (4- car boxani dooxadi azol - 2-yl )-3' -

net hyl butyl ] - 4- met hyl pegbangiB7depd R47 @)SRHé(S) R¥eqB%Y | oxycar bonyl

am no-N-[1' - (2-carboeth gy;{g azo 4

met hyI butyl ] - 3- phenyl prBS -(!25;1 -6alkyl, Ar-Cq_galkyl, Het-Cq.

*'S)-2-(benzyl oxycar bonyl -L-1 ¢ nyI )am no-N-[ 1' - (2- car boet hoxyt hi azol - 4-yl)
3' -net hyl butyl]-4- me® I"pent anam de;

(28 1' S) - 35( benzyl oxycaRé%mR@larﬁ% W?%R@&Hﬁ@p@ﬂk% 1, 2, 4- oxadi azol - 3-yl )

-3'- 20 met hyl butyl ] 4-nmeth en

(2S,1' S) - 2- (benzyl oxycar bony '§ 6ﬁ%¥ %"f"((:‘i*ﬁ?rlg?%apt ot hi azol - 4-yl)-3' -

met hyl but yl ] - 4- net hyl peR63nary_guikyl, Ar, Het, CHR69)Ar, CH(R6%)OAr, N(R69)Ar,

(2S) - 2- (benzyl oxycar bonyl ) a boet hoxyt hi azol - 2-yl ) net hyl - 4-

met hyI pent anam de; 25 n&ﬁ&@iﬁRG&%

(2S,1'S) - 2- (benzyl oxycarb®ay6Paga- i¥; £ 6a(k§r b@ﬂimmx%@mum azol - 4-yl)

-3 - met hyl but yl ] - 4- met hyl pent anam
(25,1'9) - Qo(benzyl oxycar bony‘ﬁ'}'éﬁ%ﬁ'&h“ﬁbpﬂﬁuk&#w met hyl - 1' - ( 2-

phenoxycar bonyl t hi azol - ﬁé‘ythlgga)ﬂy]'r(eﬂ&ﬁﬂgl@ﬂéiycloalkyl. Ar-Co.ﬁalkyl,

Het-Cg_galkyl; R66 and R67 may be combined to form a
3-7 membered mondcyclic or 7-10-membered bicyclic
carbocyclic or heterocyclic ring, optionally substituted with

25 1-4 of Cj_galkyl, Ph-Cq_galkyl, Het-Cg_galkyl, C;_galkoxy,
Ph-Cg. galkoxy, Het-Cq._galkoxy, OH, (CH3)1.gNRI8RS9,
O(CHg) |gNR58R39; R68 = R70 = R62, R62C(0), R62C(S),
'R620C(0), RS20C(O)NRSICHRT1)(COY;

30  and pharmaceutically acceptable salts thereof.
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(2S,1'S)-2-(benzyl oxycar bonyl ) am no-4-nmethyl -N-[ 3" -nethyl -1'-[2-(2- 30
methyl propyl oxycar hnn\/l \'r hi a;e-|—=_4._y.H_bu.t_y_|_}_p,e.m_a.n.&m de:

234 WO 97/ 164

PCT/ US96/ 18000 ll ll" l lll M

(2R, 1' S) - 2- (benzyl oxycar bonyl) m !“ ,IIH " boet hoxyt hi azol Met hyl ]
-4- me W d1isdI3anani de;

(2R 1'R) - 2- (benzyl oxycar bonyl )'am no-N-[ 1' - (4- car boet hoxyt hi azoI - 2-y| ) et hyl ]
-4- net hyl pent ap
(25,1'S)-N-[ 1" -( am no ?g%?ﬁ:@rqxigtgm n}lnwf:%ret yl 1-2-(benzyl oxycar bonyl ) am

I no- - 4- met hyl pent anam de. : A conpound according to Caiml
wher ei n: [err] . 9. A corrpound according to Caim8 wherein
Bis [err] 15 B 10. Acorrpd"lmd)egcz rding to Claim9 wherein [err]
and R err] and R egr] are H | : S—W
R\A’ Y N pd
2 1
D= R andQ= R

5 3 A compound according to Claim 2 wherein A is Leu.

4. A compound according to Claim 2 wherein W is CN, NHRS, SR, CONHR6
or C02R6.

10 5. A compound according to Claim 2 wherein R! is H, methy! or isobutyl.
6. A compound according to Claim 2 wherein R3 is RS0C(0)-.

7. A compound according to Claim 2 selected from the group consisting

IS of:(28,1'S)-2-(benzyloxycarbonyl)amino-N-[ 1'-(2-carboxythiazol-4-yI)-3'-
methylbutyl]-4-methylpentanamide; |
(2S,1'S )—2—(benzyloxycarbonyl)a.unino—N-[l '-(2-carboxanﬁdothiazol—4~y])—3 -
methylbutylj-4-methylpentanamide; '

28, 1'S)-2-(benzyloxycarbonyl)amino-N-[ 1'-(2-carboethoxythiazol-4-yl)-3'-

20  methylbutyl]-4-methylpentanamide; '
(28S,1'S)-2-(benzyloxycarbonyl)amino-N-[ 1'-(2-cyanothiazol-4-yl)-3'-methylbutyl}-
4-methylpentanamide;

(2S,1'S)-2-(benzyloxycarbonyl)amino-N-[ 1'-[2-(N'-benzylcarboxamido)thiazol-4-
yli}-3"-methylbutyl]-4-methylpentanamide;

25  (2S,1'S)-2-(benzyloxycarbonyl)amino-N-{ ;'—[2-[N'-(3-
methylpropyl)carboxamido]thiazol-4-yl)]-3'-methylbutyl]-4-methylpentanamide;
(28,1'S)-2-(benzyloxycarbonyl)amino-N-[ 1'-[2-[N'-(2-
phenylethyl)carboxamido]thiazol-4-yl1)]-3'-methylbutyl}-4-methylpentanamide;
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11. A conpound according to Caim8 wherein E is absent.

[err] 20 12. A conpound according to Carm8 in which Rerr] is [err]

13. A conpound according to d gi ' [ rr] or Rlerr] are i-Bu.
235 WO 97/ 16433 jﬂj]lg mm,m "jlj "ﬁlr PCT/ US96/ 18000
14. A conpound according to d ai ' - [err] PCT. 66‘ :
conmpound acco™R G433 C aim 8 wherein Rlerr] or Rerr] is R[err"]’@?ﬁf—. 5
16. A conpound according to Claim8 selected fromthe group consisting

of : ( 19) - N- [ 4- [ ( 1{Z8: 18y 2-(hepeylonywabonytjantipe-B-fitb{druartivethpk fthiazalzbyh-3~y| car bonyl

ll\l:se;]zyl oxy((:g; Bgnz hlygg%éﬁ'é'r)o ﬁm%‘talf}g'ﬁ%rgi(;gg%gﬁ;?il euci nyl -L- 10

| euci nyl hydr azi dezs, B9f2-(benzyloxycarbonyl)amino-N-[ 1'-(4-carboxythiazol-2-y1)-3-

(1S)-N-[2-[(21-benzyl oxycar bonyl am nog - 3- net yﬁ butyl ]thi azor- 4-yl carbonyl ]-N

' ( N- benzy| Seihythusdhdmethyipegtanamidehy dr azi de. 17. A conpound

according to & aisg fis)Mietbloxytarbbfiyifamino-N-{1-(4-carboethoxythiadiazol-2-yl)-3'-
methylbutyl]-4-methylpentanamide;
(2S,1'S)-2~(benzyloxycarbonyl)amino-N-{1'-(2-carbo-2,2,2-trifluoroethoxythiazol-
4-y})-3'-methylbutyl])-4-methylpentanamide;
(2S,1'S)-2-(benzyloxycarbonyl)amino-N-{1'-(4-carboethoxyoxadiazol-2-yl)-3'-

10  methylbutyi]-4-methylpentanamide;
(28,1'S)-2-(benzyloxycarbonyl-L-leucinyl)amino-N-{ i*-(4-carboethoxythiazol-2-yl)-
3"-methylbutyl}-4-methylpentanamide;

(28S,1'S)-2-(benzyloxycarbonyl)amino-N-{ I'-(4-carboxamidooxadiazol-2-yl}-3'-
methylbutyl]-4-methylpentanamide; '

15 (28,1'S)-2-(benzyloxycarbonyl)amino-N-{ 1'-(2-carboethoxythiazol-4-y1)-3'-
methylbutyl]}-3-phenylpropanamide;
(2S,1'S)-2-(benzyloxycarbonyl-L-leucinyl)amino-N-[1'-(2-carboethoxythiazol-4-yl)-
3-methylbutyl]-4-methylpentanamide;
(28,1'S)-2-(benzyloxycarbonyl)amino-N-[1'-(5-mercapto- 1,2,4-oxadiazol-3-yl)-3'-

20  methylbutyl]-4-methylpentanamide;

{2S,1'S)-2-(benzyloxycarbonyl)amino-N-[ 1'-(2-mercaptothiazol-4-y1)-3'-
methylbutyl]-4-methylpentanamide;
(25)-2-(benzyloxycarbonyl)amino-N-(4-carboethoxythiazol-2-yl)methyl-4-
methylpentanamide;

25  (28,1'S)-2-(benzyloxycarbonyl)amino-N-[1'-(2-benzyloxycarbonylthiazol-4-yi)-3'-
methylbutyi]-4-methylpentanamide;
(28,1'S)-2-(benzyloxycarbonyl)amino-4-methyl-N-[3'-methyl- 1'-(2-
phenoxycarbonylthiazol-4-yl)butyl}pentanamide;
(2S,1'S)-2-(benzyloxycarbonyl)amino-4-methyl-N-[3'-methy!-1'-[2-(2-

30 methylpropyioxycarbonyl)thiazol-4-yl]butyl]pentanamide;
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18. A conpound according to Caim 17 wherein: R21 and R26 are
seLecLed_meLthWﬁg—ef—%e—-—*hkcb;-J%ei—nyH—-———-
N- Cbz-glycinyl, N-acetyl-1leuc

I[Dgl'; ]U896/ 18000 P : A comumm mly!wuml m G aim Lz ﬁjg%l?fg?n

the group coW&%4
of : 2,2 -(N, N - bi s-benzyl oxycar bonyl - L- | euci nyl ) car bohydr azi de;
- (NN - bi s- CopRl, PEYeX e ASYLABSHYPRMIISNE | 'd8-carboethoxythiazol-2-y)ethy]-4-
- (N, N - bi s-4-net hyl pentandyl ) car bohydra2| de; 5
- (N, N - bis- c%ﬁ%‘pmwmtyl ) car bohydr azi de:

2'
2'
, 2'
g Em m E: : a *%M@WWWA dﬁz F{gmbﬂ%iazol-z-yl)ethyl]ut_
2'
- (

-(N N - bi s- bmethyl idepand - L- al anyI ) car bohydr azi de; and
N: b

N e oo AP RS A bbby o ¢

4-methylpentanamide.

('DI\)I\)I\JI\)I\)I\)I\)

8. A compound according to Claim 1 wherein:

RZ? 0O
bl

/N\'lqnc\n'u

g 13

10 p=R"B™ .dQ-= R

9. A compound according to Claim 8 wherein B is \EJ/ .
s N
\Q_ I o ﬁr Y .
N ¢ i-Bu

RIG

A

15 10. A compound according to Claim 9 wherein R“ is R7R"—N and R12

and R13 are H.
11. A compound according to Claim 8 wherein E is absent.

Ri!

/I\N-Fi’n”,

20 12. A compound according to Claim 8 in which R14 is

13. A compound according to Claim 8 in which R16 or R19 are i-Bu.
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15 21. A conmpound according to Caim20 wherein R30 is selected fromthe
group consisting of -M and -CH err]CH-err{Meferr]. 22. A

conmpound according to Caim20 wherein R33 is selected fromthe group
consisting of -Pr, -Bu, and -CH[ erg!mmu Imq‘m {“EZO 23. A
conpound according to CI ai m1 wher P‘{'ﬁ'ﬁ o oﬁb
conmpound accoWGH?a Cl aim 20 sel ected fltonf'the group consi'sti sa o)

bi s- (Cbz- I euci nyl) - 1 3-di am no- propan-2-one; 25 bi s-
1, 3- (4- phenoxy- beaz oy |A) cainpiind accpidingao ClaigiBwhich is:

1- (Cbz I 'euci nyl) -am no- 3- (acetyl -1 eugi nyl ) - am no- propan- 2- one;

1- (Cbz-1 euci nyl)-am no-3-(Cbhz-gl uth\l)—t tjzl ﬁster"ﬁ am no- pr opan- 2- one;
1- (Qbz- 1 euci nyl) - am no- 3- ( Coz-RFut I ZQm PN 2- (RTe; bi s-

1, 3- (Cbz- | euci nyl ) - di am no- (S) - bL{I‘,anom‘é l?fone{:{ ii N

237 WD 97/ 16433 (o]

PCT/ US96/ 18000

1- (Cbz-1 euci nyl)-am no- 3- (Cbz- phenyl al anyl ) - am no- pr opan- 2- one; 1

- (Cbz- 1 euci nyl) - 381 NOAZx n@wcbﬂurgltsﬁla.mw.amﬁ%mﬂmeloocm)-

1- (Cbz-1| euci nyl ) - am no- 3- Cbz nor val'i nyl ) - am no- pr opan- 2- one; i s-

1, 3- (Cbz- | eucPnyl) - di am no- 5- et hyl - (S) - hexan- 2-one; 5

1- (acetyl -l eucin a -2 ; and

12 Cos- pom- 1 eucHEy! ) bl ’zféz&gﬁ%“‘?é%‘%‘Pﬁﬁzﬂ%‘!:%#ﬁ%"fﬂh%%@?gﬁgﬁﬂf 2.
A conpound accor of:$)Ne{4[(dibenBdoxycaybenyianito) hethybutil Jthikdol -2 ryilcacbonyl]-N'-

acetyl -1 euci nyl m ropan 26. A conpound accordin
E o C Z‘i m1 wh e)r/ el)(lﬁabe y?m@caxgonyli l%ucmylﬁwdrazxde Al 9

[err] N-benzyloxycarbonyl-L-leucinyl-N'-benzyloxycarbonyl-L-leucinyl-L-
10  leucinylhydrazide; and
(1S)-N-[2-[(1-benzyloxycarbonylamino)-3-methylbutyl]thiazo!-4-ylcarbonyl}-N'-
(N-benzyloxycarbonyl-L-leucinyl)hydrazide.

17. A compound according to Claim ! wherein:
15

18. A compound according to Claim 17 wherein:
R2! and R26 are selected from the group consisting of:
20 N-Cbz-leucinyl, N-Cbz-glycinyl, N-acetyl-leucinyl, N-Cbz-alanyl,

R2 =R =RNU=R25=H.
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15 27. A conpound according to Claim 26 wherein: R35 is

selected fraomthe group fmg's-t-.-i—ﬁg—e-f—Ph———GN——e-l’—-—p-w’—idi ne. g
A conmpound accor di ng to Claim 2 4- (3-chl or o- 2-cyano-

s .
phenoxy) - phenyl sulfonam do) - erIﬂlmumg“umuw A conpound
according to Caim27 known bis phenyl i
sul f onam do) - WOORAe#32- one. PCT/US96/18000
238 WO 97/ 16433 PCT/ US96/ 18000

30. A conpound gp C @ JEhiboK\mﬁ{c%faing to A" selected from the group consisting
of:2,2'-(N,N'-bis-benzyloxycarbonyl-L-leucinyl)carbohydrazide;
2,2'-(N,N'-bis-cyclohexylacetyl)carbohydrazide;
2,2'-(N,N'-bis-4-methylpentanoyl)carbohydrazide;

5  2,2'<(N,N“-bis-cyclopentylacetyl)carbohydrazide;
2,2’-(N,N'-bis-benzyloxycarbonylglycinyl)carbohydrazide;
2,2'-(N,N'-bis-acetyl-L-leucinyl)carbohydrazide;
2,2'-(N,N'-bis-benzyloxycarbonyl-L-alanyl)carbohydrazide; and
2-(N-benzyloxycarbonyl-L-leucinyl)-2'-[N'-(4-methylpentanoyl)]carbohydrazide.

10
20. A compound according to Claim1 wherein:

R30
& S R
REN T

p= H o= H

15 21. A compound according to Claim 20 wherein R30 js selected from the group

consisting of -Me and ~-CH,CH;Mes.

22. A compound according to Claim 20 wheréin R33 is selected from the group
consisting of -Pr, -Bu, and -CHyCHyMes.

20
23. A compound according to Claim 1 wherein R34 is --Bu.

24. A compound according to Claim 20 selected from the group consisting of:
bis-(Cbz-leucinyl)-1,3-diamino-propan-2-one;

25  bis-1,3-(4-phenoxy-benzoyl)-diamino-propan-2-one;
1-(Cbz-leucinyl)-amino-3-(acetyl-leucinyl)-amino-propan-2-one;
1-(Cbz-leucinyl)-amino-3-(Cbz-glutamyl-t-butyl ester)-amino-propan-2-one;
1-(Cbz-leucinyl)-amino-3-(Cbz-glutamyl}-amino-propan-2-one;
bis- 1,3-(Cbz-leucinyl)-diamino-(S)-butanone-2-one;
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5 31. A conpound according to Claim30 wherein R36 is selected fromthe

group consi sting of: [ err] 10.___.32. A corrpound accordi ng
to Claim30 wherein R err] of sai d conmpound i s Me. A conpound
according to Caim31 sel ected m, mnEIH miﬂl ﬂn3| sting of

1- (Cbz-1 euci %é? am no- 3- (4- (3 enoxy)phenyl,c%ysﬂw do) -

15 propan- 2- 1- (Cbz- | euci nyI
ani no- 3- (t osyl - am no) - pr opan- 2- one;

1- (Cobz- | euci nyl ) 1. &Bzt6u AniRESUCEY-pRASRYdny ) BeliAc 2)oRE;0pan- 2- one;
1- (Cbz- 1| eucinyl) - ﬁzno cgi}?)(‘ di beﬂzof Blriéa]tﬁsu 3narln glj%??)!gopan 2-one;

1- (Cbz hono- | eucli-(Ghzjleusin o-3:-(GbpapdarinyRraning-piopsi-&ener opan- 2- one; and
20 - (Cbz- | eygcicpgly %Pcﬁ.g\ %?@%C%g knowmﬁ%{.@g@@&g (S) - butan-2-one.

34. A conmpound accor
1- (Cbz-1 euci nyl )blainﬁﬂﬁbﬂiepgmyl) -diamino-5-methyl-(S)-hexan-2-one;

Sggnoxy phengl )- %:«Ifgl- a@éh‘?ﬁ)f rn(c))E‘f?aZp%fel?(g&'-benzoyl)-amino—propan—2—<mc:; and

PCT/ US96/ 18000 '1-(Cbz-homdTeucinyl)-aninpoObsileacinyl)-G+angnd-propas2oné3 known as
1- (Cbz-1 eucinyl)-am no- 3-( 2- di benzof ur ansul f onam.do) - ( S) - but an- 2- one.
25. A compound according to Claim 24 known as 1-(Cbz-leucinyl)-amino-3-
(acetyl-leucinyl)-amino-propan-2-one.
10

26. A compound according to Claim 1 wherein:

15 27. A compound according to Claim 26 wherein:

Cl
R33 is selected from the group consisting of Ph, CN or pyridine.

28. A compound according to Claim 27 known as bis-1,3-(4-(3-chloro-2-cyano-
phenoxy)-phenyl sulfonamido)-propan-2-one.

20
29. A compound according to Claim 27 known bis-1,3-(4-phenoxy-phenyl

sulfonamido)-propan-2-one.

238



5 36. A conpound according to Caim33 known as
1- (Cbz-leucinyl)-amno-3-(2- di henzofuransulf nnam .do)-pr opan-2-eA8——-
37. A conpound according to Caim1l wherein 38.

A conpound according to claim 37 I\mmﬁmmmu“m%
di benzof uranyl sul fonyl . 15 39. ord| ng to G aim 38

sel ect ed fronadémegasoup consisting of" ( S) - phenyPGRU$HH18000
[1-[[[ 3-[ benzyl oxycar bonyl -1 euci nyl - am no] - 2-
oxopropyl]-1-(be yI ) ly hyl butyl ] car bamat e;
(S) - Phenyl net hyl ?F@'ﬂﬁ%@ﬁg? %Az‘of@u'}egﬁél sul fonyl ) am nol - 2- oxopr opyl! | -
3-(benzyl ) am no] car bonyl ] - 3-net hyl butyl ] carbamat e; 20
(S)-Phenyl methyl [1-[] [3 [ (2-di benzof uranyl sul f onyl ) am no] - 2- oxopr opyl | -
3-(4-pyridinyl net hy any noj car bgnyl ] - 3- net hyl but yl ] car banat e;

[[F3-[(2-di benzof @ ' oﬂ] 2- oxopropyl] 3 (4-

”

1-TTE
pyridi nyl met hyl) ben2em a (S) Phe
[1-[[[3-[(2-dibenzofuranyl suI ony§ ) f noj oxopr opy
1- (4- pyri di nyl net hyl ) am no] car bonfyl ] -'3- l'E‘hyl butyI g3
240 WD 97/ 16433

PCT/ US96/ 18000 p= 40. A corfpotnd accordi pgdQe C ai m @9 known
(S)-phenyl methyl [1-[[[3-](2-

5 31. A compound according to Claim 30 wherein R36 is selected from the group

consisting of:

JOROINORORSON
a0

32. A compound according fo Claim 30 wherein R37 of said compound is Me.

10

33. A compound according t(; Claim 31 selected from the group consisting of:

1-(Cbz-leucinyl)-amino-3-(4-(3-chloro-2-cyano-phenoxy)pheny! sulfonamido)-
15  propan-2-one; '

1-(Cbz-ieucinyl)- amino-3-(tosyl-amino)-propan-2-one;

1-(Cbz-leucinyl)-amino-3-((4-phenoxy-phenyl)-sulfonamido)propan-2-one;

1-(Cbz-leucinyl)-amino-3-(2-dibenzofuransulfonamido)-propan-2-one;

1-(Cbz-homo-leucinyl)-amino-3-(2-dibenzofuransulfonamido)propan-2-one; and

20  1-(Cbz-leucinyl)-amino-3-(2-dibenzofuransulfonamido)-(S)-butan-2-one.

34. A compound according to Claim 33 known as 1-(Cbz-leucinyl)-amino-3-((4-

phenoxy-phenyl)-suifonamido)-propan-2-one.
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di benzof ur anyl sul f onyl ) am no] - 2- oxopr opyl ] - 1- ( 4-

pyridi nyl met hyl ) am no] car bonyl }-3-rethytbttyticarbamat e. 5 41. A
conmpound according to Caim 39 known as yI met hyl [1-[[] 3-

[ benzyl oxycar bonyl -1 euci nyl - ﬂm “Hm Iiﬂi 1- (benzyl ) am no] car bonyl ]1-3
- met hyl but)/dgcar bamat e A conpound accordi (‘rﬁ
daiml| whereW@91 15 43 A conpound accor di ng T, PH42
wher ei n: Rlerr] = CH R err])NHR[ err]: Rerr],
Rlerr], Rerr], Rerr], Rerr] and Rerr] are H RA7 is
|ndependently CH3 benzyl 2- pyridinyl net hoxy, 4-

di met hyl ani nobenz3p* ; 2°0compound according Ie(QljlmB known as 1-(CbR[lq§|pn(nyl)-_anmo-3 -(2-
CH(Rerr])Ar, CI—I(ﬂe@,% | oy Rlerr]) NR'Rl err];

R53 = ethyl, i-Bu, d’}a%m’%%’ﬁg)w'ﬁ%] Rlerr]C(O, Rerr] 0O
Rlerr] = H, CH[err] | - Bu; R[err] = Rerr], Rerr]OC(O;

Ar = phenyl o ht hy naI l&%[’}?' of. P f:[ err]
[err]al kyl, Hgt @err %@%u“%f%:ror oxy, rr?gﬁ%x‘?"m ta"t'i ?r‘
[err]al koxy, OH, dﬁlﬂi{zﬁhtah&t{lhh&x}ﬂ&ﬂi—p:ropiﬂem] Q(CH err])[err]NRlerr]Rerr];
Rlerr], Rerr] = H ({err]alkyl, Ar-Clerr]al kyI ; Het-(Jerr]al kyl.

241 WO 97/ 16433

PCT/ US96/ 18000  37. A compound according to Claim 1 wherein:

R A
|
H o0 R R
10 D= and Q= .

38. A compound according to claim 37 wherein R43 is 2-
dibenzofuranylsulfonyl. '

15 39. A compound according to Claim 38 selected from the group consisting of:
(S)-phenylmethyl [1-{{[3-[benzyloxycarbonyl-leucinyl-amino)-2-
oxopropyl}- 1-(benzyl)amino)carbonyl]-3-methylbutyljcarbamate;
(S)-Phenylmethyl [1-[[[3-[(2-dibenzofuranylsulfonyl)amino]-2-oxopropyl]-
3-(benzyl)amino]carbony!]-3-methylbutyljcarbamate;
20 (S)-Phenylmethyl [l-[[[3-[(2-dibenzofuranylsulforiyl)amino]-z-oxopropyl]-
3-(4-pyridinylmethyl)amino]carbonyl]-3-methylbutyljcarbamate;
l-[[[3-[(2-dibcnzofuranylsulfonyl)amino]-2-oxopr(_)py!]-3-(4-
pyridinylmethyl) benzamide; and
(S)-Phenyimethyl [1-[[[3-[(2-dibenzofuranylsulfonyl)amino]}-2-oxopropyl}-
25  1-(4-pyridinylmethyl)amino)carbonyl}-3-methylbutyljcarbamate.
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44. A conpound according to Caim42 selected from t he group consi sting
of : 2-[N-(N-h

phenoxyphenylsulfony )] car bohydr

T o -

2- [ N- (N- benzywexstaasdony! - L- | euCi nyl )] [N (4- phenyl benzWﬁ?ﬁ(FMydraz
i de; 2- [ N (N- benzyl oxycar bonyl - I eucinyl)]-2"-[N -(4-

met hoxybenzoyl )] car bo [ . QY. ({1219

LN (A benzyl bBar b Oy SHREuSE ecbling tp Caim 33 knpyn (S)-phenylmethyl (1-[13-(2
phenoxybenzoyl )| beehﬁdmdnﬂmlﬂmyl)anuno] 2—oxopropyl] -1-(4-

e At R L %

al anyl )] carbohydrazide; 1 5

2-[N-(N-acetyl -L-al anyl )] -2 J (N-benzyl oxycar bon¥
| euci nyl )] car gomﬁdr az Agkempoun accordmg to Claim 39’known as S)—phenylmethyl [1-fI[3-

2-[ N- (N- benzyl ox d - I 2
di met hyl ani norret ﬁ%@gﬁeﬁt’?# i a)“}of’ o '%Mp rop 1R XoBhzyaminolcarbonyi)-3

2- [N-(N-benzyloxymﬂw&mmﬂcmﬁﬂmmmlnyI)] 2'-[N -[4-hydroxy-[3-(4- 20

nmor phol i nomet hyl )] ] benzoyl | car bohydr azi de;

2-[ N-(N-benzyl oxycar bonyl -L-leucinyl)]-2"-[N -[4-(N, N

di met hyl am nonet hyl ) benzyl oxy] car bonyl - L- | euci nyl ] car bohydr azi de;

2- (N-benzoyl ),-2'-[ N - (N-benzyl oxycar bonyl - L- IeUC|nyI)]carbohydraZ|de

2- [N—(N—benz%poxycarbonyl L-leucinyl)]-2'-[N-[3-(4- 25

or phol | nomet hy! Jaenz abirp6idueiiding4d i 1| wherein:

2- [ N- (3-benzyl oxybenzoyl) -[ N - (N-benzyl oxycar bonyl -

| euci nyl )] car bohydr azi de;

2-[ N (N- benzyl oxycar bonyl h&leu0|nyl)] 2, m[N [ 4-]3-(N-N-di net hyl am no) - 1-
propyloxy]benzoyl]]c boh dra2|de n

2- [ N- (2- benzyl oxybe ZOyh}p ﬁ/’[N (thanyIQEWcarbonyl L-

| euci nyl )] car bohydrazi d s

WD 97/ 16433 D= andQ= R ) PCT/ US96/ 18000
2-[N—(N—benzy|oxycarbonyl L- Ieucinyl)]-2'-[N‘-(3-(4-

pyri dyl met hoxy) benzoyl | ] car bohydr azi de;

2- [ N-(4- benzybOxx@enzmebh]po&dJc&rmﬁghob@mhgmeéi.ponyl L-

" | euci nyl )] car bohydr azi
D Y R4 = CH(RS3)NHR4;
R45 R46 R48 R49, R30 and R3! are H;
R47 s independently CHj, benzyl, 2-pyridinylmethoxy, 4-

242

dimethylaminobenzyl;
20 J = C(O);

R32 = Ar, CHR10)Ar, CH(Rw)OAr N(R10)Ar, CHRIONR'R1];

R3 = ethyl, i-Bu;

R34 = R47, R47C(0), R470OC(0);

R56 = H, CH3, i-Bu;

25 R57 = R47, R470C(0);

Ar = phenyl or naphthy!, optionally substituted by one or more of Ph-Cy).
ealkyl, Het-Cg_galkyl, Cj_galkoxy, Ph-Cq._galkoxy, Het-Cg_
galkoxy, OH, (CH,)1.6NR38R39, O(CH,);_gNRS8R9;

R58, R39 = H, C}_galky), Ar-Cg.galky}; Het-Cg.galkyl.
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5 2-[ N-(N-benzyl oxycar bonyl -L-1eucinyl)]-2"-[N -(3-benzyl oxy-5-
nmet hoxy) benzoyl ] car bohydr azi de; -
2-[ N (N-benzyl oxycar bonyl -L-1eucinyl)]-2"-[N -(3-benzyl oxy-4, 5-

2 [n (e peney oxyearbony! - L . QUMANIBINERN =- benoyt oxy-
gé y %cm&%ummm

et hoxy) benzoy ¥8Bhydr azi de;

2-[ N (N- benzyl oxycar bonyl gl ycinyl )]-2"-[ N - (N benzyl oxycar bonyl - L-

| euci nyl )] car bohydr azi de;

2- [ N-(3-benzyl oxybenzoyl )]-2'-[ N - (N benzyl oxycar bonyl - L-

prol i nyl)] car bohgdr azAcdcempiind according to Claim 42 selected from the group consisting of:

2-[N-(N-b | -L-1e

et Dot Lo SR Rz o iy} YN .

(2'9)-2-[N-(3- bepﬂéﬂoﬁj{}ﬁbﬁﬂﬁﬂwn)lb]c&'boﬁj‘drazﬁd&- benzyl oxycar bonyl -
a

oo NN b7 5. eANpAEPgBRSispameklyapy L2 ﬁgﬁmgl%vcawyl-b

(2 RS) - Z[N(Nbféﬁém Pide: L- 1 eucinyl ) ]-2'-[2-(4-
phenyl phenoxy) pr opi o ]car ohydr azi de;

(22|[? gp ( g gg ?zgl (2)x g1y l)qn)zyloyca{bqnyl(-hlwfwvl %Flhlt-éﬁmylpmommmbpbzdrmde
met hyl pent anoyl )H[F (ﬁ%eg%ilg;ﬁca‘%nﬂb%@ﬁ CH'DBM [Nl 64—
(2'RS)-2-[ N-( N- bﬁmhplx Yieuryohyteatidetci nyl )] -2' -[ N - 2- (4- phenyl phenyl ) 4-

rreth | pent an ohydr azi N- ( 3- benzyl oxybenzoyl )] -
2 X Io[2 (4 h}ﬁ%@?ﬁ# ca’q"’“yl'l"rlfé‘ﬂ*&ﬁbgi}l ﬁo£/| )](]car bo%yerm de: Dl
[N-(3 benzyl oxyﬁa.azyuh)dy]ﬁcarﬂawydﬂhuaenzyl oxycar bonyl - N-net hyl - L- 30

| euci nyl )] car bohydr azi d
243 /! h7agesy5:3"-IN-(N-benzyloxycarbonyl-L-leucinyl)lcarbohycraziser, 96/ 18000

2- [ N-(3- benzyl oxygﬁ m&éylL&eu&xmnﬂd\‘m&Nownhﬂb@eumﬁmzcycar bonyl ) - L-

| euci nyl ] ] carbohydrazid
2 [N-[3 (4-pyri dylhmél]mhquynmmyl ]11-2' -[N -[N-(2-pyridi nyl net hoxycar bonyl ) -
15  2-[N-(N-acetyl-L-alanyl)]-2'-[N'-(N-benzyloxycarbonyl-L-

leucinyl}]carbohydrazide;
2-[N-(N-benzyloxycarbonyl-L-leucinyl)}-2'-[N'-[4-(N,N-
dimethylaminomethyl)benzoyl)]]carbohydrazide;
2-{N-(N-benzyloxycarbonyl-L-leucinyl)]-2"-{N'-{4-hydroxy-[3-(4-

20  morpholinomethyl)]]benzoyljcarbohydrazide;
2-[N-(N-benzyloxycarbonyl-L-leucinyl)}-2"-[N'-[4-(N,N-
dimethylaminomethyl)benzyloxyJcarbonyl-L-leucinyl]carbohydrazide;
2-(N-benzoyl)-2'-[N'-(N-benzyloxycarbonyl-L-leucinyl)Jcarbohydrazide;
2-[N-~(N-benzyloxycarbonyl-L-leucinyl)]-2"-[N'-[3-(4-

25 morpholinomethyl)benzoyl])carbohydrazide;
2-[N-(3-benzyloxybenzoyl)]-2'-[N'-(N-benzyloxycarbonyl-L-
leucinyl)lcarbohydrazide;
2-[N-(N-benzyloxycarbonyl-L-leucinyl)}-2"-[N'-[4-[3-(N-N-dimethylamino)-1-
propyloxy]benzoyl]jcarbohydrazide;

30  2-[N-(2-benzyloxybenzoyl)}-2'-[N'-(N-benzyloxycarbonyl-L-
leucinyl)]carbohydrazide;
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| euci nyl ] ] carbohydrazide; 5 | :
(2BS)-2-[N-[2-(4-phenyl phenyl )-4-pethyl pentanoylyll-2' - [N -[ N-(2-

pyrldlnylnethoxycarbonyl) L- Ieu0|nyl]]carbohydra2|de

ey e MR = e e

2- [ N- (N- benzywefyt@ddonyl - L-1 edci iyl 11]-2 - [ 2- (4- pheny| pREFYSY6/180001 o
t hyl pent anoyl )] ] car bohydr azi de;

nme

2-[ N- (N benzyl |- - VT2t I NI N4 Dhenv ohenvl ) - N ( 2.
ol hyl pro§3|z>yc3?%iﬁd&°#agme pﬂ%irfghcmyl)][-i".m[.&&- phenyl phenyl ) - N- (
2-

2-

[ N-(3- benzyl Oxyﬁﬁl?hﬁéthaﬂy-)&nzdyﬂi' cattish aé L- 1 euci nyl )] car bohydrazi de; and
[ N- (N-benzyl oxycar bonyl - L-| euci ny, I)[ [N (N-nethyl -L- 15

| euci nyl )] car bohsr&@N={4:bgazyloxybenzoyl)j=?- ?ﬁ%ﬂﬁ@’c&@%}’ldr‘ng to Claim1

wher ei n: arbohvdr. R64 [err] 20

46. A conpound agg‘glr'%‘l)]ﬁg tc;’ ézx aim 45 wherein Gis: 25 47. A

conpound accdr di 2{NiN-tenzylonycarbonpdlelencimyiy-F N +-S-henzilery§err] is H.

iAffstt C\I conpound ag oxy%erﬁo);lfcagoﬁydpaﬁd%,mer ein R erzzl]4 is i-butyl and R69 is

2-[N-(N-benzyloxycarbonyl-L-leucinyl)}-2'-[N'-(3-benzyloxy-4,5-
dimethoxy)benzoyljcarbohydrazide;
2-[N-(N-benzyloxycarbonyl-L-leucmyl)]-2'-[N'-(3-benzyloxy-5-

10  ethoxy)benzoyljcarbohydrazide;
2-[N-(N-benzyloxycarbonylglycinyl)]-2'-[N'-(N-benzyloxycarbonyl-L-
leucinyl)Jcarbohydrazide;
2-[N-(3-benzyloxybenzoyl))-2"-[N'-(N-benzyloxycarbonyl-L-
prolinyl)jcarbohydrazide;

15  2-[N-(N-benzyloxycarbonyl-L-leucinyl)}-2'-[N'-(4-
phenylphenylacetyl)Jcarbohydrazide;
(2'S)-2-[N-(3-benzyloxybenzoyl)}-2'-[N'-(N-benzyloxycarbonyl-2-
aminobutyryl)jcarbohydrazide; '
2,2'-{N,N'-[bis-(4-phenylphenylacetyl)]Jcarbohydrazide;

20 (2 RS)—2 [N—(N-benzyloxycarbonyl-L-leucmyl)]-2'-{2-(4-
phenylphenoxy)propionyljcarbohydrazide;
2-[N-(3-benzyloxybenzoyl)]-z'-[N'—(4-methylpentanoyl)]c_;irbohydrazide'.
(2RS, 2'RS)-2,2-[N,N"-[bis-[2-(4-phenylphenyl)-4- |
methylpentanoyl)]}jcarbohydrazide;

25 (2'RS)-2-[N-(N-benzyloxycarbonyl-L-leucinyl)}-2'-{N'-[2-(4-phenylphenyl)-4-
methylpentanoyl)]Jcarbohydrazide; '
(2'RS)-2-[N-(3-benzyloxybenzoyl)}- 2'-[N'-[2-(4-phenylphenyl)-4-
methylpentanoyl)]jcarbohydrazide;
2-[N-(3-benzyloxybenzoyl)]-2-[N'-(N-benzyloxycarbonyl-N-methyl-L-

30 leucinyl)jcarbohydrazide;
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WD 97/ 16433 PCT/ US96/ 18000 49. A
conmpound according to d ai ' ] is CH(R[err])NRlerr]Rlerr].
50. A compound according to C aim49 wherein R69 is i-butyl. 5 51.

Aceoring Lo Olaim 49 whor o mmmngm S A S

10 [err] WO9716433 53 A donpouhd Macfording to O ai m 4PCHEPHI$0Re5 s
Ar or CH(R69)Ar, in which Ar in said R65 group is
54. A conpound x6¢ed- g hIR2ANYRQE Dy Rdinylnteth rbonyl) L
: CH(R[err])NR‘ R[err n?gfgﬁf%ﬁl)nmgﬁ??%grrf, C:I-(l)(x K o g)OAr , Ar, or
Het. 20 leucmyl]]carbohydraznde,
2-[N-{3-(4-pyridylmethoxy)benzoyl]]-2'-[N'-[N-(2-pyridinylmethoxycarbonyl)-L-
leucinyl]icarbohydrazide;

5 (2RS)-2-[N-[2—(4—phenylphenyl)-4-methylbentanoyl)]]-2'-[N'-[N-(2-
pyridinylmethoxycarbonyl)-L-leucinyl}Jcarbohydrazide;
2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2'-[N'-[2-(4-phenylpheny])-4-
methylpentanoyl)]]carbohydrazide;
2-[N-(N-benzyloxycarbonyl-L-leucinyl)}]-2"-{N'-[2-(4-phenylpheny])-4-

10  methylpentanoyl)]jcarbohydrazide;
2-[N-(N-benzyloxycarbonyi-L-leucinyl)]-2'-[N'-[N-(4-phenylphenyl)-N-(2-
methyipropyl)carbamoyl]jcarbohydrazide;
2-[N-(3-benzyloxybenzoyl)]-2'-[N'-(N-methyl-L-leucinyl) Jcarbohydrazide; and
2-[N-(N-benzyloxycarbonyl-L-leucinyl)}-2'-[N'-(N-methyl-L-

15  leucinyl)]carbohydrazide.

45. A compound according to Claim 1 wherein:

RM
f
\N,NsM.R‘""
{
D= L—G— and Q= R®

46. A compound according to Claim 45 wherein G is:

N N

25 47. A compound according to Claim 45 wherein R63 is H and R64 is H.

48. A compound according to Claim 45 wherein RO6 is i-butyl and R69 js
i-butyl.



245 WD 97/ 16433

PCT/ US96/ 18000 25 A_compound_according to (aim54 wherein RA IS

i -butyl. A conpound according to Caim45 wherein L is

LTS grﬁﬂﬂlllll Iy e~ eren o Aror vt

or 10 3¥0 97ned3x onpound accofdi hg 1o % di m 54 wherei n PCrass26a8000i n
which said Het is [err] 15

49. A compound according to Claim 45 wherein R63 is CH(R69)NRSIR70.

50. A compound according to Claim 49 wherein R69 is i-buty).

5
51. A compound according to Claim 50 wherein R6! jsH.
52. A compound according to Claim 49 wherein R70 is R620C(0), in which
R62 js
10 |
| | |
H, CH, CH, H,
<~ N - | e '
™ ! >~ N ’ \N

53. A compound according to Claim 45 wherein RS5 is Ar or CH(R®9)Ar , in

J
jSUCEENG

15 o : :

54. A compound according to Claim 45 wherein L is
CHRYNRRS, CHR4)Ar, NRAR5, CHRHOAY, Ar, or Het.

which Ar in said R63 group is

20
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58. A conpound according to Caim54 wherein L is NRG6R67. 59. A
conpound accordi ng to CI al m 54 wherein L is—CH-Rerr])Rerr]Rerr].
246 WO 97/

PCT/ US96/ 18000 - ﬂﬂ'%ﬂ ‘ﬂﬂw "mng to Claim45 which is:
[err] 5 61. A corrpound 45 whi ch |s sé'&erruls
62. A conpWeae82or ding to d ai‘m 45 sel ected fromthe gri&d ting
of : 10

(1S)-N-[2-[(1-bepzyl aXpado .@%cﬁnmf\memﬁ K45 Dbiitgro! - 4-
yl car bonyl ] -N - (4- phenoxyphenylsul onyl) hydrazi de;
(1S)-N-[4-[1-(Nbenzyl oxycar bonyl - L-1I euci nyl am no) - 3-

56. A compound according to Claim 45 wherein L is
CH(RS6)NROORS8, CH(R66)Ar, NRO6R67, CH(RO6)OATr', Ar, or Het,
5  in which Ar in said L group is

;
5 &% Ay

or s

10
57. A compound according to Claim 54 wherein L is Het, in which said Het is
S
el
502 .
15

58. A compound according to Claim 54 wherein L is NRO6R67.

59. A compound according to Claim 54 wherein L is CH(R66)R60R68,
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met hyl but yl ] t hi azol - 2-yl carbonyl ] -N - (N-benzyl oxycar bonyI -L-1 euci nyl ) hydraz
i de;

(1S)-N-[ 2-[(1-benzyl oxycar bonyl am no) - 3- ne th| az -4-
yl carbonyl ] - N - (4- phenyl phenyl acet ml [I uﬂ ll "T L
S)-N-[2-[(1-benzyl oxycarbonyl am no) i azol -

yl car bonyl ] - Wweop®16433 pryi di nyl net hoxy) benzoyl ] hydra2| de;

N-[ 2- (2-chl orophenoxynet hyl )t hi azol - 4-yl carbonyl ]-N - [N-(4-

pyridinylnethoxy yl)-L- I uci I,

N-[ N- (4- pyri di ny &f?@‘f? ’gﬁ]‘%ﬁﬂ‘ ?P]‘ﬁ?{fh’?‘z [4- (1,2, 3-thi adi azol -
4-yl yphenyl ]t hi azol - 4 ylcarbonyl]hydra2|de

N-[ 2-[ 3- (4-chl or ophenyl sul f onyl met hyl )t hi en-2-yl]tgi azol - 4-yl carbonyl]-N -
[ N-(4-pyridinyl met hoxycar bonyl ) -k IeUC|n ]hygrazﬁde

(1S, 2" RS)-N-[ 2-[ (1- benzyl oxycarB‘onyl -3, bur ] t hi azol - 4- 25

yl carbonyl ] -N -[2' - (4- phenyl phen] )4 Mnth Ipeﬂtanoyl]hydra2|de

247 WD 97/ 16433 Ar x—Y .

PCT/ US96/ 18000
N[ 2- (3- benzyl oxyphenyl )t hi azol - 4-yl carbonyl ] -N -[ N-( 2-

E))lerIS?I nN—yl[ ge'E Eg?igngﬁ'&%%ﬁgm[*f@rﬁn%%%%ﬁéF] (ihal%ol 4-yl carbonyl ]-N -[ N

(4-pyridi nyl met hoxycar bonyl ) -L-1euci nyl ] hydrazide; 5
N[ 2- (2- benzyl oxyphenyl )t hi azol - 4-yl| car bonyl ] -N - [IE,(4-

pyri di nyl met hoxycar bonyl ) -L-1 euci ] hydr agi dey
I\l-[2-[|\l-nethyl-|\l-(4-phenylpherﬁ\l) i I,Nﬁfw'&aﬂﬂﬁyll- -[ N (8-
pyri di nyl met hoxycar bonyl ) - L-| eugn yI h azi E d

N- ('N- benzyl oxycar bonyl - L-1 euci ﬁ&l ) - N X¥¥- ( 4- phenf benzyl )th| azol -4- 10
yl car bonyl ] hydr azi de;

N-[ 2- (4- phenyl phenyl benzyl )t hi azol - 4-yl carbonyl]-N - [N-(4-

pyri di nyl met hoxycar bonyl ) - L- | euci nyl ] hydr azi de;

N- (N- benzyl oxycaébonyA compeundi mgdr;lmzslto CRain) #5 §<lecnast fingrh phreqgaanip) cohbisting of:

R L2 1 (2 byt pr ogdt s R A toR ) 2 bUaAgPoR- [ (4-
pyri di nyl net hoxyylearbamyl-IN=- &ﬂmmypyénbbyms@nhm::dc,
N L2 (2 benayl oherl) Oy b carbemh Mk o
N[ 2- (2- benzyl 0Xmaﬂhﬂwlyl]tﬂiiz%Y-QlylérﬁbhﬂMBHcilzy%xyE%ér&l -L-leucinyl)hydrazide;
(1S)-N-{2-[(1-benzyloxycarbonylamino)-3-methyibutyi]thiazol-4-
15  ylcarbonyl]-N'-(d-phenylphenylacetyDhydrazide; |
(15)-N-[2-[(1-benzyloxycarbonylamino)-3-methylbutyljthiazol-4-
ylcarbonyl]-N'-[3-(4-pryidinylmethoxy)benzoyl]hydrazide;
N-{[2-(2-chlorophenoxymethyl)thiazol-4-yicarbonyl}-N*-[N-(4-
pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide;
.20 N-[N-(4-pyndmylmethoxycarbonyl)—L-!eucmyl]-N' [2-[4-(1,2,3-thiadiazol-
4-yl)phenyljthiazol-4-yicarbonyl]hydrazide;
N-[2-[3-(4-chlorophenylsulfonyimethyl)thien-2-yl]thiazol-4-ylcarbonyi]-N'-
[N-(4-pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide;
(18,2'RS)-N-[2-[(1-benzyloxycarbonylamino)-3-methylbutyl]thiazol-4-
25  ylcarbonyl]-N'-[2'-(4-phenylphenylacetyl)-4-methylpentanoyl]lhydrazide;

~<'-N
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20 pyri di nyl met hoxycar bonyl ) - L- | euci nyl ] hydr azi de;
N- (N- benzyl oxycar bonyl - N-net hyl - L-1 eucinyl )-N -[2-(2-

benzyl oxyphenyl )t hi azol - 4-yl car3 mmu litmln _
N[ 2-[ N-(2- et hyl propyl) - N-phen'l " yIcarbonyI]-N‘-(N—(Z-
pyri di nyl met hoxgcar bonyl ) - L- | euci*ny[’] hydr'azide;*

N[ 2- [ N- ( 2- nYR)TI88Bpy | ) - N- phenyl ami nol t hi azol - 4- yI car bony!| PCR{USY6f8g08_

pyri di nyl net hoxycar bonyl ) -L-1euci nyl ] hydrazi de; and

N[ 2- (2- met hoxyphenyl w 70| - 4- car)%)‘n - N - N- [4<

pyri di nyl net hoxycar b@%i 3 %“Fgﬁé%hﬁ’ml %i%yd‘?go"yéé' NG A .

phar maceuti cal InhdtioX yCa byl )SlL-Rgicmyhydesidesl according to Claim 1l
d h t t bl e di | t.

328 a4 phar mac\e;\% |9$711 (-:I‘E:I-E[‘ -[?—( -pheny{pinlsx%rl)-?a-n{ethl;ﬁmtylloirnazeczh }R X carbonyl]-N'-{N-

PCT/ US96/ 18000  (4p gndmyln%oxycﬁb&@ﬁ)@féu@ﬁ:yl]mr&ide‘ ng a cysteine protease

conprising adm nls ering t gﬁ lent in need thereof an effective
Y;

anount of a éonpoundl‘hﬁ?c@rbﬁnhﬂonwhm hiazpl-4-ylcaghonyBN'-[N-(&- net hod accor di ng

238. ° akmngfh\ggeg’sh?'r g’kﬁ%\g a di él'gsae%cﬁg‘j@’cdtr%ﬁegtegeg;l lr)]one IosPs< conpri sing
i nhi biting said bone N-m[.=N-hytmm-(ﬁfpheaylpmybmo}waz@ntylca’bmﬂfN‘t[Nquof an
et hod accordi ot aHRR PR Pd Aoy IR ¢’ 7 ost coporosis.
68. A nethod accor tN-(Nrbérezyloxftaiddn§l-Leuciiyl)-N'(Rd4-phogdienzyiRhiagdlisodont i ti s.
15 69. A rret h accordl ng to Claim®66 wherein said disease is
gingivitis. 10 ylcarbonyl]hydrazide;
N-{2-(4-phenylphenylbenzyl)thiazol-4-ylcarbonyi]-N'-[N-(4-
pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide; |
N-(N-benzyloxycarbonyl-L-leucinyl)-N'-{2-[N-(2-methylpropyl)-N-
phenylamino)thiazol-4-ylcarbonyl}hydrazide;
15 N-[2-[N-(2-methylpropyl)-N-phenylamino]thiazol-4-ylcarbonyl}-N-[N-(4-
pyridinylmethoxycarbony!)-L-leucinyl}hydrazide;
N-[2-(2-benzyloxyphenyl)thiazol-4-ylcarbonyl]-N'-[N-(3-
pyridinylmethoxycarbonyl)—L-leui:inyl]hydrazide;
N-[2-(2-benzyloxyphenyl)thiazol-4-ylcarbonyl]-N'-[N~(2-
20  pyridinylmethoxycarbonyl)-L-leucinyl}hydrazide;
N-(N-benzyloxycarbonyl-N-methyl-L-leucinyl)-N'-[2-(2-
benzyloxyphenyl)thiazol-4-ylcarbonyl]hydrazide; '
N-[2-{N-(2-methylpropyl)-N-phenylamino]thiazol-4-ylcarbonyl}-N'-[N-(2-
pyridinylmethoxycarbonyl)-L-leucinyl}hydrazide; '
25 N-[2-[N-(2-methylpropyl)-N-phenylamino]thiazol-4-ylcarbonyl]-N'-[N-(3-
pyridinylmethoxycarbonyl)-L-leucinyljhydrazide; and
N-[2-(2-methoxyphenyl)thiazol-4-ylcarbonyl}-N'-[N-(4-
pyridinylmethoxycarbonyl)-L-leucinyl}hydrazide.

30 63. A pharmaceutical composition comprising a compound according to Claim 1

and a pharmaceutically acceptable carrier, diluent or excipient.
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70. A nmethod of treating a di sease characterized by excessive cartil age

or_matrix degradation conprising i-phi-biting—sald excessive-cartilage—
or matrix degradation by 20 admi ni st eri n\i ﬂ@i patient in need thereof an

et sccorcino to 0 o 7o MMABIIRRIL 5700 oo 17 2"

e is osteoarthritis. 25
72. A net hostoacsessli ng to d ai’m 70 viherei n sai d di sease i PCRISHHIION d
arthritis. 249

64. A method of inhibiting a cysteine protease comprising administering to a

patient in need thereof an effective amount of a compound according to Claim 1.

5 65. A method according to Claim 64 wherein said cysteine protease is cathepsin
K.

66. A method of treating a disease characterized by bone loss comprising
inhibiting said bone loss by administering to a patient in need thereof an effective

10  amount of a compound according to Claim 1.
67. A method according to Claim 66 wherein said disease is osteoporosis.
68. A method according to Claim 66 wherein said disease is periodontitis.
15
69. A method according to Claim 66 wherein said disease is gingivitis.
70. A method of treating a disease characterized by excessive cartilage or matrix
degradation comprising inhibiting said excessive cartilagé or matrix degradation by
20  administering to a patient in need thereof an effective amount of a compound
according to Claim 1.

71. A method according to Claim 70 wherein said disease is osteoarthritis.

25 72. A method according to Claim 70 wherein said disease is rheumatoid arthritis.
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(S7) Abstract

The present invention provides compounds which inhibit proteases, including cathepsin K, pharmaceutical compositions of such
compounds, and methods for treating diseases of excessive bone loss or cartilage or matrix degradation, including osteoporosis;
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