WO 99/ 57135 PCTI US99/ 00260 1 ANTI Pl CORNAVI RAL COVPOUNDS, THEI R PREPARATI ON
AND USE 5 CROSS- REFERENCE TO RELATED APPLI CATI ON This application is

rel at ed t\@%%/.&lsfr ovi si onal Application No. 60/083, 828, fipcafysedieidsh 30,
1998, t he nane of Dragovich et al., the disclosure of which is

i ncor por ated by reference herein. FIELD AND | NDUSTRI AL APPLI CABI LI TY OF
THE | NVENTI ON The invention pertains to peptide-like and peptidom netic
conpounds that 10 advantageously inhibit the enzymatic activity of

pi cor navi r al [ especi a r hi novi rus 3C proteases (RVPs), and
that retard %ﬁf&ﬁcmm EWPQHN%&EHE%BRFMM?I@H ANRBYSE ¢l ates to
the use of such conpounds in' pharmaceutical conpositions and therapeutic
treatments for rhinoviral infections. The invention further relates to
processes for synthesizing such conpounds and conpounds useful in such
synt heses. BACKGRORUSSREFRRENVEND RRLISTEDAPPIGUAPON USes are a fam |y
of “tiny non-envel oped. posi tive-stranded RNA- contal ni ngélvi ruses that infect

humans  and TBisiEPLCaHPR slategia HeS. \?F‘P‘ihsé‘é%al MEP%?&P@“N?@WQ 828, filgdnovi r uses,
DuITRn AR OISO The AT 1SRRI BN h4/GRSon I BPAN R LSRRy o TR and
bovi ne“ent eroviruses, encep onyocar Itrs viruses, meningitrs virus, foot
and mpsferdensd Hensies, hepatl tis Avirus. and others. The human rhinoviruses
are a mjor cause B hereﬁre no effective

therapi es onii 2%t ment s t hat

relieve th%@mh@éﬁpenﬁirﬁ% lumkewﬁhu@fﬂﬁné{mo%o&ﬂcﬁaﬁﬁd by i nhibiting
':Tglt%uprot eolytic 3C enzynes. These enzynes are required for the natural

r a@va@raae@usﬂ\h@hwtdb(? PREY Mt %CélVIWﬁéylcaméWﬂééﬁmmﬁemeé efprciallyhe
aut oc G [ e .essenti al
Vi ol AeiohlsacORUARte by AR ARIANM el B, BELATALE! M Bl e S o
wher e r¢lltes suhé h;edcrﬁshckgmmgmundﬁsm pﬁmemmabdoamoemohhmdghmmme gl yci ne
am de bond. eases eve ck proteolytic
ol eay SRR RE AR T R eRich SRS & moge s PSR araIaEIn and
repl i gadh @dmpdunddwnd\bompsasishyefurihendedynth@sesi th viral particle producti on.
Therefore, inhibiting the_ processing of this C]}{Stei ne protease wth
sgllpsrecti ve small nol ecul esMQﬂﬁ@lﬂMni zed shoul d

esent  ge IRk ANes 3t HHGH Sk iAPRSR -Gk RAYI T al
i nfections ek’ thIaS natsure and.gl |Hwart%f@gdbsﬁ§ec%%rqmn cold. 30 1 WO
99/ 57 t8&aimEE Wesey Dadefrct Mﬁend;whtﬂ anfmédleclihese ivirhsebiinobuds thé hiran enzymati c

act | Vlrltu 0\91];'us é %%\é},ﬁoavllmég Qurgz;necac‘gcgacklewruses human echoviruses, human and

bovine enteroviruses, encephalomyocarditis viruses, meningitis virus, foot and mouth viruses,

hepatitis A virus. and others. The human rhinoviruses are a major cause of the common cold.
20 To date. there are no effective therapies on the market that cure the common cold. only
treatments that relieve the symptoms.

Picornaviral infections may be treated by inhibiting the proteolytic 3C enzymes. These
enzymes are required for the natural maturation of the picornaviruses. They are responsible for
the autocatalytic cleavage of the genomic, large polyprotein into the essential viral proteins.
Members of the 3C protease family are cysteine proteases, where the sulfhydryl group most
25 often cleaves the glutamine-glycine amide bond. Inhibition of 3C proteases is believed to

block proteolytic cleavage of the polyprotein, which in turn can retard the maturation and
replication of the viruses by interfering with viral particle production. Therefore, inhibiting the
processing of this cysteine protease with selective small molecules that are specifically
recognized should represent an important and useful approach to treat and cure viral infections

of this nature and. in particular. the common cold.
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(i.e., antipicornaviral conmpounds) have been recently discovered. See, for
exanple: U S. Patent Application No. 08/850,398, filed May 2, 1997, by

Webber et ; . Patent Application No. 08/991, 282, fil SR6NE" 16,
1997, by aa%ﬁéé et al.; and U.S. Patent Application Noﬁgl‘é'};%m, 739,

filed Decenber 16, 1997, by Wbber et al. These U S. patent 5 applications,

t he 1di scl 0SE@E s@AIMIERIARBIbIBEOF BRleakRfatRACE!IRy SpiERhALANGE prdl8ssd | be
certain antipicornaviral conpounds. There is still a desire Po di scover

smal | - figt-@atipomayip Gamsoundsk have beengeprndy sliscovesest ¥ee. fanexppmer Havi r al

agents H\ﬁ/ﬁ% I il[‘bﬁ,sz ] hy tionis to
di scovgf1 Sa %a$egg%§ /é;&?%h%ld that ar é%9 Vg&%abg'%etcalE apl%ylpgt\éﬁtgnt
anti pi @@pheatlonaio a89at.382, AllddiD¢dearbentsy, 8697 dmy Drh@avuah\mat;mdw S. Rarerpr ovi de

commovanerian 55 Dol 25 EEBEBEEIE S P R Eub 8 o e

Obl Ct applicatiéns] thé@idcioRtirel 5 WRicRER lﬁa@por%%@i@wﬂe&%ncsmwe%ﬂaﬁ that are
highly effective for treating nal adies nediated by i nhi bition of

pi cor naviipigenaxirabeemeeiids  Thareis sHY ardseirectgwhirsaves small-nRlequletsimnousdtihgle been
attai ngggsg &%%}botté}l?agﬁ r%lég agonpounds of the invention, 15 which are

pi cornavir rotea eln |b| tors displaying particularly strong

antiviral actl Vi ty It haEMMARY QFhQHE IDANTIQNover ed that peptido and
ti domi ta het I
Pave i gh 1 AP PR BT SR AREE I B Erh R TR G e EORBSUE LRt A “bocn

sur pri skpgiayly petedtartiplordahRalrdge MoV Arfatthd? lobfe€BsTRhd MREMiohiiN R6¥ilyi ty of
pe do and _peptidom netic conpounds may be significantly enhanced by
repl acﬂlﬁeméﬁd@t‘iﬁt%ﬁfuh@flﬂwsémthﬁﬂﬁ at Wf Haksase-whibiiRg Jeppapnds and synthetic

r hi nov'rﬁéaho LQL gs%a%@ mﬁ&gegg B bR iRl A85:£R BergfleCOMPri sing a

ganmma- el ta- e |n bltors of] the present 1 nvention are of the
foll ovmphgrngaemxrcal cdngrosigioas (hia) are h@hFWef%tx@ feR trZatiRg rhhiRBeOmdtRatti B3 R Z1 6 1

e NS it B by, L B o -0, W12 0280 B 12
O al kyl gr oGach objectd hWE 161 5&313&1 T BR U R0VE0 of &onﬁ‘ﬁblﬁdi of( tA8inVentfon,
15 which are picomaviral 3C protease inhibitors displaying particularly strong antiviral activity.
[t has surprisingly been discovered that peptido and peptidomimetic compounds containing a
five-membered heterocyclic group have high rhinoviral-protease-inhibiting activity. It has
further been surprisingly found that the rhinoviral-protease-inhibiting activity of peptido and
peptidomimetic compounds may be significantly enhanced by replacing a glutamine-like
moiety found in some known rhinoviral-protease-inhibiting compounds with a side-chain
20 comprising a gamma- or delta-lactam.

The inhibitors of the presént invention are of the following general formula (I):
O R O R, Z
Rs
M Y 2
N R N R &
80 R R,

. Y i1s -N(Ry) -, -C(Ry)(Ry) -, or -O-, where each R, is independently -H or lower
alkyl;
] R, is -H, -F, -alkyl, -OH, -SH, or an O-alkyl group;

@

25  wherein:
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R2 and R3 are each independently H - NH2; or R41) (R41) where n is an
integer fromO to 5 A is CHor N A2 and each A3 are independently 5
sel ected f\,{; 9(1 DH(R41), N(R41D), S, S(O, S(O2, and 0, /‘é}% 6BIH or
NR41, where each R41 is independently H or |ower alkyl, provi d no
nore than two heteroatons occur consecutively in the above-depi ct ed r| ng
fornmed by Al, A2, O (A3),,, A and C=O and at least o of R2 and R3 is v
NH2 or o A4 10 (A3)n \\CAt \A/ (R41)(R41) R5 and R6 eAé\ch

i ndependently H, F, an al kyl group, a cycloal k group, a [het emncycl oal kyl
group, an aryl group, or a heteroaryl gro VV/%!? and a/r/é1

i ndependent |y H, K I a J( 41)@@; erocycl oal kyl
group, an aryl grlf)lzgmgllIR X#eetgék?glg?%ﬂdg%{%u}? -OR17, - Sﬁi? -NR17R18,
“NRLONRL7RLS, whereNRY Z0Ridker fbarleto R1A,; isRU8 or Nind, a&&eahe\@mindeptdeﬂendent |y

H, an alkyl ogl,k cycl oal kyl 0 an aryl
groud, a hete?ggg?ﬁqﬂ?gg%4ﬁgfgéﬂg%§y$fﬁ&&&gb F%%@d@%‘?ﬁépﬁé?yﬁgﬁst one of
R7 and R8 is aWhalelyth RGNOmBepeaddyl§/IDad loywer akgugrov@emaeﬁ@ﬁw @ah kyd group,
an aryl group, a heteroaryl 20 group, -ORl7 -NR17R18, -NR19NR17R18,
or - NRL70RL8: heteroptoms ogelircamsieautiyielyanitie %P@V@siyplctaﬁangiormé bYPiafe each

i ndependently H, F, an al kyl group, a cycl oal kyl grou a heterocycloalkyl

group, an aryl group, a heteroaryl group, C(O)R% - CN,
"OLO NI, (LN 0208t RSk o RES) - SOR21, - SCRR21,
- S02NR21R22, 1) (OR22), - SONR21 -803 1, PO(CR21)2 -PO(R21) (R22),

25 PO(NR21R22)( Q(NR21R22) (NR23R24), - C(O NR21INR22R23, or -
C(SIANR21NR22R23, whdre jo, R22, R23, and R24 are each independently H an
al kyl group, a cycIApaI b'zy group, a heterocycl oal kyl group, an aryl group,
a heteroaryl géoup, ar'f\zacyl group, or a thioacyl group, or where any two
of R21, R22, R23,Raf’ R24,; together with the aton(s) to which they are

D o G T K AR 1, S B Sl e ot oL
to which they ag@rdepnearyl gk@ipMardaryl group, or a heteroaryl group;
. R7 and Ry are each independently H, an alkyl group, a cycloalkyl group, a
15 heterocycloalkyl group, an aryl group, a heteroaryl group, -OR 7, -SR;7, -NR 7R3,
-NRsNR}7R 3, or -NR7OR 5, where R7, Rys, and Ry are each independently H, an
alkyl group, a cycloalkyl group, a heterocycloalkyl group, an aryl group, a
heteroaryl group, or an acyl group, provided that at least one of R7 and Rg is an alkyl
group, a cycloalkyl group, a heterocycloalky! group, an aryl group, a heteroaryl
20 group, -ORy7, -SR 7, -NR 7R 15, -NR9NR 7R 13, or -NR;70R j3;
) Ry is a suitable organic moiety; and
o Z and Z, are each independently H, F, an alkyl group, a cycloalkyl group, a
heterocycloalkyl group, an aryl group, a heteroaryl group, -C(O)R3;, -CO,R5;, -CN,
-C(O)NR21R22, -C(O)NR31OR 2, -C(S)R21, -C(S)NR3R2;, -NO,, -SOR3y, -SO5Ryy, -
SO2NR21R2, -SO(NR21)(OR22), -SONRyy, -SO3R;1, -PO(OR21)2, -PO(R21)(R22), -
25 PO(NR21R22)(ORz3), -POMNR21R2)(NR23R24), “C(O)NR2 NR2:R 3, or -
C(S)NR;31NR2;R23, where Ry, Raz, Rys, and Ry4 are each independently H, an alkyl
group, a cycloalkyl group, a heterocycloalkyl group, an aryl group, a heteroaryl
group, an acyl group, or a thioacyl group, or where any two of Ry, Rys, Ry, and
R4, together with the atom(s) to which they are bonded, form a heterocycloalkyl

group, provided that Z and Z, are not both H;
30
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cycl oal kyl or heterocycl oal kyl group, where Z1 and R1L are as defined above
except for noieties that cannot formthe cycl oal kyl or heterocycl oal kyl

group; or 1, together with the atons to which they , form
a cycl oalvﬁélﬂgﬂ3 et erocycl oal kyl group, where Z and Z1 ar e?%@%@?%gd
above except 5 for noieties that cannot formthe cycloal kyl or

het dr ocycl oal kyl ogZ g R, J{ogetherueitt 1h@ Atotd s wWhedhl théysre bOndOHHGS ,
pharmaceutical ly acceptable salts, pharmaceutically active netabolites,

and phar rraceut‘iyélgfiﬁ(yl ordetssecysioalkybgroup. chess Z caiddbidseias dsfinghabaveenedp 1. | n

preferred enbogi ; GOHP t . .and R3 are each
RIT 10 N O 9?&5%%1)§ ( %%tl‘%a)nsml ) ~%&9§189ﬁé"5 ‘%3“5%2‘%?%"%?@‘ %ﬁg{?p NH2: or

(R41) (R41) @R41) pRA2hd Eheogether wathdle atome grewhich dieyQre bhomded, femach R41 i s

i ndependently H or..| r alkyl, and the stereochem stry_ at the carbon
denafed O 15 %C?’ﬁlkgﬁg\@?feé?‘i‘%l?awl)grﬂgpﬂv@lre fln%tp“b%ed‘éﬂgfﬁ?gta%%‘fe &Rt one of
R2 and R3 is VolNrdiedies thEfdanfdiNofrc{H34y o4 H) ormetefody Bk Rdddp. ( RA1) (RA1)
Preferably, RO is a five-nmenbered heterocycle having one to three

het er 0dt§ A CEBPERIER RTINS P Prodrygs apfrmacepncally ageeptable ks, ehpatceytiseldy ment s,
th i - ' dent |
e vanL@Rl BsalidD &Mlﬁr&a%&ﬁca@?_a%&)@gka@{@sogﬁgf@gg%%@?w);ﬂg ?Orhﬁl.ﬂiglge naently

selected fromH, F, |ower alkyl, R21, provi ded t hat
Z and Z1 ar én prgfertedtembledinsimés of tiR2donzpedndRss the formaled, Rnateddendeestchy H, an
al kyl group, a cycloal kyl group, a hetergcycloal kyl group, an aryl group,
a heteroaryl group, an acyl group, or alft hi oacyl group, or R21 and R22,
tog@her with the aton(s) to whi ch®\ey are bonded, forma 25 OHONH
het et ocycl oal kyl group. At |east one pf RR or RBis or ONH2 , and the
other is H R5 and R6 are each independen;f§€&Pected fromH, F, an al kyl
group, a cycl oal kyl 0 a het ef~geycloal ka/l group, an aryl group, and a
het er oafidepertddntly H; ~ NHz. or Rap(Ryy) RanFar , where n is an integer from 0

to 5, each Ry; is independently H or lower alkyl, and the stereochemistry at the carbon denoted

0]

15 with an asterisk may be R or S; provided that at least one of R, and Rs is h" NHz or
Ra1

N

(C(R41}{R41))n
~ *

~

c
C R .
Ren)Ryp) e/ Rar . Preferably, Ry is a five-membered heterocycle having one to three

0 heteroatoms selected from O, N, and S.

In other preferred embodiments, the variables of formula I are as follows. Z and Z, are
each independently selected from H, F, lower alkyl, -CO,R,;, and -C(O)NRy Ry, provided that
Z and Z; are not both H, where R,; and R;; are each independently H, an alkyl group, a
cycloalkyl group, a heterocycloalkyl group, an aryl group, a heteroaryl group, an acyl group, or

a thioacyl group, or Ry, and Ry, together with the atom(s) to which they are bonded, form a

H
25 o N O« _N

O 0
heterocycloalkyl group. At least one of R; or Rj is r "é

, , or
O

o~

alkyl group, a cycloalkyl group, a heterocycloalkyl group, an aryl group, and a heteroaryl

H2 | and the other is H. Rs and Rg are each independently selected from H, F, an
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WD 99/57135 PCTI US99/ 00260 1 group, nore preferably one of R5 and R6 is H
and the other is alkyl or aryl (e.g., unsubstituted or substituted
phenylnethxbbwsﬁgsand R8 are each |ndependently H, an al kyl 360

cycl oal kyl " “group, a heterocycl oal kyl group, an aryl group, or a ﬁeteroaryl
group; and nore preferably one of R7 and R8 is H and the other is alkyl

(e.91, @os, Rtk preferiBly B}é of2R PARAIRY is HQind tl?edfﬁérhé’hlk&l‘&%@ﬁ)(!:% aﬁsu%gﬂfth@at hyl
(e.g., unsubstituted or substituted phenyl nethyl or nap f hyl met h R9

is a fivsupsiveed Boenylmethyly Rolopd Ra@ier?@clf ingeresfentlydLtanatier] Besupr veit yl
I
sel ect eéi‘oﬁ(lﬁ %rﬂe%roéyclo@ﬁk?l gmé;g%h%rﬂ r @Ibi Het oz]iarkllv ?re%@ﬁ& Erﬁ)(;e r%%e%bcfi&[? 1 0at om

havi ng at ['east one nit het tonlan t one oxygen
(e.qg., eofdvdtRstiuHedd thre ashdyds alk]dt(ea 2. Repydyamethyl-2{propeyl, ori soxazol yl ),

1 3 oxaz al oxaz r oxa 2, 3- oxadi azol yl ,
 Ssthyrarmyon F EASabd e 6 uS R E it SR B B G

u n S uBst metphth@ﬂnal‘iﬁl) 1R mm%éml!)er&dﬂm&rb&}lﬂ&ﬁvﬂnggrcﬂfn oA tﬁl?e@ |h¥ﬂercf&f&ns :

preferred. In es eC|g%L§ preferred enbodi nents RO is 3-isoxazolyl or

5- i soxa¥Aciad fream UBYE Preierably gt W§dﬁ@mr@f1 keterppycle Ravenept leagiconget hy|

groups ﬁﬂg%éhr heRBbAGRNSd at¥ehdd oﬁ@!)ﬂfgeﬁ‘ ﬁetélr(‘)gtoH GBS {u@&i cﬂr gﬂs‘%lru{tgcgl hal ogen

substituents. In a preferred enbodi nent, the conpounds
phar macetazdlyh(iley 1%@@!1)3&%0?(@3“}4 €. ph@OM):.QUOXEIdadeIyI ac, Bmadmztodi)bol ites,

and sol yat,e Vi i or navi t|V|t 0 lLess than or
equal tgéfdg‘R?Z&yﬁﬁe?gf EMZ& ¥ %ﬁw ?Soﬁg%%§® gﬁﬂ%ﬁﬁ g GPdferably 15 an
ant i h| moxomethylasibbtitifieyt 1m,4-hxaa1mza@5&e Ipea“srrédwaﬂ egfecﬁﬁy&efé&dl&nﬂ\ﬂdirﬂerﬁ@e

H - cell. cultu I n angth r aspect, the invention is directed to

i nter rre P 15t3 e’§°’8‘?°1f"!)1’%f58x42|° oy ?ré’r"émsyt%?d OrtSHESUF‘&P‘l"M’I‘tB opg-or (e methyl e

sef ul SR A13)p All /
(CHD) p gﬂaR%%d?*R?ﬁﬁ% S0 vah sEREhALY RERES (Q%EQ)%R@ R(%ﬂﬁ%&‘%ﬁ '(R5él)o (R54)

R55 (I1) R55In(d preferregiambediment, thy dompawndsnpredmgs, phafmasent®alipadseptable Al l is

g'(*Rgrl) N, @Al@(%g&egg%;\% a%egn%aﬁow%p%fjsowa 3 &0 ‘%wfo%a%m BRgh R

i ndepenaeRCkgyleds,thal deyehual ae 31(1)0 ol in aliieyH | H&L@Veldadtufrélﬁsa}n and'iiog: préfefablyvo

For Ba By RN 2SR gy hin B 18 heppeganal fo FF R fil Hlra Sl Siifie.® !

In another aspect, the invention is directed to intermediates of formula II, preferably of

the formula II’, which are useful in the synthesis of certain compounds:

Rs4

@)
A
i N
(A13)p \

Ati (CHa)p
(Ra1)(R141)C Az
20 Rss o A
N C(Rs2)(Rs3)(Rsq) NN N CRe)Ren)Rsa)
Rss (1D Rss Ir)
wherein :
e pis an integer of from 0 to 5;

25 e A isCHorN, Aj; and each A3 are independently selected from C(Rg;)(Re1),
N(Re1), S, S(O), S(O), and O, and A4 is NH or NRg,, where each Rg; is
independently H, alkyl, acyl, or aryl, provided that no more than two heteroatoms
occur consecutively in the above-depicted ring in formula II formed by Ay, Ajs,
(A13)n, A1s and C=0;

e cach Ry4 is independently H or lower alkyl;
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each R141 is independently Hor |lower alkyl; 30 5 WD 99/57135

PCTI US99/ 00260 R51 is H, alkyl, acyl, or aryl; R52, R53, and R54 are
each inde selected fromH, hydroxyl, alkyl, acyl, o]
any two oﬁgﬂgggl%& and R54 together form=0 or =C(R57) (R58), %gfeoyiemRS?
and R58 are each independently selected fromH, alkyl, C02(Cl-C6)alkyl,
COZN( C1- Colal ey lis HamRyICR4{ 3k ¥fyl;; and 5 RS5 and R56 are each independently
H or a suitable protecting group for nitrogen. The invention is also
direct ed t o *phRnnioceud Rsakieeacicinderieadintlysallettsd frbom Hehydorqybatigs aofl, afdr nul ae

[l and 11" . The.iny i 0 | s0 relgtes to pharmceutjcal co sitjons
containing a t #&F apet '?t' }‘Vgﬁql )?z’iéii"?lé%??ﬁggeé%g?ﬁn g?) %t _{:é%é}(ﬁﬁgqu}fﬁﬁund of
the fornmula I, amrRs apereach indepepbiditiyackited Gkl N, allylacogpt &)k y3atd,N(C;-

phar maceuti cal lé icti ve et ali)ol ite, or solvate thereof. Additionally, the
i nventi on rel at@akylyanteReaslemnq nhi biting pi cornaviral 3C protease by
admni stering I i | . . conpound
o the o il o R e ARG Bl e R Plor Rt e BRY men

phar macdwetinatliby isadsoi dirgcioe tapiairmacsutically siotepsibée sahiepibf codpduldk BED

DESCRI RT]I ql}l eﬁl{}ll;a)ngﬁEFERRED EMBODI MENTS The present invention relates to
conpoun he"formulal: 15 0RT OR Z R ,.-k YRRHRS HR3 Z, 0 R6
Rl (1), whemneiiiveXtiondiso featesR3 phidacWRicalRompBSitioMeontainiAd § tiélapdtifcafl$

defi ned above, andaﬁtégéﬁ pharmaceutically acceptable salts, prodrugs, active

met abolSfieEiEve amRns of af draskoneisemestndy th replal) ¢ 2 wodme cdwppansdically
phal RGRUARL Lo, ARGRRIARLASEL EmREORE WS AEHETRIARN A SRe | and

sol s have ant i pi comavi ral activity, nore eferably a hi'novi ral
act i vi tigyentionrelatepiomaitheyistod irdmbigSMicorageral RAprarase dyabimiostd@ pM in the H

than - origgperth oA AowRB! fe Bl Soprind b BRRRELG: « ol ccent
i nvent i pharmat@ifidatipatdeptabrlsak gshaintacpiiteaiy hat cGRsTRIRS] o1 flvdib@iefearmul as | - A,

25 1-B, and 1-C._ 0 R7 F%i R2 7
DETAILED DESCRIPTION AND PREFERRED EMBODIMENTS

The present invention relates to compounds of the formula I:
O R o) Ro Z
/”\ R
Rg N N - Z;

wherein Y, Ry, Ry, R3, Rs, Rg, R7, Rg, Ro, Z, and Z, are as defined above, and to

15

pharmaceutically acceptable salts, prodrugs, active metabolites, and solvates thereof.

20  Preferably, such compounds, pharmaceutically acceptable salts, prodrugs, active metabolites,
and solvates have antipicornaviral activity, more preferably antirhinoviral activity,
corresponding to an ECs less than or equal to 100 uM in the H1-HeLa cell culture assay, more

preferably corresponding to an ECs less than or equal to 10 pM in the H1-HeLa cell culture

assay.
The present invention additionally relates to preferred compounds of the formulas I-A,
25 I-B, and I-C:
0 R 0 R
7 B YR5 2
/U\ N 2
Rg N Z4
HR8O Ry M TOR
6 1 (I-A)
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RO HR8 ORB HR3 RL Z~ (I-A) 30 6 WD 99/57135 PCTIUS99/ 00260 ~ R7 R O R2
Z5R NRNR3/ Z HB80 R HRD(I-B) 50R RRBOR2 Z4 0/ ROHR$ O
R6 H R3 R - wherein Ry (in formula I-A) is Hor lo and
Rl, R2, Rt}zbr?e%gﬂ% R7, R8, R9, Z, and Z1 are as defined \;%C:)T\fgé,%éhchoto
pharmaceutically acceptable salts, prodrugs, active netabolites, and
solvates thereof. 10 The imeentive gommeunds of formulas I-A which are
referred to herein as '|pept]i de- IRjg" nds, |-B, which are referred to
herei n as "ket onet hyg eneN ¢ Z{' C, which are referred to
herein as "depsi pepti de"ljg in their backbones, which my
affect the specific biodistri ot'her physical (pBypperti es;
nonet hel ess each possesses a strong rhinoviral -protease-inhibiting

activity. 15 In preferred enbodi nents of conpounds of forrmulas I-A, 1-B,
and L-C above: Rl is k) F,Ror an algkyl RJoup; Ry (in formula I-A) is Hor
methyl: R3, R5, and gg,}are eac& Rs I § sellected fromone of the _
follow ng noieties: R ,@’{V\ﬁ/ ~y1 ~ " i ,and '~/~ NH2 . R6
is an al kyl group, whi ch haRg &s a preferRed op i'onal substituent an aryl
group; R7 is an alkyl grdip, & cy&eoalltyl Broup, a hetgrgcycl oal kyl group,

an aryl grou or_a heteroaryl group; is a five-nenbered heterocycle
y Eﬁ%( Y

. RO
havi ng YPORPGHdR SrpRiadebie Her 6%1‘{‘"&?&1%%»@116&1 el R o, ReERORsRo, Grandg
pref eragl s M‘égﬁ{e@ aBbvd &5 pRREnREuddfy Q&Eﬁ{agl@tsﬁﬁ'{@ pfo%rdé's,thﬁge,e&etaBg'l%Es,l S

unsubstitute
and solvates thereof.
10

The inventive compounds of formulas I-A, which are referred to herein as “peptide-
like” compounds, I-B, which are referred to herein as “ketomethylene-type” compounds, and I-
C, which are referred to herein as “depsipeptide” compounds, differ in their backbones, which
may affect the specific biodistribution or other physical properties; nonetheless each possesses
a strong rhinoviral-protease-inhibiting activity.

15 In preferred embodiments of compounds of formulas I-A, I-B, and I-C above:

Ry is H, F, or an alkyl group;

R, (in formula I-A) is H or methyl;

R3, Rs, and Rg are each H;

R; is selected from one of the following moieties:

H H
O N 0 N o
2 BONDE
r ¢ _and *i\/lLNHz;

R is an alkyl group, which has as a preferred optional substituent an aryl group;

R7 is an alkyl group, a cycloalkyl group, a heterocycloalkyl group, an aryl group, or a
heteroaryl group;

Ry is a five-membered heterocycle having from one to three heteroatoms selected from

25 O,N,andS, preferably where at least one of the heteroatoms is nitrogen, that is unsubstituted

or substituted, where the optional substituents are preferably halogen or lower alkyl, and more
preferably mono-chloro or -fluoro or a methyl group; and

Z and Z, are each independently H, F, an alkyl group, a cycloalkyl group, a
heterocycloalkyl group, an aryl group, a heteroaryl group, -C(O)R3;, -CO3R;1, -CN,

30 “C(O)NR21R22, -C(O)NR21ORy;, -C(S)Ra1, -C(S)NR31R2:, -NO;, -SORy, -SO5R,,

7



or substituted, where the optional substituents are preferably hal ogen or

| oner al kyl, and nore preferably nono-chloro or -fluoro or a nethyl group;
and Z an 0”56 each independently H, F, an al kyl group, f XsbRbhéy!
group, a heteérocycl oal kyl group, an aryl group, a heteroaryl group,

-C(O R21, -0C02R21, -CN, -C(ONR21R22, -C(O NR210OR22, -C(S)R21,

- US99/ 00260 1
- SOZN%@E&% e Ng\]z}} R%z%’) SOT% SO}I%'?sgs %’ g@%ﬂﬁ@g -PQ(R21) (R22) ,
- P NRI’URNR)z(IQB&R23) PEDM’MKNW@R@(DDNRMMMRZMRQINKZZRZI%

C(S) NR21N t H, and wh R21, R22, R23,
and ??2‘%%{? 22 %’Eﬁ GRS [[985@3 E)VV%PF alg?w Zg’l 3@5}4 r&?ﬂﬁ%%&"wg"gﬁ%&ﬁq{‘ﬁb’ Hyeup, a
het er ogygl RedK ¥lcy&bslky, gr@\li) ahterody Qbdkyl &ré\§t 8K 9@ Rgxlouﬁ raodé?eroﬁgl gréuﬁ%w

group, or a thi oacyl roup, or where any two of
t oggt hasy] @iopp, ArRehigaeEENDt & WitsT e anyt tiey! Ko e Rop Rdednd Rox mgathhrewr@h dlf;ycl oaI kyl

gr oup t ther with the atons to
whi ch tﬁé§5é€g’ﬂgﬁ%ﬁ% Qorg%crl’%géﬁ Qﬁ%ﬁ@?gcg%ryl " group. In preferred
enbodi erehts] Zi (hethcsnipboeiibowd), togethemviginthie aronaste vafich they drerafadhaé, form\a, | -

B, and I.C . 10 ONR0 (CH)n OR7Z Ry ORI NNNRL HOR6 HZZ
(1 A-)etirgcxsq_é@gmup(mz)n ORT OR RONNI HOR6 H20Z 71 (I-B)

o0 R20 N In preferred embodiments, the compounds of the invention are of the formulae I-A’, I-
B’, and I-C’:
10 o Rao
N\
(CH2)n

Z Z1 (I_A’)
15
O Ry 0
Re)LwWw*
H O Rg H
20 (I-B)
CH2
O Ry o)
Ao
Rs w)\r YH
H O Rs H
25 (1-C)

wherein:
Ri, Z, and Z, are as defined above;
nis1or2;
Ry (in formula I-A’) is H or lower alkyl;

Re is alkyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl;
30
8



(CH2)n OR7T ORR)-NONR HOR6 HI 25 27 71 (1-C) wherein: RL, Z, and
Z1 are as defined above; nis 1 or 2; Ry (informula l-A) is Hor |ower
al kyl ; cycl oal kyl, heterocycl oal kyl, aryl, or ;30
5 W bo o2 Lssd 00360 1 R Lo g kyl, cycl oal kyl , heﬁ@%@c‘%‘!& kyl ,
aryl, heteroaryl, -ORl7, -SR17, -NR17R18, -NR19NR17R18, or -NR170R18, V\/nere
R17, IR:L8 ang, B%ﬁ(yﬁrc%l@ﬁﬁﬁ héi%p@'dmaxlla)fylkhet@x{)grw ’-OR%V CéIQW, %7&

heterocycl oal kyl, "aryl, heferoaryl, -me &d

het er oc?&heNRazRumgr OVR17OB st Where RhﬁtRef,taadl Rmrsedch@ﬁmeﬂdemﬁﬂ alyl, 5 and S,
that is_ u t| ut ed O‘ﬁ(ﬁ\é ut e lrethe optional substituents are
pr ef er abi 8’ gﬂ’ erocty\%Ba d zhe&@ ard FA5€t and/ or hal ogens. The i nvention

al so rel at esR¢ i§ afivedhetgerediadroRC R Mav R dn¥ 1R EE&HeaRbRomabdiSeted from O, N,

phar maceutical |y active metabolites, and solvate of such conpounds. I'n

pr ef gr r M S A i wRsHpsSitutedher sbsititachi viiers the onlgenal substituente aterpyefarablyrongoe

o] un ecific formulas I-A", I-B", and I-C': 10 O
R rm %IO%rmM%&iﬂS%dﬂ%%Q Ay RFORZR N_NZ HORHRL

(| - B") 15 OTlRﬁn@erngISOR@M(D}Nocﬂ‘]Jg:HpﬁarRﬁchltiéélb( dtc-céﬁ;’)t)tblmbzdtsei n Ry, Rl, R,

def d t |1 t abl
20’ sal t Sl auhe8aur Sanf Fuleien EBPoBPEE Ther cor - 11 S?S?Er?ede

enbodi ment s fprefefipd inBsdidbnts NBe RWPAHiBitinpAgentd ofthe irentiorCare corffodnds H F,

or net hy|
Xf any of the stereospecific formulas I-A”, I-B”, and I-C”:

10 RS R

H O R H Ry 1-A™)
0O Ry O R,
N VN
H O Rg H Ry (I-B™)
15 0O Ry O R, Z
Do eae e
H O Ry H Ry a-c™
wherein Ry, Ry, Rp, Rg, R7, R, Z, and Z, are as defined above, and pharmaceutically acceptable
20 salts, prodrugs, active metabolites, and solvates thereof.

In preferred embodiments of compounds of the formula I-A”, I-B”, or I-C™:
R, is H, F, or methyl;
Ry (in formula I-A’) is H or methyl;

R, is selected from one of the following moieties:

H H
Os N O N
f e \I} Ij
25 .
\/\Ig ’ _rr ’and -é :

R is arylmethyl or arylthiomethyl, where aryl is preferably an optionally substituted
phenyl group;
R7 is an alkyl group, more preferably selected from 2-propyl, 2-methyl-2-propyl, 2-

methyl-1-propyl, and arylmethyl, where the aryl group is preferably phenyl or naphthyl;
30



Ry (in formula I-A") is Hor nmethyl; R2 is selected fromone of the
followng noietiess: HN N25 NH2 O'~. ~J/ ,and ~, R6 is arylnethyl or
aryl thi or‘m&@%lsng\?ere aryl is preferably an optionally subs‘;égf/ﬁgggg 2spnenyl
group; R7 1s an al kyl group, nore preferably selected from -propy?,

2-met hyl - 2-propyl, 2- nmethyl-I|-propyl, and aryl nethyl, where the aryl group
i's pref er ablry iPREMELIYRoxRAMIL ENxadiaRfly| doBndY Subidr eﬁ%%"@%ﬁ/r%@ﬁ)%erm I'S

i soxazol yl , oxazolyl, or oxadiazolyl, optionally substl tuted wth one or
two | o] gepugy andgerduipsernandr hal ogens; and Z is H and Z1 is - CO2R21,
-CN, or -C(ON : W X 0 are as. defined, above r.Z and 71
t oget her f o?n%sgg c%%%f g@@%?l%’i%%d@%gﬁgz’%}e&ee% ‘éiflgﬁé"be}rfl?s ‘Eeﬁ-’g’ed

RVP- i nhibbvd, ong aad &ntaeethbr fohe aicyvléndstedior ammizieconpounds of 5 any of the

formulas I-A'", 1-B"  and I-G'': R20 ON(CH2)n OR7/ Ry j Z RI~ NNN
Z, 10 H 0 REVE! RPTPreiRraty. t‘?é‘z‘g’l’tﬁ“ﬁ%(“éﬁég‘ﬁ“s i Sren Do semponsisof i 0 Ro
H RI" (lanBof theFé@hulsd MARY 182 and-&9:N if O N Z1 _

I?20
N
O \(CHZ)n
O R, Ry O z
N
10 Ro '?‘/kﬂ/ \=)\“|‘ >z
H O ﬁe H R1 (I_A?”)
I?20
N
O ~(CHy)n
0 Ry o) y4
1 AN Y
H O _R-s H R1 (I_B’ b ,)
Ffzo
N
O \(CHz)n
0 Ry o) y4
0]
y A e AL,

H O Ry H Ry 1-C”)
wherein n, Ry, Ry, Rag, Rg, R7, Ro, Z, and Z, are as defined above, and pharmaceutically
acceptable salts, prodrugs, active metabolites, and solvates thereof.

In preferred compounds of the formula (I-A’**), (I-B*”*), or (I-C*):
R, is H, F, or methyl;
25 Ry (in formula I-A’) is H or methyl;
Ry is hydrogen;
R is arylmethyl or arylthiomethyl, where aryl is preferably phenyl unsubstituted or
substituted with halogen, lower alkyl, and/or lower alkoxy;
30
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~I HORE HRL (1-C'") wherein n, Ry, RI, R0, R6, R7, RO, Z, and Z1 are as
defi ned above, and pharnmaceutically acceptable salts, prodrugs, active

nmet abol i t ol vates thereof. In preferred corrpounds roul a
(1-A"") ?ﬁowﬁor (I-C''): Rlis H F, or methyl; 25 %T%?’B&dm

I-A") |s H or nethyl; R20 is hydrogen; R6 is aryl rrethyl or arylth| onet hyl ,

wh | th |
| oﬁg‘f oy e %?m‘%r‘gge‘ﬁ%%w%"éﬁ?“* {565, Rl 23HA LB bkep 1 R s
an al k?’fm@hﬂulppmaﬁhi amd)arélrm’d@flewlam theiasyl gedupds pnbfefrabjyrpﬁerprﬂ opydphthyl;

2- met hyl b |
< pr of er ably ke S Pkl R R R ol bR o o 0P

oxadi a:tmﬂ/qualkyegmlnpmﬁtd/&ﬂﬁlolgynsshmstl tuted with one or two Iovver al kyl
groups and/%r \%ﬁ ns; §n is H and Z1 is -CO2R21, -CN, or

) NR21R2S 1S RS 1C %ﬁ:lsz@I 8F QAN Rem atheresR sabest Ry 0w astleined 71
t09 hﬁBoJe%ﬁZﬁn@Zﬁﬂog&hé%ﬁﬁa‘é&clﬁ:@sﬁiﬁorz{rﬁdQSpeC' ally preferred conpounds of
the invention of e generic formula I (and subgeneric fornmulae), R is H
or F. | n andt ¢reeciglbppreterred Rempoundp of ha invenidon efohegeredc formeataigdidt e

conpou and IF: R51 10 0 A14 / 51 O (A13)p M\ All,
N2 ( ofils %@?‘;‘%ﬁn&@{ E{{S% R56 N C(R52) (R53) (R54) N C(R52) (R53) (R54)
R55 (11) R5 4rdthex aspkbt, Weanwintiot selincated abinesmédiate AompodhkR of AkJornilid R51,
R52, iﬁ@d 4, R55, R56, and R141) are as defined agove. These conpounds

are us or synthesizing pharnaceutically useful conpounds of the
formula I. o Rsy
YAM /
\ O N
/(A13)p \
Al (CHa)p
(ReandRean)C” A1z
Ress R
N C(Rs2)(Rsa)(Rsq) PN C(Rsz)(Rsa)(Re)
Rss (II) Rss (II’)

15  wherein the variables (p, Ai1, Az, A1z, Aua, Rsi, Rsa, Rs3, Rsa, Rss, Rsg, and Ry41) are as defined
above. These compounds are useful for synthesizing pharmaceutically useful compounds of
the formula I.

Preferred Rss and Rs groups are H and suitable protecting groups for nitrogen, for
example, BOC (t-butyloxycarbonyl), CBZ (benzyloxycarbonyl), FMOC (fluorene-9-
methyloxycarbonyl), other alkyloxycarbonyls (e.g. methyloxycarbonytl), and trityl

20 (triphenylmethyl). Other suitable nitrogen-protecting groups may be readily selected by
artisans (see, e.g., Greene and Wutz, Protecting Groups in Chemical Synthesis (2™ ed.), John
Wiley & Sons, NY (1991)). Preferred groups for Rs», Rs3, and Rsy are H, alkoxy, hydroxy, and
carbonyl.

Preferred formula-II compounds include the following, where Py is a suitable
95 protecting group for nitrogen and q is 1 or 2:

o 0] 0]
Nl-l NH NH

(CHy)q (CHa)q (CHy)q

HOOC™ “NH, HoOC” “NH EtO,C7 X ri:H

30
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Preferred R55 and R56 groups are H and suitable protecting groups for
nitrogen, for exanple, BOC (t-butyl oxycarbonyl), CBZ (benzyl oxycarbonyl),
FMOC (f 1 ugy met hyl oxycar bonyl ), other al kyl oxycarbony

met hyl oxycar g%ny?s) and trityl 20 (triphenylnmethyl). O her Scsrw/lg%lgﬂozm
nitrogen-protecting groups may be readily selected by artisans (see, e.g.,
G egne and Wit z, Protecting Groups in Chem cal Syntheweo(2d ed.), John
Wley & Sons, N©Y (1991)). Preferred groups for R52, R53, sudeh R54 are H,

al koxy, hydroxy, Hcarbonyl . Pref formula-11 co iOMé ude t he
foll ow ng, where PN i(GHg,suitable 25[protecting group fo rogen and q

is 1 or 2. ONH ONH (CH2)qg ( )g HOOC NH2 HOOC NH Et 02C NH
FN FN 3 99/ 57135 PCT/US99/ 0260 MeO ONH O W (£LH2)d N CFi 2) ¢
MeO 0 NH'SHS: NH CH2)g 51 O PN PNHOI PN M MeO OV W
10 \% O0 N%D 2: N% N, % ( CH2) qOB882) g NHCH2) g Et 02C NH OHC N kCRAC NH2  HC
' NEN OMe N Ile )
HO
I}IH
Pn
MeO MeO MeO
OMe OMe OMe
10
° N, Ox Ly O8N
(CHZ)q (\CHZ)q (CHZ)q
X
EtO:C W Et0,C”""NH, =HCI OHC™ "\H
PN PN
15 Other preferred intermediates include the following compounds, where BOC is t-
butyloxycarbonyl:
H H H
O~ N O~ __N Os _N_
) ) j
S O
BOC__ = BOC _ S BOC__ =
N CO,Et
20 N 2 N CO,Et N CO,Et
Of these, the preferred stereoisomers are:
H H
O~ _N Os N_
] J j
S
BOC._ _— BOC._ BOC._ —
N CO,Et N
55 N 2 N CO,Et N CO,Et
30
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15 O her preferred internedi ates include the foll ow ng conpounds, where BOC
Is t- butyloxycarbonyl: HHH ONONON- 0 S a'l BOCK CO2Et BOONCDZEt

BOON/ C Et 20 HHH O these, the preferred ster Sl €:
H 0N SR s o Boo BOCK BOK E 28 B GooEt K USRI ORIRERLS T
WO 99/ 57135 PCTI US99/ 00260 Especially preferred internedi ates include the

f ol ljowi ng CoEREIANYrefEredOnidn M Mbludéth'e-'% nBHOC Et ®2C NH BOC
MO OOV NH ONHON 1OI\/EONHC]-ICNH HONH BOC MO
Hooc/g\;z) HOOC - Etozc/\/(ft)

MeO
QOMG
N
10 MeO
NH OHC™ “NH
OMe BOC BOC
HO
I}IH
BOC

MeO
- Q Q Q
' Et0,C7 X" "NH, HCI

In accordance with a convention used in the art, :LLL is used in structural formulas

20

herein to depict the bond that is the point of attachment of the moiety or substituent to the core
or backbone structure.
Where chiral carbons are included in chemical structures, unless a particuiar orientation

is depicted, both stereoisomeric forms are intended to be encompassed.
25 As used herein, the term "alkyl group" is intended to mean a straight- or branched-chain
monovalent radical of saturated and/or unsaturated carbon atoms and hydrogen atoms, such as
methyl (Me), ethyl (Et), propyl, isopropyl, butyl, isobutyl, t-butyl, ethenyl, pentenyl, butenyl,
propenyl, ethynyl, butynyl, propynyl, pentynyl, hexynyl, and the like, which may be

unsubstituted (i.e., containing only carbon and hydrogen) or substituted by one or more suitable

30
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MO MO 150 Ove O O ON OO NN EtO2C NH BOC Et O2C NH2 HCI OHC NH
BOC 20 In accordance with a convention used in the art, is used in

struct ural s herein to depict the bond that is the i

attachnen?wég&gﬁé?nniety or substituent to the core or badﬁﬁ%ﬁ%m@P§8cture.

Where chiral carbons are included in chem cal structures, unless a

par tji cwhtatituehis @B tigkide@belowS(cFE RN bEFord MM dresd, 81 &0 FO 0 T, C - ynt ended

to be enconpassed. 25 Ashﬁégg hqgeinf tﬁgeter%1"glkgﬁ éFgﬁgkﬂﬁg%#ﬁﬁgnded to
mean abeipg Rrederted) .o “hevigs @Hatigonnl is interdedvaimsan an allylcambumliavemg fisratied 4and/ or
unsat ugahed Gakhels 8l and hydrogen atoms, such as nmethyl (M), ethyl
(Et), propy?, I sopropyl, butyl, isobutyl, t-butyl, ethenyl, pentenyl,

Ib'uL enyl, Eﬁdpgdgalkyl@mp‘iyé_. mtdndgq/myheanprr@pmmhaqqaﬁmwlmeht mbﬂg@cyal‘i'd,a and the
I ke, I nay. .unsupstifute I . € nt ai ni ng only carpbon, an

nydrog B0y B CEisSeS TR Byt bt i £ 0 Bitle 1298 o rwmmiszr 35
PCT/US3h{30240 of Whidhhisdyl Beuaifedsr WedthRed, ARl WNIck fra¥ be uBiHsRite §,e -
hal ogens, such as F. with F and O being Ereferre . A "lower

a, Br, or I,
al kyl grbstiprted by qneros mpseisyigblesubstisientsias definaddelovh and gwhichmay bedused car bon
atons fe ' g k Yo S . n.a,non-aromatic
m)novaiogehgt)lt%gﬁgggeg?ciy?oa&g%rggési’ %ijl g;;oﬁ r P{:begﬁpggy?%g?gsal (lzégﬁﬁ%nll%lvﬁé Y 4, s,
6, 7, &cugsubgi@uted dr sut@iituled, byeme b mosr wbstitnémy 1lGstettivasxangsiedofafclobikgh nmay
be satu&%tggmﬁh yns gq&%ted.‘gnd whi ch may be unsubstituted or substituted
by one BT PREIFEE G IREP W E Y Y uent s as defined bel ow, and to which may be
fused one or nore heterocycl oe ) het er oar yl
grdﬁbs, whi ch t hensel vé Ay
nore substi nts. (11 atilve exa
foll owi ng noieti ~,10 €71 D

intended to non-aromatic novaleni nonocyclic, bicyclic, or
hrchj s satunated or unsaturated, containing 3, 4, 5,
[ 3, 14, , 17, or 18 ring atons, which
» R~ and .

tricyclicr

|, group” is

o

6, 7, 8, 9,
i ncludes 1,

b

5 A "heterocycloalkyl group” is intended to mean a non-aromatic monovalent
monocyclic, bicyclic, or tricyclic radical, which is saturated or unsaturated, containing 3, 4, 5,
6,7,8,9,10,11, 12, 13, 14, 15, 16, 17, or 18 ring atoms, which includes 1, 2, 3, 4, or 5
heteroatoms selected from nitrogen, oxygen, and sulfur, where the radical is unsubstituted or
substituted by one or more suitable substituents as defined below, and to which may be fused
one or more cycloalkyl groups, aryl groups, or heteroaryl groups, which themselves may be

7( unsubstituted or substituted by one or more suitable substituents. Illustrative examples of

heterocycloalkyl groups include the following moieties:

25

30
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het er oat ons sel ected from nitrogen, oxygen, and sul fur, where the radical
i s unsubstituted or substituted by one or nore suitable substituents as
defi ned bw(%\ﬁ/sﬁ%d to which may be fused one or nore cycl q,%h}gwg@géjps,
aryl groups, Oor Teteroaryl groups, which thensel ves may be unsubsti t ut ed
or substituted by one or nore suitable substituents. Illustrative exanples

of {heteroc oal kyl groups include the fol ing noieties: R ONRNNR N
nNNOl@éjCL)(E RR 25 QNNO, T-- NS NJOR 3014 W 99/57135
PCTI US99/ 0Q26 OON R R and An!"aryl gr " is intended to
r
O

mean an ar oMhti ¢ Grono ocycINC, bicydlic, or yclic radical
contai ning & 10, 14, af bon arg,atonﬁi whieh unsubstituted
or substituted by one or npre suitable substituents as defined bel ow, and
to whi ch magtbaYf BO8R" isdiendsd toipican ey apmalik jongrabany sonpesichie.disyelioairky |

9T OUPS (i QElidRHRAORWinifs @,Ulﬁ)?iel,"és*f‘il?*&aﬁo&gﬁﬁgbt‘éﬁ?s TR¥%n pﬁy%@%ﬁ&%ﬁ&% ed or

substituted by one or nbre suitable substrTtuents. ustratrve iﬁnples of
aryl gpdhspeitddiy anger nivee $udlable\siprgiturnises idefined helaw dnd\tc' Wkitk mag by fugd oup” i s

Dt o6 R0 B QBT Fey BN hroTRD AR Slogiy Bhgb i O 51T OYC LS

radi ca ontal nrn ] 6, 17, or 18

ring atheaBelved may bellum@bstitutdd oBsubdtituRd bh oREbemBR!ATEL1S SlRGiuesls f r om ni trogen,
oxygen, and.sul fur, which may be 15 unsubstituted or substituted by one or

more s HYSHBH Y cxameles of @i groyes inelndebe follgvane meifiieso  whi ch may be fused one
or nore cycl oal kyl groups, heterocycl oal kyl groups, or aryl QUPS, Wwhich
t hensel ves nay be unsubstituted or substituted by one or no | tabl e
subét i t uent Illusiratiye exanpl es of heteroaryl groups i e t he

3

fol |l ow ng

, and
A "heteroaryl group" is intended to mean an aromatic monovalent monocyclic, bicyclic,
or tricyclic radical containing 4, 5, 6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, or 18 ring atoms,
including 1, 2, 3, 4, or 5 heteroatoms selected from nitrogen, oxygen, and sulfur, which may be
15 unsubstituted or substituted by one or more suitable substituents as defined below, and to
which may be fused one or more cycloalkyl groups, heterocycloalkyl groups, or aryl groups,
which themselves may be unsubstituted or substituted by one or more suitable substituents.

Ilustrative examples of heteroaryl groups include the following moieties:

B R B =
At 7 AN A - A~
25 N7 >N A N @ \ @iN\>
A G @3 N
N A N .
0 o D0

15

Z—Z
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20NRS QXQ/ ?200JOXN3 25 NN NON ~I'I I Il \ NN NNONRSR [aN\ N

\'' I NON 30 15 WD 99/57135 PCT/US99/00260 N NC\D\ I J NN N\ i NR
N~ N5 S Iy and N A "heterocycle" is intended to nea ryl or
het er ocycl oal E/sfn%r oup (each of which, as defined above, 2‘?‘2”@%‘% ﬁ{())%oglly
substituted). An "acyl group” is |ntended to mean a -C(O-R radical, where
Rispa substituent as defined below. 10 A "thioacyl 2

mean a -C(S) -
"sul fonyl gr(®
substi t uent
radi cal -OH. )

"al kyl am no group i's |htended to nean the radical> - NHRa, ere Ra’is an

al kyl group. A" d@alkylanln&. nded to nmean the radica

tly an alkyl group. An "al koxy

N
- NRaRb, wher and\ Rb are ‘jeach|ii ndepend
group” is in en d mean t cal\- where Ra is an al kyl group.
20 Exenpl ary &rkox groupg i ncldde et hoXy, ethoxy, propoxy, and the Iike.

A “heterocycle” is intended to mean a heteroaryl or heterocycloalkyl group (each of

which, as defined above, are optionally substituted).

An "acyl group" is intended to mean a -C(O)-R radical, where R is a substituent as

defined below.

10 A “thioacyl group” is intended to mean a -C(S)-R radical, where R is a substituent as

defined below.
A "sulfonyl group" is intended to mean a -SO,R radical, where R is a substituent as
defined below.
A "hydroxy group" is intended to mean the radical -OH.
05 An "amino group" is intended to mean the radical -NH,.
An "alkylamino group"” is intended to mean the radical -NHR,, where R, is an alkyl
group.
A "dialkylamino group" is intended to mean the radical -NR, R, where R, and Ry, are
each independently an alkyl group.
An "alkoxy group" is intended to mean the radical -OR,, where R, is an alkyl group.
70 Exemplary alkoxy groups include methoxy, ethoxy, propoxy, and the like.
An "alkoxycarbonyl group” is intended to mean the radical -C(O)OR,, where R, is an
alkyl group.
An "alkylsulfonyl group" is intended to mean the radical -SO,R,, where R, is an alkyl
group.
An "alkylaminocarbonyl group" is intended to mean the radical -C(O)NHR,, where R,
25 isan alkyl group.
A "dialkylaminocarbonyl group" is intended to mean the radical -C(O)NR R;, where R,
and R, are each independently an alkyl group.
A "mercapto group" is intended to mean the radical -SH.
An "alkylthio group” is intended to mean the radical -SR,, where R, is an alkyl group.

A "carboxy group" is intended to mean the radical -C(O)OH.
30
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An "al koxycar bonyl group” is intended to nean the radical -C(O OrRa, where
Ra is an al kyl group. An "al kyl sul fonyl group"” is intended to nean the

radi cal - ere Ra is an al kyl group. An "al kyl am nol;calr,@%q)g roup”
IS intend?@gggyrlrge\%n the radical -C(ONHRa, where Ra 25 is an a k%ébmgroup.

A "di al kyl am nocar bonyl group” is intended to nean the radical -C(O NRaRb,
wherie Ra andt -Ripaa6861 ik eq up. A "nercapto group”
T L

is intended to nean the radica Foup" is intended to
mean t he radindatyloxSRaoupihigintenied fosmean thé kagiicalHQRipwherA R; dearbaylygroupup” i s

i ntended to , ,nran the radical. - . 30 16 9/57135 PCTI US99/ 00260 1 A
" car banoyl quglﬁ%malr}?o?yn%rgﬁ%ela Hﬁé@?@ﬁ%mﬁ%%?é%ﬁ?iré%fﬂ@. 1s gfetergagyl ox y

group” gtaupi nt ended to nmean the radical -OR, where R is an aryl group. A

“heteroaryl oxy group” is .intended to nean the radical -ORd, where Rd is a

het e oar yi  Adr ahpthioagrouny iy Imtendsd y measrthe sadiGel Sfdewhere Reisaan arHegroundi cal

- SR,°, wher e pRijef QU " ylitéw 0 LS ded to

nmean t he raaqi glg%e?(z gﬁé g\%’ggeg%ge?cgdgb ef%jieﬁ%g%ﬁl %iﬁdéﬁ.gg#ﬁels%g?tf#%%i tabl e

or gani €awi ety" is intended to nmean any organic noiety recognizable, such
the art as not adversely

as by routi t t h . ski.lled .
af fecting t @e Eel n is‘%?afb})er(%g%néglﬁl\%e?}f/ 1%fn%$%8@}onwgﬁwgr%wﬁﬁ%' Il lustrative
ﬁxgnpl e&ogﬁizsb]é,tsafﬁt( al 9 atihectedthemoi thdse &Billed & t:ué @x"t l?blﬁét aAversdlphffbdtimgtugd to,
ydr oxy .gr.oups, . a groups, oxo groups, cycloal kyl groups,
het er o WPA‘? R?P‘”@r%ﬁlﬁs‘,nveéﬁ“yf’ CRIFBRHT4S- ﬁ‘é‘ﬁ@r‘ﬁﬁﬁﬁm@%@%}tﬁdéylgayﬁoups,
sul f onyloi€lfel WRude, BRTacARSt Vinflte@ Y Syd @k ¥ldubk Q1 1%& s, 0%b gpa&és,%auaﬁ | car boxy
kyl am ' no group %

groltbs, am no grou&z, al kyl am no “groups, dia s; carbanoyl
gr oups graupyd hetdrecygroglipyl groles, aryd aropbs. hictsragryd gpsips.aaesll grhveps, ulfoeyl gFbepst er m

"substi N " Sl I i " s intended t.o nean anpy,suitable 15
substif%%ﬁ#%%%ggp%gg&ﬁgg g%%gﬁﬁggg%gﬂ&%éP§€Fé&?“?&éﬂ“%%gFWP%agﬁhPaﬁ%ine

t est i ngroupy, ditikglemita grbeys, cdrbarhdyé gaps, atithits groapd, ete@sanilegodss, sid thabl e
substiﬁggnts i ncl ude hydroxy groups, hal ogens, oxo groups, alkyl groups,
acyl grotups, sulfonyl groups, nercapto groups, alkylthio groups, alkoxy

groups, cyclmahdat "sobstiuRa" de8iabRsab®iRleky is HiHARS to REM arg'sQitfdFe heteroaryl
groups, carbox groups, am no groups, al kylam no groups, “dial kyl am no

gr olfps Subsiitusahgt may baipssogmzag asselected sughsas threvgl wablps sstingy by thess skadsd t hi o
gr oups i, BRLET QRhYHLDE Qxa%ﬂ?éé%?f’sui%ﬁje stuiﬂﬁithérlfseinclude hydroxy groups, halogens, oxo
groups, alkyl groups, acyl groups, sulfonyl groups, mercapto groups, alkylthio groups, alkoxy
groups, cycloalkyl groups, heterocycloalkyl groups, aryl groups, heteroaryl groups, carboxy
groups, amino groups, alkylamino groups, dialkylamino groups, carbamoyl groups, aryloxy
groups, heteroaryloxy groups, arylthio groups, heteroarylthio groups, and the like.

20 The term “optionally substituted” is intended to expressly indicate that the specified
group is unsubstituted or substituted by one or more suitable substituents, unless the optional
substituents are expressly specified, in which case the term indicates that the group is
unsubstituted or substituted with the specified substituents. As defined above, various groups
may be unsubstituted or substituted (i.e., they are optionally substituted) unless indicated
otherwise herein (e.g., by indicating that the specified group is unsubstituted).

25 A “prodrug” is intended to mean a compound that is converted under physiological
conditions or by solvolysis or metabolically to a specified compound that is pharmaceutically
active.

A "pharmaceutically active metabolite" is intended to mean a pharmacologically active
product produced through metabolism in the body of a specified compound.
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20 The term "optionally substituted” is intended to expressly indicate that
the specified group is unsubstituted or substituted by one or nore

sui tabl e nts, unless the optional substituents ar, A0} y
speC|f|ed%H?%&§?#§h case the termindicates that the grouplﬁé Bﬂéﬁb
unsubstituted or substituted with the specified substituents. As defined
aboye, var '&%ol@k[té’“i@%&eﬂﬁ%b! t(pﬁeé{pé%‘ﬁ%hé gﬁ&m %C%&% ‘i&&eei%n%. lof & - they are
optional Iy substitute unl ess I ndicate t erein

i ndi caspeeigied harnpound thqﬁe@ams te bgrloglpﬁl ieffectivendss bf $u¢hedr)lp01?rﬁl /Examptedroﬂg is

i nt ende a is.converted si ol ogi c

condi tlog%atéesdga & gﬁysscfr}ghe Y 'togbrb?(f%%f‘?tﬁfmt%r}h lgé%lf’foé’an ??E%\.‘fhd t hat
is phammhamnnmo yéthyaﬁdeta\t@ace%lc apldasnakedlangnd. | Y actl ve netabolite" is
|ntended to nean a pharnacolo%%cally active product produced t hrough

gbol i sm fnPhamagadgallracsenisile saly' ednicadssiiameean3ga 11711a¥/\!9t33195/ 57135
Usg%fo%%ﬁgfecﬁv&esss@ﬂ tH@ﬁ@e adids dnﬁtbQ%g 8 hds d?@g"ﬁ@% ndBh& H{ahﬁ% by -
e |olog|cal

acceptab solvate formof a specif conpo et ai ns
ef f ect bivlagesty of otbershsecomdposhle. EEmaaneﬁpmﬁnmsmhmﬂh@ECQMMﬂmﬂhshmhmaunds of

the |n i.on | ropano et hano met hanol
S SR N R A R S e R T e

accept &hyﬁogaipthosp'hmes mheaphesphates pasphasphates, dhidides, dr@hidss, ididds, bi ol ogi cal

effecti veness of the free acids gnd ba f the speC|f|ed conpound and

that i &CHEES Prt?Plﬂ“B‘ﬁf' -dgpangatgs. carRTiat %fﬁ%lg%‘ma‘aﬂéi I§ObULYIale | CARTOgHeS,
phar mag&iroaab, p\fo;sagﬁﬁat@(laiaeessxﬁhlbﬁatwgdcuﬂﬁtes %ﬂbéﬁ&@%wd@%@f}f&h&%{e S,

bi 401 fates, sulfites, bisulfites, phosp ates, nonohydrogénphosphat es,

d|hydr6@@@Bhd§®m§ﬂe%dmﬁ@§dﬁhﬂ§phéﬂ@®m$dvm@wﬁﬁsﬁﬂ@pégmoahior|des br omi des,
' Od' deﬁl hyl?o%g%c%e%sdl JOBBlz%Qt%E zlsfdr&%%gﬁa%seﬁfeth%@e%k 1es pPhtﬁ%%t l ates,

r mat es ut y?a capra ept anoa oxalates,
rral on asléﬁmagsw@iemasmnatsu lpherazﬂa&st,ates qﬂmnﬂpmmonﬁmmaﬁ}&mtyratml cﬁtadtads ,
butyne: 1, 4- di pa hex - di oat es, nzoat es, chl orobenzoat es,
met hy| B&RSSat OB GD hehh 1R (T Wﬁﬁgﬁéﬁﬁtné@s RERaREHBBsDat s,

pht hal gi@shalenstl- imﬁatess na%%hﬁ%ﬂle%%?%nd phggyhRgcet at es,
phenyl proopi onat es, ph enyl utyrates citrates, |actates,

y- Hydr oxy buifwman‘ee@tlvgtq;nmuméu%asbasc,@rdesmde@lt mesttisamepasad Hyomatsaisable
ropan p a pht.hal ene- 2-sul f onat es,
gn dpm(ﬁ%&‘r{od%g&lﬁi%thlegﬂ {%ﬁg grzfeatmenﬂsltl tLg ?reé base WD) 1norg%rucc‘l 8%111 y él&h 85t Ry

ate nd 1's ‘a

be prepadrochlbyc auiy; }gfdtdb&bhle acidpsubfoeic Kﬂﬁwﬁtrtcmctdl @hésphorid dvid; udd fg iikeeat ment
of the f ee base w (§£ n |norga% ¢id, such as . _hydro hlaric aC|d
hydr ob?”é 30 OgANIE acidy sychyas aceli agid; mafsi¢ acids spefinip ﬁBQp‘HE‘qu ¢ 3 UmaHE t he

like, @kid; mfalbhlcaaeld%ﬁ@wccacﬁcbpahc%uxghgﬁéomca%w §a1fa9héiac1myy@anes1aﬁ'aqld succinic

acid; mandelic acid: fumaric acid; malonic acid pyruvic acid; oxal ic
aci d:  ghehcas|glusurnicacidel gabapiurenie a¢id; alpfarbydonivaid, sushas citric acid or tartaric
20

acid; amino acid, such as aspartic acid or glutamic acid; aromatic acid, such as benzoic acid or
cinnamic acid; sulfonic acid, such as p-toluenesulfonic acid or ethanesulfonic acid; or the like.
If an inventive compound is an acid, a desired salt may be prepared by any suitable
method known to the art, including treatment of the free acid with an inorganic or organic base,
such as an amine (primary, secondary, or tertiary); an alkali metal or alkaline earth metal
hydroxide; or the like. Illustrative examples of suitable salts include organic salts derived from
2 amino acids such as glycine and arginine; ammonia; primary, secondary, and tertiary amines;
and cyclic amines, such as piperidine, morpholine, and piperazine; as well as inorganic salts

derived from sodium, calcium, potassium, magnesium, manganese, iron, copper, zinc,

aluminum, and lithium.
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such as glucuronic acid or galacturonic acid; al pha-hydroxy acid, such as
citric acid or tartaric 20 acid; amno acid, such as aspartic acid or

glutam c '%;/57Ej[?onati c acid, such as benzoic acid or ci n?gﬂ&”’;}

sul fonic ch as p-tol uenesul fonic acid or ethanesul aci d; or
the like. If an inventive conpound is an acid, a desired salt may be

pr epar ed byLARY ool BlthSiBL RAR, KAWL R Biiks. il DEHILOG § @atent of
the free acid wth an 1norgani c’ or organic ase 440 e

( pr i maskilledsiacianatathpat thenn\/ceem\tel c@n;p)ounda;nsadnhkamkilsowate@lnagarexﬁ{ rh&hﬂfﬁént&;@fs&dl met al
25 hydgoxi d Ar t.he Iike, | ustrative ex | es of suitable salts include
or gani go aﬁls of ek arg iptengid t(h?ﬁ Wﬁﬁlaél?edsé:og‘h %Ereé?rﬁ}&vﬁ%“wdé%‘ilﬁ?qﬁe

anmoni grmAlashery, secondary, and tertiary amines; and cyclic amnes, such
as piperidine, norpholine, and piperazine; as wel | as i norganic salts
derived frokheHypRie C@@Peﬁl@ﬁfnaﬁ@?‘&éeﬁ siigle srargaisemens rapsmraies arkior mixgures

conéer oféiaﬂﬁm?@xls URI/BM st@r@&in%xjst Rilien SIT’}@at es\égﬁ%t%ésfﬂaéééatg’cg,{réﬁ 5%9260 1

In the case conpoun , Or SO are so
under stheowf blyc intendad tg be Withth thebtoaé senpe of thatprd:slam 1nvamann i Pefaabipou nds salts,

and sol vat exist in differen all of which are

i nt end %W?V(?r 6?%"?@‘1? CPRROWLS S5 ‘8?& {rh@lﬁ?lg’s%‘ﬁf ‘?rﬁ‘ventl on and specified
formul as. The gemeralit inderseRaDe Witsds skitlyd 2%hé hrt,a% o%tlemiy?usé SR @ ISR
racenmat es, and/ or nlxtures 5 of enanti omers and/ or “di astereoners. Al such

si ngl e thf isrcagrtiomesically pue o AaPisd hersin thy ter eicallnpyre bk inferdedrie meaed t 0 be
wi t hi nc&ﬁﬁo&d%grpagmg%t essta@@ffefeﬁ%mu nmrﬁrmp o:%ﬁzaisvaa%(mt o#m@{@f the

i nént i ve conpounds are used In optica pur e’ ’f ener al
under s?w@iowr tohideld askinpperd Hayinglike @nsm:d almrmpml@gtdl purewompommm‘irhd i's one

t hat %naf%{rt?gr} (I:o sesC %dea\ét & St a sA%%l %s%gne? ggog)&eﬁﬁnggglfrr%e)gcmsg,pt |cally pure” is

i nt ende npound” Conpr I Si iBPEnt activity.

Pref er @fﬂfc}tabl&ﬁt maru%% a9g%aermy Bterahom® psefergble & RARITHYB (9P e ¥ ) alnd ndose ONMpound
havi ng t e5|& g X&m?cologlcal pure conpound of the invention
conpri & mgky@g agt o 8f° &E-5ingl e i soner (80% enanti oneric excess), nore

preferably afeft:885tin e %mPOME of the fo@HBRT (HRK [ 2%
(95% e.e.), é% nzé? pre?erabf&tatoleastaggggﬁggggéﬁgk&ﬁg&f$$aﬁ§b?y in the

corigouls ovf. t he fornula | (or of any of the subgenerlc formula), RL 15
obor i ut o e RSmRRu0R S Rlonl T Rrdiny R RANAR sl G bt oL 1 Ut ed or

substituted 1'SoX i ona are

pr ef er abolxyzodyleraup, Whererrhaet dsgtiongjrsnbmrﬁuenesmﬂé p:refehlaﬂlp gensr. twospekylardupspr ef er r ed
enbodi nent s, of the |nvent|on are described belowin reference to the

f ol | owPRAYOF BA'RgRS: | - A

Especially preferred embodiments of the invention are described below in reference to

the following formula I-A’’:
20 O R;
'S Y“ *%
H R Rq (1-A")
Preferred compounds of the present invention include peptido (peptide-like)
Compounds (A-1) - (A-8) of the formula I-A’” above, wherein R is H, Z is H, R, is H, and R,
Rs, R, Z1, and Ry are as respectively defined below:

25
(A-1) Ry is CH,CH,C(O)NH,, R¢ is CH,Ph, R is CH,CH(CH3),, Z,; is CO,CH,CHs,

O—N
e

and Rg is HC
(A-2) R; is CH,CH,C(O)NH,, Rg is CH,Ph, R7 is CH,CH(CH3),, Z, is CO,CH,CH,
N—O
and Rg is “\/)2 .
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200RT Ry ORRZ RO NNNZIl HO RE HRL (I-A") Preferred conmpounds of the

present invention include peptido (peptide-Iike) Corrpounds (A-1) - (A8

of the fo " above, wherein R, is H Zis H, is 25 RG,

R7, Z1, a %57235:\ as respectively defined bel ow (A— 1) RZI#FTWW%BO

CH2CH2C(O) NH2, R6 is CH2Ph, R7 is CH2CH(CH3)2, Z1 is CO2CH2CH3, n-N and R9

is C(A—2) R2 is CHZCHZC(O)NHZ R6|jg§7@P R7 is CH2ZCH(CH3) 2, Z1 is
135

s CHZCHZC( é?‘ﬁﬁzﬁnd CRCRecetNG % 300 ) 40 9 £ e BOIBCIBN ahd Ry

is H3C f (A— §2|s CH2CH2C(O) NH2, R6 is R7|s C(CH3)3, Z1 is

COZCHZ%E@R NRy is H3C (A-5) R2is REis FR7 is CHCH3)2, Z1 is

C2CH2 9 Ryls 0" N\ 10 H3C (A-6) R2 is CH2ZCH2ZC(ONH2, R6 is F All
R7 is CH(CH3)2, Z1 is CORCH2CH3, OMhpnd Ry is H3c (A7) R 15 2 is i~

| SR6F\§6I ;SSRZR?i(g g(cgf_%%—g)l—lﬁééﬁ@)s ior 2CH3, nd’n ]IS%yC?C Qe i‘%sCCHzCI%&h(,é‘ﬁ@) e

10

o
(A-6) R» is CHzCHzC(O)NHz, R5 isF , Ry is CH(CH3)2, Zy is COQCHQCH3,
ot

and Rg is HsC

OGN

0 T
s (A-7) R;is ,Reis F , R71s C(CH3)3, Z, is CO,CH,CHs;, and Ry is

J_[
(A-8) Ryis éi) , Re is FO/ , R71s CH(CH3),, Z; is CO,CH,CHj;, and Ro is
JSS

Preferred peptide-like compounds of the formula I-A”” further include Compounds (A-
9) - (A-13) below, wherein R, is H, Z is H, Z; is CO,CH,CHj, Ry is CHs, and Ry, R, R7, and

Ro are as respectively defined below:

20

SETRA DO
(A9) R, is CH,CH,C(O)NH, Ry is ,Ryis N, andRoisc = .
25 . )0;“}2_
(A-10) R; is CH,CH,C(O)NH,, R is CHPh, R; is CH,CH(CHs),, and Ry is #sC

‘ 4
(A-11) R, is CH,CH,C(O)NH,, Rg is F ,Ry1is ‘ ,and Ry is
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O N H3C 20 Preferred peptide-like conmpounds of the formula I-A"" further
i ncl ude Conpounds (A- 9) - (A-13) below, wherein RLis H Zis H Z1 is

COZCHZCHS .s..CH3, and R2, R6, R7, and Ry are as respe i ned
bol ow. (A PgTIs CH2CHR2C(ONH2, R6 is F R2 is H, and %'ﬂﬁ%ﬂ@@

(A-10) R2 is CH2ZCH2C(O NH2, R6 is CH2Ph, R7 is CI-lZCI—l(CI—B)Z and Ry is H30
(A1) R2is CHZCHZC(O)NHZ R6 is R?/@ wand Ry is ONH3IC 30 20 WO
i's

CrecH( cra) A RGeS SO ONE Wiy ot B BURE G Rt s £ o s

and RO isNH3C O her preferred peptide-Ilike conpounds include the
fol | ow, NH2 OHOHNNCOCRCHRCH3 C,- H10s a (A-14) ONH2 OHO

IS H N"“H CORCH2CH3 S O 15 (A-15) O NH2 O H O CN N NN CO2CH2CH3 H HO
(A-16) 20 0 NH2 '

T
5 Il 0" N\ é'
(A-13) R, is CH,CH,C(O)NH,, Rg is F/©/\ ,R71s ,and Ro is H30N .

Other preferred peptide-like compounds include the following:
N\:)L g\cozcl-|2<:H3

O NH,

0 H O
Cy/ku N\:)ku 2 C0,CH,CHy
15 (A-15)

OsNH,
N
@AN \_)J\u 2 C0,CH,CH;

10

(A-14)

. (A-16)
¢x¢iwm
(A-17)
25
Caat i L
(A-18)
30
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OHOHNHCRCHCH3 F (A-17) O NHZ 25 OHOCSIAHONHO\ F (A 18)
30 21 WD 99/57135 PCT/US99/ 00260 0O NH2 ,~ 0 HO (/ N N CO2CH2CH3 NH H 0

C(A-19) HOI HNv H CO2CH2CH3 O 0 (A-20) DodsoN N v
N Z~", CO;‘%QQ%SQNH HO CF 3CO0H (A-21) O NH2 0 HO 15 m/é@ H CO2CH2CH3

HN-NO (A22) O NH2 0 HO H N AH C02CH2CH3 20 S O
1 Ho

O/( ¢ \)\ g\cochZCHa

\© (A-19)

o Lo
N
% N \_)\H 2 C0,CH,CH,

0
(A-20)

Os NH,
N N
\7/U\N \/U\” 7 CO,CH,CHs

* CF;COOH \© (A-21)
Os NH,
0
15 Mﬁ N\_/lk 7 CO,CH,CH,
HN-N 0 :
(A-22)
‘(\(L /¢“\)\ g\COZCHZCH3
20
(A-23)

H
N

o
INeS
N
©/\o N \:/U\N P NC0,CH,CH,

(0]
. 0
(A-24)
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olo~~ (A-23) HON O HO Nz~ O0 CORCH2CH3 H 25 (A-24) 30 22 WO

99/ 57135 PCTI US99/ 00260 HOH O xO \ p~N Nv N CORCH2CH3 H O H 0 (A-25)
5 HN O OwWhe) NNOHCOZCHZCHS\O(A—ZG)

CO2CH2CH3 O (A

HON 10 0 hhcq/oltoddoH
0 15 NH NJ NNv NCRCHCH3 HH 0 (A-28)
Preferred ketonet hyI ene-type Conpounds (B-1)
desgri bed H

oN
) yo©
N
O)LN \;)]\N ™ C0,CH,CHy
H o = H

(B-4) of the invention are

(A-25)
5 o
0 L 0
)LN N\;)LN PN C0,CH,CH,
I
\O (A-26)
N
10 -n\7
.
N N\;)]\N P C0,CH,CH,
H ZOH
oz
(A-27)

15

o]
NH
iy
S ST SO
)J\” N\_)J\u & CO,CH,CH;
o i
\© (A-28)

Preferred ketomethylene-type Compounds (B-1) - (B-4) of the invention are described
70 below in reference to the following formula [-B”’

)
Rg)LN)\n/\;)L )\%
H Rs (I_B, 9)
IS
55 (B-1) R;is CH,CH,C(O)NH,, Rgis F ,R71s CH(CH3),, Zis H, Z; is

0N -
CO,CH;CH3, and Rg is HC
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20 below in referencetothefollowingforrrulaI-B": OR7 0 R Z R9~N Z,
HO R HRL (I-B") (B-1) R2 is CH2ZCH2ZC(ONH2, R6 is F' , R7 is CH(CH3)2, Z
is H Z | O N CO2CH2CH3, and R9 is H3CN 30 23 g 5533(%

9 ) ! /60280
PCT/ US99/ 23%55%\51(8-2) Ris Reis Flv, R7 is CH(CHB)ZV\QE%
C®R2CH2CH3, and 0- NROis H3c 0 >1 ~J (B-3) R is ;, T~ R6|sF,R7is

CH(CH3)2, Z and Z1 tagdther ar v where the carbonyl group is cis to the
SEJ @for
is

(b0 R R ? Braf e GANR I Rab el o\ o |

H3c Pref errﬁ)gepm pept i de type Corrpounds (G1) and (C2) of the invention

are degcri below in reference to the followwng formula I-C', where R
is H "ORTZ ~IZ 15RSNOIZ,HOR6HR1(I-C') | ~(CG1) Zis H
R2 is CHZCHZC(O)NHZ R6 is F' , RfTis CHCH3)2, Z1is O NC?ZCH@CHB and
RO ks H3c 20 oM |
5 XL O 0
(B-3) Ryis ,Reis F , R71s CH(CH3),, Z and Z,; together are ,
where the carbonyl group is cis to the hydrogen corresponding to R, in formula I, and Ry is
e
HaC .
JJ',
10 (B-4) Ry 1s ‘ép,RéiS FO/\ ,R7 is CH(CH3)2,ZiS H, Z, 1s COzCHzCHg,, and
O’N
)\)2
Ry is HiC

Preferred depsipeptide-type Compounds (C-1) and (C-2) of the invention are described
below in reference to the following formula I-C*’, where R, is H:
O

15 R o\;)L )\)\
Re

H 1 (I_C”)

Ioh
(C-1) ZisH,R;is CH,CH,C(O)NH,, Rg is F , Ry is CH(CHs),, Z is
S
CO,CH,CH3;, and Rg is HsC
: 2 s
(C-2) ZisH,Ryis ,Reis F , R71s CH(CH3),, Z, is CO,CH,CHj, and
e
Rg is HC
Additional compounds may be prepared in reference to formula I by selecting the
variables from the following substituents:
25 Ry=H or CHs;
Ri=H or CHj;

Ox N O N
R, = }rj;) ~§1).
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(G2) ZisH RisRis RTis CHCH3)2, Z1 is CO2CH2CH3, and O- NR9 IS
H3c Additional conpounds may be prepared in reference to fornmula |

sel ecting i ables fromthe foll ow ng substituents
P or CEEBEIR N SR Lo 50 A% 00 Brisn PCT%@%@%@ S R6

-, , or phenyl net hyl i. e., benzyl), where the aryl group is optionally
subsgtituted wi th one, IS three substituents each independently

sel ected from og ns I hgxy and nethyl 5 R7 = 2-methyl- | -propyl,
2-propyl, 2-met aLngyrop enzyl or ;and Ut | OO0O=,1)~5 HHN

NC _ 10 L= N fﬁ% ¥ P N sent
I nvention is al so dlrected to a rrgfh%d %{%}N(l |t| évplrco?n VP P%

pr ot easpiionaldy substifatedewitiperies fvig ot tinteasobstitgentshracipindepradentlyi seteced fimhf ect i ve
anount e .formula I, or a pharmaceutically acceptable

sal ha% I?‘gm(f%gpaqrr’gceeﬁ tally acti ve nmetabolite, or solvate thereof. For
exa&rpl p| cor naviral 3C protease activity may be i nhi- L’Sﬁ@ manmal i an
I

ti ssue by i st | a npound, of fornul a_ | a phar utically
accept abl e "éal fmetg 'Gg’ﬁi’@yl gwa?%g’éwﬂh&bﬁpwabtbpwl it abol i te; A sol vate

t hereof. More pr g er abl y,.nt he &sent rret hod |§ di rect ed Ti}l nhi bi ti ng

r hi novi ral E;?t‘\?s{_actll )‘( /‘\f— D .

H

TN D B The e -

10 U e Ly g , [N’>§_ ’ o\N/>_%" o~N/>—2', o~/
CFy c

- T
O~ , Or O~N )
The present invention is also directed to a method of inhibiting picornaviral 3C protease
activity, comprising contacting the protease with an effective amount of a compound of

15 formula I, or a pharmaceutically acceptable salt, prodrug, pharmaceutically active metabolite,

or solvate thereof. For example, picornaviral 3C protease activity may be inhibited in

mammalian tissue by administering a compound of formula I or a pharmaceutically acceptable
salt, prodrug, pharmaceutically active metabolite, or solvate thereof. More preferably, the
present method is directed at inhibiting rhinoviral protease activity.

20 "Treating" or "treatment” is intended to mean at least the mitigation of a disease
condition in a mammal, such as a human, that is alleviated by the inhibition of the activity of
one or more picornaviral 3C proteases, such as human rhinoviruses, human poliovirus, human
coxsackieviruses, encephalomyocarditis viruses, meningitis virus, and hepatitis A virus, and
includes: (a) prophylactic treatment in a mammal, particularly when the mammal is found to
be predisposed to having the disease condition but not yet diagnosed as having it; (b) inhibiting

25  the disease condition; and/or (c) alleviating, in whole or in part, the disease condition.

The activity of the inventive compounds as inhibitors of picornaviral 3C protease
activity may be measured by any of the suitable methods known to those skilled in the art,
including in vivo and in vitro assays. An example of a suitable assay for activity measurements

is the antiviral H1-HeLa cell culture assay described herein.
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20 "Treating"” or "treatnment" is intended to nean at | east the mtigation of
a disease condition in a mammal, such as a human, that is alleviated by

t he inhi bigéesREs the activity of one or nore picornaviralp3Ge68hKFSeS
such as hunan rhanV|ruses human poliovirus, hunman coxsackleV|ruses
encephal onyocarditis viruses, neningitis virus, and hepat| tis Avirus, and
i ncludes: (Ahmmlgpia%h%@%He%%@@{d%mhe'f&nﬂuﬁm%m diaotli@qly when the
mammal is found to be predisposed to having the sease ¢ondi ti on but not
yet di aqgapiglld psedrigsy sallg, dctiye (nbl)abollttm, pind sdgatéﬂnambe pir®easeaconiid foany and/ or

| di dit Th t t
of 1 neof e 2Pl el Bl iRl el hianid QnReSRART hoBF pltt BBt cace
act i vi tyanipss deumﬂﬂtsmbéd; df)admnystmhoﬁ ehslyiotalagal iEirét0ets], lopaian to those

skilled in the art cI udi invivo and in vitro assays. An exanple of a
sui tabl r@nsg afnSrrecé%lt ‘%}Faﬁ‘?saﬂa%lg’ﬁfye‘ﬁﬁ?ﬂeglalﬁp’feﬁ@eént| viral H 1-HelLa ceI I

cul Pure assay ifesEle Besbdaal ef fbrmuﬁq 02§ pmgéé&él%af%ﬁ SR ﬁ

Adm ni stration of the conpounds of the formula elrr euti cally
accept agive matehwlitey ot sodedte eregEmpy be n@tllalmrm A pfandacgoﬂlmtmpcrsawnbe

perfor t s _of .a ration

avai | a I?agrﬁ? %gtslégsiﬁ? 'I%g(yogm&fo eﬁgﬁ}fr ?( ﬁE? ﬁ dﬁel%sultgglghg}l%ibl%f sui tabl e

nodes pharmdmumlcsltfoamg mc\ludmdhddmmscﬂid linas.alr lyqpatfized &rmllatibey) sl as

transd rect | ntranasal del.i ve is especially preferred. 5 An

oon O BB RE Mo HERES Suspetionighstiet ShY Seratolep abl o Sal i

pr odr ugharnekiitiéal dvRipdkiabAd & thovelonahs AHahande mu@%xagféht@'cﬁfu%ﬁ@d as a
haltorraceutl cal conposition in any pharmaceutical formrecognizable to the

s k| | | eycliples. aadh cargierseasitelkas athgs pharmygeutigplleactiyh agenis dencndiak upor e i ncl ude
sol i . iriéffed Ahd. dn phd@il Horn @ h RO B o ﬁmﬂa?édnemscbmg,eﬁ o L 2D1 €L S,

powders, capsul'es, suppositories, suspen3| & %erosols. 10
Phar naddwemﬂahtrmmdbsmtth@fwn@fsuspelsmwent| on may aI so incl ude sui tabl e
exci pi ents, .di I cl es. E@arrl ers t her

) wel |
phar maceut i £5FR aebée ‘Fllb@‘ggs eoﬁ?pfnh%é‘ﬁgah H“Ctaﬁg’rmﬁ ﬂf@’%@gﬁn}?ﬁ%‘mc%

prefer b&ﬂp@ﬂﬁﬁﬁlamn drayi b%\/relﬁtidell}edd%}ﬁﬁﬁ&%uhés@ akille@MP@shitl pos are
delivered intranasally_ in the formof suspensions. Acceptabl e nethods of

pr éifar EHYREA rthaﬁv%ceb% RrEBAIAonS Apayr s hepasd foewine gpmveatonal ieghniquesbosi ti ons
ar e KN hHafm iR DE chdMti 1H€Al‘ym%§tte§§ gﬂcﬂggm%%g? %1a%5g'4§8§01nprew§gg%én For

15 exanpl'e, pharnaceutical preparations may prepare
convenmeessary fasddhétdomsss. of mixitg ﬁﬂih@r aralodissol virad the Irr@mdsd:nts av\approprigtestoeps such

as m Xi n ranu ati.n and com for tabl.et forns,
g R BBt T e B BT S kgl lsgbRHERL 1 g ve
the deSmtfaedulaxr, tha@ﬁﬁl fafd/oOreatal ad?ﬁhsfiht&mal topical, intravaginal,
i nt ranasal , roncgé;nerll: ;o raocul ar, int raaural and/ or rect al
aFfd‘EfF%r]

adni ni st rat | 8 OS qydp P yAssFRRhletaTiers) dilpents. cishicles) & cxgiptensr s,
di 12entygay Bé%lﬂi;ﬁéy%ﬁ:m He pRAmARE@FRBcompositions. Illustrative solid carriers include starch,

lactose, calcium sulfate dihydrate, terra alba, sucrose, talc, gelatin, pectin, acacia, magnesium
stearate, and stearic acid. Illustrative liquid carriers include syrup, peanut oil, olive oil, saline
solution, and water. The carrier or diluent may include a suitable prolonged-release material,
such as glyceryl monostearate or glyceryl distearate, alone or with a wax. When a liquid

carrier is used, the preparation may be in the form of a syrup, elixir, emulsion, soft gelatin

25 capsule, sterile injectable liquid (e.g., solution), or a nonaqueous or aqueous liquid suspension.
A dose of the pharmaceutical composition contains at least a therapeutically effective
amount of the active compound (i.e., a compound of formula I or a pharmaceutically
acceptable salt, prodrug, active metabolite, or solvate thereof), and preferably is made up of
one or more pharmaceutical dosage units. The selected dose may be administered to a
30
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20 may be enpl oyed in the pharnmaceutical conpositions. Illustrative solid
carriers include starch, |lactose, calciumsulfate dihydrate, terra al ba,
sucr ose, t\g(#gg/ ﬁg atin, pectin, acacia, magnesium stearat q,m%nﬁgg,%z%@ri C
acid. Illus ra%i ve liquid carriers include syrup, peanut oil, olive oil,
saline solution, and water. The carrier or diluent may include a suitable
Pr Ol ONGRHmidE BASGIFRL, Stubln patfthe fy AU HERK: FRAARE 521 ANRHSE ol YO V!

di stearate, alone or with a wax. en aliquid ‘carrier 1s'used, the

pr epar picPmavingl\ Qproieasetaqvifyo byrany kizoveyorispitatde imeihod of adrhisisteringsihd dosgel at i n

25 cap . ster] injectable ligquid (e.g., solution),.or a nonagueous or
aqueou %‘%}uﬁantﬁ tés '§ !ﬁl&s‘g gﬁse‘:xgrﬁpﬁ’ R a&é)élgmg?t Qgrﬁée%ﬂh gfai)ﬁcgﬁiaﬂgaff’r PERRis 28 R on

cont ai msppatitdreastenteralhelcingotion ak tont@bd@tt by Rirasdpitin@dnathe active

compou a compound of formula | or a pharmaceutically acceptable

nd (i.e..,
H‘r"&g"roﬁ?ﬁl,“ala&“ia@ hvat loggequas Infgsion o) vat e thereof), and preferably is

sal t_,
madt%2 up of AOHRrHeufi®ig cRBaVERGRMUA" G i dose may
be adm ni stered 2'?{) a 30 26 WO 99?%7%%?%%?’?%%%%?6%%%%Jﬂ§O?rgﬂmﬁ'rlg%rﬁglfeor

exanpl eompoundriaat. Wwhen administergdie & chapfmal irentedwhareofeidisaffetknbio dffebi bi ti on of

pi cor nay| . IVl anv. kno qQr. sujtabl e nethod of

admi ni g‘t&etéll%htgéf ﬁg&ggg@?&l(lﬁﬁ%}%‘}d%ﬁ%bfﬁlﬁilcé ]In)(/)fl\é?%lfa A %‘Sﬁpqafg)fle 85™MRH oi nt nent

or cr eaivprmavadll3E prowasea] duph af lomashinplieyses human puiPatist lafiyan parenteral |y by
i njection; Qr .conti nuo%i‘(lﬁ b%ﬁhtgﬁt ravagi nal , intrapasal, intrabronchial,

i nt r aalPEACIBYTIHY PSR Yq BHISess MEMICOKIES, pRd (SPatilly 4 vaps-eElS ve anount

is int epdest dfa giRARHPEuRTBIURY inOéntRA thad WM bk MR rape AHRAY BfediRatyill WREN
adini stered to a rra%r%al in needr}thereof, is Slrjafpfici eﬁt %o efflel\gtg&

t r eat MEPRENABE UPPR EkEs BISA AP thegngicalar evmnpauad. thy dishase icoitdithon andithosevetiey
activi rtﬁéré%ff, tﬁg ﬁleﬁﬁtx%?'ﬁf‘e miﬂ’h&glrlﬂqlﬁécf lﬂlereggvﬂﬁc%teﬁ?o%ﬁ§ma§ Hg pou?i%elgu man
uman pol i es,

r hi novi ruses, ovirus, human c¢oxsacki evi fu
encephdttemyioedbylattisansvi r uses, meni govirus, and hepatitis A virus. The 10
amount of a,given c ound qf the. invention . that wll| be therapeutjically
effective Wﬁg IW%Yaqfﬁl?&E‘%‘gha?ﬂ&‘“ﬂ?ﬁ’(ﬁ’ﬁq‘?r&f@?ﬂ@h‘éﬁif Rt IRFBU P TRROYP G for
conpoumdatniefeofthiRaEa isRAMns cANbeRrepdriasSBUESWS, tWherd A1BFEQntagkfei denti ty of
the manmal in_ need thereof, which amunt nay be routinely “determ ned by

ar tliss aNsightyeighy ang the puspension is grepargd fopyriflediwaser. foformulad| cogwpbimdisy of t he

i nventi I r hi iral . I be prepared
as fol lngﬁgﬁ&%%fégﬁeﬂ g? %!aﬁ%&%gﬁ gl(ra{aD%’S %e{%h% S\/\dlgﬁégnﬁﬁ)hé%gr%?%g&]tsous pensi on

i s prepeantaid 4 frmap gerickntedionaf &om akohitd).Ohib s dbomo2anitice dcsve comspomnidzed to a
reduced pariicle size.sch at, D90 < .10 m A suspensi i repared to
contai regerP%)lP{aﬁlb O%t?ﬁoélé géé&oi% oY PRI P rse 2B e %)?e[c&dgn%ﬁﬁmg@ Wi e

act i ve tigodpmean 8e inchided, o 8dXashpah) BetzalkoMitinchSAde EIZPA, iARpABRRAP ihal €
preservative selected fromthose known in the art may Be I ncl uded, for

exanpl EONISBRZAINTERETINT-EntRONF GEF BTN A supsndipeinasnd Supthag mixture of
20 microcrystalline cellulose (final concentration of about 1% - 1.5%, preferably about 1.2%) and
sodium carboxymethylcellulose cellulose (final concentration of about 0.1% - 0.2%, preferably
about 0.13%) may be included. A surfactant such as polysorbate 80 may be included in a final
concentration of about from 0.05% to 0.2%, preferably about 0.1%. A tonicity modifier such
as dextrose may be included to give a final concentration of about from 4% to 6%, preferably
about 5%. The pH of the final solution is adjusted as appropriate to a physiological range, e.g.,
25 4-6, using non-toxic acid and/or base, such as HC] and/or NaOH.
An exemplary formulation for nasal delivery of the inventive compound of Example 17

has the following composition, where all percentages are weight/weight and the suspension is

prepared in purified water:
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defi ned abo
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e. I n General
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GENERAL SYNTHESES

15

The inventive compounds of formula (I) may be advantageously prepared by the

methods of the present invention, including the general methods described below. In each of

these general methods, R, R2, R3, R5, R6, R7, Rg, Ro, Ry, Z, and Z1 are as defined above, and

R4 is used (as a shorthand representation) to mean:

20

O R
XA
R
H 80 ’

where R7, Rg, and Rg are as defined above.

In General Method I, useful for synthesis of peptide-like compounds of formula I-A, an

amino acid A, where P1 is an appropriate protecting group for nitrogen, is subjected to an

amide-forming reaction with amino alcohol (or salt thereof) B to produce amide C. Compound

C is then deprotected to give free amine (or salt thereof) D. Amine D and amino acid E, which

may incorporate either an R4 group or a protecting group for nitrogen (P,), are subjected to a

25

bond-forming reaction generating compound F. Compound F is oxidized to intermediate G,

which is then transformed into unsaturated product H. If protecting groups have been used on

amino acid E, or on any R groups (R1-R9) and/or on Ry and/or on Z and/or Z1, product H is

deprotected and/or further modified to yield deprotected or modified H.
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amno acid A, where Pl is an appropriate protecting group for nitrogen, is
subjected to an amde-formng reaction with amno al cohol (or salt

t her eof) uce am de C. Compound Cis then deprote jye free
am ne (or I%g(g?%/?{lﬁéejr eof) D. AmMne D and am no acid E, whi Chcﬁcﬁl‘?g@?/r(])gigypor ate
either an R4 group or a protecting group for nitrogen (P2), are subjected
to a] 25 bond-fopging reacti omnr,generating conpouhd d&. Conpound F is oxidized
to internedi apeN ohi gh i s transforr;eélRF t ofunsat urat ed product H.

I f protecting gr@ups have béemused on aniho achck,E, or on-any R groups
(RI-Rg) and/or on Ry and/or on Z and/or z1, product "His deprotected
and/or further nddified to yi®ld deprotected or aodified H 30 28 WO

99/ 57135 PCTI US99/ 00260 Ry RS OR2 RY ROR2 N/OH NOH P~ OH + H2N IR Pi
HRSs 3R ReR ABC 5RFR RRRTRYROR HNROHRII OH+ (P2)Rs, H
R~/ (P .HRR NHR3 OH RR 0O0RBR DEF RT Ry OR R/T Ry OR2
Z 10%132)%5% Rﬁ B R3 [p Q. ( J;?Bﬁ.H R6 Il N H 1V &2 -RZ---OQ-- odeot ect ed
rmodi fed OR6Y ORS R Hi An'aITETnéf)|Vg W‘EA\ re

i ntermedi at® F i stidescribed as®fol | ows. Anino aépd antkRam no acid (or
salt thereof) |, where P3 is an appropriate protecting group for oxygen,
are subjected to a bond-formng reaction to producef¥i nternedi ate J.

Mol ecule J is deprotected to 15 yield free carboxylic acid K. which is
subsequent|ly subjected to an am de-formng reaction wth am no al cohol (or
salt thereof) B tey generate internedi aterfF. cRR,RYZOR7 RY OE + HN R OP3 --

(sz)lgeg .szbﬂgfél N %)R%o N_N,RSZ)FQ-L;‘»\F& 'N%‘/%z" BF_ RGu@R6 ORI J

R H R, H Ry H R, ! or modified
(0] R R R

1 o] 6 1 H
G H

An alternative method to prepare intermediate F is described as follows. Amino acid E
and amino acid (or salt thereof) I, where P3 is an appropriate protecting group for oxygen, are
subjected to a bond-forming reaction to produce intermediate J. Molecule J is deprotected to

15 yield free carboxylic acid K, which is subsequently subjected to an amide-forming reaction

with amino alcohol (or salt thereof) B to generate intermediate F.

R Rz Ry_ o R R
H&YRSO (P2R Ill i (P2)R 7 rllyRso
E + \{)kop;,—» z Q‘H ! \f/u\opa — 2 Q\H ! \}/KOH + B —= F
Rg °0  Re 0 Re
| J K

In General Method II, which is also useful for synthesizing peptide-like compounds of

20 formula I-A, an amino acid L, where P is an appropriate protecting group for nitrogen, is
converted to a carbonyl derivative M, where "Lv" is a leaving group. Compound M is
subjected to a reaction where Lv is replaced by R} to give derivative N. Derivative N is then
transformed into unsaturated product O. Unsaturated compound O is deprotected to give free
amine (or salt thereof) P, or modified at Z or Z1 first to give O' and then deprotected to P.

25 Intermediate P is subsequently subjected to an amide-forming reaction with carboxylic acid K
to give final product H. If protecting groups have been used on any R group (R1-R9) and/or
on Ry and/or on Z and/or Z1, product H is deprotected and/or further modified to yield

deprotected or modified H.
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In General Method 11, which is also useful for synthesizing peptide-Ilike
conpounds of 20 fornmula I-A an amno acid L, where P 1 is an appropriate
protectin I or nitrogen, is converted to a carbonyl i i M
where " ngvlég%.'lﬂ?;,eavi ng group. Conpound Mis subjected to ﬁ/%%gggop%ﬁ wher e
Lv is replaced by Rl to give derivative N. Derivative Nis then
tranlsforrredHilgtoo unsat ur at ed Eer(d)uct 0. Unsaturated gonpound O is

depr ot ect edn ive free amire/’flor salt thereof § ®j or nodified at Z or Z
| first tb giyve 8" and—ttendepf ot Bct ed—to—+. 25 ernedi ate—P—+s
subsequent |y Bubj ected to an arfede-form ng reactior with carboxylic acid K
to give final product H If prohecti ng groups have been used on any R group
(R1- R9) and/ &t on Ry and/or on"Z and/or Z1, produdf H is deprotected
and/or further nodified to yield deprotected or nodified H 30 29 WO
99{:\)5;135 PCTI US99/ 00260 H RI300 HRO HR30 Pi N 'I'" OHP( NlLv P~ NR R
R 2R2 LMN 5HRBRRRLRBRLP~-NI ZHNZ+KH------ depr ot ect ed
R2 Z1 RZ Z' or r’rqgified Op H o 10 An alternative nmethod to prepare
intermedi ate N %%| degcribed as f ol,Rows. Compound M is subjected to a

reacti on whére Wi s_reduged™® %ct&d%_&o El_gp_hgl dQrotéctier medi ate Q
i s subsequent| yroxizdi zed to derivatiye N. H MPOHAN R215 Q 1In
General Method 111, useful for sydth€sis of peptide-like compiieids of
formula I-A, Y P H
\ o /
10

An alternative method to prepare intermediate N is described as follows. Compound M

is subjected to a reaction where “Lv” is reduced to protected amino alcohol Q. Intermediate Q

N
e \*/\OH

R2

Q
In General Method III, useful for synthesis of peptide-like compounds of formula I-A,

is subsequently oxidized to derivative N.

M

15

an amino acid L, where P is an appropriate protecting group for nitrogen, is converted to a
carbonyl derivative M, where “Lv” is a leaving group. Compound M is deprotected to give
free amine (or salt thereof) R, which subsequently is subjected to an amide-forming reaction
20 with carboxylic acid K to give intermediate S. Compound S is then either directly converted to
carbonyl intermediate G, or successively reduced to alcohol F first, which is oxidized to G.
Compound G is subjected to a reaction to yield the unsaturated final product H. If protecting
groups have been used on any R groups (R1-R9) and/or on Ry and/or on Z and/or Z1, product

H is deprotected and/or further modified to yield deprotected or modified H.

o)
N
25 L M 2 \'/“\LV + K
R2
R
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an amino acid L, where Pl is an appropriate protecting group for nitrogen,
is converted to a carbonyl derivative M where "Lv" is a | eavi ng group.
Conpound M §q/8lgpy ot ected to give free anmine (or salt thergrgi)g Hpich
subsequently 1s subjected to an am de-form ng reaction 20 wt car%oxyl iC
acid Kto give internmediate S. Conmpound S is then either directly converted
to jcarbonyl mtR@rmedl gte G or successively reduced to al cohol F first,

whi ch isR@? ) di z Compound G i s subj ected to a reactj on tto ield the
unsat ur at CivH. | fprotect Gg —greupd have be 8HeYn any R
groups (R - Rg) §n@/orRon and/ or on Zg4and/or ZI, product

depr ot ected and/ or furk hew t04</l| eld deprot ected or° r% 'fl]?ded H O
25 L MH2ZNR3 Lv + & R2 R 30 9/ 57135 PCTI US99/ 00260 HR5 0

R4( P2) N~sNRBOGH deppotected Lv R2 or nodified S H F5
In neral hod eful for synthesis of peptide-like conpounds of
formula I- F’i‘eé%‘ Mﬁhﬂil‘( apeishior sintgsisst peidepiesampaurds of farmular v di at e 0

as desegfkk Qﬁfhe' ®r @Pﬂﬁér@&f) Vepfmlaﬁé}e(ll from ith@rEQANED fs%egé}lb@mgéenergwétﬁ%f fII on

wWith amno acid A 1 1s an appropriate protecting
ni t r ogéreONTHRYS ﬁdlldle T by faactiorewit epinotagt Adwhaye P wnaappm@n(mrpraadttngt her eof )

U which is subse ntI edtoH th amno acid E. rotectlng
groups gFPé‘\?ff rblggﬂgt’dlg a@ ré‘F OtG‘F‘a fRdee NG Or g3t tlhyreaﬂd? ohighh

and/ or iZhbRiG@ept coHvéx’{‘edd@lPI PBGHEE AROEOLT drelerod DI atkd b fh®! O :

deprotected or nodified H.
P1 [3 OR graus(RpR P pngier or@Rpayx]/oqc@ Z and/or 71, product His deprotected and/or further

modified to yield deprotected or modified H.

R
Rl 2 Ry | Ve 0
P SN HN A -2 N
[ + P1/ OH ——
Rs &4 Ry 24 Re

o P A

P1\N/+\‘(N il — HNJ[\H/NWZ + (Pz)Rst OH
| Re | RG H R
o R Ry PO R, Z 54

Ry 3 Zy

15

T U E

20 —_— » H - » deprotected

or modified
H

In General Method V, useful for synthesis of ketomethylene compounds of formula I-B,

optically active lactone AA, where P4 is an appropriate protecting group for nitrogen, and R5

and Rg are H (which may be prepared by the method described below and by various literature

25 methods, including: (a) Herold et al., J. Org. Chem. 1989, 54, 1178; (b) Bradbury et al.,

Tetrahedron Lett. 1989, 30, 3845; (c) Bradbury et al., J. Med. Chem. 1990, 33, 2335; (d) Wauts
etal., J Org. Chem.1992, 57, 6696; (¢) Jones et al., J. Org. Chem. 1993, 58, 2286; (f) Pégorier
et al., Tetrahedron Lett. 1995, 36, 2753; and (g) Dondoni et al., J. Org. Chem. 1995, 60, 7927)
is transformed by a two-step procedure (basic hydrolysis and subsequent oxidation) into
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HRRLR HRRLRT OH PL'NRN\ ZH+ (P2)Rs H'RB Il Ry OR3 Z1 Ry
R3 721 0O TUE20H ----- deprotected or nodified H In General Method
V, useful a,gr”,gyﬂ)%hesi s of ketomnethyl ene conpounds of formibartiznoeo
optically active Tactone AA, where P4 is an appropriate protecting group
for nitrogen, and R5 and R8 are H (which may be prepared by the method
descyi Qﬁﬂ)o&?h@kﬂél&ﬂ@ bbhiy/RhteAMSs hottigAbd 'bﬁt 1s %50 BREDRIS, ardl{i'é: {‘dﬂir{&eac{t@}l
Herold et a Org. Chem 1989, 54, 117 (J Bradbury et a

Tet r ahewitlbaminst(er Samlweof)ab to pyEie fmbpreﬁ%m ylhetPagirotectinggselip, dosgn 1990,

3.3 233@1&1% %g@al @gteé%%gup(g% egorl ggag‘%z(f %Z'RQ&% %ﬁég?glg?ﬁ{z@ . ?995

36, 275931d/oam) agd/oN afd/odn 2, is subséquentlyd@otectOmd/? Qurthed Zblified So
transformed by a two-step procedure (basic hydrolysis and subsequent

oXi dgtnod)iduemo@c@@osm ed9}G7135 PCTI US99/ 00260 1 carboxylic acid BB.
This“material is not isolated- but is subjected to an amde-formng .
reaction with am (or salt thereof) P to ovi de final produyct CC. The P4
protecting grou along wi th|any additionaljj protlecti ng grogp$' that have
been used on a greups—»RI | R qr R#) and X
ntly deprot ect ec’j\l andf or further| nodified

n.Z and/ or
on Zl, is i
deprot ect ed modi fied CC. OJR7 & OQC .96 ON P4 N OH + HBN ZZ+R7" L 3 H

O Rg R3 Z1 NP4 AA BBp 10 RT OR2 Z1 deprotected or nodified ------- "

P4, NN Z BB P
10 {
Ry O R2 Z4
P
deprotected or modified - SN /kn/\/[L N /{Ykz
ce ! H H Ry
H O Re R1
CcC
15

Lactone AA may be prepared in optically active form by the following General Method
VI (see: Herold et al., J. Org. Chem. 1989, 54, 1178; Bradbury et al., Tetrahedron Lett. 1989,
30, 3845; and Bradbury et al., J. Med. Chem. 1990, 33, 2335). A y,8-unsaturated carboxylic
acid DD, which incorporates R7, is transformed into the corresponding acid chloride (not
shown). This acid chloride is subjected to an amide-forming reaction with a chiral amine or a
20 chiral oxazolidone to provide derivative EE (in which X is a chirél amine or a chiral
oxazolidone). Compound EE is subsequently deprotonated, and the resulting enolate is
diastereoselectively alkylated with an electrophile corresponding to R to provide compound
FF, where R5 is H. This material is then subjected to a halolactonization reaction to provide
halo-lactone GG, in which R5 and Rg are H and “hal” is Br or I. Halo-lactone GG is

subsequently transformed into azide HH, and this material is then converted into lactone AA,
25

where P4 is an appropriate protecting group for nitrogen.
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CCl - HRRHORg RL CC 15 Lactone AA may be prepared in optically
active formby the follow ng General Method VI (see: Herold et al., J. Og.
Chem 198 78; Bradbury et al., Tetrahedron Lett. 1 S9980266845;
and Bradbgvr(g/%ﬂa ., J. Med. Chem 1990, 33, 2335). Ay, 8- %%gg{ urated
carboxylic acid DD, which incorporates R7, is transformed into the

corriespondi ng acid @hloride (not shown).0oThis acid chloride isogsubjected
to an am dWeacti on W tﬁW]\ am ne or aﬂWazol i done
to provi de” derT vari veoEE TP wRich NS anghi rar ani O™"a “&ffi Ny,

oxazol i done). ié’rpound EE is subsequently deprotonated, and tke resulting
enolate is di ereosel ectively al kﬁ%t ed with an el ectroptfi|
corresponding to R6 to provide conmpound FF, where R5 is H This nmaterial
is then subjected to a hal ol actoni zation reaction to provid hal o- | act one
G5 4n which RS and R8 are H and "hal" is Br or |I. Halo-lacfone GGis
subsequently transforngd into azide HH, ang this material is 4hen converted
into | actone AA, 25 re P4 is an appropyfi ate protecting grgup for
nitrogen. 30 32 WOQI9NSGR35 PCT/ US99/ ok OO OR7\ K7 X1

R7__\ Xj DD ER,EF 0 0 &0, eRy 2% ,96Rg RR7 "V NHP4 N3
hat AA HH GG 107y, 6-Unsaturated carpoxylic acid DD nmayybe prepared by the
foll ow ng General NMefhod VII (see: Hetpld et al., J. O g,y Chem 1989, 54,
1178). An al dehyde 11, which incorporates R7, is coupled with

vi nyl magnesi um bromi @& to gi ve al cohol HH Al cohol JJ is th&G transforned

intp, vy, 8- lic .achd b t - . d
ol P (1 Ph e BBt afigdfd e Herbis iy ahe SRyt G Moy o
160C f ov1l {sebBOHerold ki al., Medvigl 0Gerat1980.90C1 {718). Anh@ith§de BNhich idchrjoydéo! ysi s

wth ethanolic KOH at reflux, 15 O ~~ OH O
R7, is coupled with vinylmagnesium bromide to give alcohol JJ. Alcohol JJ is then

transformed into y,8-unsaturated carboxylic acid DD by a three-step procedure as follows: (i)
treatment with diethyl malonate and catalytic Ti(OEt)4 at 160°C for 1 hour, (ii) heating at

190°C for 4 hours, and (iii) hydrolysis with ethanolic KOH at reflux.

15 0] OH 0]
R7)LH > R7/K/ > R7/\/\/U\0H
| JJ DD
Carboxylic acid BB may also be prepared by General Method VIII (see Hoffman et al.,
50 Tetrahedron, 1997, 53, 7119). An amino acid KK, which incorporates R7 and where P4 is an

appropriate protecting group for nitrogen, is transformed into B-ketoester LL. Compound LL
is deprotonated and the resulting anion is condensed with triflate MM, which incorporates Rg.
The coupling product thus obtained is treated with trifluoroacetic acid to provide ketoester NN,
and this material is subsequently hydrolyzed to afford carboxylic acid BB. If basic hydrolysis
results in epimerization, ketoester NN can be transesterified (allyl alcohol, Ti(OQi-Pr)4) and

25 subsequently deprotected under neutral conditions (Pd(PPh3)4, morpholine) to give carboxylic

acid BB. Triflate MM, in turn, may be prepared from the corresponding alcohol by treatment

with trifluoromethanesulfonic anhydride and 2,6-lutidine.
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RFTHR7 / v RT OH |1 JJ DD Carboxylic acid BB nay al so be prepared by

General Method VIII (see Hoffrman et al. 20 Tetrahedron, 1997, 53, 7119).
An am no i whi ch incorporates R7 and where P4 is an @mﬂ@te
protecti nggg‘raoup? nitrogen, is transformed into (3-ket oes% $ CL.

Compound LL is depr otonated and the resulting anion is condensed W th
trifjlate MM i ch incorporates R6.R; The coupling product thys obtained is
treated wpih t)\lf‘:flé;proagglc agl,d th providgggketoegter Ny nd this

mat eri al is Nubggquently hydrolyz d ty afford carboxyllc a rd Hy I f basic
hydrolysis #eswts in epinerizatpon,oketgpester NN can be thansesteri fied
(allyl alcohol, Ti(GQ-Pr)4) and 25 subsequently degrotected under neutral
condi tions (PdERPh3)4, norpholine) tdlgive carboxylic acid BBM Triflate
MM in turn, nmay beRprepare@ fromthe corresponsd;i ng al cohol by treatnent
Wth trifl uororﬁ;tha esulf onilic anhydride ang, 2,63l utiding. 30 33 WO 99/57135
PCT/-US99/ 00260 RN R O PAN P4. T BU + RoN ¢ otHsO H O O Orf KK
LL MM R70R7OH5P IﬁC]—IP4NOCHSHOR$H R6§688NN Lact one AA
may al so be prepared by General Met hod IX (see: Askin et al., J. Og. Chem
1992, 57, 2771; and M:BBIIlams et al. . Am ChenmnNnSoc. 1996, 118, 11970).

An amno 1 aC|d KK, |c I ncor tes R7 and where P4 is an appropriate

protecting E?Btﬂﬁe Aoy eparF‘E%E g&’i’@?llengﬂéjpﬁfsﬁe ‘epokingealod @& ngl e

dl ast er@@%l%z&ﬁﬂﬁﬂ%ﬂh@@'ﬂﬁ&% @0 40 Lot 8bc. ab9e, 198, 11956, APRGIR, 1987,
1487. oxi de 00 is condensed W|th the anion derived fro conpound PP,

(g |aﬁ’é‘ OWhlthanQH)%iﬁEF Rranghivbere Ra iy an appedpiriate] pretesting gaoup for nicdogeti,ng
( 1S

acer | A CPETTRS O BROTSF OB RSttt L P R R T b etdo.

| act On@r@cPCh@é) nMeSANTP, PR 1eBpokRle @ ﬁ)ﬁd’cﬁderfsé@mlth R dnféh cfe@l"vé&ﬁ%%hﬁagund
carbox%)llc acid (not shown) by the nethod outlined in Askin et al., J. Og.

Chem gzvhugl?mcgpqrftes Rp aRc} in whigh 43 ipa clyral puxiliary (including (1S,2R)-1-
aminoindan-2-ol acetonide) to afford coupling product QQ. This material is subsequently
cyclized under acidic conditions to provide lactone AA. Compound PP may be prepared from

15 the corresponding carboxylic acid (not shown) by the method outlined in Askin et al., J. Org.
Chem. 1992, 57, 2771.

R7 Ry 0
P4\N)ﬁ‘/OH NN + DN
l | “0 Re X2
H o} H
KK (o]0 PP
20 ¢
0
Ry 0
o)
.-I\\RG P w
Ry ) \'}‘ ! ; X2
H OH Rg
NHP,
25 AA QQ

General Method X, useful in preparation of depsipeptide compounds of the formula I-

C, illustrates a method to prepare intermediate TT. Amino acid E and alcohol RR, where P5 is

an appropriate protecting group for oxygen, are subjected to an ester bond-forming reaction to
produce intermediate SS. Molecule SS is deprotected to yield free carboxylic acid TT, which

may be utilized in lieu of carboxylic acid K in any of the general methods described above.
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HOH, OR6 X2 KKOO PP 20 OR7T O O..... R PR7 4, NX2 i - HOHR6
NHP4 25 AA QQ General Method X, useful in preparation of depsipeptide
conmpounds ormula I- C, illustrates a nethod to pr epat di ate
TT. Am novgm;cfgﬁz'%nd al cohol RR, where P5 is an appropri ate pr 09?;06{ p‘ralg
group for oxygen, are subjected to an ester bond-form ng reaction to
produce intermedi@te SS. Ml eculpe7 SS i spdeprotected to ygeld frg

carboxylic agllodRSTT whi ch(P 35 ed inli e%\ﬂ%f cal’bo acid Kin
any of the general ometheds esa | overs 30—34 OH
PCT/ US99/ 00260 | R O R7 JR5 o OpHO(PZ)Rs OP F\“CBQ8 S HR OPs - (

2) s HRMX R6 6 0 R 6 R6 RR SS TT B SPECI FI C SYNTHESES The fol |l owi ng

speci fic nmet hodRRmy al so be used t@8Sprepare various conpounfB according

to the invention. Specific Method | describes the preparation of specific

i nt er TSPECIFIOSYNTHEBESRy be utilized as internediate 0 in the general

met ods descri above., Thus, ester Al pared as . descri bed in Chida et
J. ﬁ:?‘ %@Wln@i’éﬁﬁﬁcﬁfﬁ#ﬂj‘ﬁmayg&? be%“é%‘ﬁt)o H“?%W’(S’P?E@HPQU@ yive 10 acid

Bl V\hlagébrdlhglt(;ﬁl&nnvehﬁoﬂlI‘anSfOI‘ med i nto oxazolidinone Cl. Conmpound O is

subsequently deprotonated, and the resulting enolate is

di ast er eoselséeqlﬁvM%hOéllléﬂC@tbéﬁthﬁ@r@ﬁwoepf WECIfmmt@mmmteaOé Which mqysbeentl ty

o b e LiEEEh Mo BAORAL Bh The Al RERLESHLLIN BLACTMAR LRON 1SRNl

SUbj ecte e UC Ive am Ion reacti on producin
Aci d- Calbﬂ:lrljnzti’dl Chigt bicerh oV yesr. Sbc. ECherh €lonaitifno L2, ad)@()f‘m}hydﬁblyze'ﬂhb give

oxi it 6K ORI BHET Frah @R eLal PRGLTERINdE CHBROuR Suk SRR s
deprotonated, and the resulting enolate is diastereoselectively alkylated to give allyl
intermediate D1. This entity is oxidized via ozonolysis, and the resulting aldehyde (not shown)
is subjected to a reductive amination reaction producing lactam E1. Acid-catalyzed
methanolysis of E1 then affords alcohol F1. This intermediate is oxidized via the method of
Swern (or other suitable oxidation conditions) to the resulting aldehyde (not shown), which is

15 subsequently subjected to an olefin-forming reaction to provide specific intermediate O1.

20
25
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15 subsequently subjected to an olefin-formng reaction to provide specific
intermediate 01. 20 25 30 35 WD 99/57135 PCT/US99/00260 OO O OO0 ~
OCH3 OH N oc, NBoc,NPh +O + 005 ClL A Bl CH3 OCH3
0N 3 Boc WREARCEL" 10 "+OE 70 DI CH30 CH30 o OCH3 o AN aed
Boc,N OH Boc, NOEt HHF1L O 01 Specific Method Il describes the
preparation of specific internediate 02, which may be uti I@zed as
internediate 0 igy the general nethogs descri bed above. ,%J I y Ant er nedi at e
Dl is subjected Glshydr obor at i on/xPdat i on sequence t {Brd a primry
al cohol (not shown). This entity i xidi zed 20 via theJ/methRod of Swern
(or othergsdli t gbl e oxidation gendifions), and theBgéasuI ting areehyde (not
shown) is subjeygted ta gz reduct iNeNani nat i_on, reactio roduci ng | actam GL.
Aci d-cat al y o net hanolysis o then affords alc b H1. This

intgrredi ate 'is oxidized via the nethod of Swern (or ot\rll\gr sui tabl e

oxi dation congftions) to the resygfing al dehyde (not sho which is.
subsequently subjected to an olefin-formng reaction to ovi de specific
internedi ate 02. 25 CH;0

o RS

BOC ~ B e BOC - Ph

N N

10 /‘\O E1 /*\o >
l D1

CH30 CH30

0 r@'OCHs o r@-ocw
N N
———-
15 Boc\” OH Boc\m Yz OEt
F1 o
01

Specific Method II describes the preparation of specific intermediate O2, which may be
utilized as intermediate O in the general methods described above. Allyl intermediate D1 is subjected

to a hydroboration/oxidation sequence to afford a primary alcohol (not shown). This entity is oxidized

20 . . Cy . .
via the method of Swern (or other suitable oxidation conditions), and the resulting aldehyde (not
shown) is subjected to a reductive-amination reaction, producing lactam G1. Acid-catalyzed
methanolysis of G1 then affords alcohol H1. This intermediate is oxidized via the method of Swern
(or other suitable oxidation conditions) to the resulting aldehyde (not shown), which is subsequently
subjected to an olefin-forming reaction to provide specific intermediate O2.

25
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30 36 WO 99/57135 PCT/ US99/ 00260 CH30 OO0 N OCH3 N J Boc, Ph Boc, NN 5
-+O D -OGl CH30 <), OCH3 CH30 / OCH3 O N O N 10 Boc, N OEt Boc,N ZOH H H
02 O H TReshokd o0 ng internediates P1, P2, and P3 may be Us§dyd @/Obm above
gener al % cf In place of internediate 0, to vary the substituent group
in the R2 position. 15 ONON S O H H Boc CO2Et Boc,, COREt ' Pl H P2
O NjO 20 Boc,,H CO2Et P3 A synthesis of internedi ahgo Pl is described

bel ow. Internediate Cl, (described above) is deprotonated—and the resulting
enolate is trapped w tj%—em appropriate disulfideo(synme @? ocid or m xed)
to give sulfide pl sui tabl e protecting gr f oroXygen). The
oxygen- protecting group:is then renpved to give«al cohol p2. This

i nt er nedi at e '§C oxifdi ded via the et hodB&f usi ng ot her suitable
oxi dation condi t'N ehykde (not shown) is subjected
to 2 reductive at E?n reaction to give bam p3.GAci d-cat al yzed

10

Boc = OEt Boc\N OH

o2 © H1
The following intermediates P1, P2, and P3 may be used in the above general methods

in place of intermediate O, to vary the substituent group in the R, position.

15 o H:] 0] H:]
S o
B
N = CO,Et Boc N = CO,Et
H H
P1 H P2
0 N_
o)
20
Boc
N CO,Et
H
P3
A synthesis of intermediate P1 is described below. Intermediate C1 (described above)
is deprotonated, and the resulting enolate is trapped with an appropriate disulfide (symmetrical
25

or mixed) to give sulfide p1 (P is a suitable protecting group for oxygen). The oxygen-
protecting group is then removed to give alcohol p2. This intermediate is oxidized via the
method of Swern (or using other suitable oxidation conditions), and the resulting aldehyde (not
shown) is subjected to a reductive amination reaction to give lactam p3. Acid-catalyzed

methanolysis of p3 then affords alcohol p4. This intermediate is oxidized via the method of
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met hanol ysis of p3 then affords al cohol p4. This internediate is oxidized
via the nethod of 30 37 WO 99/57135 PCTI US99/ 00260 1 Swern (or using

ot her sui Wh@sﬁg dation conditions) to the resulting al defyde;dedlosfoNot

shown), which i's subsequently subjected to an olefin-form ng reaction to

provide intermedi ate p5. This conpound nmay be utilized in place of

i nt ef megj, i (X : . I td , the
Bt A e B v Tt oy ey R ARG "N
0 NJ BuolciNispubrguently SubjptieBipoanildin-foimin rgRtiGkito Bovide iperniedia@HS. CHEO CH30

OCH3 X Ny ZN. . oc.N Bac. N, /.Cet . BOG OH H
0 1t ps grgnd ey e izda bt o pBuliidle Bin Bl M el i

depr ot aii@tradyelgntle tdeant-potdctinggroug il dt eerhevet t@pive thtwntddiadPBppr opri at e
source of electroppilic oxygen (e.g., gn oxaziridine) to giyve alcohol p6.

This_internedi atg NsQal kylated with g swiqably functional izey-al kyl halide
or friflate to O} ether p7 (Pis a "&;E)ropriate protecti Q\Broup for
nitrogen). The pitroggn- protecting é)uﬂpLs t hen renoved nd\Pthhe

resul ting atffmwe\(not shown—+s Stoyectéd to cyeHzation oﬁd@\ti ons to give
| act am p8. Acijﬂb catal yzed net han sl s of °p8 then affo 20 aldohol p9.
This internedi atgyis oxidized via themethod of Swern (or i ng ot her
suitable oxidation conditions) to the resulting al dehyde (al so not shown),
whi ch is subsequently subjected to an olefin-form ng reacfion to provide
intermediate P2. 25 30 38 WD 99/57135 PCT/ US99/00260 0 0,0 0 ~O0 J_ J N~
Boc,lOPh Boc, OH¢EB Boc, N O Ph

CH30, CH30
OCHj OCH,
o) /—<\ )—OCH
0 N o} N N °
8’7 -— 8/7 = Boc. 5_)
Boc\N P a OEt Boc. OH
H N ‘f\o
o) H
p5 p4 p3
15 To synthesize intermediate P2, intermediate C1 is deprotonated, and the resulting

enolate is trapped with an appropriate source of electrophilic oxygen (e.g., an oxaziridine) to
give alcohol p6. This intermediate is alkylated with a suitably functionalized alkyl halide or
triflate to give ether p7 (P is an appropriate protecting group for nitrogen). The nitrogen-
protecting group is then removed, and the resulting amine (not shown) is subjected to
cyclization conditions to give lactam p8. Acid-catalyzed methanolysis of p8 then affords
20  alcohol p9. This intermediate is oxidized via the method of Swern (or using other suitable
oxidation conditions) to the resulting aldehyde (also not shown), which is subsequently

subjected to an olefin-forming reaction to provide intermediate P2.

25
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NNNHP OO~5CLp6p7 OO NOHNHQO QO Boc, 3 10 Boc,H Ort Boc,
NOHOHO P2 p9 p8 A synthesis of specific internediate P3 is now

descri bed diate DI (described above) is ozoni zed, ulting
al dehyde Fﬁ%ﬁhgﬁgﬁn) is reduced to the correspondi ng alcoﬁgﬁﬂ%gﬁggﬁﬁot
shown). This internmediate is then protected to afford conpound pl0 (Pl is
an {5 appropriase protecting group forooxygen). The imde fupctionality
present on pl0gi s drol yzed to carboy | yeQaci d pll, and thig Yneer nedi at e
is coupled with d‘_uitably prot ect ed ¥roxyl am ne derivati Ng@ gi ve

am de pl2 (P2yTs aR gppropriate prot inngroup for oxyge hat is stable
to condi tPorsAwhi ch Wi | | +empve Bk THE P I pretect i Beg-glouP~ s™t hen
renoved, the resulting al coh £P13) is transforneﬁHLB 0 amNHP
appropriate’ | eaving group (halide or triflate, not show). The P2
protecting grogp is then renoved, andpshe resulting hydroxanye 20 acid is
cyclized to give internedi ate pl4. Acid-catal yzed net hanol ysis of pl4. then
affords al cohol pl5. This internediate is oxidized via the thod of Swern
(or using other suitable oxidation conditions) to the resulg?ng al dehyde
(not shown), which is subsequently subjected to an olefin-fgrm ng reaction
to provide intermediate P3. 25 30 39 WD 99/57135 PCT/ US99/ 00260 1 0- 0 00

ON ON OH Ong Ph - Boc.N Ph --OBQ_F.NOOCP, O OPi Db p10 p11 5
OOHOH NHN NOP2 O N _N)H
Boc /O OEt OJ Boc.y °
°N Boc. OH
10 H o) N +°
P2 p9 p8

A synthesis of specific intermediate P3 is now described. Intermediate D1 (described
above) is ozonized, and the resuiting aldehyde (not shown) is reduced to the corresponding
alcohol (also not shown). This intermediate is then protected to afford compound p10 (P is an

15 appropriate protecting group for oxygen). The imide functionality present on p10 is
hydrolyzed to carboxylic acid p11, and this intermediate is coupled with a suitably protected
hydroxylamine derivative to give amide p12 (P2 is an appropriate protecting group for oxygen
that is stable to conditions which will remove P1). The Py protecting group is then removed,

and the resulting alcohol (p13) is transformed into an appropriate leaving group (halide or

triflate, not shown). The P protecting group is then removed, and the resulting hydroxamic

20 . . . . .
acid is cyclized to give intermediate p14. Acid-catalyzed methanolysis of p14 then affords
alcohol p15. This intermediate is oxidized via the method of Swern (or using other suitable
oxidation conditions) to the resulting aldehyde (not shown), which is subsequently subjected to
an olefin-forming reaction to provide intermediate P3.
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Boc. N Boc. N Boc.N ~0 --~-OOH O OPT pl4 p1l3 p12 10 OHOH NN .0.O
Boc. N OH Boc. NOEE HHO pl5 P3 15 Specific Method 111 describes the
preparati At ernediates Q, @, and @B, which may be il hn the
gener al n§¥%g%§h§%scribed above. The known compound 11 is %@%ﬁ% g@ﬁ%d into
the literature nolecule JI by a nodification of a published procedure
(I'kyta et al., ol. Med. Chem 1987, vai.o30, p. 1995). Independently, the
am no acid est rNEB is protected tooaffg;d silyl ether U The_ether is
AL (

reduced with DI or using other su tal e reduction 20 condi |%%s), and
the resukjin

aNdehyde (not_shaqyn) fs>subpected to an olgfin m ng
reaction iNternmediate J1, phoduc H9 ML Silyl depro;%?t'o of M then
af fords alT | N1. This inter f@te IS subjected to a ®ety°%f
hydr ogenati on conditions to provide internediates QL, @, and @B. These
i nt ey medi at es Bfay be transfornmed i ntR% nt er nedi at es anal ogouB't o
internediate 01 (see Specific Method | above) by oxidation anfl subsequent
ol efination. 25 30 40 WD 99/57135 PCTIUS99/00260 0 O O Br NHz Ph3P N Br
11 AO 50 OH"'~0IBS 0 o N Boc, N Oje Boc,N Ove P h 3 P N~ Bpc, ON K

N

L1 HM OTBS 0 S—nu 0P, °YNeop,
o]
Boc~N Boc~N Boc~N
7 o
10 l

BOC~N OH BOC\N = OEt

I
I
(e}

p15 P3

15 Specific Method III describes the preparation of intermediates Q1, Q2, and Q3, which
may be utilized in the general methods described above. The known compound I1 is
transformed into the literature molecule J1 by a modification of a published procedure (Ikuta et
al., J. Med. Chem. 1987, vol. 30, p. 1995). Independently, the amino acid ester K1 is protected
to afford silyl ether L1. The ether is reduced with DIBAL (or using other suitable reduction
20 conditions), and the resulting aldehyde (not shown) is subjected to an olefin-forming reaction

with intermediate J1, producing M1. Silyl deprotection of M1 then affords alcohol N1. This

intermediate is subjected to a variety of hydrogenation conditions to provide intermediates Q1,

Q2, and Q3. These intermediates may be transformed into intermediates analogous to

intermediate O1 (see Specific Method I above) by oxidation and subsequent olefination.

25

30
40



NH 10 Boc, NHOH NI O NH 15 Boc,NHOH Q OO NH NH 20 Boc, N Boc,
NHOHHOH N1 Q@ O NHBoc, N25 HOH @ The artisan will recognize

t hat variQMé & unds of the invention nmay be nade by fol [Qw 0
above-descrlged general and specific nethods as well as teachings 1n the
art, including the references cited herein, the disclosures of which are
her gby incorporated by oreference. Additionally, §he artisan may prepare
vari ous conpoun of~t i nvention according 30 |1 99/ 57135

PCTI US99/ 00260 1 fo fheMNxanpl e descri bed BePsw or-through routine

nodi fications to the 8yntheses described herei MPLES Exanpl es of

various preferred congounds of fornmula | are set jprth below The
structures of the compounds of the follow ng exanples were confirned by one
or more of the 5 follow ng: proton magnetic resonance spectroscgpy,

i nfrared spectroscopy, elenmental mcroanalysis, nmass spectroneb}¥q thin

| ayer chronatggﬁaphy, mel ti ng- poi njot@st er m nation, and boi I? K Ppoi nt
determ nation;y Were there is any:discrepapcy jbegween the given structural

fornul a smwowa ngq;gundBa%ﬁ/f\t\[?Oé’ﬁem calLpane provi dedg?thé structural
0 0O

formul a appH e Boc..

KA1 H 0788

L1 M
(0]
NH
10 =
Boc.
—_— l':ll
OH
N1
O
NH
15 Boc\u/g)
OH
Q1

(o]
NH NH
Z )
— Boc.
20 BOC\N
OH
N1
(o]
NH
Bc:)c\H
25 OH
Q3

The artisan will recognize that various compounds of the invention may be made by
following the above-described general and specific methods as well as teachings in the art,
including the references cited herein, the disclosures of which are hereby incorporated by

reference. Additionally, the artisan may prepare various compounds of the invention according

30
41



Proton magnetic resonance (1H NVR) spectra were determ ned using a Varian
10 UNI TYpl us 300 spectroneter operating at a field strength of 300

megahert z (yblgrsz45hem cal  shifts are reported in parts perpdydiddoR 6(,ppm
6) downfield fromé:gn internal tetranethylsilane standard. A(ﬂer na?zl vely,

H NVR spectra were referenced to residual protic solvent signals as

f ol | pwsto tKeHdathple desctfbeR PolowdYBRotgRrohfindRBHif @ﬁtﬁ% to-thé s}&h&@ﬂ&es@ﬁ@éﬁ
mul ti pI|C|t|es are designated as follows: s = si ngI et; d = doublet; dd =

doubl ethe&itdoubl ets; t = triplet: q = quartet br br oad resonance; and m
= mul tigpk&hMpIGRgP! i ng constants are given in Hertz. 15 Infrared absorption
(IR) spectra were obtai ned using a Perkin-El nmer 1600 series FTIR

spect r onet erExaEipéwmfwaﬂiouﬁmf@amoymsnMéomdd barawet foyth Belbantlhe M crol ab
Inc. ( I 0SS and e results for, the elepents stated within 0.4%
of 1 be THERFERT s BBl IR LfSVinkmRben el By UGS Bort oh e si ng
Silita fglbwh@: (pMiblCklaédidtlc%hﬁﬁanceéﬁﬁkrﬁdopﬁ,l infrived spdcByRbpE RIckEAtDgr aphy. (TLC)
was perfornmed usi n%sérecoat ed }S‘W“éets of Silica 60 F254 (Merck 20 Art 5719).

Mel ti ngisEIaReysiEJBES SRFCHORgtr ?y%W@“H&g&PWﬂé@tl%P@nWte%%wappar at us
and  argduaa; E;ﬁﬁﬁt@fétenﬂidaﬁé@%hx@ﬁﬁer%ra%yH%Ieﬂﬁrf@q)e{%eﬁ% Vénss‘%ﬁlzgpalf | asks

under a sli ght positive pressure of argon, unless ot hervm e note

comrer cloamulashepn fog agempownrseandts chemishhaehe [frovided, Hei structomp Extivlecappliep| i er s
with the fol ovvln exc tions: lht r hydrofuran (THF) was distilled from
sodi um benz 14 {PFONIPE ey SPECHR WOl e B SINE @ YTER)  was

di S@Q' | sty pzm 9@d GletRHAEH dflfuinl 0K IR siSfun @fﬁ@o%ﬁggﬁe%&kﬁf{%sm&%%ﬁ de was

prepared by 25 heating at 110C under vacuum over ni [ 'om n

abbr evi shiftoae repoged gephrts @emniitior=ppo, ﬁbdcevrsﬁelcbfrotneanlmytbme]ttlaearnet%larnef ers to
N, N- di et hyl f or mam de; FMSO refers to dinethylsul foxide; and MIBE refers to
t er t - buitgdardred ligmativelye f H NYIRepeciigpyesy referennsd to residualerotarHbyant signateasol ) |

ot hor ) - ORER o BGH ARTPRESDS > B B ChiEpy 71 GF. By

PCT/ Usgwsigaaﬁe as followsi pEaingldted AbibletCha = (db@mawdf@zsmaﬁsbpﬂmp)et Pec
(tert- butox g)(f)nyl) TFA (trifluoroacetic acid), DI EA

(NN di | S8FF A TEIPDARSE; aqﬂsw—(r&u Hpigl- aQ(émhegveaatS@r@wﬁwcHwene) HOBt
(1- Aydr Hﬁ‘ﬁé%%% h@t?(lk?sﬂ&ﬁié %@obtﬂéﬁqahng Qh! rE'lﬁ’xﬁxo 800 series FTI

1-yl -oxy-tris-pyrrolidino- phosphoni um uor ophosphate TU
(O ( 7- asrebleometr |I%izmbnta_l-ryicyoamaly$ds werer\berfdmtal hyréltlhlyiiqunmlabﬂnc (Norcross,

e | BRI G (Rl B SRB MR iSh vt Ry oo
(2, 3-di Od’]hmh(Dhroﬁxaﬁ}gapﬁlym-perfopﬂnddejﬁihg&ﬂhd’acg&lﬂo (NDMAP Art 9385). Analytlcal thin
e SRS, B BT Sk e 1k 2
T L
am no- 3areAncaxepfrpdr rAdl redétions wexd perforrogd mrseptumesedled flaskd uh@r-aRiliger poditiae
((2s.3 gl)e_ss%-rea (r)Tii ar}(g)én%-ufxl%lss otherwise noted. All commercial reagents were used as received

from their respective suppliers with the following exceptions: tetrahydrofuran (THF) was

distilled from sodium-benzophenone ketyl prior to use; dichloromethane (CH2CI2) was

distilled from calcium hydride prior to use; anhydrous lithium chloride was prepared by

25 heating at 110°C under vacuum overnight.

The following abbreviations are used herein: EtpO refers to diethyl ether; DMF refers
to N, N-dimethylformamide; DMSO refers to dimethylsuifoxide; and MTBE refers to tert-butyl
methyl ether. Other abbreviations include: CH30H (methanol), EtOH (ethanol), EtOAc (ethyl
acetate), DME (ethylene glycol dimethyl ether), Ac (acetyl), Me (methyl), Ph (phenyl), Tr
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10 oxo-piperidin-3 -yl)-propionic acid). Additionally, "L" represents
naturally occurring amno acids. A sinplified nam ng system enpl oying

am no aci qvvggggﬁgg ations is used to identify sone internedi@tesonaskol i nal
products. en nam ng conpounds, italicized am no acid abbreviations

represent nodifications at the Cterm nus of that residue where the

f ol ljowi ?her@lﬁﬂétﬁyl) (dbz ( etsrrz;/,idxejcaa&rgneﬁs@{t@n.%ﬁx SRR ?BdTE& trifiuokdab &2S)

pr openoa ed” 3 15 net hyl ene- di hydr of ur an- -ones are

bsti
report g@dh@lEé? N Ndsisepromylqtiylgming), DR (. §-diszakiesind § 0l envide-7¢edy), HOBt

i 1) S ACRERFR R BROC SRRoP (et bh A P REFRRRAERT™ o any

pept i d@hwﬁdﬂnnﬁ;exaﬂummmamiHlATU((QA(HazaMzMﬁjol{ISymMNM imked by an

?21 % gy R TR Ao Pl gk kS ey MR T B3 cequence, 20 the
e kow d:amaioduﬁmad ﬁmr&ﬁm&s)t @adw@dymhwm@b@%ﬂ&e)(%b @@ddléiﬁ%?o-' S.

repI aced by an am de |i nkage The term nol og

i ndi catesdieyano: lwﬁnzgﬁymgree@iw@ e«h@ém&ammmnéwh&lmiutamm stxua| |y
CO””ECt(Eu&Ha Pﬂp@g%ﬁeg?ﬂraﬁé dg (. %lnez Qﬁ& tﬁ‘?ﬁe &Xmgﬁ?ﬁﬁé{? 2 o

| i nkage. |nen I nv

descri Mhﬁhe(ﬁomphthﬁnhnmb)s odt-Butfpl- Gpa(rtea't-bmryl g{vclﬁancsamyaohA&xr(rxmm‘ylz#l

5-(3"' - (Chz-|- L- Phe- 25 .E- Pr.ope o] le ONHZ2 OO O0OJ~ N NN
6 O N BT O o L B oni 30T Sy DS 105  BER DSben0seE - 1

Pr efoar kb Pipeidi- e A5- Wi@t&ac@z Addftibhal§, M. %s&kizndfum oguﬁ? &(Qm%ﬁ g, 0.50
mo

1 equiv.) was added to sol ution of acetyl chloride m., 3.52
mol , 2c@sequiv.) in CH3CH (5 m.), and stirring was continued at 23C for 1

s di 5ol vess TR beaS of SaR UV NASAC RIS BRI BRI L Fuse S iiakalny ! CU°
sat ur atsente MetbiG@E@iatdsGRd fin}l, pradicttso rWhen nafrfitg corhpoundd) éalicigaiininb ayigr was dri ed
R R L R S
? Dl\/ggy(:j gﬁ@l Q)l ?ée‘ryﬂc Wbl EﬁerS@irdrégorﬁﬁ,as"ﬂﬁgraﬂxél)%peg&tésﬁ mg)lshbﬂﬂ'e’d %1,20; eiH( ';"VR
3 HS mahylerg-dibyggpfurars2 ggeyase rez»pgted 3. "6 (trarssz((mvnmmbutyrol@gto(m) ahd, J=

7.7), %3??—%@115&5‘%013&@ k‘épo{*tg:cll3 3’4"%2 I}%Qx?s% pr%’pemsoxazoles. In addition, the

terminology "AA1WY[COCH2]-AA2" indicates that, for any peptide sequence, two amino acids

(AA1 and AAD) usually linked by an amide bond are replaced by a ketomethlyene dipeptide

isostere moiety. The terminology "AA1-NCH3-AA2" indicates that, for any peptide sequence,

20 the amide bond that usually connects the two amino acids (AA] and AAJ) is replaced by an N-
methyl amide linkage. The terminology "AA1-O-AA2" indicates that, for any peptide
sequence, the amide bond that usually connects the two amino acids (AA] and AA2) is
replaced by an ester linkage.

Examples of embodiments in accordance with the invention are described below.

Example 1 - Preparation of Comparison Compound #1: 5-(3’-(Cbz-L-Leu-L-Phe-L-Gln)-

25 E-Propene)-isoxazole

o NHz
0 u ©
JLN N\_)LN A
H 5 2 H 4

O~N

(Comparison Compound #1)
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10 H, N. Preparation of Internediate Cbz-L-(Tr-d utam nol) Lithiumchloride
(0.24 g, 5.66 mmol, 2.0 equiv.) was added to a solution of Cbz-L-(Tr-

A n)- OV (WodsksHss 2.79 mml, 1 equiv.) in 2:1 THF: Et OH (30 gegysdBfathehne
m xture was stlrred at 230 until all solids had dissolved (16Um nut es) .

Sodi um bor ohydride (0.21 g, 5.55 15 mml, 2.0 equiv.) was added, and the

reaqti Ppe rxﬁmefm&,ﬁgdmemzqyerﬁgqﬁ,tome 23C. The solvents were renoved
under reduced pressure, the residue was taken up in water 5 50 nL), and the

pH was adj uSPed-15-GR(056:8, 0500mmet | equix.) prasaddad toasolusion efcacew! elllerdert oac
(50 ”Lgo 25 ﬁa@dstsb@nrﬁ&%@'eauxggfmm é@@ﬁbfqnq%drnnmgﬁmﬁlﬁgeﬁ)zsa@gmbf' ne (50

mL) before dfying over he organic [ ayer was concentrate and the
r esi dua (has). phiid dolvedt Wys n‘ehﬁséd welketireduced prasmt ogikialdwesidge aad @isdolRiduh i on,

P OO TR E O
AT IR gl iy G

20H) ,  puffied by fldshkolunrrchBorhatogr@ptbA(20%6 EtD Ad)in hékes) to SN2 O Gia)- H N.
Preparation of Internediate L-(Tr-Qd utam nol) 25 A suspension of

Cbz- L- OMe (127 sriidbroyipld) as @@ hige sc81d7ﬁlprﬁrb39)140ﬁCQ¥B(('c}rh t)2574mzoaan NRIRC (10%

was 1 OVEREeLE Shgn T 5 LI &N (DR, 6 ff e B el dnbrata
ggjﬂer (T PR a2 Qo Seh A hod Bt Gafahet ™

9{9/[\()0260 1) 3255 (br) 1642 1527 H NVR (DMBO-d6) S 1.29 (m 1
,153m H} I—g 1H) 3.18 (m 2H), 3.38 (s, br,
2H) P43p=(r§tloap hltr-rjmedratf&bz éT(wﬁlumol)s 62 (s, 1H. Pr epar atl on of

| nt ermedi at ¢ ;40125 LinbGdk . (.22 éagggﬂ;ﬁolg.@te d '3 kﬁll'tl Tgo 17 9.

1.05 mmol, 1.0 equiv. toas |ono heC]—I
(0.41 (ﬁlnIkOMmﬁ‘rcﬂO g, 8.795nreqluil eqyivi) m X IHEHF_’LEthLBO rah} andh&lemamlre wms m xt ure

2’33. v. ) % tt%té(ﬁ‘ g%ﬁ-}g hjd%H%P{ ﬁsé’i_vegl[ﬁ ’E%Iﬁ’ easg]o$?f{“i)118&?0(fx)/§¥drgqe (g)rzg& gggr ni ght .

The volnahol, 29 eyeive) waslder andthe rreafcﬁ&ﬂﬁx@dureWa@%ﬁﬂécﬁove@xﬂghttah e3qE@sTHiue was
purl¥ied by flash coI(Erm chromat ogr aphy (gradi ent elution, 2-*4% CH3OH in

CHC13) SPHe@tﬁwrwgwe wigler regpes prfswreg afRAUAGY2S taken 4p iyWatgoGdynle) ayd as  a

white %H@ﬁ}@*%%% d%@&aebz ARyith 1%9{@? Thﬁp&eﬁetwas%%tekﬁﬁ?h é@?& %@%@L) 1H NVR
10 (DVBO-d6) S H, 0), 0 (m , 1275 (m

1H) 2 apg thieqreaiy layexzwaszvqsmd wm')vatez (@mpmnd bmge (5@m14 b(eﬁwre ditdng ep5 (m |
1 b6 (o1l TR ol g Pnddihe gty it habppfings s 2

chromatography (gradient elution, 20—-50% EtOAc in benzene) to give Cbz-L- (Tr-glutammol)

20 (1.02 g, 72% yield) as a white glassy solid: mp = 66-70°C; IR (cm-1) 3318, 1699, 1510, 1240;
1H NMR (DMSO0-dg) & 1.40 (m, 1H), 1.72 (m, 1H), 2.26 (m, 2H), 3.17-3.50 (m, 3H), 4.64 (1,
1H, J=5.0), 5.00 (s, 2H), 7.00-7.40 (m, 20H), 6.96 (d, 1H, J=8.5), 8.54 (s, 1H); Anal.
(C32H32N204) C, H, N.
Preparation of Intermediate L-(Tr-Glutaminol)

5 A suspension of Cbz-L-(Tr-glutaminol) (1.93 g, 3.79 mmol) in CH30H (25 mL) and
Pd/C (10%, 0.19 g) was stirred under a hydrogen atmosphere (balloon) for 4 hours, then was

filtered through a layer of Celite. The filtrate was concentrated under reduced pressure to give

L-(Tr-glutaminol) as a white amorphous solid (1.38 g, 98% yield): mp = 191-193°C; IR (cm~
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7.42 (d, 1 H J =80, 7.66 (d, 1 H J =285, 7.86 (d, 1 H J =28.0),
8.52 (s, 1 H); Anal. (C47H52N406.0.5H20) C, H, N. 15 Preparation of

| nt er medi 3\3@983?135 Leu-L-Phe-L-(Tr-G n)-H o-1odoxybenzoi ¢ agifhkdfido9:

2. 25 mmol equiv.) was added to a solution of Cbz-L-
Leu-L-Phe-L-(Tr-glutamnol) (0.58 g, 0.75 mml, 1 equiv.) in DMSO (7.5 nlL)

t 23C. . O duced
o eosur 124 n), 3642 P HOIVR (S5 4 B O G 490 ent
{ | t
B oo C A S O e Py Uy S o TP HoRH) S L RO

Na2 S2 OFrspanatiprrot Infermediate QlyaLThey-LMér(?eﬁlmynmdhd brine (30 rrL) and

;.“32 oz L (R Rl 057200 67 RimEE0 LB HING o A SOHRGHORERE o) | ©
Iwmlc Rhev@$ @sﬂl—:log |1r&mnh|oht0é15yequt)hm U“HF (fl()lntlt)eaindphe telattbat hixfire élzdds NIVED
d 5 m

3 02 ( r’?‘? 2’&%‘923286%‘"}( H?“rzl% iLr %‘%ﬁl‘}‘ﬂ?l %1%9 &) 4 @“{‘@1 (12*-9)“" )?Nafzt&eﬁ agided.y * o5H)

7. 39 2%n{ the résutingsotutonkyas sﬁrr&Y oXethight. Mhe doRtifes Vere Bmdv&d (uhier fedlitedd = 8. 0),
8.60 (s, 1 H, 9.20 (s, 1 H._  Preparation of Internedi ate

5-{3' - u@»%@dhireﬂﬁ‘ée wag mrifigdrhy)tlash ppl pasatamaesaphol (eradieautlutionon of
KN<< _§§J/J@H§<9H9§cﬁe1@fmgp% G, i&{, 5#31%% né?%gwﬂlg%ﬁ@n@fgﬁg% 8@ equi v. )

dded to a suspensi i Soxazo

br om de, wiif 4 Qousgof?cf gﬂlﬂfz 95]?génﬁfknut 333, 16 fﬂﬁoﬂi‘}gr 1 Qg @nd the

react|on was Sstrrre es. "A'sofu

219 ensoRiges 070t 68, =) 03666, T), 0.44 (h, PHRIL7SknBqH) 2.2 (3015 WO
99/ 57135 PCTIUS99/00260 1 in THE (10 nL) was added, and the reaction
m xt ur €. Wa(sntlﬁﬁn2 87 (my Bd), dsié(mi QIH) 385 (@D, B (mll\Hén?z Inas, IHBnb e | n

(o't e T TR Bl 1L e BT 7 Radoh 28 Tt : cduced

pr essured2 aindHtJhe 8ty d@@i PHL J Ei8es), hg6 (d, aBlJ i8.0)c8 5y 6l 1Hhrmat ogr aphy
(gradie ﬁ -+ 5 in CHCL3) to give
5-{3"- @62 %6(3619 ) A n)) - E- propene}-i soxazol e (0.307 g, 70%
| d 1568 1265, 1043, 711,
{hem?q E%B%%éﬁ’gq{m@&gﬁ‘?@%é ggz-k_,&&%%l;ﬂe ﬁﬁﬁ‘flégﬁg 1.40-1.55 (m
éI.H) , 1|II_.|) 60- 1.8®dpxrybedtdic acid ((BE3 3,4245 fimol, (BH) equiv. B@as?a(ﬂgd (cna saltion, of Zlb9-123984
((T, OH, Lf‘d‘i %iﬁ)i 8% 9&‘3““{‘8“’%15%&&1@ ol, g]e‘é%v m‘oDMfz? (73154"25&‘393 &GAG‘)‘” 6. 46

(s, 1H) stlrringlﬁvr 2 hdars( fhe D’L\@ﬁ)) waZ réihoved un&é‘ﬂ redliice® ng:)ssurJ ﬂ@'r@s@?& Wwistwidd) , 7. 96
(d. 1H J 10 =9 0 1H, J= 9.0), (s, 58 (S, 1H);
HRVB ca@lhﬂed vish CE3 3&@36’845@%’ ent%ﬂp%%@)to(q?m@gﬁ anyf @WWI%QN@MS Pr epar ati on

of Pr Odrléghme ?/as( giluté&&%& E}é&y Qg) rﬁbgadllé‘l ﬁ Oe)d ancP ??tggg | SAREQ w1th 5%

Trifluoroacetic 2501
5- { 30- (WhrSol031 56 Naeh@s sto-hﬁtilim (30 mL), water (30 mL), and brine (30 mL), and then dried

over NapSO4. The solvent was removed under reduced pressure to give Cbz-L-Leu-L-Phe-L-

(Tr-Gln)-H (0.53 g, 92% yield) as a white glassy solid, which was used immediately without

further purification: 1H NMR (DMSO-dg) & 0.79 (m, 6H), 1.00-1.98 (m, 5H), 2.27 (m, 2H),

2.84 (m, 1H), 3.02 (m, 1H), 3.98 (m, 2H), 4.58 (m, 1H), 4.99 (s, 2H), 7.14-7.32 (m, 25H), 7.39
75 (d, 1H,J=8.1),7.97 (d, 1H, J=8.5), 8.38 (d, 1H, J = 8.0), 8.60 (s, 1H), 9.20 (s, 1H).

Preparation of Intermediate 5-{3'-(Cbz-L-Leu-L-Phe-L~(Tr-Gin))-E-Propene}-Isoxazole

A solution of KN((CH3)3S1)2 (0.95 mL of a 0.5 M solution in THF, 0.477 mmol, 1.0
equiv.) was added to a suspension of isoxazol-5-ylmethyl-triphenylphosphonium bromide

(0.222 g, 0.525 mmol, 1.1 equiv) in THF (20 mL) at 0°C, and the reaction was stirred at 0°C

for 30 minutes. A solution of Cbz-L-Leu-L-Phe-L-(Tr-Gln)-H (0.366 g, 0.477 mmol, 1 equiv.)
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@ n))-E-propene}-isoxazole (0.214 g, 0.257 mml) in CH2A 2 (10 ni), and the
reaction 15 mxture was stirred at 23C overnight. The sol vent was renpved

in vacuo esidue purified by flash silica gel chr @i Re6a5Y
(gradi ent u4t$]72n5r 0->1% CH30OH in CHC13) to give

5-(3' - (Cbz L- Leu- L- Phe-L-d n) - E- propene) -i soxazole as a white solid (0 054

g, $6% mletl®)m%§Ha§\Me& %@P{e@@ﬁct@n %1)?t?1f&~&3thér{@tlr@h|)@ver% @at1234@ G 2
1.47-1. 1.79 (m 211), , 83288(m

1H), 2s09\7ﬁn3wmre(rmve4%vacso ggd ﬁlemm@uﬁ was dﬂ}ltedMlng@AmGomL)L wa@hedmﬂ:a 4.57

L") 5. girge G g S e e el Mest e oty By ol BBucs el )
7.31- 7arﬂ1Qhé f831du5 mﬁgd ¥hofldsl silika Ig'el oﬂnoma‘?o%})iphy&g%l&geluﬁoﬂ'm—h"f@{ H 8.07
(d 1 H, 9.0), 8.51 (d, 1 H, C32H39N506) H N

| m (2H€13I§’rtcegae é{{3behZfL -Courpelthreel -AF11Gln))-E-propene } -isoxazole (0.307 g, 70%
Et h | -3-((5" - Methylisoxazol e-3' -carbonyl)- L-Leu-L-Phe-L-d n)-E-Propenoate
0 LgieldPas-hrOadinhéiisGoNd: HMO@O?B%-IBS?@AIS]@S 1385, 4643001 HQ/PBNMRS

i BRI BN T Tl sl

f |
AR hor ‘r‘r%r“ps 2Hy; %gi 287 K‘i)[‘ i, o508 malg{)o3 2?{3.09 . ?ﬁyéﬁcﬁ&?@so ) at
%Cd_ TheH)y, daist 4. Gfm(m] Mﬁ),m@%%SZHsUFr&@)%aQ é@gﬂ or= 20), HBG(dd, IIHDMEGIS)Q t hen N,
e 6 T TS R @y R S e 3 B Hem T 9B L 55 o
2 1Roues hhg.08 andut frem. (?asspwum isos8ad, het wsmwrfox%sgw&o%m@swm (2

x 150 nlL). The conbined organic Iayers were dried ove and were
concen964h3(éiﬂ)(l\49t€s),fﬁowd96ﬂn3(ﬁﬁ the residue by flash colum chromatography

Boc- L+ Eresgrtye fediet Do e 1 Bt o dun Pt eommple r (om 1)

3411, 10 332aﬂu&aﬁ&ncmal1 mil 6 5%s a&d’édWRsélGﬁEl&)S lp3 J(CﬂZ-L(ﬁeu BJPIhe-Ll(gGB 1.77
(m 1H), 2.06-2 @83 2.29-2.4 r% 4 (s,
VRS )Y (Espmb%ne}iwaz%e 14 29. Zéﬁ]mnﬂhw 7 91¢) (lefméﬁ %thq@mtronAnal

C31H3 di ate.B L-
(AR i R TS RSN B 7
mol , guﬁﬁedﬂ@ Baphisilich gﬁl&ﬁm&d&d&@i‘aﬁh’y @raienuéluteh, (Df—> EQ@H-}CH:HH GHalz)h Ove) Me

(16. 1g, 30.3 nmmol, 1 eq wv&
give 5-(3'-(Cbz-L- Leu-L-Phe-L In)- E -propene)-isoxazole as a white solid (0.054 g, 36%

yield): 1H NMR (DMSO-dg) 5 0.77-0.83 (m, 6H), 1.26-1.46 (m, 2H), 1.47-1.62 (m, 1H),

1.69-1.79 (m, 2H), 2.04-2.29 (m, 2H), 2.83-2.88 (m, 1H), 2.97-3.10 (m, 1H), 3.99-4.12 (m,
1H), 4.37-4.43 (m, 1H), 4.48-4.57 (m, 1H), 5.01 (q, 2H, J=6.0), 6.20 (d, 1H, J = 15.0), 6.36

20
(dd, 1H, J = 15.0, 6.0), 6.45 (d, 1H, J=3.0), 6.75 (s, 1H), 7.14-7.29 (m, 6H), 7.31-7.40 (m,
5H), 7.45 (d, 1H, J=9.0), 8.04 (d, 1H, J=9.0), 8.07 (d, 1H, J=9.0), 8.51 (d, 1H, J= 3.0);
Anal. (C32H39N50¢) C, H, N.
Example 2 - Preparation of Compound A-1: Ethyl-3-((5°-Methvlisoxazole-3’-carbonvl)-
L-Leu-L-Phe-L-Gin)-E-Propenoate
NH,
25 )
o} b9
‘(/\,;/u\” N\;)LH ZC0,CH,CHy
(A-1)
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THE at -78C, and the reaction mxture was stirred at -78C for 4 hours.

Met hanol (4 nl) and 1.0 MHA (10 nL) were added sequentially, and the

m xture to 23C. The resulting suspension was dil hobdko Et 20
(150 rrL)\MWOg?’ AE3 washed with 1.0 MHJ (3 x 100 nL), hal Al
NaHCO3 (100 ni), and water (100 nmi). The organic layer was dried over

MyS@4, p zrrsfs&' fﬂn&l&mmeﬂ -Eh letm% e Boc-L-(Tr-An)-H (13.8 g,
97 OOC?;‘;IG S a white sol |d€ﬂ ) 4- ijl.\g% IR (cm 1) 3313, 1697, 1494;
1H NMVR ( CDClS@))utsl dhldrpfqrmate (9547 mlg, 365»rmn¢5 1(Ongquiti)) wasadddd ®. 2@ 1ution of H) ,

7 To. 78 e GEOH gY el 8 7l ey 2 FirsiinPomplibe slpspr 755 17
Et hyl - ZahB02.0leq(iln) R 2P0 afienoat® Badieadtobinsikiutd Wad fiirtediat 40 pride (22. 9

m. of a 1.0 Msolution in THF, 22.9 nmmol, 1.0 25 equiv.) was added to a
sol %E i onndminytest hon Nhrdipiiadnedsexydanaing Bydrocjoridex(3¢0rgyr86.7 mmal, é§ui v. ) in

THE 78 G; i al Wi A Qn . Stirr  ,20 m nut es
At it bR bdde? e B ABRRAGH bt Al Hie 3 Win Akl S B 270 T 1S
i n THEhOG® (hﬂ,)mdl\ﬁlsn waslpardtivied beawwen vater 41 mhpande@dpClon2 Xi DsO wile). Vine St i rred

for 2 hours at -78C, warnmed to OC__for 10 mnutes, and then partitioned
bet weesombmesorganic(ayses erp daisd oxer NapSQuxandrwcre cormenrated. Rutifipsioawthe( 2 x 150

05 57136 BETDULSLFOLER0 Mo A et B 1 LAV SIS EREIAS) due by

ot 1 - SR BRI ERYIRONEEA L 0 TR R d (oam

| R 1{%s0 ) ,
”‘333?9 33%)81 173)7 59! H{N)%%Q@r%@l;})a 15421( JH% t, 6331HT7 (i!rr 1?1)0% 063 1‘}§m§

J— 7 2)1H)42 292(43 (anH) BT, (s/BHB23 54 4s, BH) (4r173 @, bd) 1H%.588-1.40(m 11Hﬂ, 730= 15 7

pal | (CTmbaRIys) AT on of i ntermediaie
Et hyl - :’péﬁmﬁtn 8?&&r‘ég%§g@c)_lz%-ggggjeﬁoate A solution of HO in

1,4-dio to a solution of ethyl-3-
( Boc- L- ( Tr - @iisputiapmopem dxdrede( (30 26nky of 6115]1\/Irmkutloni'htehpaneg 75.8immbhe.5sane

I t (15 nl) .at 3C Aft 2. h t t der
- e e apiasteleogrplign af Ryt Larrian YaBHg T g poaRmeRd cibie
Thi s nergF aahsm&ndt&s%eﬁedmlﬂugizﬁsané@& 17RIC ad }ﬁ@ﬁ— IMéERgol %Lim@ g,
6.01 mmpl, 1.0 equ 02 mol , %wv

iy MBI 60 ok e pitecisst it and eaniiuge jvas Aranate 23 78, o, 02
ol I i

TT0r b et pansiolt Sl aRGEE Qb0 1 Pl fand Bs LRGHeH offh 1O KEHCE VRS
and CH2I002n1 2 hxlf-38Grardd)NaHG@3 Cldotmine andwagani100 héy)e Mhe bipankerlgyet ae drie er

Na2SO4, concentrated, and the residue was gurl fied by flash col um
over MgSO4, filtered, and concentrated to give crude Boc-L-(Tr- Gln) H (13.8 g, 97% yield) as

20
a white solid: mp = 114-116°C; IR (ecm-1) 3313, 1697, 1494; lH NMR (CDCI3) § 1.44 (s,

9H), 1.65-1.75 (m, 1H), 2.17-2.23 (m, 1H), 2.31-2.54 (m, 2H), 4.11 (s, br, 1H), 5.38-5.40 (m,

1H), 7.11 (s, 1H), 7.16-7.36 (m, 15H), 9.45 (s, 1H).

Preparation of Intermediate Ethyl-3-(Boc-L-(Tr-Gin))-E-Propenoate

Sodium bis(trimethylsilyl)amide (22.9 mL of a 1.0 M solution in THF, 22.9 mmol, 1.0

75 equiv.) was added to a solution of triethyl phosphonoacetate (5.59 g, 22.9 mmol, 1.0 equiv.) in

THF (200 mL) at -78°C, and the resulting solution was stirred for 20 minutes at that

temperature. Crude Boc-L-(Tr-GlIn)-H (10.8 g, 22.9 mmol, 1 equiv.) in THF (50 mL) was

added via cannula, and the reaction mixture was stirred for 2 hours at -78°C, warmed to 0°C

for 10 minutes, and then partitioned between 0.5 M HCI (150 mL) and a 1:1 mixture of EtOAc

and hexanes (2 x 150 mL). The combined organic layers were dried over NapSO4 and were

30
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chr omat ogr aphy (40% Et CAc in hexane) to afford
et hyl - 3- (Boc-L-Phe-L-(Tr-A@ n))-E- propenoate (3.55 g, 85% as white foam

IR (cm 1 06, 1661 111 NVR (CDCL3) 8 1.29 (t, 3H, 1.38
(s,(gnH)},) Vg‘gg@iﬂ% et o8 (m ?m) 3 555 b7 ( Pcl%?”%}’m

294 .01 (m 2H), 414426(m 3H), 4.48-4.53 (m 111), 4.95 (s, br, |

S. e e ashi®o 0 b J= 15, 8,
5 4)1 génc@ﬁltratéd*bP&HiCﬁDﬁél &th @s%% ()Qﬂ éh"(ly ll_lﬁlml @méﬂlat @ra@ﬂy &ZH%%ON‘%&O% CoH N

Pr epar a¢tanas)erovidadeatid - Eiog L (Tr Gln)] E-propenoate (10 9 g, 8% y1eld) as a white _

B BT B R
Boc- L-

(e LR b Gl %%f*e%‘??} T & 2R E ST G S s e

undesrB m&idL(ﬁede),rﬁe&Ss@dﬂelH'melf esl.clue. 725ddNaS{ dFsSISol, ¥4, 6.92 @4&@,2.19:30@ m),

and “Boc- L- u- .2 equiv.), HOBt (1.88 g, 13.9 mol,
1.5 eq@‘?‘vl%ﬁ)' é M%#n@% 06 nL, 27.8 mmwl, 3 equiv.), and EDC
(2.67 e | | he reaction

m xture \A%ﬁ'agtg?%m&edﬁyg@{h% %ﬂﬁhﬁﬁ‘g%?{'ﬁ Esi)'go r%‘o% |Ioned bet ween

wat er (100 m_solvaiumaﬂHHIIIn?1(42dm<aheo4®(M 15 mm)ewmmdﬂedadamlgmmfelﬂiwms wer e
dried d conc te and .the re e was by flash
Col uim (ER-baFSEPA oo DS pies OLRB, | el pobfsinptiest 18gEhat 30 s
WO 99/ 53§(35AB§|-2 LISBOHORARS wete reRbvdd-dlder dediickl pfdsEurd tdfafﬂfr@@wzp NQ-46 g,
7%%I el d) as white foam IR (cm 1) 3284, 1651), 1515; IH N 13) S 0.86

H,(Ta6116)-Bypropen@ste(lC]. 3Mis MateBalBas dissolged 'm CB;H;bJ&O mlL,) 20d BQc -B4hes, 9H),

1 38-1. 3 1.62-1.89 2. 28 2.30 2
3. 06- Bﬁ(ﬁﬁg%f ‘“§’ng1 é“ﬁ‘&vﬁﬂoé 2g48§?7 ol gﬁleq‘ﬂl% 4.2), 4. 48- gm51 (H)m
2H) , 4n§ezh}(lﬁ%rﬁhoﬂle (15925m§612(@3 minot}3 ellurv )151@}2DCQ1 69 5Znﬁ1'f@1 25l u1©8)69 (dd,

1H J=1 1), 3 (m é 8N40703 ) C H
N. Pr eryggrggqldgﬁ sgquepﬂqlb/r r@)@,rgchon mlxture was stlrred at 23° overnight, and then was

Et hyl - &t{t n %ét&%éﬂ &%Fé‘ab L% and @-&%2) &'Od'r%g) LTIE)J]&)HJ%I?CE odgmlc ]§yer>ﬁs_)

(Tr-d penoate A so ut’ion ‘di ‘oxane was

added tVOeréldﬁ&l wdr N804 edoRydntrdte(i B thd rebi@te Wwadh@ifled by ftach Bdimk- pr openoat e
(0.236 g, 0.27 nmol, 1 equiv.) in the same solvent (3 10 nL) at 23C. After
2 hour shramsogrephyt (4D%sEtRércdn hexane)sd affautesthyled (Frsel - Bh@és(ﬂ”ré?ln)ﬂ]ie resi due was
di ssol ved in CH2C12 é/s 5 nm), cooled to QC and_t ){ amne (0.112 L,
0.81 mRsPRenoaic (.84 @i 85%) atrthits T hiﬁ[% S0 A b Ho TR (6 d® 0.058 g,

0. 40 t Th t

St i rr od 2% (oarbr 736 R E0: PERG-TaIER DS k¥ e Bl SE heh Bh er (50
m.) and. QZHZ@lZm( 2HX 4904129 (m, 1), €984 3€th, (DHgalnEDSC(sJ WY EHME Ska (werg ok i ed over
Na2SO4 and caoncentrat ed ndé‘ge residue was purified by flash col um

chr ormat Db abhy (L35 GrEEH: PA% € By =115 p kb0 (5, br. THD, 7147 32 (m, 20H);

et h90 - 3541 XcyrBlL ANbOgPEagale- 3" - car bonyl ) -
Preparation of Intermediate Ethyl-3-(Boc-L-Leu-L-Phe-L-(Tr-Gln))-E-Propenoate
A solution of HCl in 1,4-dioxane (4.0 M, 15 mL) was added to a solution of ethyl-3-
(Boc-L-Phe-L-(Tr-Gln))-E-propenoate (6.40 g, 9.28 mmol, 1 equiv.) in the same solvent (15
mL) at 23°C. After 2 hours, the volatiles were removed under reduced pressure. The residue

55 was dissolved in CH2Cl2 (100 mL), and Boc-L-Leu-OH (2.58 g, 11.1 mmol, 1.2 equiv.), HOBt

(1.88 g, 13.9 mmol, 1.5 equiv.), 4-methylmorpholine (3.06 mL, 27.8 mmol, 3 equiv.), and EDC
(2.67 g, 13.92 mmol, 1.5 equiv.) were added sequentially. The reaction mixture was stirred at

23°C overnight, and then was partitioned between water (100 mL) and CH2Cl7 (2 x 100 mL).
The combined organic layers were dried over NapSO4 and concentrated, and the residue was

purified by flash column chromatography (2% CH3O0H in CH2CI?) to afford ethyl-3-(Boc-L-
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L- Leu-L-Phe-L-(Tr-Ad n))-E-propenocate (0.199 g, 91%yield) as a white foam

IR (cm1) 3286, 1650, 1541; 1H NWR (CDC13) 6 0.86 (d, 3H, J= 5.4), 0. 8?

(d 3H J 128(t 3H, J =7.2), 1.43-1.59 (m 2H)§|!§U5§,0 §5 m
‘?9%57)1?5 228 (t, 2H J =7.2). 2.41 rerludgndd 2

(m lH) 306313(m 1H) 4.17 (q, 2H, J=7.2), 4.31-4.33 (m 1H), 448-

5 9 3 . ( y J=7. 5)1
20,3 D8l PpRLLRGLA Edropbibad o 47y Vs Beifalinigd . Sedfn{ b}, V3 7
6.6), ?6919-15’19-1HNMR2(13D@13? 2086.(d, FLAHFNORHE RN, 5= ), '}129'?f @P{aJ&t' on of
Product Ethyl-3-((5"-Methy i soxazol e- 3' - car bon yl)-L-Leu-L-Phé-L-Q n)-

E- Pr op@apdt i @59HY, il i38elp6 iy, 1351)) nﬁml(xe (B7 V), 9591 377(3n rmml 2.28-28 0qer) m/{.),) and

) OB R AG) LobT e SR S I Y B, 8 D
Phe-L- 6668 I, £t 090 SN ®8 (nf, Q%@&%Sﬂ(ddolﬁhmh; 5.1, eqmm@ (mh,21EH2C12 (3

mL) "at 23C, producing_a brb‘%ht el low sol ution. The reacti on m Xt ur e. was
stirrednppfC %{M@‘g 3320 luring which time it becane colorless. The

sol o HERlien PEMRYSs Emg @%ﬁﬂ{%ﬁ%@‘f’*{zﬁ%-wd‘h Vi TG v 30
49 VO 9B¥-BTABE-PeollenGd/ 00260

t hyl - 3- th I 3- b | )-L-Leu-L-Phe-L-d n)-E-propenoate
(0,57 g, " shopyen s HETR i () Ml )2*23332@5@04w11(tm0f)etftsizgf§80q662

1544 L%L-P%Z& ﬁhbzw& 8@%9@21@ 09 Qi nffol f’F!;unJ )'1n6th§ Qfa]e é%l\%%t !

%2 1.23 (t, 8-1.742 (m
¢ 1 HmI=2at 23°F). | AferPehques tf@H)olatlkswermvemnm@duzemegmo I(hmreﬁdtﬂ:

4 11 (gmégl‘s' caéed-i 7(;_%2&3‘&1531%%51&%41@&%0%2%%% %fla%?me ﬂ)z 1%17_01%?@# ’1,66 568(39
(d 1 |3|Oel'1urv ﬁanﬁ)&m&h&ﬂso&dzolé—ﬂdarbény‘l chioBilde (B0 8 0.400mmdtl1. 5]eq§7v )'S\)JereAnal
(029H39N507) C, N. Exanple 3 - Preparation o Corrpoun A-

Et hyl - |S§awls@a%1ibé Ene reaqtion miktyprq wassiined apfis™ for 89 minuespaaibemaee NH2 0 10

(ét EyP §m? (TSoxazol e- %Fé(g(r) @Lﬁfﬁécﬁ?{:&,gﬁ_x ﬁ@gﬁa?f’# & n%d_ SrBhgL pgdiate

15 were dried over Na2SO4 and concentrated, and the residue was purified by flash column

204

chromatography (2% CH30H in CH2ClI2) to afford ethyl-3-((5’-methylisoxazole-3’-carbonyl)-
L-Leu-L-Phe-L-(Tr-GIn))-E-propenoate (0.199 g, 91% yield) as a white foam: IR (cm-1)
3286, 1650, 1541; IH NMR (CDCI3) § 0.86 (d, 3H, J = 5.4), 0.89 (d,3H,J=5.7),1.28 (t, 3H,
J=17.2),1.43-1.59 (m, 2H), 1.67-1.75 (m, 1H), 1.95-1.99 (m, 2H), 2.28 (t, 2H,J=7.2), 2.41
(s, 3H), 2.97-3.04 (m, 1H), 3.06-3.13 (m, 1H), 4.17 (q, 2H, J=7.2), 4.31-4.33 (m, 1H), 4.48-
4.52 (m, 2H), 5.72 (d, 1H, J=15.9), 6.19 (s, 1H), 6.41 (d, 1H, J=7.5), 6.59 (4, 1H, J= 8.1),
6.71 (dd, 1H, J=15.3, 6.0), 6.95 (d, 1H, J = 6.6), 7.09-7.21 (m, 21H); Anal.
(C48H53N507°H20) C, H, N.

20

Preparation of Product Ethyl-3-((5’-Methylisoxazole-3’-carbonyl)-L-Leu-L-Phe-L-GIn)-
E-Propenoate

75 Triisopropylsilane (0.077 mL, 0.376 mmol, 1.8 equiv.) and trifluoroacetic acid (3 mL)
were added sequentially to a solution of ethyl-3-((5’-methylisoxazole-3’-carbonyl)-L-Leu-L-
Phe-L-(Tr-GlIn))-E-propenoate (0.185 g, 0.21 mmol, 1 equiv.) in CH2Clp (3 mL) at 23°C,
producing a bright yellow solution. The reaction mixture was stirred for 30 minutes at 23°C,
during which time it became colorless. The volatiles were removed under reduced pressure,

and the resulting white solid was triturated with EtpO (10 mL), filtered, and air-dried to give
30
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E- Propenoate 15 This conpound was prepared from

et hyl - 3-(Boc-L-Leu-L-Phe-L-(Tr-An))-E- propenoate and i soxazol e-5-carbonyl
chl ori de &?55;58 procedure descri bed above (Exanple 2) fp%‘rfﬁﬁg/oozw
preparation o

et hyl -3-( (5" -net hyl i soxazol e-3' -carbonyl )-L-Leu-L-Phe-L-(Tr-@n))-

E- pqopaﬁg\ai ?([5 hi%ﬂ{yfiagaxia}o?lég%rbé%ﬁri L%%Q%Phéﬁw%(lgg&}%@s?? Q7 QM(;, 6H, J=

% 9011y1951) émvhikd:-&ohdZ na@ 023-2254C: IR (an 2) 32950 (1@6293?_')24 Qgsi mzz% 1@1N1mﬁ182_3 09
15, 3), EéMé@ 4@ 0 ‘b$1 (d13HbJ 6: %Bb@é&d 3 M 613)zr1n12§ (93857 %)6.9)61 38162761 (m  2H) |
200 Ty it 1By 270 an®2 8 B, i) 086 (o, 4 SRR G Oeh 22 85 D00, N

Pr epar

Et %I - BHY, (4l1$qu1;':lZIQ|.B-52) mazrdwszytrh 3H)|-§'63|éd|:ﬂ1'§'ﬂ:g@ 656?5 Qﬂ?m(%dm? title
ound was from (i soxazol e-5' -carbon L- Leu: L-Phe-

L (Tr - &% é%r@?ﬁsﬁo‘%ﬁ éthrlr?dna6HD c?c@d@r éHaﬁalgd@th tdo LHhAT 7efas%$8 bed
above anpL r ration of

et hyI g (5 Q%%/;Ihlas(&%?{ Pﬂ‘goeigg?b%nyl) L- Leu- L- Phe-L-d n) - E propenoat e:
np = 2EXampRG - PRpaeatich) of L30@pouh@Ss-2: TthHL-3- ayD-P-Dedl-(d, 3H
J—60h ?EPBH J—60) 1.21 (t, 3H, J=7.2 1.42-1. m 5H),
204(%‘—%&9—4—@}-‘—?‘* 2.87 (m 1H), 2.94-3.01 (m 1 H, 4.11 (q, 2H,
J—72)437(m1H),441452(m M), 5.64 (d, 1 H J = 15.6), 6.68
(dd 1 H J =159, 5.4), 6.76 (s, b6 H), 7.12-7.19 (m 7H), 30 50 WO
99/1§7135 PCT/ US99/ 00260 1.8. d, 51 J 8.1), 8.20 (d, 1 H J = 8.1),

8.74 (d, 1 H J =1.8),,8.04 d, i1 H, 7.8); Anal . (C28H37N507) C, H,
N. Exanple 4 - Preparafi YOU 'C
Et hvl -3-((5" -Methvliso ol e- 3'C cat

1)
L-a-(t-Butyl - Gy) L- (4- Me- Phe) - L- GR@-Propenoate NH2 5 OHOONHO
N ~H CO2CH2CH3 (A-3) Preparation of fnternediate (A-2)

Et hyl - Iy ¥ L. )
Et hyl g %ﬁ%ﬁlﬁl{{n% dy%ﬁ%?ﬁgtﬁﬁt)é)ﬁpge s’B)&Q E’ 9‘?@%@%% Leu- ePslf:erIF Tr Ghﬁ))ExarrpI e
2 L}Sg #bPropendatd?7 g, 3 10 mmol) vvas d| ssol ved in DI\/F (10 nL) at 23C
Di iloopr opyl yl ami n 1. 6. 20 I S ed, fall d by
Boc- L- (4- NE%F}H %ﬁ"&paé% Oﬁyﬁ'm?‘%{&f%‘é’?%gsgﬂé‘s&éﬁged to OC.
HATU ( $rob8ndhte &dﬁ@oﬁﬁ&h% setsonsregstideantheltheproaitd ®cribed above (Example

2) for the preparation of ethyl-3-((5’-methylisoxazole-3’-carbonyl)-L-Leu-L-Phe-L-(Tr-GIn))-

E-propenoate: IR (cm‘l) 3282, 1643, 1530; 1H NMR (CDCI3) 5 0.87 (t, 6H, J=6.6), 1.29 (t,

3H,J=172), 1.49-1.64 (m, 3H), 1.69-1.80 (m, 1H), 1.90-1.96 (m, 1H), 2.30 (t, 2H, J=7.2),
20 2.92-2.96 (m, 1H), 3.02-3.09 (m, 1H), 4.17 (q, 2H, J = 7.2), 4.42-4.48 (m, 3H), 5.69 (d, 1H, J =

15.3), 6.65 (s, br, 1H), 6.66 (dd, 1H, J=15.9, 5.4), 6.76-6.79 (m, 2H), 7.00-7.31 (m, 22H),

8.24 (s, 1H); Anal. (C47H51N507+0.75 H2O) C, H, N.

Preparation of Ethyl-3-((Isoxazole-5’-carbonyl)-L-Leu-L-Phe-L-GIn)-E-Propenoate

The title compound was prepared from ethyl-3-((isoxazole-5’-carbonyl)-L-Leu-L-Phe-

L-(Tr-Gin))-E-propenoate using a procedure analogous to that described above (Example 2) for
25 the preparation of ethyl-3-((5’-methylisoxazole-3’-carbonyl)-L-Leu-L-Phe-L-GIn)-E-
propenoate: mp = 217-220°C; IR (ecm-1) 3302, 1655, 1541; 1H NMR (DMSO0-de) 6 0.81 (d,
3H,J=6.0),0.86 (d, 3H, J=6.0), 1.21 (t, 3H, J=7.2), 1.42-1.75 (m, 5H), 2.04 (1, 2H, J =
7.2),2.78-2.87 (m, 1H), 2.94-3.01 (m, 1H), 4.11 (q, 2H, J=7.2), 4.37 (m, 1H), 4.41-4.52 (m,
2H), 5.64 (d, 1H, J = 15.6), 6.68 (dd, 1H, J=15.9, 5.4), 6.76 (s, br, 1H), 7.12-7.19 (m, 7H),
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allowed to warmto roomtenperature. The DMF was renoved in vacuo. The
resi due was dissolved in EtOAc (30 nL), and the organi c phase was washed

sequenti al 10% HA 15 solution (25 nL), saturated Ng,;iqffg
(25 m), Ilgé&(%ég and brine (25 nL). The solvent was drie 9?%%@)4) and

filtered, and the resi due purified by flash colum chronmat ography

(9 30t 8np @l )0 197 ASHTBEM| )L iyl 7 3~ GRog b- (4-
g (( 9 %}r openoat e fogh'Cﬂﬁ 8% g?el%(ﬂ ma‘]mmg?e&%horphous

soI id: (@qumlsm)qmy 1655, 1491 1175 | H NVR (DVBO-d6) 6 1.20 (t, 3H,

J=17.0 9H) ,. , 2.23 (s, 3H), 232 2
2.72 (A xa e4 separation of Agly Ethvl- __,\ etiazl_(i))l 3 (m HZ‘L 38
(m 1Hx,-aﬁt-%t«lcblvs-m4JMeilﬁ.eﬁm§, H2pbiiilnodsd J=15.5, 5.5), 6. "2 (d, 1H,
= ay, U4(Cl ZH, = 7.177], g, 26, J =7.7), 7.14-7.28 (m 15H),

80 (d 1H J=280), 853 (s, 1H)O

Preparation of Interrrediate ,

Et hyl - 3- (Boc- L- a-(t-ButWiéﬁw he)-L-(Tr-A n))- E-Propenoate 25

Et hyl - 3- (Boc- L- (4- Me- Ph - - gagai e (1.45 g, 2.06 mml) was
di ssol ved in 1, 4-di oxane m_)o if solution of HO in 1,4-dioxane (4.0
M 14 nL) was added. The reaction tirred at roomte rature for 4
hours. The sol vent was renoved by evaporation, and the {8s)due t aken up in

Et OAc (Pa@p4¥ation DhEntergedint mhﬁsa(mmmwhw-mnxah};rm)e@béﬂ%hm sol ution
(50 nmL) and _then brine and the solvent 30 51 WO

99/ 57135 Pﬁ@é@?%bd(“-ﬁl@é#ow@@m@éﬂh&(@Eﬁﬁé@é apfessgbadeintizagpled 1. 23 g of

| d
1! 8Bt PSP Rk hene e ERE A Far BSr hdomyi nes: <
of helt hyl : ogmamn(né})ws Rbddd; FolloWed Gl Bb}{E(?M@ﬂ?x_?}D@l}E(O)ES)?CgéBI(D fnaflf.or d ( 49%
et - Q- 0C he) - L- r- n - propenoat e %
yi e?/d) IeAcHiAR P a%?%w&ugeé%g ¢§<1 B gm0 >‘fiae@§d%isevd@2§@c ay1; 1H NMWR

( DVBO- difihwhd & ®ami ﬁ) ro@rlﬁ')tem rgtﬂlre( tThe :ﬂ'MF Has ?en%vved II;V&ZO ( '?"he I%H)due &%1?2 1.70
(m 2H), 2.22 (s, 2.2 8 (m 2H), (d, 1H,
J= 9. 6)dissalved maEth\ and4the Qreanig @hqsmwaﬁ H)asheﬁ sstquemnsla‘)y Wh IQ HCE. 54 (d,

1t 137 g B 10 ey e B gl .
8.1), &olen(Was drltﬂ (MESOB) 23d fiBord® 268 thelredilic pARGkd b GASHBAMADT. 0. 4H20) c H

N. 10 Preparation of Internediate

Et hyl - 3hfqriite dvepihyylgraitenazlotien, - € aA5% @HAOH in @HCL3) Bupiyk ethyl-3-(Boc-L-(4-
Ady)-L-(4-Me-Phe)-L-(Tr-An))-E-P ropenoate

Et hyl - 3M¢-Bbe)-L(&r-(Hr)BtpbpdBogtp (L 48§ 4, 08 Plokd) ak a (White @nojphobs pilidpéRéahd) was
deprotected using the iocedure descri bed for the deprotection of

et hyl - 31-7(1@01@5@ C2ATY IS ﬁNMR((W@ﬁ)S)fS E—zﬁt(bégnbaﬂé))abé@@; 9Hhd - 42hk66

r es“' U198 185 (O3AF 2% i, 38, TP o, 155, 25550 145594 054,00 (m, 18, 4.10 (q
2H,J=7.0), 4.38 (m, 1H), 5.64 (d, 1H, J=15.5), 6.72 (dd, 1H, J= 15.5, 5.5), 6.8 (d, 1H, J =
8.0), 7.04 (d, 2H, J = 7.7), 7.10 (d, 2H, J = 7.7), 7.14-7.28 (m, 15H), 8.02 (d, 1H, J = 8.0), 8.53
(s, 1H); Anal. (C43H49N30¢) C, H, N.

Pal . (C43HAON306) C, H, N.

I

Preparation of Intermediate Ethyl-3-(Boc-L—a-(t-Butyl-Gly)-L-(4-Me-Phe)-L-(Tr-Gln))-
E-Propenoate

25 Ethyl-3-(Boc-L-(4-Me-Phe)-L-(Tr-GlIn))-E-propenoate (1.45 g, 2.06 mmol) was
dissolved in 1,4-dioxane (27 mL), and a solution of HCl in 1,4-dioxane (4.0 M, 14 mL) was
added. The reaction was stirred at room temperature for 4 hours. The solvent was removed by
evaporation, and the residue taken up in EtOAc (50 mL). The organic phase was washed with

saturated NaHCO3 solution (50 mL) and then brine (50 mL), dried (MgSQ4), and the solvent
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15 CH2C12 (3 nmL). Pyridine (0.025 nL, 0.32 mmol) was added, and the

reaction was cooled to OC. 5-Methylisoxazol e-3-carbonyl chloride (0.046 g,

0. 32 mmol ed. The reaction was allowed to warmto ggom

t enper at u%“elég@&lsﬂgﬁlas stirred for one hour. The sol vent was rermg\?/é]?izm

vacuo, and the residue subjected to flash col um chr omat ogr aphy (gradi ent

el Uty Oflmo G WhHIQH b CHEGIRIe | 2 8OFQK BEwh

et hyll 3n(1%5 umat hyl 1 so?agol e- ? eca?%g - -“é 't tanﬁrﬁhous soltd. This material

d y) - LWad civtpl@heith Bo¢-Tre@-Bifyl- Eiypr(@ﬁelsmgttlm ;(rﬁceﬁﬁregies&?dk{dfmreheisynﬂ&sﬁ whi te

armrpho 0,lLR 1) 1518; IH NVR (DVMSO-d6) 8 0.88 (s, 9H),

1507 ( B a3 oo, Bty PR B0 pAFE-Daehosss abpvead st eltgh- itbortont 2

2. 45 ( Burdtdl 271!}\71&1%21( -&1))-E 9 §Rnar® Bace gdgha %

4. 46 (du%H Y5EG g ﬁnm%%mf fagbiYiekdlhs  SpRe gidsphdy mh&

111)5 BRGEm" loddss |15B17 mzts 1157&,1P5NMR0151\/18D de.m81 d, 9}2}412,11% 8?11)1,—770)05 (d
J_

8.1), 7.13-7.28 I—% (d, 1 H J =29.6), 3(d, 1H J=
8 1) g ({0, 152+17J)(m QHL)2 (sslH)(é2612}%(m/2ﬁ91273{2®4d1ﬂ55w507&6(@, H N

25 Pre t f Pr
Ethyl - 30005 SReFST & Q’%zéﬁ)’e‘f%‘f‘égr{%’ony P4 gDy Sy R /= 154),
(4- V- mey)(dum;m%a 5 EOHLE £158)5 9 (05 ML b & S)QX@ZIQHGHBJ 77),

-carbo (4- Me-Phe) - L- )).- E- ropenoate(O 17
g, }I%? ?Pﬁ gééﬁ‘ﬁéﬁ SCﬁQgEQ({IAi)ﬂM)" T, §§&(S 1W1£‘I’fﬂmr oacetic acid

(0. 4 %4 @qctlpereactlon was stirred at roomtenperature for

30 52 7135 P /0S99/ 00260 1 six hours. The solvents were renpved in

vacld lmaplaxtalaen roemdmedm& mm m;(se-Mettnyridom1@@1-menﬂtlLoaq‘t-m&ﬁp hy

(gradlent el ution QHin CH2A 2) to afford ethyl-3-((5

met hyl |(§]¥)(5'z(dl'lge3phe&§1’%n§4"?)-ﬁPd’"P‘E“OBEﬁ yl -dy)-L-(4-Me-Phe)-L-dn)-E-propen

te (0.085 T3% d: 1661,
2?4? ( 1206: By 3@? &(c e Qioa) 6"§%5$16(§1y 0. g\é'g?@é)og&?%?’%’f%(’?ﬂéﬁ%ﬁg %) 7.0),
1. 60- 1. dEBro@emedZJsl)ng tBe Prbe@lufbdesenibed Hr, the dé;#ot(est;orﬁ’d-ﬂ)ethy? 35B0(-5.-(43Mg-Phe)-70- 2. 77

m 1 34:- 4. 37 5 (d,

1 L6l e pgebe? e ipd i igtigl hminelp2 5 Gl otwselbived iy . 6. g6
(dd 13(3H2©12 (3818, P§riihe (0.62578L(6.32 Bimollwhd addbd, 26d m,reé’dfion«lvasc&léa o /- 06
(d,1®H, J'="7.7), 717 (s, br, 1 H), 7.65 (d, T H J = 6), 8.14 (d, 1H,
J= 8. 1)0°ca SAMe(mllso]z(Mole-Sseaﬂ)Oﬁyl chirak (0. om@mmmmﬁwm SPROyacBonH, N,

Exanpl e ar n. _of .Compound
Et hy| - zzs(aél‘o ffz? w?m-ég)xrg%rglt%m raturel, %ngﬁ W?S) stlrrfg fc|>_r ope hour. The solvent was

-(t- Butmﬂno(/i'd/z)a vaeod ahd Mo egsidueGhibjpetéd for gk 0oland chidmatériphyl (@adieht diutdn,

CO2CH2CH3 . .
0—1% CH3OH in CH2CI2) to afford ethyl-3-((5’-methylisoxazole-3’-carbonyl)-L~o-(t-Butyl-

Gly)-L-(4-Me-Phe)-L-(Tr-Gin))-E-propenoate (0.19 g, 77% yield) as a white amorphous solid:
20 R (ecm1) 1651, 1518; lH NMR (DMSO-dg) & 0.88 (s, 9H), 1.20 (t, 3H, J = 7.0), 1.55-1.67 (m,
2H), 2.14 (s, 3H), 2.18-2.28 (m, 2H), 2.45 (s, 3H), 2.70-2.77 (m, 1H), 2.86-2.93 (m, 1H), 4.07-
4.14 (m, 2H), 4.46 (d, 1H, J = 9.6), 4.50-4.55 (m, 1H), 5.54 (d, 1H, J= 15.8), 6.59 (s, 1H), 6.65
(dd, 1H,J=15.8, 5.5, 15.8), 6.95 (d, 2H, J = 8.1), 7.05 (d, 2H, J = 8.1), 7.13-7.28 (m, 15H),
7.60 (d, 1H,J=9.6), 8.13 (d, 1H, J=8.1), 8.41 (d, 1H, J=8.1), 8.51 (s, 1H); Anal.
(C49Hs55N507) C, H, N.
Preparation of Product Ethyl-3-((5’-Methylisoxazole-3’-carbonyl)-L-a-(t-Butyl-Gly)-L-
(4-Me-Phe)-L-Gin)-E-Propenoate
Ethyl-3-((5’-methylisoxazole-3’-carbonyl)-L—o-(t-Butyl-Gly)-L-(4-Me-Phe)-L~(Tr-
Gln))-E-propenoate (0.17 g, 0.20 mmol) was dissolved in CH2Cl? (4 mL) at 23°C.

Trifluoroacetic acid (0.4 mL) was added, and the reaction was stirred at room temperature for
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F (A-4) 15 Preparation of Internediate

Ethyl 3-(Boc-L-(4-F-Phe)-L-(Tr-A@n))-E-Propenoate Boc-L-(4-F-Phe)-OH (1.41
g, 5.0 issolved in THE (50 nL). Ethyl-3

(H2N-L- (Tr @é’}%’ﬁ% propenoat eHC1 (prepared as descri bed inP&réUrrSB?/gozfo
1.0 g, 5.0 mmol) was added, followed by Et3N (0.70 nL, 5.0 nmol).

Car Qonyikdioh sl A3 abKektd wdfe Bmoveddin vIFR, IndRE r&HRE dvas @ﬁﬁ]eét&?torfﬁ% Eélﬁfﬁnwas

stirred at roomtenperature for 20 hours. The sol vent was renoved in

vacuo, Cbmdlatdgeanhﬁigladu@ntsﬂhlﬁ}oec:@@@% GHBDéIslh Cdbl@lﬁhtocalﬁﬁouhahyig} @pny (gradi ent

el ution, *1% CH3CH i to
et hyl - gleﬁfaélé%az@& k—cm&eyﬂl L(Oh(t @tbinyE 1. iﬁ‘rkﬁ&séﬂ@&%&lm Eqmopgnoatedf 08%ed) as a

11 LR SO i AT 401, BB A0 00
13 gt 5 L. e 400 28,00 AR 0
8 1) BH)R.T0-097 (m, IIZH)2,8672 A7, 123 4,074 1371, 2HB, A0BH- 467 (IﬂlHH)J¢48 AN

Ex hy |- S BB FEOR L e 3o G T RN L AF BBl e s b o

Et hyl - 3: XSE(@oDrj.H(mﬁl%Feaez)H uc(fa’ n) @IOB)(bl - p'rmemaqu vmsngepréswqtmdﬁnd
coupled with Boc-L-a-(t- %) OH usin the procedur es described above
o pr e@e@a,e% T §‘(883c8 @b(ds % /81443 §9759 B256.5H20) C. H, N

above,

URAYL: (549%
1506, 1168; 1H

. , 3H, J-70)136(s 9H), 1.53-1.67
(m 2H), 2.23-2.28 (m 2H), 279294o *2H), 3.85 (d, 1H, J=9.9), 5 4.09
(g, 2H, J=7.0), 4.31-4.35 (m , 4.534.55 (m IH), 5.46 (d, 1H, J=
15.8), 6.36 (d, 1H J = %4 d 1 H J =158, 5.5), 6.97-7.03 (m
2H), 7.13-7.28 (m 17H); ,8 —COBSHqu; 8.14 (d, 1 H J =28.1),
8.49 (s, 1 H; Anal. (48 N407F’) N. Preparation of Internediate
Et hyl -3-((5' - Met hyl i soxazol e-3' -carb )F L-a-(t-Butyl- G
ly)-L-(4-F-Phe)-L-(Tr-d n))-E-Propenoate (A-4)

Et h{4 - Prepofrtionaf (htreRutdibteG thy -3-(Bdc-E-@EPh &)=L TTr-@17) E-Brépeapsaroat e was 10

deprotected and coupled wth 5-nethylisoxazol e-3-carbonyl chloride using

the proc edurf&? -L-¢Edheh O dydve StOdnE\P msglssolved in THF (50 mL). Ethyl- -
et hyl - 3HReL, % 395@95@1&1 ga@zggi a%fbn@ed(xa ER4Yle2Tnbde, t:d &

Me- Phe) - - (Tr GI openoat et

et hyl - 3nfnoH' wasatidad, f(ﬂmmﬂtby@-tﬁ\l {@20 MO.NY.0)mrheld- Carbonyldiimidazole (0.81 g, 5.0
(t-Butyl-dy)-L- 34 F-Phe)-L-(Tr-d n)) - E-propenoate %74%y| el dg as a white
amor phdnmb)ovasad ed, md deyeartiansyes sty al B! tempemvre (DRBOows) The eivdt( s,

3H) %02 \%% 5&85 Vg’i'f% A%thé éésgd%g 1%] Zdlfgﬁas _F%lgmfxqc?@m?mggéa};hy (@@lflent 2 45 (s,

elution, O—)l% CH3O0H in CH2CID) to afford ethyl-3-(Boc-L-(4-F-Phe)-L-(Tr-GIn))-E-

propenoate (1.13 g, 32% yield) as a white amorphous solid: IR (cm-1) 1712, 1666, 1510,
1169; 1H NMR (DMSO-dg) & 1.20 (t, 3H, J = 7.0), 1.29 (s, 9H), 1.61-1.70 (m, 2H), 2.27-2.34
(m, 2H), 2.74-2.78 (m, 1H), 2.86-2.90 (m, 1H), 4.06-4.13 (m, 3H), 4.36-4.40 (m, 1H), 5.58 (d,
1H, J=15.6), 6.71 (dd, 1H, J= 15.6, 5.5), 6.98 (d, 1H, J= 8.1), 7.03-7.09 (m, 2H), 7.14-7.28
(m, 17H), 8.06 (d, 1H, J=8.1), 8.53 (s, IH); LRMS (M+Na) 730.

Preparation of Intermediate Ethyl-3-(Boc-L—o-(t-Butyl-Gly)-L-(4-F-Phe)-L-(Tr-Gin))-E-

25

Propenoate
Ethyl-3-(Boc-L-(4-F-Phe)-L-(Tr-Gin))-E-propenoate was deprotected and coupled with
Boc-L—a-(t-Butyl-Gly)-OH using the procedures described above to prepare ethyl-3-(Boc-
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OH, J= 7.0), 4.32-4.36 (m | H), 4.45 (d, 1H J= 9.6), 4.50-4.55 (m | H),
5.44 (d, 1H J= 15.6), 6.58 (s. IH), 6.63 (dd, 1H, J= 15.6, 5.5, 15.6),
6. 93- 6. 99 7.13-7.28 (m 17H), 7.64 (d, 1H J= 9, 1H,
J= 8.5), L 41 H J=8.1), 851 (s, | H; Anal. (@8?&?@%%@

N. Preparation of

Ethyj - 3L R'BUMALEY) g@w%@y@({p@vﬁyﬁsﬂ%ﬁ&oﬁe (ib pRAd i Bl o (1o Phe) - 20

L- & n) - E- Propenoat e I soxaz

-car bo rﬁut})bqﬂ-}’érlf(ﬂ-lBBhngL -a Iy‘);lnll)-E@d@eﬁibw@ €549 Meld) @ aphitCapophemaatia: WS
depr ot ect d usi n% a proced ure anal olgous to that described above for the
pr epar 4¢mg ﬁlg?.o 1651, 1506, 1168 H NMR (DMSO-dg) & 0.80 (s, 9H), 1.20 (t, 3H, J = 7.0),

ot gy'n) %éé(?bp@ﬁg% &%?ﬁbﬁdé 2SR R0M), b0 2o b BHNY 38 4 it L 4 Phe) -

et hy, Ag F&Qg(@ QHBIhVIG)S@XBZGBQmSIH);aYSQWS'ﬂ ?rra Lu1B; £.46 BU WAL 79 18)8)2836 (d, 1H

Phe - E- propenoat e 800 as a white anorphous solid: IR
(cm 1) J1'6%§) 6%3@. 1H,55315.4,4. Nwﬁa Zﬂl\?é@ﬁé}l - 3-888 (m, 17@1%)805@11%1 3H, J=
598147&3 1¢m/=2d4i> 84%93}1{% %1((@481%59}8367#‘)%%51\13 2.75-2.82 (m 1

H), 4.36 (m 1H), 444(d,
1H, J meﬁanatﬁnwmteﬁaeame E:H};l-s-‘é(seﬂMétﬂyhslakhzoirsﬂéax%)mylSiLS% Bu 6. 64
(dd, 1 75 (s, br, 1 H, (m 2 16 (s,

br 1 @fy)t(st-?hsz @@-@4))@31’991»«3%85 PCT/ U899/ 00260 1 (m 2H), I7 69 (d,
1 = . Anal .
(029H38N507 thyé% f]—fn’ﬁo it OE#I%WIJG@)% @%Eg?é?f%ﬁ@l )‘%’n%}’e{}%% Rt

Et hid - StepfdBéctddatnb\cbisiek avith |Senahy1«:saxmrey3 ):arbbn}N/ahlohdt( dsifp BB@)ocde(résS) Pyrr ol
Al a)}-E:Pr gateH 5 ON XH O ONHOa H COZCHZCH3 F (A-5)
Pr epar aﬁeﬁgﬁ) gp PV5te PHPaTesthy1-3- ((5 -methylisoxazole-3’-carbonyl)-L-a.- (t Butyl Gly)-L-(4-

(45) - 4- I
tert- Bup'% IPh %g?%@)g%oa ro%nﬁatgr oXi %X ?@?% 315 q'rlt]é?ﬁ 1%0)812 soI boB?‘l@ i‘n ‘2o, 108
mol , Jt-Buegdly)-).- (MsPheaddﬁd Glﬂ))aE pmlpeltﬁdam’U@% yield) as a white amorphous solid:
(4S)-4-(2- hoxgcar bon di met hgl - oxazol i di ne- 3-carboxylic acid
tert- bdiwrre (P8 aa KN LM o) ) EhiaiBHntl 2 (. 310/ <Chébml 58oc. )
Chem 64 3 n. CH3CH ( 150 niL
andl? he %%333120% 5?‘&;’&%5 S’ 2t73r2e% @Da Px %‘%a 9)ét(m2é’é) P @ 5 h.
The ni xmweE oS, mmgatrhatmdzt 4YB@enH, gdu@%dz; 1. Msﬁ&qm 4 &@H”J’- vol ure,
and t hen was gart itioned between 0. g

15.6), 6.58 (s, 1H), 6.63 (dd, 1H, J=15.6, 5.5, 15.6), 6.93- 699(m 2H), 713 -7.28 (m, 17H),
7.64 (d, 1H, J=9.6), 8.16 (d, 1H, J=8.5), 8.46 (d, 1H, J= 8.1), 8.51 (s, 1H); Anal.
(C48H52N507F) C, H, N.
Preparation of Ethyl-3-((5’-Methylisoxazole-3’-carbonyl)-L-o-(t-Butyl-Gly)-L-(4-F-Phe)-
L-GlIn)-E-Propenoate

Ethyl-3-[(5’-methylisoxazole-3’-carbonyl)-L—o-(t-Butyl-Gly)-L-(4-F-Phe)-L-(Tr-

20

Glin)]-E-propenoate was deprotected using a procedure analogous to that described above for
the preparation of ethyl-3-((5’-methylisoxazole-3’-carbonyl)-L-o~(t-Butyl-Gly)-L-(4-Me-Phe)-
L-Gln)-E-propenoate to provide ethyl-3-((5’-methylisoxazole-3’-carbonyl)-L-a-(t-Butyl-Gly)-
25 L-(4-F-Phe)-L-GIn)-E-propenoate (80% yield) as a white amorphous solid: IR (cm-1) 1653,
1543, 1223; 1H NMR (DMSO-dg) § 0.88 (s, 9H), 1.21 (t, 3H, J = 7.0), 1.59-1.75 (m, 2H),
2.01-2.06 (m, 2H), 2.46 (s, 3H), 2.75-2.82 (m, 1H), 2.89-2.96 (m, 1H), 4.09 (q, 2H, J = 7.0),
4.33-4.36 (m, 1H), 4.44 (d, 1H, J=9.6), 4.50-4.58 (m, 1H), 5.47 (4, 1H, J= 15.8), 6.59 (s,
1H), 6.64 (dd, 1H, J = 15.8, 5.5), 6.75 (s, br, 1H), 6.94-7.00 (m, 2H), 7.16 (s, br, 1H), 7.18-7.23
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(2 x 150 nL). The conbined organic |ayers were dried over MgpSO4 and were
gravity filtered. The filtrate was concentrated under reduced pressure and
the resid under vacuum to afford

(4S) - 4- (ZVﬁéngléo@%yet hyl ) - 2, 2- di net hyl oxazol i di ne- 3-car boxylplcgluasc?g/ 0260
tert-butyl ester (10.0 g, 100%crude yield). This material was used

W t hougy, it Ags (pqlﬂfﬂ_qaglg)% (leIﬁDdN%.l( ) Mt rotaners) 8 1.49
(s), POty Va2 1565 1s) 1585 ( ,)’%gzl.ﬁff (%)eAg‘gln 20 3.74 (M,
3.91- 4(@BH3|8N509F)3f5aHaNI on of Internediate

(45,4 °9) - 4 { (4"-Benzyl - 2" -oxo oxazolldln 3 -yI) 3' -
Oxopro ; A CRAYAt1on ! l a7

Triet hILI-WE'-@-ﬁTSPlgbg-LEHSE-E%r@l-M}!-E Iﬁ’ogelﬁﬁ‘ﬂéV ) and pi val oyl chI oride (2.61
m., 21 ) equiv.) Were a entially to a solution of
(45)-4-(2' -carboxyethyl)-2,2 25 dlnet §xazol i di ne- 3-carboxylic acid
terts-butyl ester (5.80 g, 21 2 ol , iv.) in THE (450 nL) at OC The
cl oudy reaction m xture was $ti reﬁd%lt OC for 3.5 h, then lithium chloride
(0.988 g, 23.3 mol, 1. Z CO)ZGHébeenzy| - 2- oxazol i di none (3.57
g, 20.1 mol, 0.95 equi vo)N wereoa sequentially. After warm ng to 23C
and stirring for 19 h, the reaction ture was partitizg between 0.5 M
HC (150 nL) and EtQAc (2 x 150 nL). The conbi ned organic™Vayers were

was hedPyégalratienl 6f Fndérufediatel (49-A0QB-atbéxyiethyl)- 212 ikl eth ?,ﬂfxa;ﬁqi(ﬁ@-ym 99/ 57135
PCT/ US99/ 00260 1 N?SOZL and gravity filtered. The filtrate was
concenthesyiqpeigrer-Brtdstes essure” and the residue was purified by flash
collém chr OgBY;BEABRNIde IOV 246 T DENARGR LR 164 K?nol(f'gecﬁuv Phad- {3
-(4"-benzyl - 2" - ox0- oxazol 1 di n-3"-yl) - - OXOpPT opy

di et hydld]:xlatzaIsd)ldtlmaﬂ4§)a4-I()Dmekho&ymb(ﬂwteﬂ’(vﬂ}hlidyMetﬁﬁlt-@(azéﬂdxﬂez3-@arb&%%c as a
colorlessg oil: 297 169 | H NMR (CDC13, m xture of

r ot anefs ’%"E“‘Xgesf‘éipre&ar a ‘zf’fcnbf ét"é‘ etaly Joghem. f@c ffem Lomgmpnd, 3=
13.5, 994),.1084)820.8 g1%.6 Bmol 31 &frid) AICHADH (B50/RL aﬁatk(er&sul br) ,
3.97 (dd, J= 33 é . 4.10- %9119)@) ﬂ?lé $ t:ghg?(lq)36(r’r) Anal .
( C23H3 He28) mnm,lre kas I’Sl:lrrfRi‘ gpRarQfordns nf Tlllenmenme dwaatcencentrated under reduced

2'S, 4S | jdi ne-3"-
o Bon Bl Be i L GRS aEY e e OB E PetrehB S5 NH G0 ML) g oA
t ert - Bm ¥ |15(Eﬁﬂ9r ThOcdinbindiérigaiiic lyels4varddid dhet MgSO4 and were gravity filtered.
-(4"-benzyl - 2" - oxo- oxazol idi n-3"-yl)-3" -oxopropyl }-2, 2-

d| met hmh@ﬁam was erncentradymden ieducsd ptkssuze ande y¢sxctestde|ed (ifdet Pagguml & 6 Mol

bi ot r FRIVER i f ety 18 AR B i e R R 9% 6 ol
1.0 eq 0 S til xture was
siirrod for s “’Wﬁd@?’% e Aol A8 el pfhon iher PRTEERE PR ol + 30
15 equu(ODplmxmcrotametséﬁ 149 (s); i1 153 (8n1.600¢K)1 1.84+2105 Fmby, 2239-2.78Gn), LK -
reaxtiqn m xture mai ntai ned at -45C for 2 h, and then was partitioned
bet weer- 4 ()13 ?ﬂ'ﬁtoér(@)of hal f-saturated

Preparation of Intermediate (45,4°’5)-4-{3’-(4’-Benzyl-2’’-o0x0-0xazolidin-3’’-y1)-3’-

oxopropyl}-2,2-dimethyloxazolidine-3-carboxylic Acid ter-Butyl Ester
Triethylamine (8.87 mL, 63.6 mmol, 3.0 equiv.) and pivaloyl chloride (2.61 mL, 21.2
mmol, 1.0 equiv.) were added sequentially to a solution of (4S5)-4-(2’-carboxyethyl)-2,2-

25 dimethyloxazolidine-3-carboxylic acid fert-butyl ester (5.80 g, 21.2 mmol, 1 equiv.) in THF
(450 mL) at 0°C. The cloudy reaction mixture was stirred at 0°C for 3.5 h, then lithium
chloride (0.988 g, 23.3 mmol, 1.1 equiv.) and (S)-(-)-4-benzyl-2-oxazolidinone (3.57 g, 20.1
mmol, 0.95 equiv.) were added sequentially. After warming to 23°C and stirring for 19 h, the
reaction mixture was partitioned between 0.5 M HCI (150 mL) and EtOAc (2 x 150 mL). The
combined organic layers were washed with half-saturated NapCO3 (150 mL), dried over
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NHACL and 5% Na2S203 (300 nmL) and a 1:1 m xture of Et OAc and hexanes (2 x
200 nL). The conbined organic | ayers were washed with H20 (200 nlL), dried
over MySO{yoad)shizgravity filtered. The filtrate was concenty gt dolide"
reduced pressure and the residue was purified by flash colum

chromat ography (15% Et QAc i n hexanes) to provide (2'S,4S,4"S)-4 20

{2 1( AMeBenzila davidxenaunzpl 'fﬁrrar@uga LR ﬁxzc%?g%ihéed'pgg%)&u}e 2 fied! methyl ox

azol i di ne-3- carboXylic aC| tert ester 85" 8ol orl ess

2| |45 I(Rsx@umwiia pﬁﬁ?ﬁ, by]iYa‘EH colilﬁﬁ&hrorﬂdtbgi@ﬂy((ﬁijiOAmzlﬁﬁ gégﬂ’aﬁezﬁféo?él?én) aﬁegséz8( dd.
J = 13543? 4’é5'>‘f7{3 (‘H‘)O' @%@2%3 21yl>(%170><0@r%1}42 ¥4 (n), 5.06-5.13 (),

f:’nf o il eré‘@ﬁ% . f%%r%ﬂ?%zﬁ TR Han g e R 1 ook ply FEReR o
3~ x1) adredi sy [T HINRY (dxqgrmmr&oma%ers Byl e rgne ves

hrough™ a sol ution of (2'S/ 4S, 4"S)-4-(

oxazol tdrae}dxm)parbmwuymew -84, 2eanyl13 (ra) 2- 30378t (), gwazpzkz @h n§96§§ar boxyl i ¢
in CH2 00 nL) and

acr dt

cH b0 7SEtl 7 200 B bl 60 1T ) i 07} . 7 S5 0k Al B b0
perS| sgﬁ The reaction m xture was then purged with 30 56 WD 99/57135
PCTI US99 0151260 1 argon until it becane colorless. Methyl sulfide (6.67 nlL.
90. 8 nioéparifioreeiiintermedinte 21844,4°1SHd- {m-(<4’umnmsz Sério-6@okdine-38C for 3.5 h,
and was nai ntai ned, at 0 n. addit] After partrtronr ng the
oact | CHEARKD BeRCD seden 2B tRtRar S carbxyieApidree . and
hextfnes (2 As@ﬁ@ioﬁbf%_‘Stlh%Qo{ml(m’e-@eﬂy%m&mhﬁéé%lﬁhwf’eyl)df"—(%éé) é)?f  MISO4 and
gravity 5 filtered he filtrate was concentrated undeér reduce pressure
and t heimegyleppzoligine-B readbaxgiceacid regfthuryl geigr (i Ve u6-6frumneh éequuy i THEt i on. The

above 0 rrL) at
230 - R e K TURS | Softu thy Bk Pl o BB EOERL T 4
equi v. yqlusadinUifHIa déttanmol, (1 2. @@ivy), in 3. @meryolvent4 160 El(f]J)IBN-7}§°C arfigk m@dioum
cyanobor.ohydri de mere added sequentially.

The re&U¥H en‘ﬁassﬁﬁlsrgﬁéﬁ‘sr%ﬁn%a@ i% E:D?@chF%?llﬂS"cHdea%“ H¥meer - Gas 10
par tit cQnedwashawran Adep stMlthan s&rmomz h%'i‘deGQﬁG re!aguah I%QQuerOa The conbi ned

orda@nic |ayers were washed with half- sat urated NaHCO3 (300 rrL) dried over
Na2 S04 magiiginedt@ng 81§t foa 2 ddandbiesr wasphrgieahep betswan e 2: 11Themrre of balbsanarstepassed

L QU AR SrNadshPTStn B M, LU SLLEOG ML SITRELEG L LRSS o
pyr rol itde Bordbmy¥d BEfahi dyers Werd wzerehmtmfe @OO%D? d%ea: VRMWD L argi d

tert-butyl ester contamnated with (S)-(-)-4-béenzyl - 2-oxazol'i di none. 15
Thi s mtaartyéjlltewds Tk Sidtoiteywds ¢anc@HBE und@Qeddced peasshird sitHHR Ges{dde 35 g, 1. 81

ol g?Cﬁ%ahash coltfith c%romgogragl? ( lgé'cétIOOAnc Qh)é;[(ag{es to prov1cFea(E %(145t £ BOC and

was rnaup}’%’il
20 {2’-(4’’-benzyl-2’’-ox0-oxazolidine-3"’-carbonyl)-pent-4°-enyl }-2,2-dimethyloxazolidine-3-

carboxylic acid tert-butyl ester (4.29 g, 55%) as a colorless oil: IR (cm-1) 2978, 1780, 1695;
IH NMR (CDCl3, mixture of rotamers) & 1.45 (s), 1.49 (s), 1.68-1.80 (m), 2.13-2.47 (m), 2.49-
2.67 (m), 3.32 (dd, ] = 13.4, 3.1), 3.69-3.97 (m), 4.11-4.21 (m), 4.66-4.74 (m), 5.06-5.13 (m),
5.74-5.88 (m), 7.20-7.36 (m); Anal. (C26H36N20¢) C, H, N.

75 Preparation of Intermediate (15,35)-{3-(1’-(2”’,4”’-Dimethoxybenzyl)-2’-oxo-pyrrolidin-
3’-yl)-1-hydroxymethylpropyl}-carbamic Acid tert-Butyl Ester

Ozone was bubbled through a solution of (2°S,4S,4°°S)-4-(2°-(4’-benzyl-2"’-oxo-

oxazolidine-3’’-carbonyl)-pent-4’-enyl)-2,2-dimethyloxazolidine-3-carboxylic acid rert-butyl
ester (4.29 g, 9.08 mmol, 1 equiv.) in CH2Cl2 (200 mL) and CH30H (0.735 mL, 18.1 mmol,

2.0 equiv.) at -78°C until a blue color persisted. The reaction mixture was then purged with
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at that tenperature for 2.5 h. After cooling to 23C, the reaction m xture
was concentrated under reduced pressure to -20 nL volunme and was

partition en hal f-saturated NaHCO3 (150 nL) and a 9; \ of
CH2C 2 an%(%%%y—\fsu x 150 nlL). The conbi ned 20 organic Iaygrciﬂj\%béar%édigfi ed

over Na2SO4 and concentrated under reduced pressure. Purification of the

r esij dugrgByufitiashecant UoBrER MIBH0SEIAREYS.6 BULHBOGmJ, F@*@cﬁ,&@? wad daeged
(1S,3 5)-{2- (1" -(2",4"-di net hoxybenzyl)-2' -oxo-pyrrolidin-3
-yl ) - 1thR KK, Yas Hijred ehyi8°¢ fordat baan ovag slaintained at- 3Gt1 aneasidigionglll 82 g, 44%

as a f (G ] ; 144 1.50-1.75
(m "2 ekl pet el perie B OB RE o k1) Sybiye of gyt

3. 14- 3haX4nes(Mx 2mL 3 telombhifed OFganiHyerdwd@-ddied BvdrMgddl) anderd@ie s, 6H),
4.35 (d, 1H, J= 14.3), 4.48 (d, 25 1 H, J = 14.3), 5.51-5.54 (m 1 H),

6. 45- ofilgeqd.m hofiratepvggoncenratedunder gyducgthpriessufeGad this@bid06yvas Tmedliatbly 30 57
WO 99/ 51 : . . 1 Preparation of Internediate _

Et hyl -gg%%@ﬁ@ﬁ@%%%?%ﬁ#bxybenzyl )-(S)-Pyrrol Al a])- E-Propenoate DMSO
(0.270 nl, BhBiboveredsidud wa disvolveusia addtlgdktoic@pIHFand EtOH (28CnE 9latitice) of
e oSS e RS e ud B ks
(1S, 3' §)od 2365 mind, 44 edbivIE hAPWARER € ' . . 0 equi

pyrrol %i 8{ngs VY -T hy%drdlo‘i(@rret'hyl et hﬁ@%ﬁ?ﬁ%gl acEd S eIk A0 P o

(0. 518wgre afidodsagentially. Therasylting pyspaisaas(stigedtor IRdsat 23Usdnd itenoeasnul a

| o . 7 W i
£ 1 100 p S beheh oS (31400 mi53REOAL LA 200§ RSttt ekonie gy ¢ e
react i agensivetreiweshed svithtHatfrsathréted NAHEOR (30 eL),clriad bder(Mun$0R, #dd, 8. 37 mmol ,

6.6 equiv.) was added, and the _reaction mxture was warmed to OC for 5
mion., EOSANERtEdRET HdnepdwrEsuie dbe 19idye pag Ressohdraghwishert sibicegel colwmuy at ed
NaHCO3 | B® : Y tal; d £ (phase,s. ' e _Na2SO4
and coliane TR EROAL I ARG e IP0LR Bolaey R Bl o6
quant . pyrrolfdic’ -yhsetiyd 2@, 2ndintethyt-okamotithiee- 3 prartiokiy taddid rers-Boygli esrer

bi s(trinet hyl si.ly i 1. m. of.a 1.0 Msolution in THF, 1.23 nmmol, 1
equi v. f‘ﬁgg%ﬁ% ev%/ih%@mg(;g'bée&%ﬁ%ﬁowgwlfl@tehyl phosphonoacet ate (0.244 i,

1. 232 mol, ThieGuHrial wab disIdtedid THIOH at00n{B8CandTeOHNE G @53dstd ng1sol ution
was stirred for 20 mn. at that tenperature. 15 The crude al dehyde

( pr epameebla®dd equiv) e added1 Thgreaptiin mikture wiay h§at¢dto BOEC (ah8 weis manatasinedided

s ot P ageprdtel RS SARL: i GRRC e KERER B ConchRREf T [l nea
bet weennder edctiChrefstie tol-20amid volMhBEnd ¥ax parfitisie. betien Galfghtargedor gani ¢
RS TR R T T

20 organic layers were dried over NapSO4 and concentrated under reduced pressure. Purification
of the residue by flash column chromatography (3% CH3OH in CH2Clp) afforded (15,3°S)-{2-
(I’-(2”°,4°’-dimethoxybenzyl)-2’-oxo-pyrrolidin-3’-yl)-1-hydroxymethylethyl } -carbamic acid
tert-butyl ester (1.62 g, 44%) as a foam: IR (cm~1) 3328, 1669; IH NMR (CDCI3) 5 1.44 (s,
9H), 1.50-1.75 (m, 2H), 1.90-2.00 (m, 1H), 2.17-2.27 (m, 1H), 2.52-2.62 (m, 1H), 3.14-3.24
(m, 2H), 3.51-3.65 (m, 3H), 3.70-3.78 (m, 1H), 3.80 (s, 6H), 4.35 (d, 1H, J= 14.3), 4.48 (d,
1H, J=14.3), 5.51-5.54 (m, 1H), 6.42-6.46 (m, 2H), 7.09-7.12 (m, 1H); Anal. (C21H32N20¢)

C,H,N.
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20 hexanes) provided ethyl-3-{Boc-L-((N 2, 4-di net hoxybenzyl)-(S)
pyrrol-Ala)}-E-propenoate (0.356 g, 61% as a white foam Rf= 0.43 (60%

Et CAc in S\@(@Zﬁ% I R (Cm 1) 3307, 1708, 1678; |H NWR (C%(;%%?USE&A’:}OZ@@ (t,

3H J= 7. s, 152170(m2H) 1.98-2.09
2.21-2.34 (m | ,248259(m| H, 3.16-3.24 (m 2H), 3.80 (s, 6H),

g 531 (Cpreéhanlm ofztlt%‘)j@e(‘:ill_ig?egl::t‘fi A9, {EH}-LJ@)z 4%&% h%ﬁ;élﬁ%%% (@Gﬁﬂgéfmﬂh H 9=

15. 6, EE?)ropénoeew 13 (m IH); Anal ( C25H36N207. 0. 25H20) 25 C, H, N
Preparatlon t o

oty 5 BodMSPIORTREL 3160 e, 3 saviv e o dsemyisy 1y &578°C solution of

Pyr r ol Alxaly) elBoRdo@ertsaik, T30 mmohtley d:qalliv wax:}mfca@ @rzeﬁm) I The Rhnsixture
-{Boc-L-((N-2,4- dlnethoxybenzyLéaé Sérrol } - E- propenoat e and

Boc- _ (WasrstipReé 20 ayinythen g selupie BeS)si2rfil1-64 fr’c’)- itethoxidsemieXebxbor 30 58

99/ o |
ot nyl . P TRRAEE R R e et} B BLORAL Bl A BlvLester (0 1% & 137 mpgld. =
0. 34 (e@;%valmﬁh@iz iExabew)s addid @rarnaﬁr)ulé%a’ﬂﬁﬁg ﬂtﬁ&ﬁielﬁﬁﬁ;reéddohll\/&sélcmi&) 8

1.28 (t,. J= 7.2), 1.45 (s, 9 51-1.66 (m 2H), 1.78-1.90 (m 1H),
2.06-2. Szlgmz&%o B, triet 9@“{1%1(06lmﬁ4H7) @mml $,eqgivp)waszddad qrapwise.rand Jhe 13 7,

; :23; 3h_e§c¥10§ n%ﬁtu(‘%aszﬂned%ﬁPS %15 Acg‘tlk:% ac1£( 9?%783&_9 mm?)h)% él'gqugixq) \(v%sH lH J=

15. 8), E@ddd%-aﬁd tm r(%zmtloz H)lxtuse was Watthed 1d-D°C]£or $50i8,, thi:nSl)luteG Vﬁ&l—MTBE ((zm 2H)

(7) f OEQZGE%%%; \%/aleQ:d with'w %er sa{UratecW\JaHéE) and(brmel_%S mL CElCl)l) Ci’he orgamc phaleép aration

Et hyl - 3ndRetdloviaNalsd Aadd-Bhehtrhrel Qd\‘px%vﬂie %J@&M&&??@ 5(()4 n% fohV(0.516 g,

Pyrrol Al a] } - E- Propenoate This conpound was prepared
et hyl - 3adaBox whichdwds-uskvithout itz gurification.

di met h b S d. Bac- | - Val - OH

i1 ar pr bty e gmef R leBb s EAS BTG T of Rhdie gLr t"i‘zam%‘ls'l”g -
et hyl - 3eq(uBo whs dded to { olutfGnY tridehyl h m&&a&@@wm 203 nfthol. P ety § 60%
EtOAc in hexanesé)gy78%?n}l 328 3, 1678 br, 1643; 1H NWR 13) 6

0.91 ( din Y (1$=m grd t@g resg]qng \;elugmg)vas gpr@ for 20 Biy. agthatzerpperatute. 45 (s,

9H) 151, g%%%@%ﬁgggygﬁwrﬁga}edgﬁjgk 8@{0@ ﬁ%&ﬁ%&v?%ﬁké%ﬁL wa9§qﬁfed2§ gg‘

( s 3H) yia BalﬁﬁllaQalﬁlfg t¢1n’p1d&b§the4eatﬂon (/q;selZ&:id te readtict)mixthr@ waf stirretl fbk 439 =
14.3), 4.29- J .= 14. .86-4 9 1 H,
5.10 (dm™inay’® ge _W%T“’iji b @D‘%%’r ( d‘&“ Waﬂw‘mi@e‘évee‘ibé)ﬁ Hct(20 iy %“n% m 2H).
6. 70 (dEfTBE #.x 530 fL).1Phécontbided orBaniOkber8 Svetd@ricdtdver Mg$dy anddvefan 3H), 8. 30
(d, 1H, J=5.9); Anal. (C39H53FN409) C, H, N Preparation of Internediate

Et hyl - 3cc{n(cgntra|t@t PRpiciit S aficaas e @sxd@@bmﬁamylcpmmmomat@graﬁ;y (60% EtOAc in

20 hexanes) provided ethyl-3-{Boc-L-((N-2,4-dimethoxybenzyl)-(S)-pyrroi-Ala)}-E-propenoate

(0.356 g, 61%) as a white foam: Rf=0.43 (60% EtOAc in hexanes); IR (cm-1) 3307, 1708,
1678; IH NMR (CDCI3) § 1.28 (t, 3H, J = 7.2), 1.43 (s, 9H), 1.52-1.70 (m, 2H), 1.98-2.09 (m,
1H), 2.21-2.34 (m, 1H), 2.48-2.59 (m, 1H), 3.16-3.24 (m, 2H), 3.80 (s, 6H), 4.18 (g, 2H, J =
7.2),4.27-4.40 (m, 1H), 4.41 (s, 2H), 5.40 (d, 1H, J=8.1), 5.95 (dd, 1H, J = 15.6, 1.6), 6.41-
6.48 (m, 2H), 6.86 (dd, 1H, J=15.6, 5.3), 7.08-7.13 (m, 1H); Anal. (C25H36N207+0.25H20)
C,H,N.

Preparation of Intermediate Ethyl-3-{Boc-L-(4-F-Phe)-L-((N-2,4-Dimethoxybenzyl)-(S)-
Pyrrol-Ala)}-E-Propenoate

25

This material was prepared from ethyl-3-{Boc-L-((N-2,4-dimethoxybenzyl)-(S)-pyrrol-
Ala)}-E-propenoate and Boc-L-(4-F-Phe)-OH using a procedure similar to that described for
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20 Phe)-L-( (N2, 4- D nmet hoxybenzyl )-(S)- Pyrrol Al a)}-E-Propenoate This
conpound was prepared fromethyl-3-{Boc-L-Val -L-(4-F-Phe)-L-((N-2,4-

di met hoxy S)-Pyrrol-Al a)}-E-propenoate and i soxazol - yl
chl ori de usi ng t%s( procedure descri bed above (Exanple 2) f"?ﬁéﬁﬁ%mﬂ
preparation of ethyl-3-((5 -methylisoxazole-3'-

Akl € (e = 0o H.i
& D e rogmisEién o FGT-L18oe L S Mo phot O ORR C risry s B T8 .
6.8), RroD.JUAF0BHEIONE iff h&anes);, BE(cmf t),32381, 1795, 17663)1HN1\511'(¢D@432(5W 222{1')
1.72-1.84 (m 1H), 1.95-2.05 (m 1H), 2.11-2.33 (m 2H)

2.98 (aH;JfH 2)JE436, 9H).9.58)1. 63(@6&9 228190 (armH)a(Bsez QS(mSIHH),, 239$dd(s 3sz ,
4 17 J2H 2 4.40 (d,
J(?HTM é)”]ﬁziz? e ‘?{:)nj( FHJ{ 3, %yijzéé“% %{*) ) S, éﬁﬁé@(‘éﬂ%ll 5L
84 1a)éq B1,43= B2Y}9.361(5, 28B) 4.384 81 (i), I5. zars Q’F(nl51}ﬁ, 5. 76@d 591 ;l\g 99/157%3?7
(m 3H§9§’ %fg é?l(rw%\]a%%% ?HS 331?(86155'3 mzz. gsn énng) z,qaﬂ 17(m 3H),

(C39H48k 5}91121 R0y FNodcepanat i on of Product
Et hyl - 3- ?I?S I\/ét hyl |(S(%<a§gll\§ Sé?-car bonyl )-L-Val - L-(4-F-Phe)-L-

(('S) - PPraparation)of IifieFmatixtn Bty 3ABsGEPEdi-@F-Bhe)-L-[(V-2,4- Dlmethoxybe 1)-(S)-

et hyl &’%(5 g@lﬁ? | i so azol e-3' -carbonyl ) -L-Val - L-(4-F-Phe) - ((N— 5

2, 4-di d‘yﬁ"é pyrrol - Al a)}-E-propenoate (0.263 g, 0.351 mml, 1
equiv.), WaTst cbﬁlpoﬁi{m&)pre@%ﬂi EEReth§l-10806-L-Q-FPRe)0Miplrv-2.3. 3 equiv.) was

refl uxed for and then allowed to cool to roomtenperature over 8 h.

Thd Or eéwthymwl)r@ ~Rrrgolgd iy Bpremenppteppidioc-L -Q\Cnmﬂ)lsmmamvm hed with a
2:1 h
s r PgE@rllo R AAHRE oAV Bondrallon Bl b e PRET QLRRIL S, T o

col um Rk [eEDh R D RIAI6OTH EtOIAtih BBk at 4}({&}9—} 1 ve
et hyl - pag??S -@«ﬁ%ﬁﬁ%%oxém% -catr bor:yl) e§ -L-(4- gsé%'})zi%?&(w?

pyr ol 16d3) I MR @mBoigRb 6.9 Qd, BH, /s 6.8 6% (asmﬂmssﬁlml(t dy e 72)219- 220C
Rf = 0.23 (5% CH3OH i n CH2C12); IR (cm1) 3401 br, 3295, 1655 br | H NVR

( CDCL3).46 (9.999, 1.80-130,(m) 2Hp. 186-1.82 01, (), 1.3642.02(n6 1), 2.08-291 (i, 213)42 94J =

7.2 9 0 8- 2. 39
(mtsn Wt 4800585 Blr3 310, 373 400k see sdey 125348 e, 115 (.
ﬁH JJ_(ql,aHsJ=672)),423£§,an3:814(31;;4291)4 384ml$H)(4q40 @H1HJJ 1132)4 86%4. 63;4(&10'0' 61
(dd, 11§) 53104@1@8’ §7é)57(6(<’égh(lsf 15%12)564& 5(%42(%2114) @79-(491;91){;J’6 72 (dd,
(1mH 2&{) 15. 6%54556@61%8 ﬁﬁ 19; 7@2%2&;9 31?1'7')& 307(£101LH(ﬁ4—- 539),7'13.%1 (Cﬁ\%HgQFNZO&)l 7 18
( C30H38ERGDT) C H N Exarrple 7 - Preparatlon of Conpound A-6:

\E/;lh :__ _Eg' 5r Hgl}e t Iléierisﬂ?e(%gtgl,ﬁgbglr?bg(s[ R’Pethyl $0Xazo e-3’-carbonyl) L-Val-L-(4-F-
20 Phe)-L-((/N-2,4-Dimethoxybenzyl)-(S)-Pyrrol-Ala)}-E-Propenoate
This compound was prepared from ethyl-3-{Boc-L-Val-L-(4-F-Phe)-L-((N-2,4-

dimethoxybenzyl)-(S)-Pyrrol-Ala)}-E-propenoate and isoxazole-5-carbonyl chloride using the
procedure described above (Example 2) for the preparation of ethyl-3-((5’-methylisoxazole-3’-
carbonyl)-L-Leu-L-Phe-L-(Tr-Gln))-E-propenoate: Rf=0.36 (5% CH30H in CH2Clp); IR
(cm-1) 3284, 1717, 1650; IH NMR (CDCI3) & 0.97 (d, 3H, J = 6.8), 1.01 (d,3H,J=6.8), 1.28
(t,3H, J=7.2), 1.51-1.64 (m, 2H), 1.72-1.84 (m, 1H), 1.95-2.05 (m, 1H), 2.11-2.33 (m, 2H),
2.48 (s, 3H), 2.98 (dd, 1H, J=13.7, 5.6), 3.16-3.24 (m, 3H), 3.80 (s, 3H), 3.81 (s, 3H), 4.17 (q,
2H,J=17.2),4.23 (d, 1H, J = 14.3), 4.31-4.42 (m, 1H), 4.40 (d, 1H, J= 14.3), 4.44-4.50 (m,
1H), 4.88-4.96 (m, 1H), 5.79 (dd, 1H, J = 15.6, 1.4), 6.43-6.49 (m, 3H), 6.71 (dd, 1H, J=15.6,
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ONH2 OHONHON-~HCRCHCH3 O 25 F (A-6) Preparation of

I nt ermedi ate Ethyl -3-{Boc-L-(4-F)-Phe-L- (Tr-GI n)}-E-Propenoate This
conmpound red fromethyl-3-(Boc-L-(Tr-A@n))-E- prop ?GBOC-L-
(4-F)- Phe%ggfgl ng a procedure |ike that described above ( arrp?geg?@ 0f or

t he preparation of ethyl-3-(Boc-L-Phe-L-(Tr-Adn))-E-propenoate: IR (cm1l)
3328; 1§ 7681956)@8 . 1268 6 041 \VR, Je 13)16.1%. §x93fd z?-ﬁ d, IH, ]+§)7 slaB@ (s,
9H), 1. eg) ( ]ﬁ?’ 1881 % HE) 3 ? WD 597 57135
PCT/ US9§7106=26@) Pinaji 91648”@5%802149@)@ ) | 2 97-3. 04 (m 1H) 4 18 (q,

(o, 1 rFrcphenionist ey B Mmiisphingle & eipbonybiy Dy Fefhgyr ° ©

6. 92- 6. @5)-1’%012#1}1)}12168 JnoL&(m 2H) 7.17-7.23 (m 6H), 7.24-7.33 (m
10H); Anal. (C42H46FN3 8 Preparation of Internediate
Et hyg 3- { BocA SUspgpsion ?ﬁﬁﬂp)l 3p{{é methwscﬁamlemb@pVéhbéfaéL fﬁhf'?h%)dnﬁ@bnd was
prep I’e§14fd rﬂ@ﬂqgi}méhzﬁ)' @9)9#[72‘ 4 )}FE ;P gfegbatéw 2@ %%)0}35'% 23\19?10"1’%9 @t Swi

Boc- he ‘manher descf ove or the’prepa ation
of et hydirOQS){ BUbDDQI_(@lIDEgP%éS&m@'Dﬂ lG enuiv. Ewpy wlexabibe? hlakd (lmmalllyw%ﬂﬂ 1657,

I = 6. = 6 9
125" (1 SoRbjg rophl BMFLraldEdt g, g a@f’fanm%?@as@?@fem@ Cf%%é%?'éb D)o ok,
2.33 (tand&bhshé&with%)m%p&&fe%f%m@f@d biaiﬂé@g ghd’ BNN2OH %ﬂ)x(l 61 (rﬁ d“ﬂ iSH(q,

oH, J = 4. 42-4.54 (m 2H), 1H J=6. 9) =
15. 6 Iihd}i& waﬁdﬂéﬂ §\ebr MIgSIGM ahd:evﬁpoﬁiéte;d GPLﬁHicéﬂlﬁh oflthéfresiiue bt Hah coburdn, 6. 71
(s, 1 H), 6.92-6.98 (m_ 2H), 7.07-7.13 (m 2H), 7.18-7.31 (m 16H),

8. gilo( schromptogmphy (greMHBSIPN@(ﬂ'ﬂ%@H]@H NCHE’@F@aa@tqthm -3of(51-nt er medi at e
3- Vi
Phe L. (%&@W}u@é SHen Aot Eve l’r@-‘g?’génl)p&@ﬁﬁ%@%?}eEzﬂr%n%tsﬁq 7¢g,

gt PT')(;![ hi?é@g%adz_oyﬁé %dhd( %nyr@§%¢°d Eeglir? WECH ﬁ%tcﬁpam&cesc %ed above
(Exanpl 8%%95 %sﬁﬁflﬁrﬁm{r 13(%9) 8b.94 S I8, 097&11 SH,/=65),1.29 (¢, 31,

et hyl -3 i soxazo carb eu-L

(() Tg 4G|( 3)1}——7E2 DL 8par > 1HR. (zzmikm@étﬁz 03262576 (nl@iﬂ); 2 1@1%9 (%Hﬂ!ﬂb\/@ 4948C13) 8

1 6851 éBBFmO 9JM 81 fddg $H2Jﬁég(8n§ D@12 (Qddél J7 11378 (6n‘}) 12@%)3 382m2H H19H J=
A 2) ! S 473%%48 ﬁf‘ i 8%?7 ) 4%4?’3“ ?@9 ?dte;fﬁ)% %3&?325’%1 f) e
(d, 1H, (dﬁ;lb’l 3¥,15.66 160, (. @fs, 1, 63‘% (QSHB,J%Q ) 6.76 (8@11 -161, 96 15m, 53h)6.86¢. 04- 7. 08
(M 4H) ¢ of- /200, 3% (B 13852 9.6 17,18 (m, 280, 721 (d, 11, J = 8.7), 7.76 (d, 1H, J =

7.2); Anal. (C30H38FN507) C, H, N.

Example 7 - Preparation of Compound A-6: Ethyl-3-[(5’-Methvlisoxazole-3’-carbonyl)-L-
Val-1.-(4-F-Phe)-L-Gin]-E-Propenoate

Og NH,
i N i Z\
N
\(/\"/U\N \;/U\N 2™ C0,CH,CH,
H = H
o-N (o]} ~ :

F (A-6)
Preparation of Intermediate Ethyl-3-{Boc-L-(4-F)-Phe-L-(Tr-Gln)}-E-Propenoate

20

25

This compound was prepared from ethyl-3-(Boc-L-(Tr-GIn))-E-propenoate and Boc-L-
(4-F)-Phe-OH using a procedure like that described above (Example 2) for the preparation of

ethyl-3-(Boc-L-Phe-L-(Tr-Gln))-E-propenoate: IR (cm-1) 3328, 1707, 1506, 1168; 1H NMR

(CDCI3) & 1.29 (t, 3H, J=7.2), 1.37 (s, 9H), 1.66-1.78 (m, 1H), 1.88-1.98 (m, 1H), 2.32 (t, 2H,
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(CA7HS50N507) C, H, N. Preparation of Product
Et hyl -3-{(5' - Met hyl i soxazol e-3' -carbonyl )-L-Val -L-(4-F)-Phe-L-

Gn} E- Pr Ethyl-3 - { (5 -Methyli soxazo le-3 -c (gﬁﬁ mv
-L-(4- F;Wﬁ%g 1_% Tr A@n) } -E 25 propenoate was depr ot ecta{é USdI )r?g

pr ocedure descri bed above (Exanple 2) for the preparation of

et hyll - 3<{q.&), 2862102 (ns AXD.Z9 B3 B4 (AR AVER) g 21, L= tzPheSrzl(nGm) 4E960§n9pen0at e:

an, | ST @ T 1385 sefa Wik SRR svaenade Hat= bif S.b, 68045 b6 8 792(36
( S 3H)5;92?6 97831012 2@%& 03- 7]1|Z?5(m 28), 879r727 Qﬁ(rﬁ %131)17 )%, n;}‘k &P 16?1) %@1 -

4.13 - 61 V\D 99/ 57135
PCT/US9©4M©I305)§,§3N(d 1H J = 15 6) 6.57 (s 1H) 6.66 (dd, 1 H J =

15 6, 5.4), 6. 75 b 6 2 7,.17- 8.15
1 Preuradont hermédiase eibyy LoVl mpPhen kG i pynoatna
H36N507 his.cohlpothd ﬁd@%f&ia@ecﬁfrom @{h@p@f {@bb-@ﬁ(@lﬁ) FRODeTNE A :

Et hyI 3-{(5" -Methyl i soxazol e-3' - carbony

L- a- (t Prpeyeatand Bec-k A a0k ayth tn@@wdml ed abmva (Exampe dplonthwatpeerralonl O H O
ONHN t f dj
Boc- L- £ etf‘-‘Y‘%%gbﬁf“ﬂdc(Pﬁﬁ%@S%gM} %’rp%ﬂ‘:fﬂ?en I%@ nb:%r}gg 1')6%%&42%178; cohol

Sautv. ) Tk EDEPS 0 8o P ¥, 0,630, DS 6. }92%59’3t9(%87m27 (®H (1. 0
g, 3. 53HYM69-1.F9emUIN), )1 93[2 66'%?1221)(2153 (ﬂ-iH ﬁifﬂ%? B47.5 0l pg, )dl i7a§j‘$§7 Wi th

prelpltate was renoved tration, and the | trate was

(18, lﬁi) a8 7 O 4694, ﬁm@asz)nﬂsm AEL (106, %LSéaescm, 1HdJ e .Gver
Na2 SH e i 0 SI | umm
chr onat ngr a A}:&p?filam cét (%é dehg(la%eé? 9g ?étégg ﬁ’ ( lg% %d%&ﬂéﬂ 992 g,
799% ag.@-thl (e, ﬁb)L Vd8 7l3ll-ﬂnNN/H-I$r8Eﬁ‘2t(s AlH)lanhal. (@47¢138BNLOYRCAHUNe (Ssee
Jackson et al. Chem 1992, vol. 57, 3397). Preparation of
| nt er rré’dIFla%ré“%@f Lntan{l?dlmtl?fbyléﬂ;(ﬁ -Methylisoppo)e-Faparbemnd)-L-Yal-I=($F) - OBn
(2.0 g,pp ElP h¥atk Was stirred for 1 h in a mxture of CH2CI12
(20 rrL) and TFA ( 51 ?1en nore TFA (10 nmlL) was added and the reaction
20 sol ut i on Thescostponnewasprepatel] fromredlyl-Aeflioc-IFNel-Le# d1)iPhed -(fer@nBvBpor at ed
and hepr(;p%ﬁéage &nd'6 >-ethylisoxazole-3-carbonyl chloride in a manner like that described above
(Example 2) for the preparation of ethyl-3-{(5’-methylisoxazole-3’-carbonyl)-L-Leu-L-Phe-L-
(Tr-Gin)}-E-propenoate: IR (cm-1) 3319, 1657, 1511, 1172; IH NMR (CDCI3) & 0.84 (d, 3H,
J=6.9),0.89 (d, 3H, J=6.9), 1.30 (t, 3H, J = 7.2), 1.68-1.80 (m, 1H), 1.95-2.06 (m, 1H), 2.08-
2.17 (m, 1H), 2.34 (t, 2H, J = 7.2), 2.44 (s, 3H), 2.87-2.94 (m, 1H), 3.01-3.08 (m, 1H), 4.18 (q,
20 2H,J=17.2),4.48-4.56 (m, 2H), 5.68 (dd, 1H, J=15.6, 1.8), 6.23 (s, 1H), 6.39 (d, 1H, J=7.8),
6.70 (dd, 1H, J = 15.9, 5.4), 6.84-6.90 (m, 3H), 7.04-7.08 (m, 4H), 7.17-7.30 (m, 16H); Anal.
(C47H50N507) C, H, N.
Preparation of Product Ethyl-3-{(5’-Methylisoxazole-3’-carbonyl)-L-Val-L-(4-F)-Phe-L-
Gin}-E-Propenoate
Ethyl-3-{(5’-Methylisoxazole-3’-carbonyl)-L-Val-L-(4-F)-Phe-L-(Tr-Gin)}-E-
25 . .
propenoate was deprotected using the procedure described above (Example 2) for the
preparation of ethyl-3-{(5’-methylisoxazole-3’-carbonyl)-L-Leu-L-Phe-L-GIn}-E-propenoate:
IR (cm-1) 3284, 1652, 1542; 1H NMR (DMSO-dg) 6 0.76 (d, 34, J = 6.9),0.79(d, 3H,J=

6.9),1.20 (1, 3H, J=17.2), 1.57-1.76 (m, 2H), 1.96-2.06 (3H), 2.46 (s, 3H), 2.75-2.83 (m, 1H),
2.89-2.96 (m, 1H), 4.09 (g, 2H, J=7.2), 4.13-4.25 (m, 1H), 4.35 (m, 1H), 4.49-4.56 (m, 1H),
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di ssolved in DM (30 nmL). Boc-L-a-(t-butyl-dy)-OH (1.24 g, 5.36 mol, 1
equiv.) was added, and the solution was cooled to OC.

N, N-di i so ylamne(280m_ 16.1 mol, 3 equiv.) anep 04g,
5. 37 nmmol R{@Bée(/éﬁ?% ) were added sequentially. After stirring é‘gﬁg}doi&
reaction mxture was allowed to warmto roomtenperature over then

di | uf ecs 25an il MTEHE) (S00(s11r)) Bl Vst 5590 ur at ed
NaHCC3 (l—iﬁ( , ) (S 5> (wqﬁggowgsa@nfs?%p as r(hggrl ed7 8?1@“
evapor abd7. 1Wr34f(ircéﬁ)>oﬁql5oﬁ‘d ﬂHeff‘é"s‘i),oﬁJM Gy 1Hf!a§W)c&>B:U(m 1Hh sr8at)pgnaiphy
(20% Et »ogave Boc-L-a-(t-butyl-dy)-L-(4-F- Phe)-0Bn (2.04 g,
78% a(@g%&\]i@éﬁ@a?j%— 0.49 (25% Et QAc in hexanes); IR (cmi) 3307,

1737, L6GEnHES -Pr A, i - 4, dd, 1 H,
J = 14. . = 14. 2,

_ Lpa(tButvhGIy)-L1(4-FPIR)-L-(SBRyrroft Ala))-FtPropencats, 5.8), 5.08 (d, 1 H, J
= 1250), 5.16-5.23 (m 1H), 5.19 (d, 1H J= 12.0), 6.08 (d, 1H J= 7.8),
6.83-6.97 (m 4H), 7.28- 7.40 (m 5H); °ApH¥{. (C27H35FN205) C, H, N

Preparation of Internedi at e

Et hyl - 3- { Boc- L- a- (t - But yl - npﬁ e)-L-((N-2,4- 5

D net hoxybenzyl ) - (S) - Pyr aj r ¢pe oa‘toeCHﬁHsol ution of HCI in

1, 4-di oxane (4.0 M 8 niL) Qlls ad edm sol ution of ethyl-

{Boc-L-((N-2,4-di net hoxybenzyl) (S ol - Al a) } - E- pr openga (0 309 g,
0.648 mmol, 1 equiv.) in 1,4-dioxane (8 nL). After stirr for 1.5 h, the
vol atl Ibspammn@fdptcrmteénttalsogu(é R—Bbe)-@bmde am ne salt as a f oam

Pal 1@di dde 0

BSC oo (1 - BT I02 b Thmier T oalD, Bt e 247 b TaSimmalp 28 one (200
Tf@uﬁi}@ﬂp}mw}? (0A22 Pl R ERELIVG. osweqmwﬂwe@%adéﬁ RqBaH PP a Midin oFt i rring
t he atm)ﬁ:phere was rgial aced with argo and the reaction m xture was

f| | tere%OCrh(é GRG0 85 ShaTednl ?qull‘t)em%;@aéw mhe Aftpr stigtieg Lk the
T
b’ SR S Rl Sy PRt 2 AT TS pH 8 it

N N- di iwihhnﬂ@%;lﬂéS@ylaﬂd‘rbm&z (10 nd3&achy), dridd 8%er WDEO4 Ané entipyraledamairitibdiidn(d?. 247
?5 0. 650 uiv.) were added sequentially. After stirring 20

|
t @rers@;é?i)y (ﬂ*’i‘thF WgR € togranbie 2% EtQAE in lnetzamfzsbmvméimér -64-Grbepver 1
, th MIB 5% KHSO4, saturated
Nchogn‘aﬂ (@Wiﬁ%’%% W‘gfaé“ Pd?hé“@‘ﬂgamcgagﬁé%@ %Shterﬁiugﬁ(sawc@%a&ar at ed.

Purifi cat uoorg)fc%};)elngsy&ug By9hl ash col uim chronmat ography (60% Et OAc  in

hexaneg)zl gave
et hyl - 3Preparationpf(IntaymediatBgy-Lia-(4BatyPI6dY)-L-(¢-{f\PI2¢)40Bn net hoxybenzyl) (S)

20 | - Al 4 (60%
B oA | nex Bty RPRTREN 6.0 ol mfton 1 ¥l B0 R itk or BB RA BRI 0BT (o,
9H), 1.CH)(l, (26H;L);had7rmg101n14>6ﬂ{eﬁ modTFA (10 B0 Wabadddedand e, redeti®B8- 1. 81 (m

1H) 201.85-1.99 (m 1H), 09-2.20 (m ll-?, 2.94 (dd, 1H, J=
solution was stirred an addmonal hour. The volatiles were evaporated and the residue was

dissolved in DMF (30 mL). Boc-L-o-(t-butyl-Gly)-OH (1.24 g, 5.36 mmol, 1 equiv.) was

added, and the solution was cooled to 0°C. N,N-diisopropylethylamine (2.80 mL, 16.1 mmol,
3 equiv.) and HATU (2.04 g, 5.37 mmol, 1 equiv.) were added sequentially. Afier stirring 20
min., the reaction mixture was allowed to warm to room temperature over 1 h, then diluted

25  with MTBE (500 mL) and washed with 5% KHSO4 (100 mL), saturated NaHCO3 (50 mL),
and brine (50 mL). The organic phase was dried and evaporated. Purification of the residue by

flash column chromatography (20% EtOAc in hexanes) gave Boc-L-o-(t-butyl-Gly)-L-(4-F-
Phe)-OBn (2.04 g, 78%) as a white foam: Ry=0.49 (25% EtOAc in hexanes); IR (cm-1) 3307,
1737, 1655 br; IH NMR (CDCI3) & 0.94 (s, 9H), 1.45 (s, 9H), 3.04 (dd, 1H, /=14.2, 5.8),
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13.5, 5.4), 3.15-3.26 (m 3H), 3.80 (s, 3H), 3.82 (s, 3H), 3.97 (d, 1H, J=
9.3), 4.17 (q, 2H, J= 7.2), 4.27-4.38 (m 1 H), 4.29 (d, 1 H J = 14.3),

4.42'(d 14.3), 4,844, 92 1 H, 522 (d, 1 Hyd= 5. 74
(dd { %VJ(%%]’%T ) 6.45—6.53(Enm 2E)|), 6. 69 Edd, 1 H,Pcllﬂisgg’g‘%‘,’ 5 4),

67625687(m 3H) 710728(m 3H), 8.26 (d, 1H, J= 5.9): Anal.
(C4(iH5§EN? )1HCJ=H4 Ne. 1)Pfﬁp@ i PQ9%f) 4&@%@?'ﬂ?8 3.8),5.08 (d, 1H, J =

Et hyl - yl i soxazol e- -carbon

dy)-LiZ ),|5 1l5h5333 Lm,(l(H\L 2 19,(®|lﬁbtf FoRyDen@y (d, 1HSY =Fy&)r @B3-A193) (3, BHRrIdM8enoat e

Thi
ethyl - SRS e ERATRIIRTC. e pney - L (v
2, 4-di A an 5- b I
i or 1 e D B R ey L P R AR 2T b
abO\éeI Dmaﬂqok)eb@)lybdﬁ) molp‘ile)}alﬁd’tromnoate et hyl - 3-{(5' - 0,60
t i soxa r r openoat e: = 0.
(10% CrB %ﬂ&fg?ﬁ ‘RY drﬁ"f?e g‘z‘tﬁ?ﬂ@‘& @égiﬁg‘)ﬂ?élsoi oRRECTEDEL3) 6 1. 07
(s, 9H){BoéLL2(9N 2(4-d1n&ﬁhox§’benz?l)-%3‘)rpylr05-14-ld)}@pl(ofﬂ:no%{é)(() 369 élﬁ $483nfon1 1 H),
196207Sm1 (m .1 H 3H), 2.99 (dd, 1H,  J=
13.7, 84wy il i-gh(g(agg(%rﬁp 34&61ler SYITHE f()gi SMhe vgl j_eS(\gere gﬁpora@digg(vq the 2H, J=
7.2), gmagagmfg%a(t%a% 4.85-4.93 (m 1H), 5.76 (dd, 1H, J= 15.6, 1.4),
6.40-6.5 .71 (dd, 1 H J =15.6, 5.3), 6.79-6.88 (m 2H), 6.92

1 H, J Eal&dﬂ)m off cﬁ@oﬂ (12% @AY nFHwas adted 7o @ Solutidty, ofIBocOL-O)-(t-blty2-Glyd, 1H,

(d,
2 b LR RS s, Ll RS

(4-F- P'ﬂﬁdroger(\(@balﬁ)ﬂhr Aftefbtatihg EhPﬂ@raaﬂ@@h@feL&bsTéw&e&m%m WRBther epar ed
fromethyl-3-{(5 -nmethylisoxazol e-3' - carbony rfiéﬁ?l_ a-(t-

But yI - @ayl)loerpﬁmF Vg dijfered thugueh #3 %ﬂdrf@tWé‘}%y@é f }’aP(eS) Tihg fillsate pjag) } - E- pr open

oate ugj dtgrgq\ceeﬂu & fgmdescri bed above (Exanple 6) for the preparation
of et hyléwd??S - et {II soxazol e-

- car bony| Yhis fVah-wgs ¢cambingthw)th the((r8)e-dayine dlt (/Qte@)n}ed Bbpved reDdER @ mRf and0. 30

3
E gt’/o gl:i)l%oolic'i {2])90°?_<%\?§2|§1i’53pr09}(1§t}%11 31(8§i9f116% ﬁ@ eqlilvg gﬁl%%l? §1.02

2. 18 2 626 640mnidt) 1 ecﬁuﬂﬁwé’re‘ixﬂde(drﬁeqddrﬁlallﬁ §ﬂe1(s‘$1rru?g|‘ﬁ0 mﬁl Qﬁe reﬁéhonzﬂﬂxtu}e = 6. 5),
327342%m 211), 4.18 (q

4. 52- 4 Vg8 allgye tommmdoww@s)e{%ﬂe ﬂlﬁr i 15 ﬂ'fep ftlHléFd WItlrMTﬁE{IQ@ n@) a%nd 4), 6.44
’ 1 0 S (] Tl 1 91
) 1S Sl L5050 s Syl eyl B 51 (1

(C31 %ﬁE&\Wévaﬁora’tﬂd Nurlﬁmmip lo€th remd?fe&jyéﬂa%h b@lﬁnﬂfch@hﬁ’aﬁﬁgﬁ&y%@% EtOAc
Et hvl - 3- 1(5' - Met hvl j soxazol e-3' -ca

L- Val - In pexapesgaye eéhxl(%jBfﬁ-Ip@ﬂtAauby)lﬁlzl bt(ﬂ)ﬁe%ér@e(@lﬂ ‘elimetimxpbayzyl)-(S)-
pyrrol-Ala)}-E-propenoate (0.364 g, 74%) as a white foam: Rf=0.34 (60% EtOAc in hexanes);
IR (cm-1) 3284, 1713, 1655; lH NMR (CDCI3) 8 1.01 (s, 9H), 1.28 (t, 3H, J = 7.2), 1.46 (s, 9H),
1.50-1.63 (m, 2H), 1.68-1.81 (m, 1H), 1.85-1.99 (m, 1H), 2.09-2.20 (m, 1H), 2.94 (dd, 1H, J =
13.5,5.4), 3.15-3.26 (m, 3H), 3.80 (s, 3H), 3.82 (s, 3H), 3.97 (d, 1H, J=9.3),4.17 (g, 2H, J =
7.2),4.27-4.38 (m, 1H), 4.29 (d, 1H, J=14.3), 4.42 (d, 1H, J = 14.3), 4.84-4.92 (m, 1H), 5.22 (d,
1H,J=9.6),5.74 (dd, 1H, J=15.6, 1.6), 6.45-6.53 (m, 2H), 6.69 (dd, 1H, J=15.6, 5.4), 6.76-

25 687 (m, 3H), 7.10-7.28 (m, 3H), 8.26 (d, 1H, J = 5.9); Anal. (C40H55FN409) C, H, N.
Preparation of Intermediate Ethyl-3-{(5’-Methylisoxazole-3’-carbonyl)-L-a-(t-Butyl-
Gly)-L-(4-F-Phe)-L-((N-2,4-Dimethoxybenzyl)-(S)-Pyrrol-Ala)}-E-Propenoate
This compound was prepared from ethyl-3-{Boc-L-a-(t-butyl-Gly)-L-(4-F-Phe)-L-((N-

2,4-dimethoxybenzyl)-(S)-pyrrol-Ala)}-E-propenoate and isoxazole-5-carbonyl chloride using
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ONHNH CRCHCH3 F (A-8) 25 Preparation of Internediate
(2'S,4S,4"S)-4-{2' - (4"-Benzyl - 2"- oxo- oxazol i di ne- 3"-carbonyl )-5' -

hydr oxype di et hyl oxazol i di ne-3-carboxylic Acid t ster A
sol ution %(y%&(/)sﬂﬁn% tetrahydrofuran conmplex (0.96 nL of a 1%8&@%/%??% in

THF, 0.96 mmol, 1 equiv.) was added to a OC sol ution of

(2' B, 4Se proShaute fidicribdd aHa08 _¢arbonyl ) - pent - 4'
-en?l } ﬁr2 d|e metcﬂyl oiazowﬁﬁeegﬁtgrgg%?a}lgﬁgg?t 13%‘? butyl 30 64 WO

99/ 571195thﬂ<r§ppce,@é@ﬁ oeﬂgb@lyl)iLé@uérPl(epIp—éﬁeGéﬁ Fsprapenopich & =i 6ENAMpl e 6, 0. 455

equi Vv.) g} r%g Af ter stlrrlnlg 30 min., water (3
rrL) an@Hénglﬂrﬁ}HélﬁbéRé?fé lt)é??%tw af (1é43_L418{§MIb(@@Q 3EBI07 (3, SEBQURY. ) wer e

it ur & g ar Phoed GhT vl (T38| it Aee 0ol fREes i and ori ne
(2 15497‘@;), 3H), ¢r99e(ddomer.14=\la2$@49) amgt3cz@rtﬁe|3 amﬁ(s Ry, Bf8'1(@t3'}9”4 ¢ (4, he
resrdue flash colum 5 chromat %) 556( % Et OAC i n hexanes) provi ded

(2'S, 42_;;{ 'Y 242 4@&(mb@fg)l§}{852$9 dd, TH, J=15.6, 1.4), 6.40-6.52 (m,

oxazol e I 2rdi - 3- car box
ylic a%:I?j @?gﬁgqqga??yﬁeéste @y@g%ém E%% 6}922(3 gﬁcjo[?gwess g? grg* = 0.41
(50% ET.8A, i1H, Ha&%es)z? (dl RH( drﬂél;) Aﬁalsa:mmme@s»o AWK, (HODC13) 6
1.42-1,85 (m @ I—P 70 (dd, 1H, J= 13.1, 10.0),
3.29-3t @@a(%ﬂonm) roslumEthylz%{@mMGhv lsoaame 3.’ g bopyl)-Lry-(t-Butyd-GlyBB- (m  5H) :

(l(i?g\nag) %?W%Wﬂ&%t hox ébﬁen{z}l'yl ;Dr gp?(r))a(tgl glnpcen;l L“n;er Tediate
I

) - | - hyThie xympéungd| vets lpyd phred drdnaethgl- m(sdnmm;thsawzyle Eshton(1$L-o-(t-
0x0- oxazol i di ne-3 "-carbonyl) -5

> hsg r g@%&ﬁﬂx)ﬂ% F- é‘ekLiﬁﬁgz‘%Wﬁm&Pqnaﬂhé%PJ@éﬁfbﬂ@ t-gropenasia sing Hut yI
ester ﬁl%(:&ﬁlrélas c?esc,graoemﬂgd)v _I(txﬁﬁb'l'e%) for‘ﬁ@espreﬂéat%nso?f{&h\ﬂ@g {'&f’ rﬁ&tgpi S(&%ﬁ%u

28.51 mml, 3.6 equiv. he m xture was cool ed t tion of
sul fur3 war@ny&e%@%wr%Pb@rﬁp((&PwoMag} EsxxomoatwoRf £.30d6VCH3OH iDVSO
(150 nL) was added at a rate to intain the tenperature between 8-17C.

The sop Cn; Waenst ) 3304 dr, 1684.28605 di NMR (CHRE) ddal ZG%?H):anBtﬁt 8Hwds 7)ol ed

edar a1 G B (aETertradila e BB b0 4l 2 SR AR ned
or gani @, bRy g#E. 5')93 Qma@f(ﬁﬁ 21t S St £ ¢, 2§tc‘4 T (@190, t).8)bf sng 6é o n),
dried 20 over Na2S and filtered. The sol vent was renmoved under 'reduced

pr essutd)&ritp-4- ﬂ%(melsﬁl)déél (G d Hel/ Feld-Quhdero-4aGulith, 66 7fi- fe(ma 1hhi ¢.83 fdsam ( 3. 53
g) To al f n a
m Xt uréﬁo‘? '}EI%I a.ﬂé%.i%%%? Wﬁi?bv\élg (2&”39% 77222?8%t %Hﬁﬁg %’y %ir% ne
hydr ocBllarAmkd (C518B30N528.BH, ol
Example 9 - Preparation of Compound A-8: Ethvl-3-{(5’-Methylisoxazole-3’-carbonyl)-
20 L-Val-L-(4-F-Phe)-L-((S)-Piper-Ala)}-E-Propenoate

o N
o} hw ©
N
\(\,,/U\N \;/U\N # CO,CH,CH;,
H = H
o-N (0] \©\

F (A-8)
Preparation of Intermediate (2°S,45,4’S)-4-{2’-(4’-Benzyl-2"-ox0-oxazolidine-3’’-carbonyl)-5’-
hydroxypentyl}-2,2-dimethyloxazolidine-3-carboxylic Acid fer--Butyl Ester

25

A solution of borane-tetrahydrofuran complex (0.96 mL of a 1.0 M solution in THF,
0.96 mmol, 1 equiv.) was added to a 0°C solution of (2’S,4S,4°°S)-4-{2’-(4’’-benzyl-2"’-oxo-
oxazolidine-3’’-carbonyl)-pent-4’-enyl}-2,2-dimethyloxazolidine-3-carboxylic acid tert-butyl
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equi v. ), NaOAc (2.37 g, 28.89 mmol, 4 equiv.), and NaBH3CN (0.908 g, 14.45
nmol 25 equiv.). The reaction mxture was stirred overnight (20 h) and

then dilu ke MIBE (200 niL). The organic |ayer was MWQ%IO 660%
KHSO4 (103’%21%)g saturated NaHCO3 (100 niL), and brine (100 , angh dried
over Na2SO4, and concentrated to give a pale yellow foam To a solution of

thi s f a8 (pRepatbdds dzscﬁgedormxam]aleeaw 455)g D) '96%%3‘[' { é&wﬂ}{)n Tas (Pgdsd

p-t ol uenesul foni ¢ acid ) ulv.). The reacCtion
m xt ur é’xfsqagtlgmeﬁp@@nawates@ wé)mw;mm@somﬁm rag00638 g1 096Znfomol, R. 5 h

d the Y s washed with
22t ur at g‘é‘%@o &%%gadlwn{t{ll Qﬁ@t %%12? ,§n %(% cgir:]}éoen’ttrﬁ%fe\gguonme resi due
was pumikfurewabdilitédwith SOIREL 26 rmnIo)nwhsi@d a\pihwa(ta%l i Phand bnﬂ&-QGl Py nily, gi ve

- di

(;llls) 31%@?3&%@%& m&cﬁwem?rta{é@g)S ﬁ‘f%méé’%ﬁ‘e Oxfueg’ytffﬁsi)]/ Fcl’lgg’fler as a white
1‘10?711 (1 gga%la%grézkﬁu@(%%ﬁstbwc%hézaﬁpg)ﬁgovideh' (G @%?43%2’ (@ Jozé-ﬁlzﬁ;,l&& o@) U

3. 19 3 o:xzzo(luqhne 32Hyarb®1>d)55 m;@mwmntmz 2-dmlelh}doXZiZo]@dxne-z-ld)i:boﬂylﬁﬂac(dwnerﬂ H),
5.4 é 7.20-7 (72% Preparation of Pr clduct
Et hyI :?u{Y(i Sstell\f@t%%%gp %y{eh%%ﬁ @1@135&&1|a%rﬂf =)0 #1 (9 EtQac in-tekanes); IR (¢ns)') Pi per
A Pr,°19§%°@§h§39§%§£§l>a32{6 825185 80 2D 33234 (a1 ) o B, 15

et hyl of 9 DY (768308 R 1H5 36124 0Y (m0%H 049576 ALY ED ! £1b.h 38 S s, 0duct

eth
}v{;l i SexdzopH3 N 2@20Boh) )G, B, Yal - L- (4- F-Phe) -L- ((S) - Pi per-Al a)}-E-propeno
ate in_a nmanner anal ogous to the conversion of

(1S, 3 gjr_e‘)g:a(ﬂl)n_o( Qnteqme@ptpe(ﬂ.ﬁéxgbb{grﬂy@ *-Iimgthoxybenzyl)-2’-oxo-piperidin-
D Do BRL Yot et RO ehd eFRBRRTSeRC! 9 Tert-butyl ester to

pr oduc
met hyl i soxa1®1S$aS34”$$r BUr(¢1°)Betnz]el >-bxd- dxﬁomiheéaL -dattiohy P -hedroAymentyl £- pr open

te d b 6 abov 5% O‘l n CH2d 2 IR
?2n«? 1) ré'k{n%gyl‘”iaﬁé&n%@ox 16‘3"?“‘&3”"?‘%6 (Ségﬁ:f rgmg, 'sl;&qv(ua ) vzm) J =
6.8), Qif8lvedin BHN 3976nB)28.51. ol B, 6e31|d1v}]=fh% m?x)(ture &aff@boiedﬁ@ (ﬁb gﬂ'&a
1.6651.78 (m 1H), 1.83-2.05 (m 4H), 2.16-2.28 (m 1H), 2.49 (s, 3H), 3.00
(dd, 1 sejutin of Sulfyr toxidle-pBidie: dontthlex1(5,04k, 31.62 ol Suiv. BZMBCEASIM 2H),

4.18 J 4.36-4. 2. d. 1H
1= 15( ghLﬁ %ﬁ adagg @ég 1‘(8 e to ﬁi_%lnta %Best(:tnger F‘.lr?_b)éwﬁﬁj % 1?% (ﬂ]be g Oiulz?gn "YJaS Stﬂifé(g
5.3), @t 83°(C tor 31h |The]react18n Yx)lxtuﬁa ‘st-c@o&a nﬁ Qﬁ ic@Mater Baﬂ%mﬁ qléhchéd b, 7. 22.

7.29 (m, 1 %) 5). nple 10 - Preparation of Conpound
B-1' Et aﬁig}tlog O{f 8—@0 q\yé H}}Jf)l él“g; éeZsB]t@g 3oluggg} }ygsn?qtl)acted with EtOAc (2 x 150 mL).

L-Valt P’fh%%'ﬁ'?b)inéd o(réanli:c F?&; \&JEreQVg'shéd gltﬁ sERRRL 'fde (100 mL), brine (100 mL), dried

20 over NapSO4 and filtered. The solvent was removed under reduced pressure and the residue

1H),

was dried under vacuum to give a white foam (3.53 g).

To a solution of this material (3.53 g, 7.22 mmol, 1 equiv.) in a 2:1 mixture of THF and
EtOH (120 mL) was added 2,4-dimethoxybenzylamine hydrochloride (5.88 g, 28.89 mmol, 4
equiv.), NaOAc (2.37 g, 28.89 mmol, 4 equiv.), and NaBH3CN (0.908 g, 14.45 mmol, 2
equiv.). The reaction mixture was stirred overnight (20 h) and then diluted with MTBE (200
mL). The organic layer was washed with 10% KHSO4 (100 mL), saturated NaHCO3 (100

25

mL), and brine (100 mL), and dried over Na2S0O4, and concentrated to give a pale yellow
foam.
To a solution of this foam (3.34 g, 7.22 mmol, 1 equiv.) in CH30H (50 mL) was added

p-toluenesulfonic acid (0.275 g, 1.44 mmol, 0.2 equiv.). The reaction mixture was stirred at
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ONH2 25 OONOHCZCHZCH3 O F (B-1) 30 66 WD 99/57135 PCTI US99/ 00260
1 Preparati on of Internedi ate trans-6-Methyl - hept-4-enoic Aci d. A solution
of i sobut yg gﬂ %je (9.59 g, 133 mml, 1 equiv.) in THE (5G, gz go2dded
dropw se VI a ad ion funnel to a solution of vi nyl magnesi um br om e (133
m. of a 1.0 Msolution in THF, 133 mml, 1.0 equiv.) in THE (300 niL) at

0C. {Upanec &l $hiapdieh wab Gllu@&jdilth@}l%c& hmorrﬁﬁptmrbrga:ﬁé %{&' WRSvathéd red for
30 min. at O0C, and then ethyl onyl chloride 5 133 mmol, 1.0

equi v. )wivla@tmddéNaHMﬂﬂo@me;dnwg ofverr N Sy, a@i};omh&ran@lacmieoeslddexi(asr e was
partitioned, between saturated NH4C1 150 nL) and a 1:1 m xture of Et OAc and
hexanedurfisd Ry GPtymn qiemag PR P /eﬁélém iny %é@@ {oegize diSiB8)-dr- Na2so

d ,’ t h
ST oo o TR R Sy Zbk EPRRROAY R REp NG il barbhibia R etk o o

| t as i Y, v e n d,
] SIS Gonfh U s i U 0 LR 20,

was healt 2d1.86 (th9PID), fl OL- 1495h¢mamﬁ :m(m mm G:HQIZeIg -2. ﬁs GAQ H)EE Dot3(B0n1l) and
6.0 M seque t rown reaction mxture
was r eﬁﬂ}( éggﬁo&_&? %ﬁsxﬂrﬁeﬁg&oﬂ%g %@ %tﬁe(n}*éyé’tq Hhismi Bt dr28- Tk
filterqen,bhpough a mediumfrit, and the filtrate was partitioned between

wat er (150 m) and Et20 (2 x 150 m_& The aqueous | ayer was then acidified
to pH PrzpaeationodPreducy Bshyls-{(paMeathylispxazoleo¥ ccambemt 2 bi- VAGHL-¢d+ B-Rbwey-L-

extract@g WgEIhAﬁz ‘1§ liroi!elmz?fé ure of Et OAc and hexanes (2 x 150 nmL). The

rr? anic’layers were dried over Na2SO4, concentrated, and the
restdue was (@53t -6 4’ eMimetiopyteasyly-2’-txm- ﬁlf)élﬁi’lﬁl-?)t—lyamShﬁhox -

o R 5 P ke e bR g 17 2
2. 18- 2. fi&h{M8oxBAdle-35¢ )EIQVQJIL (4éiﬂ'he)&n@® P&p@ﬁhﬂt@%@pr@peddateggaprepar ation

of Internediate trans-6- F -enolc Acid dr oxy- 1R- et hyl
pheny| -TBRHFT JalRLOH [0 tAﬁF%eTSGE’eﬂfﬁ S.EM-di(He2{ zsxmﬁzhomergy dloxod. 05

eqUI V ) 1¥\§§1ﬁgd?g lhkt&\jﬁg l?émg&ﬁl@%]glgrtﬁaﬂ%hgry %?%%8%1’0@18@6%9 égﬁgd (3.50

0 016 eqemyhs)oxmlebé cmbmly()GOVmLL -(&tF- B&Q—L -{{Be Pyrealcl laPRE mroticdofte Wessribdd rred
at 123C for and then was concentrated under r?duced pressure. The
resul t,lﬁgaxgmplq,(mbogg Rf=0.24 (5% CH30H in CH2Clp); IR (cm-1) 3284 br, 1713, 1655,

1637 br; lHNMR (CDCI3) 8 0.94 (d, 3H, J = 6.8),0.98 (d, 3H,J=6.8), 1.29 (t, 3H, J = 7.2),
1.43-1.56 (m, 2H), 1.66-1.78 (m, 1H), 1.83-2.05 (m, 4H), 2.16-2.28 (m, 1H), 2.49 (s, 3H), 3.00
(dd, 1H,J=13.7,6.2),3.13 (dd, 1H, /= 13.7, 5.9), 3.21-3.37 (m, 2H), 4.18 (q, 2H, J = 7.2),
4.36-4.45 (m, 2H), 4.80-4.88 (m, 1H), 5.76 (dd, 1H, J=15.6, 1.6), 5.96 (s, 1H), 6.43 (s, 1H),
20 6,70 (dd, 1H,J=15.6, 5.3), 6.81 (d, 1H, J = 8.7), 6.86-6.98 (m, 2H), 7.09-7.19 (m, 2H), 7.22-
7.29 (m, 1H), 8.07 (d, 1H, J = 6.5).
Example 10 - Preparation of Compound B-1: Ethyl-3-{(5’-Methylisoxazole-3’-carbonyl)-
L-Val¥(COCH?)-L.-(4-F-Phe)-L-Gin}-E-Propenoate

o) 2
25 I i Z/\
\(/%u YN > C0,CH,CH;

F (B-1)
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di ssolved in THE (20 nL) and was added via cannula to a solution of

(1R, 2R)-(-)- pseudoephedrine (3.87 g, 23.4 mol, 1 equiv.) and

triethyl ag§6qkAsP2 M, 28.1 mml, 1.2 equiv.) in THE (15GMls@lofte The
reaction mxture was stirred at OC for 30 min., then was partitione

bet ween hal f-saturated NH4C1(150 nL) and Et OAC’ (2 x 150 nlL). The conbi ned

or gafi Qprep¥@ition e TfteFi b @it teY £ifs- e and the residue
purified E‘X gsh cg | utm 30 g?%/S 132&%;8%?%%99/ 00260 1

chr omat ogr ap"n§01(l@<ﬁmf léqwt}’ealéfth}’dﬁ (U8R 2.90%En@AL equivhex BHESFO0 mb) afab or d

t -

TR LA e ——————

Vi scousM so]uhon & EHB, BB IﬁﬁGP,/ollﬂdbﬁﬁ/ )in TTBEFX(GO@S})L) at R(( Qﬂp&ﬁcoﬁﬁﬁ&mnlﬁ% 1H NMR
(CDClB e of . rotaners J=26.5, 1.11

5] ‘ad, mgjl rﬁg repgtion @g{t}(rﬁ.)wa)s Qtng%{ f?)g?é rrén 9120 5C (agsl theg egngl glab) y)( qﬁlond& 32-4. 42

4. 4404111433(5 riﬂmol‘ll 2% &vgzva@mideﬁ A SAR 5D b h 4t (3’@' ﬁwe‘}gacﬁmi mlxt‘ﬁ‘ﬂeal (C
18H27N02) C, H N Prepar ation _of Internedi ag

t r ans- GVavdeR{tianedbetween savratsd AHACH (HmLyansreol :& migtuee (fHROAC and hexanes

e Y A A RV 5 S G !
suspen%mcgﬁo@&w@f&m_ﬁe bi Bmalﬁﬁh %l)\%}%ﬂ‘ﬁ:a §E1 (Jeﬁltﬁg @%ﬂ% irg]%eg(g}f& .) and

10 diisopropylamne (7
-78C. Tiwrqadthe 1rx§¢nnedma$ctmalena1i@1§t@t(ﬂ5gd4(f°/w1em) fhis. maierial B&@E€nowmas nai nt a| ned

£ aka. Bt nt i SHEMERERN Vi FRORPR PSRl nacn st pigsgpiv) and
et hyl) \Hﬁtﬂéﬂed%ﬂﬂ?df&r 9%, S tﬂezt VQaerEBied td66QU MbH 3o Hi5 e&lﬁ%gﬁ‘?I)K@%s(égdded

via cannula, and the resultlng solution was stirred at” -7/8
mai nt ai AEYware added spquatialy.rand the hrewa deagtion MBGE avas Befhixad fordrtd Afien was

cool &4 G0 BB ARl RN N RO 5 1R AR, 0.0

stir r e dpaatitidhed betwedh waten (1,50whi. )candiasO (hen 5@ aill)i Theaqdolehy@eihs then
hal f - saturated NH4ClL (230 rrL%q and a 1:1 mxture of Et OAc and hexanes (200
nL, 2 xacidifiediiopH Tﬁe(awﬁ*@aﬁqé Yy §Hguwnee wu@fen%emrmd H @ endwasewracd 2604 and

wer &3 cong it fad &0 Wehli hERRLOR Of st 1P T wan
chr omat ogr ap 1?1! (gr a?ﬁ ent e g gb‘f@t%ﬁ% In % ai;lgér}lg e)% pr ovdlrﬁ:ed
trans- 60W¢EN|ay$O&SO(ldenB@teﬁJ fmdrtbdaeslzlyé Wahdiptilied-a¢ reducedgmresdure to afford trans-6-
(2R- hydroxy- 1 R-net hyl - 2- phenyl et hyl ) et hyl am de (6.33 g, 94% as a
Vi scousmmhyl-hdﬂt-ﬁ @QR&C'(M(G%S@: &R6) haa mmeh'gluidi a: (mm 1[2°C3(3718m),1m¢ém'1H NVR
(CDC3 ture rotaners) S 0.85-0 %% % 10- 2. 32
(m, 429§0:4]F71(1 HNMR{GD43) 6 G966 §H7~é 2.18- %éS ;émgitHI r$)31 5Q6n3. 18 (m),
3.94 (b 5.24-5.42 (nm), 5.44-5.56 (m), 6.89-7.01 (m,
> 08 5 A W?Zgé‘qgfgé)% B Anal. (C25H32FN02) C, H, N. 25 Preparation of
| nt 80 mepliedhfathmr &fkﬁt&hﬁﬁpae?t&ﬁ; bé{\li@ﬂh?pué;)t-ﬁ&&élz\cld (2R-hydroxy-1R-methyl-2-
fl uor obenzyl ) di hydr of ur an- 2- one
phenyl-ethyl)-methyl Amide.
Oxalyl chloride (2.25 mL, 25.8 mmol, 1.05 equiv.) was added to a solution of trans-6-
methyl-hept-4-enoic acid (3.50 g, 24.6 mmol, 1 equiv.) and N, N-dimethylformamide (0.03 mL,
0.39 mmol, 0.016 equiv.) in benzene (60 mL) at 23°C. The reaction mixture was stirred at
23°C for 2 h, and then was concentrated under reduced pressure. The resulting oil was
25
dissolved in THF (20 mL) and was added via cannula to a solution of (1R,2R)~(-)-
pseudoephedrine (3.87 g, 23.4 mmol, 1 equiv.) and triethylamine (3.92 mL, 28.1 mmol, 1.2
equiv.) in THF (150 mL) at 0°C. The reaction mixture was stirred at 0°C for 30 min., then was

partitioned between half-saturated NH4Cl (150 mL) and EtOAc (2 x 150 mL). The combined

organic layers were dried over NapSO4, concentrated, and the residue purified by flash column
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N- Bronosuccinimde (2.93 g, 16.5 nmol, 1.05 equiv.) was added in snmall
portions over 10 mnutes to a solution of

trans- 6- (4-fluorobenzyl)-hept-4-enoic acid (2R-hy,

1R net hyf""‘&“h%ﬁ? Tethyl )methyl amide (6.24 g, 15. 7 mol , 1 @%’3%995““26%

gl acial acetic acid (4.49 nL, 78.4 mol, 5 equiv.) in a 4: 1 mxture of THE

o0 52O Bl ol T4 S BB HASR T RE SO 5

and suBsagicenid @Rigtitaxye®-fethyUs-phenyl-cdit)anetbPainiidg(6 g@@%) ta.h@ viseagt i on
m xture was partitioned between half- ?aturated NaHCO3 (200 nL) and a 1:1
mi xt ur eiloRyEtIHC(SAHIE AN dexanes)x IR@o 133821 DR 2l NMR4 CRShpimiatiroofani ¢

| d nd
cﬁ¥§¥£f¥f@r&§rah$ee9ga$¥ T AT @19 TRO Y Bod (ach ROOAIT SR 252 1056

C i MRASM). £
Oé1 (égrg%a S( ) %ﬁ 4%}}$m3 4 44 4 p %rln)ugrsgbzle?]zzg}?)j (5:I|3% NALZ (fnL}f’ér%A' Z 4gn(fan)’( 4,14 g,
80% as‘\nah(@bsfézl}@l) BiN. (cont a| ni ng approxi mately 5 10% uni dentified

i mpurities by VR 5% Et CAc_in hexapnes); IR (cm 1) 1772; IH
Nm ( para 1‘8? hl?‘%%}wiéﬁ;‘eéwsézt 6h§)"2§F44 ﬂ}wreb%yzyl)ileeb“(eam(cs‘ﬂldm -6. 8) ,

2. 05-2 8.4). 2 92-3.03 M), 3.11
(dd, 1HPfyrd ros3 lﬂlﬂethgkﬁ%hémeth?%ed’fl A,%"g— 9 o) 3.7). 4.33- A (E? 114) |

6.98-7.06 1eBytmlitippn (3275 . of 22106 Mhgolwien in Agdnes, (5@0115Hon88rd€1@®)) WBis H.
pe 3 s o Wsuh bBEL B Srous linjum ehloride (7,18 2,169 ol 10 i and_ oo
sgsh(dbnsigmprquzlmmem@mmésqma 83 efallsivz 1M‘EHIF (m; %Lﬁqudm;o erzeacuon (3. 85
55 (1 R- br ono- met uor.o nz | ror ur an- one
oS (1 e was stz SR ) T S A RO B S DAl o o
50C f orcobiéd a%auﬁso -78he, fr&@%mmmgﬁtw alov@&lqu ﬁﬂir&gr 213 eﬂmizvmén -
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partitioned t ween saturate 0 L) an m xture of

Et OAc, eﬁéfiaame@ylamda@e? bae 7(02mm02d@qrrw) lrzLDHF 129 mLTwas edmﬁ ivirecinmilg.canidc

| ayers ¥ r e ied b
flgsh éx\?ﬁg‘nﬂtlg %&Sﬁ%@l\é‘gés SNEX%C%%Q/??%)?)%%WS e}f%talﬁgc%ttobgﬁ E)T’Qdd%}é St J<la>£<tanes) yt o]
gi ve 53300 $rdzmdo- aﬁdehydspcpo]pgir bYaiBR 0. A lsazlonmb@“mzﬂhc)rdbémyllrhﬁ)mrcan 2-one

2. 19 29 a te ni n r Qxij matel 5 20 10%
l(Jni deng?éﬁé@ '@Mésﬁqﬁy i qﬁﬁ%@“ﬁﬁ I %6€%p "afthﬁ Lty (n?‘ﬁ%r"E‘f"EﬁAc in
hexanesyiired hi°Ccfat 3d i O9Hich WY gien bhttitivited Kdbkded, halfdafiratt SREBC) (B0mi° (d,

3H, J=6.5), 1.02 (d, 3H J =6.8), 1.95-2.20 (m 3H), 2.78-2.88 (m 1H),
2.94 (dad alH, mpeturp of EtQAQ pnd @x@@esﬂ@ﬁm@:@ x2B) mL)4 T8Z camli@ed mgadit 1yers

(2wt e P Gk pap 0 af e s Shbisg o P ERRRH A B 35 TSk B0
2 S-yl) FBhRQﬂ{AtJS% ;b%md?en{*elhéoﬂ %antmbA€%ﬁ ﬁéxan%) 3}@9%@% A0 6Yhethyl-25-(4-

5S-(1S-azi do | prop R- (4-fl uoroben ur an- 2-one
20 fluorobenzyl)-hept- 4-en01c ac1d (2R-hydroxy-1R-methyl-2- phenylethyl)methyl amide (6.33 g,

94%) as a viscous oil: Rf=0.38 (40% EtOAc in hexanes); IR (cm-1) 3378, 1614; 1H NMR
(CDCI3, mixture of rotamers) 6 0.85-0.95 (m), 0.96 (d, J = 6.8), 2.10-2.32 (m), 2.34-2.46 (m),

2.58 (s), 2.67-2.79 (m), 2.82-2.94 (m), 3.00-3.18 (m), 3.94 (br), 4.37-4.52 (m), 5.24-5.42 (m),

5.44-5.56 (m), 6.89-7.01 (m), 7.08-7.14 (m), 7.19-7.38 (m); Anal. (C25H32FNO?) C, H, N.
25 Preparation of Intermediate 5S-(1R-Bromo-2-methylpropyl)-3R-(4-
fluorobenzyl)dihydrofuran-2-one.

N-Bromosuccinimide (2.93 g, 16.5 mmol, 1.05 equiv.) was added in small portions over

10 minutes to a solution of trans-6-methyl-2S-(4-fluorobenzyl)-hept-4-enoic acid (2R-hydroxy-
1 R-methyl-2-phenylethyl)methyl amide (6.24 g, 15.7 mmol, 1 equiv.) and glacial acetic acid
(4.49 mL, 78.4 mmol, 5 equiv.) in a 4:1 mixture of THF and H2O (165 mL) at 0°C. The

30
68



(2.02 g, 6.93 mol, | equiv.), di-tert-butyl dicarbonate (2.12 g, 9.71
mmol, 1.4 equiv.) and Pd/C (10% 0.20 g) in CH3OH (100 nL) was stirred

under a h t rosphere (balloon) for 16 hours. The re i bpt ur e
was vacuuyrrVIq ???@rsgd t hrough What man #3 paper and concentra ec{.b%/d&éé

Purification of the residue by flash colum chromat ography (15% Et OAc in 30

69 9 hinb3R1IRV EOMESRHADZRR f 1880° ' o
{2- Vnist hyl| -1 55?4R_ 4-f | uor obenzylgr) %&gﬂgﬁ%ﬁ%ﬁ?ggﬁ gﬁ{%egt?lzfpct; 8?)(%” }

car banisibsganently apfluxsd fgr)45a8ine Afiel caging to 33, thesreactiph imistufeowas paRitondd 80 (5%

Vo, gyl CICs PbbgL Jfidf 1. fure I AR bR 200 L Y, OF
(M 1HmL,2.006nkR). Zhe(coinbikl orgdniQayetihwerd Uitied dvéd Nap$04and Sef) conderfd@iced: 99 (M
1H), 3.09 (dd, 1H J= 13.5, 4.4), 3.32-3.40 (m 1H). 4.42-4.48 (m . 2H),

6. 95; 7 .Hi&h(chyonmae)graphid gurifica8or( of) th@tdsidud\(erhdier(t CROHHR 3FNIN) EAtin INdxanes)

i f di . _
8 S S TRt oo iy 0 3 i
hydr oxi e {21162 %Qg?ﬁinjg ApRAIHERYS 53R hiQ8eifRa OIS by I LEIKIRY: o 28S

added to a sol ut

2- et - f r.ab Ay X [ ur.an-.2S- r [}- 10
ar ban Re R OASL I GURIGAY) Prra B SBIVECE, W Eomer) § Bo e (25
m) at 32§Q.=éfbp_lroequ,lzﬂ,wge@.sﬁamsz'.ps:&m st 8% (R 1At 723G ¢ 81 ,?zﬁbzr-@.gy and
then was partitioned between 10% K o] §50 m.) and CH2Cl12 23 x 100 ml).
The corfBh ABY Jollg@di BliAy -6, bk 8-981(ddd Hov &r9.0,aD SEA3-4d0rime bt £ 9847.06nd t he

1Que di ' d 4A nol ecul i 0. 70
Gy g af R TR 2D fn I 8O SERBIFOIGHES ol 5 oquiv. ) and 15
t et r aprrRyAraivoof Iuferpediate SN ALidoR2-Rethy roM 1) SR-horoBenkM) Glftrifuraye’ €

added sequentially. The resulting dark reaction m xture was stirred for
1.33 hoo?™ at 23C, then was vacuum filtered t hrough What man #3 paper and

then t hr ougih Wigkih dfoBBR%LideTHO0 bl 36 5 BRI WAS cq SODGRILE AR Hde! I educed

pressure to provide a dark resi , h was d ved | (30 nb).
Crude en¢thylp@pybeBi-(4-{luarot@nmyl)diEdyefoparbeneBiGh g, 21 30nmoipll equivy ieNIN-V.

g,[ ﬁ 5?‘ E y??’%yﬂgrr%?%%g g‘é)lxrglz)gfs%ﬁgﬁla{eegglt g(?’rC ttop &7 H(guerga'fﬁet riegcr{io(r)lfmixture was

car bonydoplet-td. 28~ arfdhweasl paftitivhe EbgveaeindBiafirated NEEL (MOOTRL i@ lai INB 1 (Ax@AS N,
7.69 equiv.), HOBt (0.390 g, 2.89 mol, 1.5 equiv.), and EDC

(0. 553 %,Etg.ﬁ%he%ﬁﬁs,ani?%et%é\f%%% 180 &fde d hs sombimed argapic 1476es Were reacti on
M Xt ur ejrid@ovet NATRSh, totced tred@fe Was$y L et ween
brine (1r00 r\rlL) aind Cl-lzcgfzt%?gtggﬁ ?8% rer:n_). p‘lﬁﬁgeggﬁgﬁsnhed o’?’ggﬁ&b@%?g“gg S were

dried ogexdicNa@iBi¥n ard 7HEE© Axdnhiexdnesitte dive Bk (il §lagidbi20met@iptdpel)rgsiddue by
flash 25 col umléﬁhr 0 ; '; o: r apehé @%é%[gioen; elhut ion 251;t4iO% Et OAc i n hexanes)
provi dedaseirprylylinysaturan-2ame @ ¥o) ps ¢ white mplidh (contpiming@pprpyingtgy Spenoat e
3307, 1708 bk e o cBRTsy Sialy: @ PTG e LR hicanf °
IR (cm-~1) 2097, 1772; IH NMR (CDCl3, major isomer) 4 0.99 (d, 3H, J=6.5), 1.02 (d, 3H, J
=6.8), 1.95-2.20 (m, 3H), 2.78-2.88 (m, 1H), 2.94 (dd, 1H, J=7.0, 4.2), 3.03-3.17 (m, 2H),
4.37-4.43 (m, 1H), 6.97-7.09 (m, 2H), 7.14-7.21 (m, 2H).
Preparation of Intermediate {2-Methyl-15-(4R-(4-fluorobenzyl)-5-oxotetrahydrofuran-
25 2S-yhpropyl}-carbamic Acid tert-Butyl Ester.

A suspension of 55-(1S-azido-2-methylpropyl)-3R-(4-fluorobenzyl)dihydrofuran-2-one
(2.02 g, 6.93 mmol, 1 equiv.), di-fert-butyl dicarbonate (2.12 g, 9.71 mmol, 1.4 equiv.) and
Pd/C (10%, 0.20 g) in CH30H (100 rﬁL) was stirred under a hydrogen atmosphere (balloon)
for 16 hours. The reaction mixture was vacuum filtered through Whatman #3 paper and

concentrated. Purification of the residue by flash column chromatography (15% EtOAc in
30
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J=6.8), 0.92 (d, 3H, J=6.8), 1.28 (t, 3H J= 7.2), 0 (s, 9H),
2.

1.40 (s,

153167 (m 1M, 1.91-2.04 (m 2K, 2.32-2 41 (m 2K, 2.46-2.55 (m 1
H, 2.63 3=12.1, 5.9), 2.69-2.80 (m 1 H), W@%HJ:

121 szwgw%éﬂ’(dd 1H J=17.7, 10.0), 4.05-4.11 (m 1 b

2H 3 = 30 70 WD 99/ 57135 PCTI US99/ 00260 1 7.2), 4.40-4.50 (m | H), 4.84

( d 11 iﬁHexaﬂesf Eﬁ)vﬁed 5{§ rﬁetﬁyl( 1‘2‘5’»(4)3 @‘ﬂubrdbeﬁéfblyg-?xgtgg%h@gof?}%n 'jgﬁsl)pro}gri);l) 5 g 06(() m

15H) mbamIC(a@dg%@Fmgsmr (@58 g, 62%6) Praephiteaforon Ry~ P8 EHYe MeOH in
Et hyl - 3- {& I\/EthylsoxazoIeS ar bonyl LVa-p%COCHZ)-L 5
(4- F PhRElR lz)dngan FiBpehtogt 702 ﬁlpllNMR{(Q B (d, 3H, J=6.8), 0.95 (d, 3H,

COCH2 4-F-Ph n E- at erted to product
et hy| -4-TS LALMGH oL BT ePal e LS ORR e S 804, b cAomafri ot - -
E- pr.opengat §.6),m. - zrag(kﬁruamloggwaﬂt g-tlhaat 40 83032 @ad (1'nn1 <anpl @4@ rﬁ\bove for
5 G
t he-conver si on et ¥I-3- Leu- L- - propeno te to
pr oduc2Hbt6-7.83 {rngH) 11-7.18 (m 2H) Anal. (Conng O4)C H N

- = 220C
(Gec)  PRASTAE of Wi e At kRS o 3 G RPN B gy bils- GBAE- 11 VR
(Dwrso?p%‘begg 81 (d, 3H, J=6.2), 0.87 (d, 3H J=6.9), 1.21 (t, 3H, J=
6.5), P (m 2H), 2.03 (s, br. 2H), 2.21-2.24 (m 1H), 2. 46 (s,

3H), 2.57- 2LiiBiu(rrhyd3mbide(268(m]20951Maq®bt)ls sofut@, 962 nihb], Jeqliv.Sas 4. 30- 4. 34

gm7 32( ddeﬁ tﬁl'jl sélgtl%gg{zilge%im ?%%R(S ( Evp}gl?e&%m%rqxo al%y(g?fu}aéll%%ﬂlj _Rf%g)ﬂh > 5)

8. 7~ Airehmic(:CROLR TN Qe 0.703 151 HZnhholEt@m?lz $inlBME @5 aHarabs e e Corrpound
A-10: Et th 3-((5.-Methv]i soxazol e-3 -

car bonVAsyLing sespengep Wapsisted agp ﬁ@rﬁ?w@n@ﬂttberovmm@embmwm NN O

N rat i Phe- OCH3
o RO e R L 160m) 1o B e e Bt nffe BP0t oa nto
a c oniap8Ok Adnodntatpd eaidshé fgidud dissdNaddin CHITL) (ML} atdw R 2 aseRumr NaHCO8

(25 nmL). After mxing, the or%}am c phase was separated and the aqueous

phase Wigses (@R, 4vmethyhsorohplipe -0@dg (046 Irg. B.85Thmok drehitingdandr gani ¢ phases
wer e d'iétx%ﬂro%‘§ﬁ1§m%%e§&ﬂeﬁ¥%%6@ 6 19 mmol, 0.10 equiv.) were added sequentially.

The resulting dark reaction mixture was stirred for 1.33 hours at 23°C, then was vacuum
filtered through Whatman #3 paper and then through Whatman #5 paper. The filtrate was
concentrated under reduced pressure to provide a dark residue, which was dissolved in CH2Cl2
(30 mL). Crude ethyl-3-(H2N-L-(Tr-GIn))-E-propenoatesHCI (2.30 mmol, 1.2 equiv.,
prepared as described in Example 2 for the preparation of ethyl-3-{(5’-methylisoxazole-3’-

20 carbonyl)-L-Leu-L-Phe-L-Gln}-E-propenoate), 4-methylmorpholine (0.846 mL, 7.69 mmol, 4
equiv.), HOBt (0.390 g, 2.89 mmol, 1.5 equiv.), and EDC (0.553 g, 2.88 mmol, 1.5 equiv.)
were added sequentially, and the reaction mixture was stirred for 19 hours at 23°C and then

was partitioned between brine (100 mL) and CH2Cl2 (3 x 100 mL). The combined organic
layers were dried over Na2SO4 and were concentrated. Purification of the residue by flash

25 column chromatography (gradient elution 35—540% EtOAc in hexanes) provided ethyl-3-{Boc-
L-Val'¥(COCH2)-L-(4-F-Phe)-L~(Tr-GIn)} -E-propenoate (0.820 g, 53%) as a tan foam: Ry=
0.50 (50% EtOAc in hexanes); IR (cm-1) 3307, 1708, 1666; 1H NMR (CDCI3) & 0.67 (d, 3H,
J=6.8),0.92 (d, 3H, J=6.8), 1.28 (t, 3H, J = 7.2), 1.40 (s, 9H), 1.53-1.67 (m, 1H), 1.91-2.04
(m, 2H), 2.32-2.41 (m, 2H), 2.46-2.55 (m, 1H), 2.63 (dd, 1H, J=12.1, 5.9), 2.69-2.80 (m, 1H),

2.83(dd, 1H,J=12.1, 8.2), 3.03 (dd, 1H, J=17.7, 10.0), 4.05-4.11 (m, 1H), 4.17 (g, 2H,J =
30
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to give the free amne as a clear colorless oil (1.14 g, 5.90 nol). A
solution of this amne and (iPr)2Net (1.13 nL, 6.49 mmol) in DMF (10 nl)
was added 1 to a OC solution of Boc-L-Leu-CH (1.50 1)
and HOB (‘863%“39 6.49 nmol) in DVF (10 mL). DCC (1.47 gﬂ?@?@m was
added. The reaction m xture was stirred at OC for 1 h, and was then 30 71
VO 99/ 57233@4(P¢§blé%9%9(128ﬁ({d AL §d) %t38?(§01%0f §Zi} oT'tﬁ 1] Xt-ug §9) 8%
filtered to renove &jemplta ’I'trate Was porat ed.
The reédddl, Jasl Sdi. §§c),|6/ 6.0 (aHidn 7. 0(321302 am,)m)mmm(jom hSH) atnat. at ed

aqueouztéjt\@_}g(@\I Qﬁgdwﬁ dried over Na2SO4 and evaporated. The residue was
purifi a amm chromat ogr aphy (25% Et OAc in hexanes) to gi ve
Boc- L lpguiehién B brddier B 3aPs et igyso ?@ 26-127C,
IR (cm 1§b3401 3319, 174 708, 6409 J)lle%N-%/%&éﬁgilé% rrgj or | (Jg‘rrer) 6
25(d4F31Phe)J:-66n}8])1 Pnﬁp&ﬁ)aw 3H, J= 6 5) 1. 32 1.48 (m 2H), 1.41 (s,

1.61-1. 77 dd, 1H, J= 14.5, 10.5), 3.37
(dd 1H, J= Eﬂw‘er?ﬁffwé) Va%"(f:é)é@) lsftg F- che)té r-£7#n)} ri§-PIOEpnOAtE @&@n@gne(dm 1H),

20 pr oSSt etB Tl SreB it du bR v R FERES), o  N
oS L Eeptobdarelin B aldlo 8 e adsefied s o3P Hrtfckdn RTH (20

\Aﬁs adaé athyd?-d Boc-d el eufhéhedadliri@n) JREprapesoatas mﬁdiuct etﬂylf-br{(is- h at 23C, agd
T

L?@oz"“reils'@”?‘z&%‘% R R R i O N Yl 5@%%{2‘? over

(5 61r BRI OHTR CERRhL R BB LA LSl @21@@@%3—&%5%“@{852% of

| nt er megj gtes & b)eb(é 3{H39<‘= ¢-9)-¢ 91 NCHIR: b= M§ ErGF; %ﬁ) %'%Pg‘ﬁy te This

i ntermedi ate vias epared from Boc-L:Le -3- { H2N-
L- (Tr - @3y3-2%0pr Hg)eaémﬂm 3 pr-eplmd3Es 246s%9] (IdeH)n4 B apRHe/ 2)6.9)n a

t,_d i
oty AL SP T 5 aEa I U R 0 3SR GRS R 1588 6 Takve: 1R
(cm1) 132,%399-171153m, 3HY,3. 011(643{ JH-—WND{FS 49QRCIB) J £ BTyt A, (ChoHSHTE{F)) C,b 0. 65
(d, J= 6.2), 0.66 (d, J=6.5), 0.84 (d, J= 6.5), 0.88 (d, J= 6.5),
10251H32Wrr) 1.23- 138(m) 1.33 (s), 1.41 (s), 1.55-1.82 (m, 1.89-2.07
g ) 4 ddr. 00

: - . 4 S5 .54 (rr)
4.00- 4a !f_\:mL IébuSYCHﬁB-PGlEF)L GAn}SE-Pr#oB&OQtﬁ 5. 63- 5. 70 (r’r), 5.95 (dd, J=
15.9, 1.2), 6.23-6.28 (m, 25 6.66-6.75 (), 6.79-6.89 (m, 7.09-7.34 (m,
8.14 (d, J= 8.7); Anal. (C49H60N4O7) Q@=H* N. Preparation of Product
Et hyl - 3-{(5' - Met hyl i soxazol e-3' -car bgny)) - L- Leu- NCH3- L- Phe-

L-d n}- E- Propenoat e ; \/lL
TN

20 oN

CO,CH,CH;

(A-10)
Preparation of Intermediate Boc-L-Leu-NCH3-L-Phe-OCH3
NCH3-L-Phe-OCH3HCI (1.4 g) was dissolved in CH2Cl2 (50 mL) and poured into a

combination of aqueous (aq) 1 N NaOH (7 mL) and saturated aqueous NaHCO3 (25 mL).
After mixing, the organic phase was separated and the aqueous phase was washed with

25 CH2CI12 (3 x 50 mL). The combined organic phases were dried over NapSO4 and evaporated
to give the free amine as a clear colorless oil (1.14 g, 5.90 mmol). A solution of this amine and
(iPr)2NEt (1.13 mL, 6.49 mmol) in DMF (10 mL) was added dropwise to a 0°C solution of
Boc-L-Leu-OH (1.50 g, 6.49 mmol) and HOBt (0.877 g, 6.49 mmol) in DMF (10 mL). DCC

(1.47 g, 7.12 mmol) was added. The reaction mixture was stirred at 0°C for 1 h, and was then
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Et hyl - 3- { Boc- L- Leu- NCH3- L- Phe-L- (Tr-d n) }- E- propenoate was converted to

pr oduct

et hyl - 3-{( | i soxazol e- 3' -carbonyl ) - L- Leu- NCH3- L- Phe-}~ ropeno
ate in a 3‘8 7927%@(99/ 57135 PCT/ US99/ 00260 1 manner anal ogot%ﬂjgg{oﬁ%dt%
described in Exanple 2 above for the conversion of ethyl-3-{Boc-L

Leu-1L- Eﬂﬁed—at(Z-BPC%Miﬁ'h - FiedhRRRE Qat Aléed BY @ﬂ%@& the prec itate (ppt) and the
et hyl -3-{(5' - met hyl i soxazol e-3' -carbonyl )-L- Leu-L- Ppe- & n} - E- pr openoat e:

= 0. Jdtrgts yaerDeraied. Ghpaesidue war dewwgq lr@lésCm@Q%mL) mbed waB7; 1H NWR

( SDC}_)s%tgl%té(dt %&gﬁu%zl\(l]alf(g&? %&))351]"3, %ngg {e? Najéog a% évafo? d( d['-})g rcf%cquS ass(])_ 2322
2 pﬂﬁﬁé@ i)y ﬂgslﬁ%hﬁﬁﬁ ehrgx%at%gfag%ﬁésmt’ogc i%@leﬁﬁes) t% g?\7e I.{hfc)L L%té 8@%1%-14 (m,

3.31 (M)

; . 4 4 6 73-
gs ‘tﬁﬁ%égi% zféd@whf_bs%ﬁdgzang,(@/) 4n9 ‘1%6(1 ﬁ‘éa@ii%(%n %3501 3%@%74&?09 (m

5 (91)708 61639 (HNMR@CH@U@ it Ejomi)meé 5707926(&524}1 m-,ﬁs 6135 thJJ 675)2) 8.13
J . Exanpl e 12 -"'Preparati on of npound C-
(5" - I\/Etlh:gﬁ is&mzﬁﬂp-lal-(s;@lﬂ),ohgl -17716, 1H), 2.90 (s, 3H), 3.04 (dd 1H,J=14.5, 10.5),

o3 6 PN B0 7 QonGhP a8 B Ml

(S)-1- l:b/iill@sys (746f7|320(rn9m}3w1a) PCOTH Y yioymeN I ask fitted with a

t her nonet er an?a reflux condenser was dissolved nethyl (S)-1-
hydroxyPrCép(mhti‘ohuxftlm’thmmylh)em@pLdmﬂﬁCHprle-}me{from L- H2N- (4- F- Phe) - OCH3 by
t hel@et hod described in_Hof f trahedron 1992, vol. 48 3007)

(0.99 g, 5. daenebpuiNei- Pgﬁhe'%hléﬁ%ﬁﬁ( 50- %r)lmoiﬁuwaérﬁlaﬁ%vmw%ﬁsfaﬁr(a oxi de
(1.53 rpfiL) ; docomltg OU@S g‘%%ﬁg Naépliﬁtllg?n]f SF EN%oluglgn lilr Uy 01);‘}93893%%5{ or 3.5

h. The TEACTI ON Was errpera are an pour mL of
1:1 Et (opwiae.ulhd mdctl\ﬂd%ilxusobvui stored fdideh ar 28401 andehaspowsedsinge 86 afeduand

hed h b d the sol
removed<ihe (T e atebis et onid b bl m@%fm@g%r”cas{w%sfﬁt g

th t 7 |y
\(MS)-I iy & rox@% &x?ldlq}gg%\é I\Q?Ebgropl 8%aged:t£> Wech({%elélrie mwﬁ‘%ﬁ é%
(159 Et@%cvaaameBc(uama)t )NhiﬁﬂMs(ubéd)@iﬂhout Mr@ﬁlcau&;ﬁlO 1221 cm 25 1 1H
NVR (DVSO-d6) 8 1.24-1.27 H}} 92-2 gg% H)r 09-3.15 (m 1 H),
4. 43- 4. ﬂmpa(‘#ﬂomofrllyteraleéate(ﬁthykﬁr 9c-L- EelQ}VCIss ke-BA(Terfylnil- 5. 86-5. 95

(m 1H)Proper?§at7 01 (m 2H, 7.16-

(
32
7.2
5.7
6.3
(d,

This intermediate was prepared from Boc-L-Leu-NCH3-L-Phe-OH and ethyl-3-{H)N-

L-(Tr-GIn)}-E-propenoatesHCl (prepared as described in Example 2) in a manner analogous to

20 that described for the preparation of ethyl-3-{Boc-L-Leu-L-Phe-L-(Tr-G/n)}-E-propenoate in

Example 2 above: IR (cm'l) 3295, 1713, 1672, 1649; lH NMR (CDCI13) (mixture of isomers)
5 0.65 (d, J=6.2),0.66 (d, /= 6.5), 0.84 (d, J=6.5), 0.88 (d, /= 6.5), 1.02-1.22 (m), 1.23-
1.38 (m), 1.33 (s), 1.41 (s), 1.55-1.82 (m), 1.89-2.07 (m), 2.23-2.30 (m), 2.90 (s), 2.94 (s), 3.01
(dd, J=14.6, 10.9), 3.03-3.13 (m), 3.26-3.37 (m), 3.27 (dd, J = 14.6, 3.4), 3.42-3.54 (m), 4.00-
4.22 (m), 4.37-4.73 (m), 4.82-4.89 (m), 5.63-5.70 (m), 5.95 (dd, /= 15.9, 1.2), 6.23-6.28 (m),
25 6.66-6.75 (m), 6.79-6.89 (m), 7.09-7.34 (m), 8.14 (d, J=8.7); Anal. (C49Hs0N407) C, H, N.
Preparation of Product Ethyl-3-{(5’-Methylisoxazole-3’-carbonyl)-L-Leu-NCH3-L-Phe-
L-GIn}-E-Propenoate
Ethyl-3-{Boc-L-Leu-NCH3-L-Phe-L-(Tr-Gin)}-E-propenoate was converted to product
ethyl-3-{(5’-methylisoxazole-3’-carbonyl)-L-Leu-NCH3-L-Phe-L-GIn}-E-propenoate in a
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7.21 (m 2H). 30 73 WD 99/57135 PCTI US99/ 00260 1 Preparation of

I nt er medi ate Boc-L-Val -O L-(4-F-Phe)-OCH2CH=CH2 Al | yI

(S)-1- hyd fl uorophenyl ) propionate (0.070 g, 0.31 np ey
(Phsol vogosestidd | (20 nl). Boc-L-Val-OH (0.068 g. 0. 31 ey SRe % dded,
foll oned by DVAP (0. 004 g, 0.03 mml) and DCC (0.067 g, 0.33 mmol ). The

reaqt i en@Sanslolbiisad tiad: déRARDINIERARSIA AoSe @dﬁﬁ@&&%mo%@' e m*g?:a SBbygNt was
renoved in vacuo. The residue was subjected to colu chromat ogr aphy

el uti névewlrﬁheaLdFér@l@th @Ppgme%tgmddﬁmbcéﬁe{s(S’-rm@ym@zole 3’-carbonyl)-L-
val P CH=CH2 0.12 09
c?ear E‘Ie\(’[t QF E&)”ng‘ rOBEIREA %g&%n@\ga&lﬁé&%ﬂéﬁ%&%?@ (Cnl %2%55/()161%m 1; 1

§§W3(1%9§?=£¢®*9@@§%D§1§2m%%9 somipsE 046346 ) 5 501 B 1.5, 0

?2)254363 556 %éo(élil (@fh-g.53; 050 & L7001 B 73 (286023 (), 2350, 298, 2O

par aﬁl on O I nter
Et hyl - 2- 8{682)%3 Lm)./al%ejs)um@ PHRP-10(]r3. 1B B} (1), 3R8oHental €0, 5.9), 4.19 (q,

P18 1T P IR S T L iR 1

added Sa7I9CtrrI)hE81 acﬁi U%al(Std Ql’6)8599(fd6d]5 1816N1.6R16.(33609 My, 6*3@'(&)”@3(3@3)16 .,
he reactl on sti rred at room terrperat ure

for 2 r@40)1%5 érB) \?Jﬂt6%§“¥@ﬁ%\§@>d"rﬁ2)f§c@d§ 4nd-8he residue taken up in 50
ML Of  fixhl}f& #1€ Biddatfhion’ YC HRPAHTE CYRSEAYH-5 36 M ethQlidasi Alle-3 Bt BTRv-
soluti OM (D0 NL), and the organrc pnase drscaraed. The agueous ph was
aci fih&lj—_@_—bﬂ‘ﬂh&ﬁhﬁ&h&@gﬂw@m and the product re-extracted into
Et OAc (50 ni). The organic phase was vvaa.h;ed with brine (50 nL), dried
(MyS04), and concentrated to give O. 50° (86% of the 20 free acid as a
clear oil. This material was dingsol ved ¢n DVF (6 nL). Diisopropyl ethylam ne
(0.43 nL, 2.50 Mol ) was _a 'ﬁnﬁ? CH.CH

et hyl - 3- {H2N- L- (Tr- d n) } - Epqar ope a%Cl %ﬁrépéred as described in Exanple

2 above, 0.55 g, 1.25 mmol). The re ion was cooled to O0C HATU (0.48 g,
1.25 mmol ) was added, and the reacti allowed to warmto roomtenperature.
The DMF was renoved in vacuo. The resifdue vvas di ssol ved wWG-h) Et CAc (30 25

m.) 15 h th 10% HC | ut 25
w0, earepauh TG OaER ARTS L EBRS hikRbe ey Tkt Bt (25 )

The or gani ¢ Ihaysk fiasi ith e theridpS@Aind éﬂeﬂhﬁb@dﬁ.ens%ﬂdra@@i@@cﬁvﬁdrrﬂétﬁﬁ (Spnd t he

residugl S %u(r él ed b l&Eash coI urm c omat rapk}:y (0--+1. 0% MeOH CH2C12)

to gi Vv y\éﬁ)ﬁ 4(- }&%y rﬁ91|on§e EN (4-F-Phe)-OCH3 by the method

Pfh%zcr}bemdgffmah eFalprz@pm%ﬁ@a dﬂwty 560ATRE9 RS niRdl) frarfy = O- 25 (3%

alcohol (50 mL). Titanium tetraisopropoxide (1.53 mL, 5.0 mmol) was added, and the reaction

30

20 brought to 90°C for 3.5 h. The reaction was cooled to room temperature and poured into 250

mL of 1:1 EtOAc/saturated NH4CI solution. The organic phase was separated and washed
with water (100 mL), brine (100 mL), dried (MgSO4), and the solvent removed. The residue
was subjected to flash column chromatography eluting with a gradient of 5-10%

EtOAc/hexanes to afford 0.77 g (68%) of allyl (S)-1-hydroxy-3-(4-fluorophenyl)propionate as

aclear liquid: Rf=0.21 (15% EtOAc/hexanes); IR (neat) 3470 (broad), 1734, 1510, 1221 cm"
25
1. 1 NMR (DMSO-dg) & 1.24-1.27 (m, 1H), 2.92-2.99 (m, 1H), 3.09-3.15 (m, 1H), 4.43-4.47

(m, 1H), 4.65 (d, 2H, J = 5.9), 5.28-5.37 (m, 2H), 5.86-5.95 (m, 1H), 6.95-7.01 (m, 2H), 7.16-
7.21 (m, 2H).
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74 WD 99/ 57135 PCTI US99/ 00260 | MeOH CHCL3): | R(KBr) 1691, 1512, 1159
cm1; 1H NVR (DVBO-d6) 6 0.78-0.83 (m 6H), 1.20 (t, 3H, J= 7.0). 1.35 (s,
oH) . 1.58- oH), 1.96-2.02 (m 111). 2.19-2.33 (m 24,-% ﬁiggﬁ-os.oz
(m 2H), 3*83’%9@ (m 1H), 4.09 (g, 2H, J= 7.0), 4.33-4.37 %US’?P :
5.03-5.08 (m 1H), 5.60 (d, | H J= 15.8), 6.67 (dd, 1H J= 15.8, 5.5),

7.02; 7. o2 InforhdailteBo A8 S l2 = 8.1), 8.59 (s,
Tyl aiepatiiont Inradaibe B Dya R BriRoCHCMbcip O e

Et hyl - 3- { ( 5' A(Sly]-hgdrsagol(e-MRoropaedOpydpionat\(8l070gl6 6 # mimdfi@)s dissolved

L- d n}-.E-Praope t

1 37 G CORE . Bog-ly-ValiTL {0.06% e 0.3 e s agidad Sllow ez AR 1 ed t o
r oduct ) )

ot hyl - 300042 0.03 mmelyand DL (0.067 ¢, 0.33 mumal). | The reaction wagstimegatsoqm o v £ o o

enoaée t;inpexatumameemigmnaidige)srﬁvetrm wab atmaled ¢&r vdved. The fexiaophas ubjdetsdaof or t he

Co e R oo e T S B o Bl S o e R OREDBAL £ o

car bonyVl-d-1-@uF-PhBhectH CHe] b@RENA/bBaInE 7 (195 (434 M LHFL R+~ | R

(KBr) )1/‘%16, ﬁg,a?%sl? I 1 1H NWR (DNEO. dB) HNE (ag,b'% /"=

6.6), 00.92(10% E®Ac/Hexabes§)IR (ndatPO750t 1713H51dem7!;0H NMI@@)MSM@@O.M :

1.96-2.01 (m 2H), 2.15-2.22 (m 1H), 2.46 (s, 3H), 3.00-3.03 (m 2H),

4.10 ()-836k, GHD, 7.36)s, 98279742 82 (1] H)L BY07-341 B@a,21HS3.893.9% K, 1H),G65154.54 (m

1o 5 o B35 885 S 3P 51 ka of 08, 006 T il 2P Pt I e ol G > %)

J =18, 1@02231.3&710%9) clgHiN. J = 7.7); Anal. (C28H35N408F) C, H, N Exanple 13
- Preparation of Conpound A-11: Ethvl-3-{(5"-Mthylisoxazole-3"-

car bonvPephri{tnNdIntdrinetlictt Ethyd-3HRBeb-d)Vhl-G-hi(4F-Phiode(DaGin)2E-O NH2 O xO
/O-NH IQ N HCOZCHZCH3 ~'a F (A-11) 25 Preparation of Internediate

Et hyl - 3-{9BERONEH3- L- (4- F-Phe)-L- (Tr-G n)) - E- Propenoate Boc- (4- F- Phe) - OH

(4.46 g, 1_5-ﬁ&:—HIWHIwO-L-(ﬂCFJPHe))O@HEt@E@Hé(((7.653%, 152 mhefd) WEDdissof 8GN THE) Wer e
di ssolved in dry THE (100 nL) and cooled to OC. NaH (1.89 g, 47.25 mol, 3
equi v. ) (hMasL)aditrdkis@riphengl pbodphineipallsdiom(0)i(¢03 og.D.8 mmol)rwas adfiedeandthier ri ng

at 23C for. 24 .h Et.0A nd H 3 wer e, adde refully to the
o i o1 ereouich Yflse il 2k "hofad KR L A R B oG Rute g Oor
di ssol vihggedctior@ROrdd1d doomt Jempefiture €&t H. OThaBokleHt ®as r3ﬁ’103ﬁ:1 MO, Eﬂdl-lﬁl'é

dwith Et20 (2 100 nL).. T r was
Zgr{j |U fS ?%/81%3?2)? £ l:.L_Lp \é\ﬁasg q\l\lﬁsog g% k\ll\eﬁxanes}%tzO. '(l'he ;))(roduct was )extracte% ig%usgt? lIJ\ISaHCa 3e

solution (50 mL), and the organic phase discarded. The aqueous phase was acidified to pH =

1-2 with solid KHSO4, and the product re-extracted into EtOAc (50 mL). The organic phase

was washed with brine (50 mL), dried (MgSO4), and concentrated to give 0.50 g (86%) of the

20 free acid as a clear oil. This material was dissolved in DMF (6 mL). Diisopropylethylamine

(0.43 mL, 2.50 mmol) was added, followed by ethyl-3-{H2N-L-(Tr-GIn)}-E-propenoatesHCl

(prepared as described in Example 2 above, 0.55 g, 1.25 mmol). The reaction was cooled to
0°C. HATU (0.48 g, 1.25 mmol) was added, and the reaction allowed to warm to room
temperature. The DMF was removed in vacuo. The residue was dissolved with EtOAc (30
mL), and the organic phase washed consecutively with 10% HCI solution (25 mL), saturated

NaHCOg3 solution (25 mL), H2O (25 mL), and brine (25 mL). The organic layer was dried

25

(MgS0g4), filtered, and concentrated, and the residue was purified by flash column
chromatography (0—1.0% MeOH/CH)CI2) to give 0.40 g (39%) of ethyl-3-{Boc-L-Val-O-L-
(4-F-Phe)-L-(Tr-GIn)}-E-propenoate as a white amorphous solid: Rf=0.25(3%
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citric acid solution, and then extracted with EtOAc (2 x 100 nL). The

conbi ned Et OAc extracts were washed successively with hal f-saturated
NaHCO3 (1 % Na2S203 (150 nl), and H2O (150 ni), dryd Lelﬁ] 2504,
and conceﬁ??%gg ?o gi ve Boc- NCH3- (4-F-Phe) 5 OH as a pal e ye pz(?gj?n
(4.37 g, 80%, which was used without further purification: 1H NWR (CDC13,

i XHU“T\%%SH)@@@F jgi(ﬁg%gﬁél (3, 131;,59 crzfls)‘Hﬁ@gﬁﬁgog{z@éﬁvfﬁg@S% Fzﬂlg P157. 17

( rr) A t i 4 F
sol uti c}?\ﬂo(? j}pgs)-f %i_"@?s (%_91{_) 8- @%@f@?‘ ﬁé})?odg}azn%g rﬁ”-l 3?%3%?%%3‘§55‘%’sm bed
i n Exar%s3. Q2 étbolfé),, 3323BTYm, 6H?34 Pthtoll 2H, A=&di 4/33—413r'7i (nh&Hy 208-508 gent (15

nm.) at , at. | es ced

or eseur S 5814 3k Z5ds et BB B Sk IR Bl DR TS

Boc- g\ICHlSH()ABBEIheM Jaﬂl(),pﬁﬁspar Hd),mal.miﬂeswwdcngl Mar agraph, 2.0 g, 6.73
1.0 equiv.), 9.09 mol, 1.5 equiv), 4-nethyl norpholine

(2 o mPreparation efBrodugt Eéﬁml Mﬁkﬂlyﬂawa(zgleﬂ-cgrb@yd)@ “Viah€)-L-(@-55Phe)i v. )

wer e add S y. The reactlon m xture was stirred at 23C overnight,

and thgh%ﬁ" sﬁg{fﬁp&koﬁlct)éned bet ween water (100 nL) and CH2Cl2 (2 x 100 ni).

The 15 comniitindeB- (qum\tal—myé#@ Mﬁ*bé; (d}n(Hd)}eE/@ropksh(?a‘EOﬂzas canegdd tbat ed, and

th id b 30% Et QA
hexane et R i TS el e Py L Vel P PRIy Eeronepafoat e
(4.07 gn a&%ex%awgbﬁﬁoftmﬂéschﬁ’edﬁ@x% le555h0vd Bk Qhe éo%@c?rsmn%lflem 3( CDC13,

m xture of isoners) 9 (t, J=17.2), 1.37 1. 95 2 06

(m 10 2 Be-Bon Lrifhe o (BGpa) b mromnorne ggpr@mct o1y b3-(55 To s o,
3L o e IRLEHL P -DrA%E Sfbperlate, 1R ‘?,?05? O chC R R el 1 o,

P t di

iyt 37 BBl {SOREEEIENRR DMS0d) 54,87 (4 34,7 = 66092 (@ S =68 o o
sol uti OII'Q(D(ft ﬂ@lumoi 1461d1 w@ﬂezH)41 96Mo13nﬂnn) Mpss2 aggadip2a6$913et)i on of
et hyl - - E-propenoate (0. 388 0.54
mol , B @f]éﬂoé (m, ), 14 (‘123551I s’an{é%d}?\k‘}ﬁz %"3 D) 4 38-438¢m. AHY.ex065 b1 (mhe

latil | ved
SoE L PSR Ut (T guegp s gy e g ve

Boc- (DOO\Ep,r&PH)7@+7(M (nnZOHQ;, 8@35(541Hnﬁ=8 1. 88%@ui M, J=&r¥g; AU (0. 205 g,
0.54 re added sequentially. The reaction m xture was
TR

stirre . The vol atiles were renoved under reduced pressure,
and thﬁEiaﬁﬁ 1B NP rES: dueomsmakﬁmtﬂt %ﬂﬁaﬂ W B 9isvidAne BCT!I US99/ 00260
1 Et OAc saturated NaHCO3 (50
m.) and u-‘r.u Mopenbates or Na2SM4,

concentrat ed, and the resi due was
(40% Et CAc in hexane) to afford @>
20

purl fi ed by flash col unm chromat ography
yl - 3- {Boc -(2-

NH;

F (A-11)

o5 Preparation of Intermediate Ethyl-3-{Boc-NCH3-L-(4-F-Phe)-L-(Tr-GIn)}-E-Propenoate
Boc-(4-F-Phe)-OH (4.46 g, 15.75 mmol, 1 equiv.) and CH3I (7.84 mL, 126 mmol, 8
equiv.) were dissolved in dry THF (100 mL) and cooled to 0°C. NaH (1.89 g, 47.25 mmol, 3
equiv.) was added to this solution with vigorous stirring. After stirring at 23°C for 24 h,

EtOAc (3 mL) and H2O (3 mL) were added carefully to the mixture, and the resulting

suspension was evaporated to dryness. After dissolving in H2O (100 mL), the reaction mixture
30
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Napht h) - NCH3- L- (4-F-Phe)-L-(Tr-Ad n) }- E-propenoate (0.437 g, 88% as white
foam IR 5 (cm1l) 1656, 1509, 1162; 1H NVR (CDC13, m xture of isoners) 8 0.88
(t J= 7. 4s(s), 1.30 (s), 1.48-1.58 (n), 1.64-1.67 ,0?;-02.11
2, 23@02‘%’5 ), 2.42-2.50 (M), 2.62-2.69 (n), 2.80 (s)‘,"%.“@%g S
300307(n) 3.15-3.20 (m, 3.25-3.32 (m, 4.18 (q, J=7.2), 4.42-4.46

(M, 1 4.al-washél With EtyD @1x #0068LY. Mhe dhuddsdaB2 waioidifie® b pH 038 il 10%- 63 (d,
J= 15.6), 6.12 (d, J= 15.6), 6.60 (dd, J= 15.6,5.4),6.75-6.89 (m,

6. 70- 7.cQt8ic @eijl solption-and B@n(emracted with F1G8c (2 100 MLY.0THe @ntimdd E®ARD (d, J=

Bty - 40 SRR daaly ol egnih P RO BE R R D losa05 1so
L- (4 F-ﬁbﬁh&ﬂﬁ)f{h(ﬁmﬁg 21RO NSO, and concentrated to give Boc-NCH3 (4-F-Phe)-
Et hyl - 3- { Boc- L= ( 2- Napht h) - NCH3- L- (4 F-Phe)-L- (Tr-Gn)}-E- propenoat e’ was

conver ted af @ pRleQAUSH foam (4.37 g, 80%), which was used without further purification; 1H
et hyl - 3-{ (5’ rrethyl i soxazol e~ 3' - car bonyl ) - L- (2- Napht h) - NCH3- L- ( 4- F-

Phe) - L-NM (@@deéw@apémpmelé) ra3nés), hﬁ&[tﬁgbﬁ&(Sb G- T al 2P6st3 (e 3i28- Exarrpl e
2 abov

et hyl - 2371[38{5% ﬁ%ﬂ {&gxgeé‘&?r@éﬂngﬁ7@1}5?1&7(91&0511%(‘{% product ethyl-3-{(5"-

met hyl i soxazok&udon &ﬂﬂ@ﬁﬁ)&'zﬁ-dlbx&ﬁ% bNENSs thi v acﬁe@fcpapm%neof'e{% {gm1)
3296, 1654, 1510; ( 6, mxture of isomers) i] 24 (m,

1. 62- 1.(Bgcinflr- @lnbaE-zropanam (,prepa@g as (leseribed inExgmiple 22ab7>1e2> 5779g (6n3)3 mmoB4 (s)
+ ag 4 G m e b Rventii b 23T A iy Wik e iplen s 1) 4

(s) 10 20efuced pfesiure. erﬁﬁm&daawemlsso&eaan efmlg((ﬁpmm, %EQQHO(HB)(A PR3- 7. 17
(m, 724734é 7.43-7.46 (M), s)776784H§1n)ﬁ 08 (d, J =
7 8) (ﬁpr(eaare a&mgh@mrec&ahwpa(r%grapﬁ %075, 6y73 mmpell 1.0 eqaiz ) HAOBREOZATS. 97@420) C,

Et hy I - 5%31?1%@'195 1 | sox ZO{E@H&@E&@E@%&%W@M &&)me(ifl]):c&% 3g

}- E- Pr opmnbdtSqualv Nvéde dtted @GuaNtidlO Thd rishaBohimiktule RERAGHRCHM2ICz" **' ~ F
(A-9) 30 77 VO 98/ 57135 PCT/&J 99/ 00260

eyl - SRRl I Rer s Thrioied BRweR Gty (DR mI) nd GHAGL (246409 e The,

| iARFers WAHEHHRbVEON
ot hgg gco%rz?béﬁéaﬁ)é i )1/ i Z% S Wetedr BQ)ycarEb)% 5 )@{)ric_eﬁraggdl\l&rl% the residue was purified

(4- F- Phigy) Adsh GolurEchpongegrapliye(30% BrOrmnin @exambploadottethl-3-BoddNEPRFIa{4-0n  Of
product ethyl-3- { (5 -nethylisoxazole-3" -carbonyl)-L-(2-Naphth)-NCH3
- L- (4- FEPhe)LA(Ti5m)}-E-froperoper(¢.af g, S dpsorhiteefdarhn IExamd) 86653 1 5400V £67;
(utiliz{n% Boc- L- (ITr Hs)-OHin lieu of Boc-L- 3(2 Nap hth%

HNMR (CDCl3, mixture of isomers) 8 1.29 (t, J= 7.2), 1.37 (s), 1.65-1.75 (m), 1.95-2.06

(m), 2.29-2.33 (m), 2.66 (s), 2.91-2.99 (m), 3.22-3.29 (m), 4.18 (q, J = 7.2), 4.52-4.58 (m),

20 5.68 (d,J=15.9),6.45 (d, J=8.4), 6.74 (dd, J=15.6, 5.4), 6.91-6.99 (m), 7.11-7.33 (m);
Anal. (C43H48FN30¢) C, H, N.
Preparation of Intermediate Ethyl-3-{Boc-L-(2-Naphth)-NCH3-L-(4-F-Phe)-L-(Tr-Gln)}-
E-Propenoate

A solution of HCl in 1,4-dioxane (4.0 M, 3 mL), was added to a solution of ethyl-3-

{Boc-NCH3-L-(4-F-Phe)-L-(Tr-Gin)}-E-propenoate (0.388 g, 0.54 mmol, 1 equiv.) in the

25 same solvent (3 mL) at 23°C. After 2 h, the volatiles were removed under reduced pressure.
The residue was dissolved in DMF (10 mL), cooled at 0°C, and DIEA (0.188 mL, 1.08 mmol,
2 equiv.), Boc-L-(2-Naphth)-OH (0.170 g, 0.54 mmol, 1.0 equiv.) and HATU (0.205 g, 0.54
mmol, 1 equiv.) were added sequentially. The reaction mixture was stirred at 23°C for 1 h.

The volatiles were removed under reduced pressure, and the resulting residue was taken into
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OH): IR (cm1) 3302, 1665, 1202; 1H NMR (DWVSO d6, m xture of isoners) 8
1.21 (t, J= 7.2), 1.70-1.78 (m), 2.05-2.09 (m, 2.41 (s), 2.44 (s),
2.69-3.26 11 (g, J= 7.2), 4.38-4.53 (m), 5.07-5.19 5.84
(M), 6.44 (59:/57g3.548 (s), 6.63-6.86 (n), 6.89-7.01 (n), L o8eBusgho raf{
7.23-7.42 (n), 8.02 (d, J=8.7), 8.15 (d, J=8.1), 8.59 (d, J=8.7), 8.94
()1 9EFAE 890, mB), 2d whashed Hith®. DN HANBD mﬁ)giah&@&m%ﬁéﬂ@@ ®aL)G@nd Brind. 10
Exanpl e 15 - Preparation of Conpound A-12: Ethyl-3-{(5 -Methvlisoxazol e-3'-
car bon{0mL). | Be qugmige lay¢riwas-dpied pver-Na28 Ol orRemmtesiy et the @sidde wa® OO O N H O

H COZCHzZ 15 F -12 .

Et hyl - gwﬁ%ﬁ&@c@wﬁ@w&?gr@%@‘@ BiPyredn prupenisafiord stbucr-{ Bedlir

Exanmpl &ladith)-RePrL) (PSP EIEH) LI pRIpeALAES (0.437 g, 88% i :

et hyl - 3-a%( 5? - met hyl(i soxazol (gtrB' f-é)c}ar lgonyl ) - L(- Leu- g—l{%) iS-Whlte foam: IR

(4- 5 Plen~11-1636)1 569, p1oRERORMR (CDGL3 BXAGE 0BRBMERPHS.88Tt, t/hey Py eparat i on of
product ethyl-3 { (5 -nethylisoxazole-3' _

- car boml)(s)l.1 42-1NeBont)h) . 6NCHT (), U9 T2 Ph éh), R-23- 12§ (mE2 g psh@a);, 2.62Q2.60escr i bed

Boc 1 (Bhreeh e 36T Shbrs 5228 el 91 el 4y e TN U8 96 it r e
of i soqmy,s)5384.86 Gy, 3.6 4.66Mm), 9.788-82QnB85.04%.00kmd. 75.43 %13J%n9516),16.32%d1;]40 (m,
1.59-1.75 8-2.07 ( 2.08 .86-2.93 (M),

. 71.98- 2. 2 42 (s). 2.45 (s s) . >
390 (450 5%0d. 30 15 443 B5E-GiotEn Ay0-TRAT T b TOM 41 BRI S0 0M o 5. O
d, J =48 i d 4= &3 (s). 6.68-6.73 ().
3 9%%67@57(%?m’??%@@’:’z1’2'{‘?%)”?’@13?35%}?%@149%‘?ﬁs.ﬁgs((é, J =78, 6 (d, J
= 7 ) Prépatrhtioal of Produdt E3hyl-8-{@3P-NdthylisoxaZelé)3; -cd¥tinyl)A5(2-Naphth)-NCH3-
(C30HAOFNBO07. 1. 25CH2CL2) C, H, N. 30 78 WO 99/ 57135 PCTI US99/ 00260 1
Exanpl d-HeF-Phe)-bpalatE-Enopsgmo@snpound A- 13: Et hvl - 3-{(5' - Met hvl i soxazol e- 3'

car bonyl ) - |—mﬂ%@%&%—@%ﬁhﬁﬁCﬁ3PIb—?‘)—FLPh%-E}(TEd%)?pneigr%%ter?oa% vlv‘gs OTO5

O N H C02CH
Et hyl - 3ohBeed NhRdbct efryE3 RiE dméth{isox4dolt)} 3 =darbngpan@anepHidescrikhed-in

Exanpl e 13 above) was converted to product
et hyl - PheX-b*GinpEhylopewraiok ex@nercanlogenslty tHat ddscilbgain ikample 2 above for the
O - shiticksiG 81 ey P S RIRREPRAE S71-815) FARBLAN QRS 4815 fis -

ﬁ] ?_V'E: SndthtisoRBovd Ll ameagnier &i-L 9ROV E brdpRndRPIK (- Nl 1dsa; Fsifghe) - L- G

1H NMR (DMSO-dg, mixture of isomers) & 1.17-1.24 (m), 1.62-1.78 (m), 2.04-2.15 (m), 2.38
(s), 2.42 (s), 2.71-2.79 (m), 2.84 (5), 2.87-2.92 (m), 3.03 (s), 3.15 (d, J=7.5), 3.98-4.06 (m),
4.08-4.12 (m), 4.38-4.42 (m), 4.94 (m), 5.03-5.07 (m), 5.09-5.18 (m), 5.66-5.82 (m), 6.42 (s),
6.43 (s), 6.66-6.81 (m), 6.88-6.94 (m), 7.01-7.06 (m), 7.13-7.17 (m), 7.24-7.34 (m), 7.43-7.46

20
(m), 7.56 (s), 7.76-7.84 (m), 8.08 (d, J = 7.8), 8.60 (d, J = 8.4), 9.01 (d, /= 7.2); Anal.
(C37H40FN5070.75H20) C, H, N.
Example 14 - Preparation of Compound A-9: Ethvyl-3-{(5’-Methvlisoxazole-3’-carbonvl)-
L-His-NCH}-L-(4-F-Phe)-L-GIn}-E-Propenoate
N
NH,
o}
25 \ Z
o] I (o]
\/\"/U\N N\;/U\N P C0,CH,CH;
O’N H o = H
: F (A-9)
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propenoat e descri bed in Exanple 13 above, but utilizing Boc-L-(1-Naphth)-OH
inlieu of Boc- L- (2 Napht h)-OH IR (cm 1) 3308, 1659, 1169; 1H NVR ( DVSO- d6,
m xt ure of s 1.16-1.23 (nm), 1.61-1.78 (m, 1982P U 260
2.07-2.12 ‘wagg"”il (s), 2.43 (s), 2.77 (s), 2.78 (s), o8 éi?
2.93-3.03 (m, 3.08-3.14 (m, 3.31-3.38 (m, 400415(n) 427432(n),

g ggl 2-556?1_1 ?%’cﬁﬂh {710(,2&%3{3% (4( mPhegLQZr-g?{r;j};%-moye 0f§e7('d§5é:21? néirpEi(a%Tﬁ%I 3 ( m
7.50-7. aEBBve{)rv}a,s c@m?efﬁeea t&ﬁoﬁﬁﬁ)t ,ethX'l 83( - Rhy1bxazd1 -catsbny)L-BisNCHE-11-3 (d J=

8.7), =8.1), 9.14 (d, J=8.1); Anal. (C37H40FN507) C, H, N
Exanpl é4f7Phe)ﬂr§ﬁb}r]étpirmn@§te Oohiparnse a@.l(gous to the preparation of product ethyl- 3-

hyl L
(E Ooro) (- emRigis BS RO A L ERB MOE AR PROL G epiopensals w i 0
C%m&gaﬂafd? E}é&ﬁplﬁ )13 aﬁdx%ﬂ?lﬁlaimgmo@t -(reed)rodiRtion FBoelE-32-NBpgh - VaN
D| met hd&lglb(eﬁiz@ch) f@P%%OINZa}HBMRQDMﬁW& fiixinge bfilsemesyls aDe (was pr epar ed
from {2 -1S- (4R (4-11 uorobenzy
oxot et ra 155‘;(5;! 7§T1u?8aﬁﬁ“)2§0§12)08r(8‘;3y¥ 41 @érzb)é‘nﬁsb 260r 124 ek 480§l ©E2b4-8b8%r i bed

in Exarm{ 3 M’Ds 19N, @§h3|84?m§ %34-&(%) g@?ﬂ% és@'é‘%’%‘(ﬂg;é’ ?@"/70\1 r@a’ﬂ 709-7.19

pyrrol g propenoate (descri ner analogous
to the (prr)e%’) 3~3t4|2dm)o8 02(day =-87) B (d.-J(48.Mp SPRe - L= BT, &3931 (8D 9D (99534135

] ffT'h3?2@@2?%%w%alic%ﬁ%g’é@’?ﬁﬁ?%aﬁ?%?ﬁ”ﬁ' NV (D015 6 082 (d. ar om "
1E£)alnl@,153|ﬂrearaﬁ()§))fc3 Quﬁ&A B Et“ilvl 37 Sg)Met:h ﬁgo 3 (ﬁ tm 2H),

1841 . . 2.49-2.95 (m 3H),
2.85-3.4 m;‘uw-ug ,378(s 3H), 4.18 (q,

2H, J= 7.2), 4315449(m 3H) 46547,Q_|(m 1H), 5.53 (dd, 1H, J= 15.7,
1.4), 6.39-6.44 (m 3H), 663( 2;157 5.4), 6.93-7.01 (m 2H),

7.05-7.10 (m 1 H), 7.12-7.18 1H J 8.7), 7.47 (d,
1H, J= 6.5); Anal. (C40H49FN4 9 H N Preparatlon of Product

Et hyI 3-{(5' - Met hyl i soxa "oy rbgn){j B -%Rﬁzemm L-
(4- F- Phe) - L ((S)-Pyrrol Al &) E— Pr8pe Et hyl -
Bocib-Vval “I' (COCH2) - L- (4- F-Phe) - L- (( -di met hoxybepzﬁ? (S)-Pyrrol- 10

Ethyl-3-{Boc-NCH3-L-(4-F-Phe)-L-(Tr-Gln)}-E-propenoate (described in Example 13
above) was converted to product ethyl-3-{(5’-methylisoxazole-3’-carbonyl)-L-Leu-NCH3-L-
(4-F-Phe)-L-Gln}-E-propenoate in a manner analogous to the preparation of product ethyl-3-
{(5’-methylisoxazole-3’-carbonyl)-L-(2-Naphth)-NCH3-L-(4-F-Phe)-L-GIn}-E-propenoate

20 described in Example 13 above (utilizing Boc-L-Leu-OH in lieu of Boc-L-(2-Naphth)-OH): IR
(em-1) 3325, 1663, 1171; TH NMR (DMSO-dg, mixture of isomers) § 0.64-0.67 (m), 0.86-
0.88 (m), 1.17-1.23 (m), 1.32-1.40 (m), 1.59-1.75 (m), 1.98-2.07 (m), 2.42 (s), 2.45 (s), 2.08
(8), 2.86-2.93 (m), 2.99 (s), 3.12-3.20 (m), 4.05-4.15 (m), 4.41-4.50 (m), 4.82-5.07 (m), 5.62
(d,J=15.9), 5.86 (d, J=15.9), 6.51 (s), 6.53 (s), 6.68-6.73 (m), 6.93-6.99 (m), 7.09-7.21 (m),
7.26-7.31 (m), 8.03 (d, J=7.8), 8.08 (d, /=7.8), 8.41 (d, J=8.1), 8.94 (d, J = 7.2); Anal.
(C30H40FN507°1.25CH2Clp) C, H, N.

25
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Al a) } - E- propenoate was converted to product ethyl-3-{

(5" -nmet hyl i soxazol e-3' -carbonyl ) -L-

VaN | ' ( ch;i,jgb/#lgsﬂf F-Phe)-L-((S)-Pyrrol -Al a)}-E-propenoate ﬂ&/@@%ﬁ%@r

anal ogous 10 % e conversion of

et hyl - 3-{Boc- L-Val - L- (4- F-Phe) - L- ((N- 2. 4-di net hoxybenzyl )-(S)-Pyrrol-Ala)}-

E- propgnq i®- Pt
et hyl - 3= ((S)-
Pyrrol M&ﬂ&aﬂhﬂﬂ&@%ﬁﬂﬂwwi np = 178-181C, Rf=

0.49 (10% 15 CH3OH in CHC13):
0.85 (d, 3H, J= 6.8), 1.03
1.51-1.62 (m 1 H), 1.71-1.

IR (cm1) 3295, 1678 br; 1H NVR (CDCL3) 8
3H,_Ju7 6.5), 1.30 (t, 3H J =7.2),

oM 2.27-2.40 (m 2H), 2.47 (s, 3H),
2.51-2.75 (m 3H), 2.82-2.88/(m aHg¢ 3.11-3.24 (m 1H), 3.26-3.42 (m 2H),
4.18 (q, 2H,_J=7.2), A A A 561

N o 4,.63-4.72 (m 1H), 5.50 (d, | H
J= 15.4), 5.88 (s, 114%.% 6439 ( G658 (dd, | H, J=

15.4,5.3),6.92-7.03 (m 2H), 7. 01’ (m 4H); Anal. 20 (C31H39FN407) C,
H, N. Exanple 18 - Preparation of Conpound C 2: (A-13)

Et hyl - 3-{(5' t.hyel i | 87 3'p1 | )5 o

Co VAl o L (PSR B PhF PR E I B rypasoaieddsseribschn Fesaple 13
CO3CHZGbBye) Rablcvartédtdy ro&uce ):thyle@- { @@-Mﬁgé&gyl%% ’ 5;%0&@9-%’-@ %@lth);

Preparati on of Internediate

(5'- th@ﬂsw&Bh@:W@}aEﬁmgﬁnyattimpama:@enmgado@uptmt}xe p@@?zmwodllm

Boc- L- Val < z( 4- F- Phe) - CH [ in Ex 12
e P b P R L RSN T e R e P
sol uti @Ry RhodtChedcAbdd iﬂ'EmegleoPS%‘Své,‘%uputMZix'E’gﬂderﬂ-(m ﬁg\g%gl in 128 o%%%g-t hon
was stirred at roomtenperature for 14 h. e sol vent S renoved by

evapor di-{eNaptaReOHhdRI(@at 1g8808,ake9) 10p9;i I RVBADNIEO-#E. nixthheof ifnead)isc phase
was washed wth saturated NaHCO3 solution (50 nL) and then brine (50 ni),
dried (IM$Sb3} (mhddlthéd gu), VER2.(2emoyv207-2d 2dim .0l 6B 2#3((§uant.(3), D78 &s)cl ear

il. Thi i al i i 0 : i dj .17 ni, 2.08
i ) vae PR Bk 29200 (3 BT DSl G 4 (s TH 72854 by BT
g- rrNbliSt h¥4l.468(m<)a4.68-e-.6§r(ﬁar3)071&117((&{)1,(&51&7% nR3.43.(s), gfsz%@?(nm?b)-ésﬁsq?g,l ved in
(0] S ) e reacti_on warie 0O roomtenperature over
1 h. Tﬁe@%ﬁéﬁ%ﬁ&?g?anﬁbzgqr%rﬁ%@&uwo-&rﬁé (frﬁe7-?%§i7§&@Wuﬁ%?-%ﬂnm&%l ash
(d,J=8.1),8.13 (d,J=8.7), 8.62 (d, J = 8.1), 9.14 (d, J = 8.1); Anal. (C37H40FN507) C, H,
N.

Example 17 - Preparation of Compound B-2: Ethyl-3-{(5’-Methvlisoxazole-3’-carbonyl)-
L-Val¥(COCH)?)-L-(4-F-Phe)-L-((S)-Pyrrol-Ala)}-E-Propenoate

H
20 oM
i I‘/\)OL E
A
\(\,)LN Y N CO,CH,CH
O’:‘J H o = H ek
: F (B-2)

Preparation of Intermediate Ethyl-3-{Boc-L-Val'¥(COCH2)-L-(4-F-Phe)-L-{(IN-2,4-
25 Dimethoxybenzyl)-(S)-Pyrrol-Ala}-E-Propenoate
This intermediate was prepared from {2-methyl-1S-(4R-(4-fluorobenzyl)-5-
oxotetrahydrofuran-2S-yl)propyl}-carbamic acid fers-butyl ester (described in Example 10) and
ethyl-3-{Boc-L-((N-2,4-dimethoxybenzyl)-(S)-pyrrol-Ala)}-E-propenoate (described in
Example 6) in a manner analogous to the preparation of ethyl-3-{Boc-L~(4-Me-Phe)-L-(Tr-
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col um chr omat ography eluting with a gradi ent of 5-310% Et OAc/ hexanes. The
(5' - nethylisoxazol e-3'-carbonyl)-L-Val -0 L-(4-F-Phe)- OCH2CH=CH2 pr oduct

was obt a| 70 g (82% of a white crystalline solid (30%
Et OAc/ hexa ‘33%"?% (KBr) 1745, 15 1661, 1553, 1186 cm 1: Mﬁwf”%ké% d6) 6
0.85-0.92 (m 6H), 2.14-2.21 (m 1H), 2.46 (s, 3H), 3.05319(m 2H) ,

3,0 St )t o BT oo B e e -

3 .
P IR b 4 R ED. 8 DR 5 -
Ph L t Met hY
S by T R e

vvas di Ssot- 3/8&1(41#&)&@ 1@135231@) SHyet-7aki i1 Bi ﬁKerﬁﬁ)p‘hd)&mzﬂHe)’ Fal. 2)aﬂBiu-rr( 0)

6 I S t C t r d for 5
b ot oo o 3hf, FBRLY MR 1RSSBS LIS £ASh, BB Al et siy (e
reacti o’n= 1;5 V,rfré)d&% 7rQio(m ReNpedal uo émf Hﬂ) G. llﬁ 7. Ilihen QEH)I veatd, Wels J=egrpyed in

et 1 a0 End e RCH St araeo R EorBic E‘nﬁ?soTﬂf) " and the-or gani c

hase 10% HA ,
Bnd t ha TpAERH of PR RIS B PRl Y iy P D BT 8D ase. was
washed (NF—Phk)ELJ%%@QrMa)}-QTPﬂﬁ‘;eﬁb&§04) and concentrated to give 0.57 g
(95% of an oil i tallized upon standing. A portion of this

mat er| al (o EI@Y@ {Bosb- (QOQHQ) bh(éé*‘oli’heé& ((N-2IRingeghartypenzyl)-(S)-Pyrrol-

pr Iamne 0.34 ni, mol. ) faollowed b
SRR 2 R N L S o N LIt R
di met h LERAL, ribed in
Exanpl g\)s(éd4 and'k%j-%ﬁ@g\/ﬂ??hé%&@ @}’}rOlEAm}QE%%I!ﬁgggneéa{gltl on ﬁgg&?go 21 to 0 C
HATU ( Qoh@ergion Of &Byl-3riBbJ-Lvids- IadldE{Phe)aDaj(N bg- dxmambxmnm};(salﬁye»wdl&)@ war m
to rooiﬁeteq%geraturedTheh%&a rmve i_n vacuo, The residue was
i ssol VEBIRPRHEC ARty T e e gr AT €aARA L Vil é’bﬁkéé% vely
wi t h 108g-FéH 4180 ELbidpBndadddddtdbed 2 beHCRRp sabpig 0% H20
(25 m_)l%rand éb)(r}l ng 2% am_ Thee sg%d%/rg%f@@v?/as dri edq?%gsgg d f| tered and

t helSr esiigor 1@@}1@15)9(1111%*1?1@% QMwmlHMMmCM@Wsﬁ @r 3117 Q% d¥e Ol CH2C12)
to give ethyl-3- { (5 -nethyli soxazol e-3' - car bonyl ) -

al - O L-(43H-Phé)59,U-3q (& 3H,4-d7.2p tl Hoxly@emz\iH); [.5)-. 99;(mr @H) Al23)3} 4Eapy 2Penoat e

| R ke )2 661 12 156, 68 AR - RRAD H6) J850 BT 3%34418 )10 =

7.0), 0q93(d= 7:254441;433@)1, 111) 2%3(472(%1}9—5 700, 1H1J4]15]425338 g}
1.79-1.98 m1 . Fg 1(7[ FQ (m 4H),
3 73 (36,.3%&) Hy 67@ (gg 1}§|.4) 1544§$)(@,9 I3 (g)—2 ).0)08-7.31 (m, 4H); Anal.

(C31H39FN407) C, H, N.

20
Example 18 - Preparation of Compound C-2: Ethyl-3-{(5’-Methvlisoxazole-3’-carbonvl)-
L-Val-O-L-(4-F-Phe)-L-((S)-Pyrrol-Ala)}-E-Propenoate
H
o N
L0 C
WYY P oo
N o X
25 Q
F (C-2)
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4.24 (s, 2H), 4.30 (t, 1H J= 7.4), 4.45-4.48 (m 1H), 5.12 (t, 1H J=

6.3), 5.59 (d, 1H, J= 15.8), 6.45 (dd, | H J= 8.5,2.2),6.54-6.56 (m 2H),

673(dd , 5.5,4.8),6.89-6.95 (m 3H), 7.20 (d, 1H, 7.22
1H, J‘g’g%’)g’m% 08 (d, 1H, J= 8.8), 8.89 (d, 1H, J= 7. 4P&%%§’ﬁ@263ration

of Product Ethyl-3-((5'-Methylisoxazol e-3' -carbonyl)-L-Val -0 L-(4-F-Phe)-

L- ((B) a £ thyl i S0

car Eonlfﬁé 5@1&%2%}81@%%&9 ;erlf l%eﬁz%he -3 ca@ﬁonylfrﬁ \I?:}ﬁ d)i %(4a ﬁcﬂhe)—

di met hdXGBe&HAGHRS) - Pyrrol - Al @) } - E- propenoate (0.25 g, 0.33 nmol) was

28 B B R il LS A b 00
o & et ISl N 88 AL O B 3 e Bl LB« 22

(30 ﬂt)dlo)dlnﬁ €40 MAIS04))) waradided nTlenteaaioa vaas Tliged &306i4 @erﬂﬁatﬁﬂébbxem gd to
flas

et hyl - Qﬂ{e(sg veﬁgxpﬁ%g%g}p ?\ép%natlgrll rz}gd Vﬂe resi ﬁe-t;l?eon/oul\pfblr%ocyc (CSJOZmL;r Tehe

car bonydrgadic Madse Grab wadhei-vitheshtueatéd SAHEWYRs8lutibh 290t mE) B{&H@rpﬂﬁ{eq ? quCt Was
obtained as 0.18 g (90% of a white anorphous solid: Ri= 0.09 (3%
n/emomwglsmmn)i thm@enu&mv%tocgwﬂo 66 B (NMWRL Y @MBRatl6)l. 6 0. 91 (d, 3H, J=
6.6), 0.95 ( = L. 1.20 (t, 3H J= 7.0), 1.36-1.44 (m 1H),

1 56 1 61 (i ﬂ)ﬁfmi‘ ‘Y%F SS%@H}C%&U (20 g1 Pygdipg(0. bl %Oﬁsprgoliwafm

ry jfge& %ﬂgﬁpma 1oa‘$va§ g&(ﬁs& \E@O%H)S thgﬁ%)%g%oég Bifaition\y]l c% dﬂ_c)ie § §3 2 gé E ;n 1

H), 18, 7227 dnhol)ldlbigol\&:d:m zﬁlmof@Hmb v@as&ﬂldcﬁi 8rfd the meacbl) warfaedko e(cbml H o J =
5.9), 7.23 (d, 1 7.59 (s, 1 H, 806 (d, 1 H J=28.8), 892
(
P
2

d, 1Hem3’eravlrﬁyver/!\r¥h| The(S@@eWe@Fyeden veguoNandgihe SEidnppasfisiinagash
Cg_ Usgc%lg' Pﬁ}om%to?‘{f)w § 191§w1th a ﬁ??(ﬂ{lﬁtok on, l%f)/o %TAOC%exanes 3I‘he (5-

5'-Met hvl | soxa
- P( Iﬁﬂﬁkﬁs)oxhzc(la&Feeﬁ’hra*)ybLL(\/(aSD—B;(MF@ll’lAl)ﬁ)(}Hﬁ?Hﬁle PidductywBWbisiidast one) H

Val

O N 812(0 Preparation of Internediate

Boc- L- {Q Kp g @ ?ftﬁ‘ﬁ%‘i@y%ﬁ%li}m S({hS) %Q%ﬂ GﬂVH@%%@"aﬂﬁlsth(gBﬂjﬂﬁol act one)
1S3S nmet hox - 3

SH A R b RN R e MG RS MNEC

€QUI V. ) 388 053 19 (m, 2H), 4.32-4.37 (m, 1H), 4.53-4.60 (m, 2H), 5.16-5.28 (m, 3H), 5.74-5.85
(m, 1H), 6.56 (s, 1H), 7.01-7.07 (m, 2H), 7.26-7.29 (m, 2H), 8.76 (d, 1H, J = 8.1); Anal.
(C22H25N206F) C, H, N.

Preparation of Intermediate Ethyl-3-{(5’-Methylisoxazole-3’-carbonyl)-L-Val-O-L-(4-F-
Phe)-L-((N-2,4-Dimethoxybenzyl)-(S)-Pyrrol-Ala)}-E-Propenoate

20 (5’-Methylisoxazole-3’-carbonyl)-L-Val-O-L-(4-F-Phe)-OCH2CH=CH (0.67 g, 1.55
mmol) was dissolved in THF (15 mL). Tetrakis(triphenylphosphine)palladium(0) (0.036 g,
0.03 mmol) was added, and the reaction mixture was stirred for 5 minutes. Morpholine (0.16
mL, 1.86 mmol) was added dropwise, and the reaction stirred at room temperature for 6 h. The
solvent was removed in vacuo, and the residue taken up in 50 mL of Et20. The product was

55 extracted twice into saturated NaHCO3 solution (50 mL), and the organic phase discarded.

The aqueous phase was acidified to pH = 1-2 with 10% HCI, and the product extracted twice
with EtOAc (40 mL). The organic phase was washed with brine (50 mL), dried (MgSQ4), and

concentrated to give 0.57 g (95%) of an oil which crystallized upon standing.
A portion of this material (0.19 g, 0.50 mmol) was dissolved in DMF (3 mL).

Diisopropylethylamine (0.34 mL, 1.0 mmol) was added, followed by ethyl-3-{HoN-L-((N-2,4-
30
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oxidized to the corresponding al dehyde in the manner described in the
preparation of ethyl-

Boc- L- 4-di et h benzyl S rrol - Al a)}-E-propeno e 6).
This & ééﬁ%awsz‘ié?co%.yn& itn o etrbSsHimh
3-(triphenyl - k5- phosphanyl i dene) - di hydr of ur an- 2- one ( prepar edllgg a rr:anner

I i.b \p-Bal d VO
Taa1} TRl SUBR FB il P steectle e toiehecit i AR ExtRgREAe i yool
di met hydndétabeve, 0110 gyl)s0amdol).Dbfe (eactfﬂn)was-Ebeleﬂ €AC bC ORMAMTX{OUreE:, \¥esp War med in

a 100C oil bath for h, allowed to cool to 23C overnight, and then
di | ut edn%f’l()l’f"%/l?é%d( %btiﬁﬂﬁacn%‘é(??eﬂi lojed 0 Wareto room CPHRPCTANEP- TheiDMFo@s ),

dried (}Eﬂbvé\cﬁzg'%oanﬂleﬁ‘é’ﬁdlﬁrvaés%sol-{;aﬁwﬁﬁ@t@ﬂ@ %& tﬂe‘éﬁ%%{ Zéﬂ ash colum
chr omat ogr (Ehy (2.5% CH3OH in CH2C12, then 67 oEt c In to give

Boc- % {radhedcansenufsely asitpdie JIC) sc(lg)cmF@ﬁ g% SQI‘IH}WEI\](aHC\Q36rP{)IZu-tyDn|b2§ il ?ct one)
) m

S507 1700 (880 fla vgeds sty Freisoty it it biggSoy)’ elmt Porg

Ty 5 ryadd B by (o S CioMaychiabhy <<§7r‘fmé?ﬁ@a#fu”éd g5 Bt m 1y,

6. 42- 6. 43’ -f6thyl 163 48arBoryD)-1(Vial-O-1) -(4-F-18R)-1 - A8-2A 4hirddiloxy B ion of
Pr oduct{42 1?(5}’-1%%1%10 i soxazrg,ifb)e Sa-car tgonyl) L- % 2%); 1 ox.yL (Qfgf—@t

Phe) - L-{rsy- @g}%r%pmpsgqalqiﬂ(% BT AP asa Bbttsymapwb@w idBBg= @-1{8 (3%
o2 RO YRl (3 45T B0 b o A NBYR (RO 3 666 5t 7
' P P

S o T B SE £7  Qo = Ep RS )%bnéﬁ%iﬁggwa%%bg&g to that
desclrl be2i ah D, 2ﬂsz(s ,BHy, 3p(r1ems ahj 412) 373 e, gelycx 76 (s, 3H), 4. OE (q,320H, é]3 7.0

h -carbon -L-
50/ 57175 bR 2 B0db Iab o) D A5 P (i H) e HOH6 2 -0 @{%efmat e
(Exanpl &5 $7%.45 d=1Q 28 8(5%2@'@53‘-‘6'5@(:9%‘2@31%)73 AR 1(}1957*—11)%_?%78% 96%‘1&% 1678

br; 1H N ]@% g 45-1.55
(m 1H)3H)17 CECN J(=n$ SpAR2 (&, 136572 438), 808 (Q,H)H J2= 818)2899d(1rﬂ J2H74) 2.48 (s,

2H) ,155 &Qgr‘g{a’i‘ém(l)rﬁgﬁ%%ﬁhgf 36§5 Mﬁ%mﬁ;‘ﬁ%sz)s’ “@r g‘é"y?)sﬁ%‘@‘%&iﬁé 234( Enm

| H), 6L4G){Pyrroltdlq)}E-Dhopendte (m 2H), 7.03-7.11 (m 2H), 7.24 (d, 1H J=
9.0), 7.60 (

Prepar at i on lgtfl I&WOM%%QX&@F%'IC&% 3%?&81‘84%}?5@0@ é(—]\éz Eégmaﬁyf? )

h \IgalO |&1&1@%&?Benkcy{_l‘g4$)FP)Phﬁ)Al&)'}(E( @op?ﬁdaeer(oélsag) b3EnEhapeaak& I id@ ) O O

(6 mL). Two drops of water were added, followed by DDQ (0.10 g, 0.43 mmol). The reaction
was heated to 50-55°C for 8 h. Upon cooling, the reaction mixture was poured into EtOAc (30
20 mL). The organic phase was washed with 30 mL of 2:1 NaHCQ3/1N NaOH solution and then
brine (30 mL), dried (MgSO4), and concentrated. The residue was subjected to flash column
chromatography eluting with 0—2% MeOH/CH2Cl2. The ethyl-3-{(5’-methylisoxazole-3’-
carbonyl)-L-Val-O-L-(4-F-Phe)-L-((S)-Pyrrol-Ala)}-E-propenoate product was obtained as
0.18 g (90%) of a white amorphous solid: Rf=0.09 (3% MeOH/CHCI3); IR(KBr) 1680, 1549
75 cm-1; TH NMR (DMSO-dg) 6 0.91 (d, 3H, J = 6.6), 0.95 (d, 3H, J=6.6), 1.20 (t, 3H, J = 7.0),
1.36-1.44 (m, 1H), 1.56-1.61 (m, 1H), 1.74-1.82 (m, 1H), 1.94-1.99 (m, 2H), 2.18-2.25 (m,
1H), 2.45 (s, 3H), 2.98-3.18 (m, 4H), 4.09 (q, 2H, J = 7.0), 4.28-4.32 (m, 1H), 4.43-4.46 (m,
1H), 5.12 (m, 1H), 5.58 (d, 1H, J = 15.8), 6.56 (s, 1H), 6.72 (dd, 1H, J=15.8, 4.8), 6.91-6.97
(m, 2H), 7.21 (d, 1H,J=15.9),7.23 (d, IH, J=5.9), 7.59 (s, 1H), 8.06 (d, 1H, J= 8.8), 8.92 (d,

1H, J=7.4); Anal. (C30H37N40g8F) C, H, N.
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O Nz~ F (B-4) This product was prepared in analogy to product
et hyl -3-{ (5" - net hyl i soxazol e-3" 15
car bonyl ) - 9\49/]5555(4 F-Phe)-L-((S)-Piper-Ala)}- E—propenoateé,ﬁémlogow and

product et (5" -met hyl i soxazol e-3' -carbonyl )-L-V

aNtI'(COCHZ) L- (4 Phe) L Gln} -E—propenoate (Exarrple 10) descri bed
70 EhE

2.27-2738 (m 1M, 20 D.44-2.58 (m

2.80-2.93 (m 2H), 3.12-3.42 (m 3H), 4. (g, 2H, J—72) 439449(m
1H), 4.65-4.72 (m 1H), 5.50 (dd, 1H, 5.9, 1.6), 5.80 (s, 1H),
6.38-6.41 (m IH, 6.62 (dd, 91y J= 915¢9,5.3),6.94-7.02 (m 2H), 7.08-7.28
(m 4H). Exanples 21 th npl es 21-30, the follow ng

synt heti ¢ net hods anal ogous to tho ri bed above for conpounds of 25
the formula I-AX ONH2 OH OHN CO2CH2CH3 O (A-14) 30 84 WO
99/ 57135 PCT/ US99/ 00260 0 NH2 OH O [S NO N H CH2CH3 s (A-15) 50

NH2 - Ol IPrieh fratibn oRIARPRERGEB ocNH {1V-24-Dith étho dyblenzyd)- )Py Qb - (a-
Vinyl-y-Butyrolactone)

Conpi)unds (A-14) through (oé\N2§3 Or%fg \wely, were prepared using

(18,3°S)-{2-(1’-(2>* ,4>’-Dimethoxybenzyl)-2’-oxo-pyrrolidin-3’-yl)-1-

10 hydroxymethylethyl}-carbamic acid tert-butyl ester (0.360 g, 0.881 mmol, 1 equiv.) was
oxidized to the corresponding aldehyde in the manner described in the preparation of ethyl-3-
{Boc-L-((N-2,4-dimethoxybenzyl)-(S)-Pyrrol-Ala)}-E-propenoate (Example 6). This aldehyde
was combined with 3-(triphenyl-A> -phosphanylidene)-dihydrofuran-2-one (prepared in a
manner analogous to that described in Baldwin et al., J. Org. Chem. 1971, vol. 36, 1441)

15 (0.320 g, 0.924 mmol, 1.05 equiv.) in a mixture of ethylene glycol dimethyl ether (10 mL) and

DMF (2 mL). The reaction mixture was warmed in a 100°C oil bath for 1.5 h, allowed to cool
to 23°C overnight, and then diluted with MTBE (200 mL), washed with water (20 mL) and
brine (20 mL), dried over NapSO4 and evaporated. The residue was purified by flash column
chromatography (2.5% CH30H in CH2CI, then 67% EtOAc in CH2Cl?) to give Boc-L-{(N-
2,4-dimethoxybenzyl)-(S)-Pyrrol-Ala}-E-(a-vinyl-y-butyrolactone) as an oil (0.250 g, 60%):
20 Rf=0.50 (67% EtOAc in CH2CI2); IR (cm-1) 3307, 1754, 1678; 1H NMR (CDCl3) 8 1.42 (s,

9H), 1.46-1.68 (m, 2H), 2.02-2.13 (m, 1H), 2.18-2.30 (m, 1H), 2.44-2.56 (m, 1H), 2.91-3.04
(m, 1H), 3.15-3.27 (m, 3H), 3.80 (s, 6H), 4.34-4.43 (m, 5H), 5.63-5.69 (m, 1H), 6.42-6.47 (m,
2H), 6.48-6.53 (m, 1H), 7.09-7.13 (m, 1H).
Preparation of Product 2-{(5’-Methylisoxazole-3’-carbonyl)-L-Val¥(COCH2)-L-(4-F-
25 Phe)-L~((S)-Pyrrol-Ala)}-E-(a-Vinyl-y-Butyrolactone)
Boc-L-{(N-2,4-Dimethoxybenzyl)-(S)-Pyrrol-Ala}-E-(a-vinyl-y-butyrolactone) was
converted to product 2-{(5’-methylisoxazole-3’-carbonyl)-L-ValW(COCH?)-L-(4-F-Phe)-L-
((S)-Pyrrol-Ala)}-E-(a-vinyl-y-butyrolactone) in a manner analogous to that described above
for the preparation of product ethyl-3-{(5’-methylisoxazole-3’-carbonyl)-L-Val\¥(COCH?2)-L-
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ISNONHCORCH2CH3 F (A-17) ONH2 15" 0 'S -Z NX F (A-18) 0 O NH2
/~~OH 020 HN H CO2CH2CH3 NH O (A-19) O N2 0 HOQ It N O N CO2CH2CH3

Nan ocer MRPBEE Y 1 O Gacoa (A 21) 5 0 N O H o PN B oo
HN-NNHO\ (A-22) 10 0O NH2 OH OH H CO2CH2CH3 S O (A-23)
1 (4-F-Phe)-L-((S)-Pyrrol-Ala)}-E-propenoate (Example 17): Rf=0.28 (5% CH30H in
CH)ClIp); IR (cm~1) 3378 br, 1749, 1678 br; 1H NMR (CDC13) 6 0.84 (d, 3H, J=6.8), 1.03
(d, 3H, J=6.8), 1.45-1.55 (m, 1H), 1.75-2.00 (m, 2H), 2.25-2.43 (m, 2H), 2.46-2.59 (m, 2H),
2.48 (s, 3H), 2.63-2.72 (m, 1H), 2.77-2.90 (m, 3H), 3.06-3.26 (m, 2H), 3.29-3.44 (m, 2H),
5 4.32-4.46 (m, 3H), 4.65-4.71 (m, 1H), 5.72 (s, 1H), 6.14-6.20 (m, 1H), 6.40 (s, 1H), 6.94-7.02
(m, 2H), 7.03-7.11 (m, 2H), 7.24 (d, 1H, J=9.0), 7.60 (d, 1H, J = 6.2); Anal. (C31H37FN407)
C, H,N.
Example 20 - Preparation of Compound B-4: Ethyl-3-{(5’-Methvlisoxazole-3’-carbonyl)-
L-Val'V(COCH?)-L~(4-F-Phe)-L-((S)-Piper-Ala)}-E-Propenoate

H
N

10 °
(0] 0]
\/\H/U\N r N NP C0,CHyCHy
o-N H o = H
F (B-4)

This product was prepared in analogy to product ethyl-3-{(5’-methylisoxazole-3’-

15 carbonyl)-L-Val-L-(4-F-Phe)-L-((S)-Piper-Ala)}-E-propenoate (Example 9) and product ethyl-
3-{(5’-methylisoxazole-3’-carbonyl)-L-Val'¥(COCH2)-L-(4-F-Phe)-L-Gln}-E-propenoate
(Example 10) described above: mp = 161-162°C; Ry= 0.30 (5% CH30H in CH2Cl2); IR (cm-
13295, 1713, 1649; lH NMR (CDCI3) & 0.84 (d, 3H, J = 6.8), 1.03 (d, 3H, J=6.8), 1.30 (t,
3H,J=7.2),1.43-1.55 (m, 2H), 1.77-1.90 (m, 2H), 1.95-2.12 (m, 2H), 2.27-2.38 (m, 1H),

20 2.44-2.58 (m, 2H), 2.48 (s, 3H), 2.66-2.76 (m, 1H), 2.80-2.93 (m, 2H), 3.12-3.42 (m, 3H), 4.18
(9, 2H, J=17.2), 4.39-4.49 (m, 1H), 4.65-4.72 (m, 1H), 5.50 (dd, 1H, J = 15.9, 1.6), 5.80 (s,

1H), 6.38-6.41 (m, 1H), 6.62 (dd, 1H, J = 15.9, 5.3), 6.94-7.02 (m, 2H), 7.08-7.28 (m, 4H).
Examples 21 through 30

For Examples 21-30, the following Compounds (A-14) through (A-23), respectively,

were prepared using synthetic methods analogous to those described above for compounds of

25 the formula I-A:
OsNH,
@AN N\;)LN 7 CO,CH,CH,4
\ s H & = H

84

(A-14)
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Exanple 31 - Preparation of Conparison Conpound #2:
Et hvl - 3- (Cbz-L- Leu-L-Phe-L- 15 d n)-E-Propenocate O H O O LCO2CH2CH3 N N N

\0 (Conpar ound #2) 20 Preparation of Internediate
[Boc-L-(Tr@é%E/fﬁgg?OVE)l\/e | sobutyl chloroformate (4.77 ni, %%T_/gsg%)gﬁo 1.0
equiv.) was added to a solution of N a-Boc-y-trityl-L-glutamne (18.7 g,
36. 71 mol, 1 equiv.) and 4-nethyl nor gholipe (8.08 ni, 73.5 mol, 2.0
equiv.) in CH2C12 (250 nL) at OC. The eaction mxture was stirred at 0C
for 20 m nutes, and then mﬁﬂd{/ﬁ ydr oxyl am ne hydrochl oride (3.60 g,
36.7 mmol, 1.0 equi v sulting solution was stirred at 0C
for 20 m nutes and at o2 25 ﬁnours AR then was partitioned between

wat er (150 ni) and CH7C (2 21 ) The conbi ned organic |ayers were
dried over Na2SO4 and were concent Purificat 98'9 ﬁf the residue by
flash col um chromat ography (gradi ent eI ution 40-> /5 exanes in Et OAc)

provﬁded {Boc-L-(Tr-@n)}- N(O\/b)l\/b( My, 829% as a white foam IR (cm 1)
3411, 3329, 3062, 1701, 111 NMR (CDC13) 8 1.42 (s, 9H), 1.63-1.77
(m 1H, 2.06-2.17 (m 1 , 9/ 57135 PCTI US99/ 00260 1 2.29-2.43
(m 2H), 3.17 (s, 3H) ; dsH.chyr, 1H), 5.38-5.41 (m 1H),
7.20-7.31 (m 15H); (C@l 5) C H N Preparation of
Interrrediate{Boc-L-(Tr-Gn)} H D butylalumnumhydrlde(505 m. of a
1.5 Msolution in toluene, 75.8 mml, 2.5 5 equiv. JAW&s added to a sol ution
of {Boc-L-(Tr-@n)}-N(Ow) M (16.1 g, 30 3 mol, 1 equiv.) in THE at -78C,
and the reaction mxture was stirred NH8C for 4 h. Methanol (4 nlL) and
1.0l8M HO (10 nmL) were added sequentiallly, and the mixture was warned to
23C. The resulting suspefnsiyh Mvasodl Uted with Et20 (150 nL) and was
washed with 1.0 M HC N gaclHu&pt ed NaHCG3 (100 ni), and
water (100 nL). The o ni o | er_was drie ovér MgSo4, filtered, and was

concentrated to give crude {Boc-L- G@n)}-H (13.8 g, 97% 10 as a white
solid: np = 114-116C, IR (cm1) 33 1697, 1494; W%R (CDC13) 6 1.44 (s,
9H), 1.65-1.75 (m 1H), 2.17-2.23 (m 1H), 2.31-2. 547 4.11 (s, br,

1H), 5.38-5.40 (m 1H), 7.11 (s, P#Yf: 7.16-7.36 (m 15H), 945(s 11- 1).
Preparati on of |nternedi gf hyl, - 3-{ Boc- L- (Tr-dAn)}-E-Propenoate Sodi um
blsUrlrrethyIsHyI)amde e)fr a 1.0yMsolution in THF, 22.9 mol,
1.0 15 equiv.) was a d d N Ja §O|HUt on of {riethyl phosphonoacet ate (5.59
g, 22.9 mol, 1.0 equiv.) ) at -78C, and the resulting
solution was stirred for 20 m nut ra? t hat (A-18)

Os_NH,
N
7 N \;)J\N 7 CO,CH,CH,
20 H = H
NH o =

\© (A-19)

O« _NH,
N
/ N \;)LN P C0,CH,CHs
o / H 0 = H

25
(A-20)
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tenperature. Crude {Boc-L-(Tr-dn)}-H (10.8 g, 22.9 mol, 1 equiv.) in THE
(50 nL) was added via cannula, and the reaction mxture was stirred for 2
hours at -7 med to OC for 10 mnutes, and partition 0.5 M
HCO (150 r%f?g%/ﬁ a 1:1 mxture of EtOQAc and hexanes (2 x M%%Re
conbi ned organic layers were dried over Na2SO4 and were 20 concentrat ed.
Purification of the residue by flash cgl ymp chronmatography (40% Et GAc in
hexanes) provided ethyl -3-{Boc-\L-(Tr-Ah)}-E-propenocate (10.9 g, 88% as a
white foam IR (cm1l) 332b ; dH (CDC13) 6 1.27 (t, 3H, J=7.2),
1.42 (s, 9H), 1.70-1. 78Ny N g ?oébmml H, 2.3 5 (t, 2H J =
7.0), 4.18 (g, 2H, J = ,H4.29 (sH br, H)?%"4.82-4.84 (m 1 H), 5.88
(dd, 1 H J = 15.7, 1.6), 6.79 (d(m(, J =157, 5.3), 6.92 (s, 1 H,
7.19-7.34 (m 15H); 25 ArdlF;CqQBE33 05) C, H, ABippar ation of

I nt er nedi at e Et hyl - 3-{Cbz- L- Leu-L-Phe-L-(Tr-d n)}-E-Propenoate A sol ution
of in 1, 4-dioxane (4.0 M 20 n), added to a solution of ethyl-3-
{Boc-L-(Tr-An)}-E-propenocate ((11.00 g, ¥ 84 mmol, 1 equiv.) in the sane
solvent (20 nlL) at 23C Afder hoyrs, the volatiles were renoved under
reduced pressure. Thewue waﬁ\/nii skolved in CH2C12 (50 nmlL) and

Cbz-L- Leu- L- Phe- OH (07697g, N1.184 Tidy , ~1.8%EGt. ), 30 87 WD 99/ 57135
PCT/ US99/ 00260 1 HoBt "'oY 373 ¢° 23 |, 1.5 equiv.), 4-nethyl norpholine
(0.809 m., 7.36 nmol, 4.0 equiv.),m (0.529 9 ? 76 mmol, 1.5 equiv.)
wer e added sequentially. The reaction mxture was ‘%'tz }red at 23C for 18
hours, and then was partitioned between water (150 nL) and EtQAc (2 x 150
m_) 10 The conbi ned organi c | ayers wereS%¢Ned over Na2SO4 and were
concentrated. Flash chromatoog/réfhi c.purdfication of the residue (5% CH3CH
in CH2C12) 5 afforded ethylj- 31{ Qpz-|L- Jeu: L- Phe-L-(Tr-d n)}-E-propenoate
(1.25 g, 83% as a whi oltird: N 2-ChPHTH; | R (cmt 1)

3295, 1696, 1678, 1655, 151975 1H NNR (M 3) 80.84 (d, 3H J =6.5), 0.86 (d,
3H, J=6.5), 1.24-1.32 (m 1H, 1.28 ¢t, 3H, J=7.2),.,1.43-1.75 (m 3H),
1.91- 2.06 (m 1H), 2.20-2.38 (m 2H), 2.93-3.02 (f~2#H), 3.07-3.18 (m
1H), 3. 1031 € Pre tion 4f CdmpArisoli Codpoun®¥2: BtidB34CD2-1(-Weu-3Phe-f-82- 4. 95
(m 2H), 5.69 (d, 111, J=15.7), 6.46 (d, T H 10 J = 7.5), 6.60 (4, 1 H J
= 814) ,Clg)EgPropenoater) ;3 = 15 7 5.1), 7.09-7.3 8 (m 27H): Anal .
(C51H56N407) C, H, N. Preparat pomwHof Product

Et hyl - 3- (Cbz- L- Leu-L-Phe-{-Ad n)-¥-Propenoate Trifluoroacetic acid (20 nL)
was added to a soluti ?I f etdyly- 3- { Cbz- L- Leu- L- Phe- L-

(Tr-dn)}-E-pro ﬂ w25 80,6 , 1 equiv.) and triisopropylsilane
(1.53 nL, 7.47 |, 5.00e‘i5.) in CH2C12 (20 mL) at 23C, producing a
bright yellow solution. The

(Comparison Compound #2)
20 Preparation of Intermediate [Boc-L-(Tr-GIn)]-N(OMe)Me
Isobutyl chloroformate (4.77 mL, 36.8 mmol, 1.0 equiv.) was added to a solution of N-
a-Boc-y-trityl-L-glutamine (18.7 g, 36.7 mmol, 1 equiv.) and 4-methylmorpholine (8.08 mL,
73.5 mmol, 2.0 equiv.) in CH2Cl7 (250 mL) at 0°C. The reaction mixture was stirred at 0°C
for 20 minutes, and then N, O-dimethylhydroxylamine hydrochloride (3.60 g, 36.7 mmol, 1.0
equiv.) was added. The resulting solution was stirred at 0°C for 20 minutes and at 23°C for 2
25  hours, and then was partitioned between water (150 mL) and CH2Cl (2 x 150 mL). The
combined organic layers were dried over NapSO4 and were concentrated. Purification of the
residue by flash column chromatography (gradient elution 40—20% hexanes in EtOAc)
provided {Boc-L-(Tr-Gln)}-N(OMe)Me (16.1 g, 82%) as a white foam: IR (cm'l) 3411, 3329,
3062, 1701, 1659; 1H NMR (CDCI3) & 1.42 (s, 9H), 1.63-1.77 (m, 1H), 2.06-2.17 (m, 1H),
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reaction m xture was stirred for 20 mnutes at 23C, during which tine it
becane colorless. Carbon tetrachloride (20 nm.) was added, and the

vol atil es %Bﬁﬁ{gﬂ)ved under reduced pressure. The resi duep(st/@gs%/rob%urat ed

wi th Et20 and the resulting white solid was collec y vacuum
filtration, washed with Et20 (3 x 50 nlL), and air-dried to afford ethyl - 3-

( Comy il e, F ) S SRELBE A RAHE By, S04 ﬁ%%&é%g)(m,o 82

(d, 3H,15M; And)(C31HAINGOs) GHY, N = 7.0), 1.25-1.37 (m 211), 1.42-1.54 (m
| H), 1.58-1.8.0(mi 2H), 2.02-2 ml ﬁi) 2.84 (dd, 1H, J= 13.2, 8.9),
2. 97 ( darepaxgtion-of Intepmedigie @0914« £1T'0<1? Ol 1H), 4.11 (g, 2H J= 7.0), 4.33-

4.52 (m ZFDDiis%thgrla(lgmn&rH hy&rl%elgo%)mL%ng 5( ’s?lhublll%]toh%ﬁel?%; @:58{}2(5" Tl

J=15.9), 6.69 M~ 11H),
7. 43 (dequm% WaBradde<890aSD1L9@n(0tﬂ {BadL- (IrCBll)l)N(%se)MdI46@¢, 3Q.3 hmdl, Feguit);

Anal ? 30 .88 WD 99/571 d}(ﬁl S99/ 002 Exanpl e 32
- Pr epar Fat i oaﬁth%@Coan% tetllel’r esagtﬁorbgnxuérl?mc? > érre% hﬁb - @Zﬁe}&,ﬂo? %'Pﬂléartda
An)-EPo M)EIIGDQIOEmQ ek adﬂl:d'ke@éhtlally,la_nd Ble@lﬂxtdlrb\rwhts wRekddAeH8¢ OTRConpar i son

Co d P of . .
Erhy! - Sepiits PR P ﬁwﬁ"fﬁ%@”iﬁﬁ%ﬁi SdwaOre il OAHEH( x

1,4-d
{Boo. 'L°%@'}§I@f Hils st Tl ST BIRER s e QoD aR o 3osdriess o5 g
5. 62 mM@ler MgSOL) fiRerdli Vant Wl chbiRnBaBE S/ @0le (BR-M]r-81n) R34 1341d 679§ hours,

the volatiles were renoved under reduced pressure. The residue mas

di 481 vad whitdIdREL 2501471 ) 6°Carrd(dBety 331BhesodH 494; 48 NMR (BDRE; yaP
equiv.), HOBt (0.911 g, 6.74 mmol, 1.2 equiv.), 4-nethyl ITDI‘p?‘lOHn (1 85

m., 169I8) oot 7B(0® 1dHu2.V7-R.23 ik, EBI:Z(JJI 29 gm. B1)738.1inGp by, 1H)25.2846i49.(n, wer e
added s i.all rea e was stirred at 23C for 18 hours,
and Waﬁhiﬁtlrszfr%?lﬂiéﬁ &é}{e‘%gv\gt( llﬁ@150 15 nl) and EtOAc (2 x 150 ni).
The conpiepadatiigeTnterhidd Rt SEHI-8- Boc40(TMEIn)NE2B pensile Wer e concentrat ed.
Fl ash chromat ographi c. purification of the residue (gradient elution,

40- +50% Et Ofeodiym gktélﬁgg)yl%lﬁ)@p@@(gﬂ 9 mL of a 1.0 M solution in THF, 22.9 mmol, 1.0

hyl W utron Il € 0 f
TR (6m 133508 %?%%*"1%%‘2‘ i AR b £ % o Mol Balt b 02

H) 1. GHF 120(GmLirpt -7B)C, and sm-risugglg(smunmm)was ztlrz@ f;@r 2(7m(mqtes24t+)hat 2 94 3.01 (m
64 (d, 1
ny = kb CBlaedBoo 1Sl 3 (0% 628 myty Redey B o
6. 80 ( saddedl wvialcahthula, and4helredetionMixRedvas il for(mwm@’@), warmed to 0°C
for 10 minutes, and partitioned between 0.5 M HCI (150 mL) and a 1:1 mixture of EtOAc and

hexanes (2 x 150 mL). The combined organic layers were dried over NapSO4 and were

20 concentrated. Purification of the residue by flash column chromatography (40% EtOAc in

hexanes) provided ethyl-3-{Boc-L-(Tr-GIn)}-E-propenoate (10.9 g, 88%) as a white foam: IR
(em-1) 3321, 1710; IH NMR (CDCI3) & 1.27 (t, 3H, J = 7.2), 1.42 (s, 9H), 1.70-1.78 (m, 1H),
1.80-1.96 (m, 1H), 2.35 (t, 2H, J=17.0), 4.18 (q, 2H, J = 7.2), 4.29 (s, br, 1H), 4.82-4.84 (m,
1H), 5.88 (dd, 1H, J=15.7, 1.6), 6.79 (dd, 1H, J=15.7, 5.3), 6.92 (s, 1H), 7.19-7.34 (m, 15H);
55 Anal. (C33H38N205) C, H, N. |

Preparation of Intermediate Ethyl-3-{Cbz-L-Leu-L-Phe-L-(Tr-Gin)}-E-Propenoate

A solution of HCl in 1,4-dioxane (4.0 M, 20 mL), was added to a solution of ethyl-3-
{Boc-L-(Tr-Gin)}-E-propenoate (1.00 g, 1.84 mmol, 1 equiv.) in the same solvent (20 mL) at
23°C. After 3 hours, the volatiles were removed under reduced pressure. The residue was

dissolved in CH2Cl2 (50 mL) and Cbz-L-Leu-L-Phe-OH (0.759 g, 1.84 mmol, 1.0 equiv.),
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C, H N Preparation of Internedi ate
Et hyl - 3-{Cbz-L-Val -L-Phe-L-(Tr-G n))-E-Propenoate A solution of HO in

1, 4-di oxa ( 8 nL) was added to a solution of ethyl-3-
{Boc- L- Phg-%B??Lﬁ?l-‘?’g n) } - E- propenoate (0.296 g, 0.429 nmol, 1‘3%Tq/8|52/9./ 026|0n t he

sanme solvent 25 (10 nlL) at 23C. After 3 hours, the volatiles were renoved

undef r | S The I e | j 1 ), and
then Coaorr 0 TR 6, 108" 0> (kb mafmglgoRi Bt At d 8y, Ol 51
mol , leqivyahd BDC 40.52% iyl TeomphbliSreguiv0). et added stqi@tiattyd| The réacBiorqui V. )

and EDC (0. . o | o1l 2 equiVv.) were.added sequentially, The
reacti orr?()g%%%aﬁggng\%%%gt %el o Sz@‘%]t}l%r} zvﬁs Pﬁﬂﬂ?%‘fegz’ﬁﬁveFﬁévﬁt%godéHm oned
bet weenEw@ie(2 X 1510mi). ) Thngbmbiieddegdn: MyekdWertldried Ther 9150 Ned vargani ¢ | ayers

were dried over Na2SO4 and were 30 89 WO 99/57135 PCTI US99/ 00260 1
concent saceyrated. Jdashohromaegsephippirification ¢f thatasidne 61% Oits QT i @deCip3% CH3OH

o 6200 HCet Y& (OB RELTSE LR PRRStet S 83F BhomRBRIeH R

CDC13) .8 -0; $9 . 9900 ' 3H.. d5 6 0 1=

. 2), 3! 11@329(4((&% %nflﬂfzgg’- 1)26.982“%1 ﬁ’%fa? fH 92?13?9‘31?‘)5?9%%%)?%53@,3“2% 93

(dd, 1 Hg6.5), =84, 0H, 7=)5), 8249 30d8h, IIJI),|TL283(t,3Hl,5’-=D7.27)§-1.Z$~1.73} L3 8Pg(m 1
8-4. 58 2H), 4.87 (d ) =2 12.0),

H, 4.17 ((q, 2H, ) =7 2), 4, 48-4 88 (m , 1«&9 i

4.94 (d2-0¢(m, 1H),2.2022.38 (m.2FH62.93+3.02 (m, 1H), 3:0763.08 (mplH)73.08-4.02 (R, 1B)= 15. 6)

6.43 (d o1 7= 7954436 . ) 1Q-8. 40, 1t m _ : |

(coorsatigey T TRP S BaRath, (B a9k, for b LD B9 ity

Et hyl0- 37 EQbD): 6.6U/4d.-1LL PHred. 1); G6R)ddE1 s dpafidas &), 7I09-7.58 anaieBt Aaalaci d (5 ni)
dd ] f ethyl -3-{Cbz-L-Val - L- Phe-L 10

\(N'?'?%I nf‘%ﬁ%ﬁé@%%ﬁgﬂ(g. 138 )g; O.{2292rrrmlfjl 1 equi6v.) and

tri i SOPPAEHArSHib AP {odudObtn 3-(ébfﬁ@.—LEﬂrﬂLPheﬁggGlﬁﬂEi-lyrozgeﬁ&tQHZCI 2 (10 nL) at

23C, producing a bright yellow solution. The reaction mXxture was stirred
for 20 mn. anflpgoacegiopsid 20unile as added ita a pdatiameofetiyb Bt Ede-L-Laai HRir-L-

tetrach}qri t he. vol ati.l es r.er e er
reducedhqbdr;gZ sggpgoﬁ%g@?g%?gggggvﬁg{& ol qﬁlrvz'a?taél tWS?Woéﬁﬁg‘“‘fgggw,’ lfgﬂd t he
resul ti mynoihs.0 eqeel) idCHac11B0 ail)lae23°%€ phydusiag 4 brght yetlowtsb@don. Walshed wi t h

Et205(3 x 50 nL), and air-dried to afford ethyl-3-
( Cbz- L- YRRFUQN IRdUrE Vs ghired foF 4O ariptesat 28° G alyripg whibhytimenipbecap@diogidesc) ; | R

1 . - . - 121
(£ 51, 280y oibriag AL v A PO b R e Blepidayle) - 1 2
2.83 (ddressup. The residee was @ifyrated 96th(Efgl) (AHnLYand Sebesul@ng)hitckoh@vas84 (m |

4. 10 H J= 7.2).. 4.37-4 49 | 4.51-4, 56 111), 4.99 (d,
T)H, J= i%&%ﬁeﬁ%@.%‘“{f’a ,ﬁﬁ%qpmws&% with Eg%@ ;éo miy)y anéﬁlfi@.eg)rtg aféoré%ttw&a: 1|(4,
J= 15.5_5.5), 6. 20 (s, 1H), 7.13-7.36 12H . 8.06 (d, 2H. J= 8.1);
Anal . ( é%ﬁ%—g%}ﬁ&g’/%@“&”sﬁmﬂ!%ﬁﬁ: éol-%b? g %Vég]&%f EL‘}‘-,%]PC@&%M%HQO& 24) : )
Bt 20 316403 545, et iSvs0ldeT570.78 (d, 3H, /= 6.8), 0.82 (d, 3H, J = 6.5), 1.21 (1, 3H, J

=17.0), 1.25-1.37 (m, 2H), 1.42-1.54 (m, 1H), 1.58-1.80 (m, 2H), 2.02-2.09 (m, 2H), 2.84 (dd,
1H,J=13.2,8.9),2.97 (dd, 1H,J=13.2, 5.8), 3.93-4.01 (m, 1H), 4.11 (g, 2H, J = 7.0), 4.33-
4.52 (m, 2H), 4.97 (d, 1H, J = 12.3), 5.04 (d, 1H, J = 12.3), 5.64 (d, 1H, J = 15.9), 6.69 (dd,
IH, J=15.9, 5.4), 6.76 (s, 1H), 7.13-7.37 (m, 11H), 7.43 (d, 1H, J=7.8), 7.99 (d, 1H, J = 8.1),

55 804 (d, 1H,J=8.1); Anal. (C32H42N407) C, H, N.
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Pyrrol Ala)}-E-Propenoate H ON 0 O25 H Nz~ t"'OH H CO2CH2CH3 (A-24) 30
90 WD 99/57135 PCT/ US99/ 00260 1 Preparation of Internediate

Et hyl - 3-{ -L-Phe-L-((N-2, 4-Di net hoxybenzyl)-(S) Pyr - 2
Ala)}-E- P%pe;r{oa e A solution of HO in 1, 4-dioxane (4.0 ﬂcﬁj/un%)s)/os\ég added
to a solution of ethyl-3 { Boc-L-((N2,4- d| met hoxybenzyl ) - (S)

Pyt 10| Ekhdble 2 DFQBEIARA S RRARRLGH Caiyils
. 292 equi

voI atl@ﬂﬁ&ﬂﬂﬂm@rat ed to give the crude anine salt, whi ch was used

wi thout purification. This am ne salj,was dissolved in CH202 (7 nL), and

t hen Cbz-L-Leu-L-Phe-OH (0.156 ¢ 378 mml, 1.3 equi v.),

4nethy|rmrpho|ine(0.1 , 1.16 |, 4 equiv.), HOBt (0.067 g, 0.50
1.7 equiv.) and (04098 gy 0.50 nmmol , 1.7 equiv) were added

se entiaII . AR N ction mxture was poured into
br?%e (15 rr{) éexﬁra tecE wiHh 10&%ﬁ| n CH2C12 (3 x 25 nmL). The
conbi ned organi @ phases were diN-eg over Na2SO4 and evapor at ed.

Purification of the residue by ®. col um chromat ography (60% Et OAc in
hexanes) provided ethyl -3-{Cbz-L¥Teu- L- Phe- L- ( (Cedpdrishinn€othpuyink#d)y| ) -

0. 57- DX bR bt BRI R oy o B P PRfenst 1. 7. 1,86 (m

1H), (1 97- 2 Al®htion 02 HC| i131,02idxdde (4. (1M 10 mLJ)?xva%,ad&e(ﬁ)) a s31u143m 3f &Hyl@’n 3H),
3.78

4 35- 4?580?%@ r’ﬁlr)’)Eg étpweggwpf??ﬁfeﬂ aﬂfiescgb@?m(%am?lq-?l 3 03 gié 6%}nn(1®z 113H% d, 1
%2 the 2ardé sc(ldent (HnL}] at737C 8)Xfte53 ﬁgurg Clﬁe v&latli'fes vlfer dm \%d l%ld
6 42-6. 46 2 2H) (d 1 8.7),

7.09 (dedum PIgSSuce. dﬁhe rffSl Vvaszimsselmed @H)‘chlzzgo mlamn@rﬁocat-l)’he -O81 99(gd, 1H,
JAI_a)G } S)é 63?%1%5& & Ee@%ﬂ@of{o%rt %j bl le g,%t %4y mmol lgjezquﬁ'v )Lﬁ methylzl)rql%rplhofme 8 1. S%yélio'
Et hyl - 368Gh#01,3 lOEBdlulv)F?iﬁﬂ IEBC((NQQ g46 o FRAdIOKY @@Hiylw):re(aﬁheﬁéﬁﬁéﬂtla%ai"iie E-

propenoate (0,156 g, O. mol equiv.) and amoni um ceri un nitrate
(0. 277 Tgfction @%ureﬁ*f?élsﬂrrgd@?éq&fv 1)8 hparse andoyydyi themiparitienedibriveee water tHIE/ wat er

(3 to brine
(1 T 2t BB G 30 A ThSeon i FRARL KB 4 JBPNRNOL 10 P

or gani evephasesntysside Pdish&droﬁh@dgr@ﬁ?c%ﬁﬁﬁﬂorﬁéﬂﬁ@fe@idﬁd (gradient elution,
40—>50% EtOAc in hexanes) afforded ethyl-3-{Boc-L-Phe-L-(Tr-GIn)}-E-propenoate (2.77 g,

71%) as a white foam: IR (cm~1) 3306, 1706, 1661; lH NMR (CDC13) 6 1.29 (t, 3H, J=7.2),

1.38 (s, 9H), 1.65-1.76 (m, 1H), 1.87-1.99 (m, 1H), 2.25-2.27 (m, 2H), 2.94-3.01 (m, 2H),

4.14-4.26 (m, 3H), 4.48-4.53 (m, 1H), 4.95 (s, br, 1H), 5.64 (d, 1H, J=15.8), 6.29 (d, 1H, J=
20 8.1),6.64 (dd, 1H, J=15.8, 5.4), 6.80 (s, br, 1H), 7.14-7.32 (m, 20H); Anal. (C42H47N30¢)

C,H,N.

Preparation of Intermediate Ethyl-3-{Cbz-L-Val-L-Phe-L-(Tr-Gin)}-E-Propenoate

A solution of HClI in 1,4-dioxane (4.0 M, 8 mL) was added to a solution of ethyl-3-

{Boc-L-Phe-L-(Tr-GIn)}-E-propenoate (0.296 g, 0.429 mmol, 1 equiv.) in the same solvent

75 (10 mL) at 23°C. After 3 hours, the volatiles were removed under reduced pressure. The

residue was dissolved in CH2Cl2 (10 mL), and then Cbz-L-Val-OH (0.108 g, 0.430 mmol, 1.0

equiv.), HOBt (0.070 g, 0.518 mmol, 1.2 equiv.), 4-methylmorpholine (0.142 mL, 1.29 mmol,
3.0 equiv.) and EDC (0.099 g, 0.516 mmol, 1.2 equiv.) were added sequentially. The reaction
mixture was stirred at 23°C for 4 hours, and then was partitioned between water (100 mL) and

EtOAc (2 x 100 mL). The combined organic layers were dried over NapSO4 and were
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Purification of the residue by flash colum chromat ography (gradi ent
elution, 2-5% CH3OH 25 in CH2O 2) provi ded

et hyl - 3-{ L- Phe-L-((S)-Pyrrol Al a)}-E-propenoate ( 47%
S ot Whobshs P (CDC13) 6 0.85-0.92 (m 6H), &’2@?{%926%, 3=
7.2), 1.39- 1.65 (m 4H), 1.68-1.93 (m 2H), 2.08-2.20 (m 1H), 2.27-2.38

Lo Dreeyeinted Hish Bropbbugoitc it Pl sthapstoicdsgfl Brpbly 137
= 12 1)affobded 2tHyth3- {CBA,L-VaFL Phe X)-(T r@l@’g g)roﬂenb'i\te . 208% QQ%) s Z &fh{tgd 1H J
= 15.7, 30 91 WD 99/57135 PCT/U 99/ 0026 , 6.72 (dd,

1H J— 'soBd:7mp5: 195 19B°G:31R7(cﬁﬁ X3284 64489, TH480LH mR((ﬁDcﬂiﬁ)ao 6’9 @43leJ_ 1H, J=

7. - t f Co d
Ei - 3 DS (LB /- Ghol 88 (i 1o Py IO A7 (i Fib 3 A0 (2 2820 O H O

AH Nj 5 P teh fr
Byt 2y P\ (LB b B SB ABIE U B985 (m, 110, 4.7
Pyr r ol Aqajt.~E= Pﬁbrﬂe‘%ﬁe‘hﬁ&(mﬂH)m &7 (yriibied =al2al) o404 &d, tLEL, ¥ ka2, 0) %06 {donHY he

ctnyle 3 § o et phEeE ety 13 hp e BBt o348 (im26linp o 1.

et hyl - M£QC59H§4MQ7)4:mnet hoxybenzyl )-(S)-Pyrrol - Al a)}-E-propenoate
(prepared as in Exanple 33) was coupled with Cbz-L-Val-L-Phe-OH to afford

et hy| - Frephration\gf Prodwrit £thyl-3-(Cbz-L-Val-L-Phe-L-Gln)-E-Propenoate

1600, 050 TR ARG T U R RSP ORIRS Cpra T PR 7T )

1 280 g t(g;-mﬁg)}ﬁpmpa%qateuozmsjg 6029 mmol 21|-6qu1v1)zﬂﬂtﬂ11581§rof)ﬂblla11bﬂ(0 3003%)@ 2 gago(?l
S, S
3H) 4. %@OQ%WWWQ%C?& {4y r(lip at%ﬁg)gamo%wz)gabrlgémlhvw wlptiop= The. 2) |

4.33-4. 08 (d, 1H,
J= 12. f;ewmé’ﬁ 1%4’“%5% Waislfé%g(f&ff ]r% ; A2 ‘%‘:ﬂgﬁv}\ﬁ‘ t?"égﬁ.b&%},‘“%“%l d, 19 1. J=
15. 6, lcalbqn '@trﬂQﬂcﬁidﬁ:KlQ mL) 2dp added7 hd(tblelyolates drere ré.tﬁoﬁad Lﬁad&) r,ed1ﬁ;e81 (d, 1H,

J= 9.0)

J.= 6.2 Anal .
20 ( A TS ;‘ <‘f’s“flfm‘ﬁs Mﬁf i EFF% @Wﬂ@%& fesultif white sdlid was ) A"
Et hﬂ Zeolichéd by Vahuubs fHR8ds; (ashed I b 0RS @)shfr PhAPSREAL ELo afford ethyl-3-

(Cbz-L-Val-L-Phe-L-GIn)-E-propenoate (0.094 g, 71%): mp = 240°C (dec); IR (cm-1) 3263,
1686, 1640; |H NMR (DMSO-dg) § 0.73 (d, 6H, J = 6.9), 1.21 (t, 3H, J=7.2), 1.60-1.75 (m,
2H), 1.83-1.90 (m, 1H), 2.03-2.08 (m, 2H), 2.83 (dd, 1H, J = 13.6, 8.6), 2.96 (dd, 1H, J = 13.6,
6.2), 3.79-3.84 (m, 1H), 4.10 (q, 2H, J = 7.2), 4.37-4.49 (m, 1H), 4.51-4.56 (m, 1H), 4.99 (d,
1H, J=12.5),5.06 (d, 1H, J=12.5), 5.61 (d, 1H, J=15.5), 6.67 (dd, 1H, J = 15.5, 5.5), 6.76
(s, 1H), 7.13-7.36 (m, 12H), 8.06 (d, 2H, J = 8.1); Anal. (C31H40N407) C, H, N.

Example 33 - Preparation of Compound (A-24): Ethvl-3-{Cbz-L-Leu-L-Phe-L-((S)-
Pyrrol-Ala)}-E-Propenoate

§
o)
0 o
25 H
N
N \_)\H P C0,CH,CH,

\® (A-24)
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A suspensi on of
et hyl - 3-{Cbz- L- Val - L- Phe-L- ((N- 2, 4-di net hoxybenzyl )-(S)-Pyrrol -
Ala)} E—pr (0.215 g, 0.284 nmol, 1 equiv.), DDQ (0.
“Z‘gg&%”e and water (3 drops) in CHC13 (4 nL) was s |rre/891f§h at
23C and was then warnmed to reflux 25 for 6 h. After cool i ng overni ght,

var e 0 Ade g o8 £ OB L S L W5 PORhosPos R APt e by

fl ash Ab)}tmﬂraplen@mt ography (gradient elution, 2- >5% CH3OH in CH2C12)

rovi ded sl terl , ich was djssolved.in CHZC12(70 m.)
gndeashed én% 5%?{@(?@3‘ %g 4(02/%1 %’@) ey & ‘gé?g R SlEtionef sthyl-3-and t hen
dried W&ﬁst%lm@dloﬁy&ﬂ@ﬂﬁK@%yrrghﬁld)%L&U%en‘é@t% (prepdrbd 8ads@iti3R (10 rTL)

for 20_m nutes, and the solid was col |l ect ed ratlon and dried 30 92

WO 99/ Evarmpe p 1380w 0382 gunols | eide) inviad-digraned 4pnloly i Aféer stitripig-135 b, the

oz Vabks b chalhla DYt obs kb frhOngRon s 008y bou i, 2, 21
(CDC13) b 0T188a(nd1e Sal’élwas dlsange)d in@HRClP (7 mBh,and the. Byz; L—LeQ—& Flte;OBH, J= 7.2),
111). 08 & 878 Pl b3 Saa s, +-yeloyfmasbiclng (p 428 mipdl 165, S eagvay

3- i é ng)gst 3%06’2%0 50’3m%1 (ldﬁequ;xl)land‘kl_%@(@ﬁ)%gg As0 rg}ﬂw }_ﬂeqélg}{'we‘rlesad{iéd

J— 12 sequergiafly. Afigr stnmng 20 heura th) reag@ionmiktie was phurdd intolFirg (15_m1)) am5 94 (s

sl 74l Peppom o Qhas e Wspmbigs paticins whrdid Y, (N

Exanpl gvet Na SOl @R evdpotited fPuciiR @At tHehed@le by flash column chromatography
Et hyl - 3-{ Cbz-L- Leu-L-Phe-L-((S)- 10 Pi per Ala)}-E-Propenoate %—II\F OOHO

pAH NHOAEXZ8HR hekhnes\orovigdad @B)’l 3 1€b2PLd|szIaPhc}h (O¥-2-dighetttoxybenzyl)-
Et hyl - 3-{ Cbz lalqbgu L- Phe- L- %))15 er Ala)}- o enoat e

2-(1' - (D-Fypro! THBSPERATE "/elaa.apfeamd GRClp) 6§§aﬁe‘3@<m
met hyl %ﬁgyl' 2}8 cOnverf‘i égtloé%{ @él%gf)bida{ﬁ%% mt Pﬁ?%’fﬂl@fmdﬁﬁcﬁ Ykt Tk

Exanpl e

et 2“% | - $H{£bzlsw- E&)-3LE1Phed er(ilﬁ) 3 P8 pe A B9 <F3 19y, angnqalty Ji=n7.2), 4mmnner
andl5og

(15 97350 (52 AT i e MRy 1505 0o 1. T = 12.3), 5.13 (&, 1H, /=
pyrr ol ijgdbnsHe oAI mlﬂﬂy@s quahm ot hyés}rzgas 9%14%( Fﬁ?t@ﬁ daufylsester to

product et hgl- - Leu- L-Phe- L- rrol - E— ropenoate as
)

descri b24. §-3), B88rd! @isl4=8I7R7(Q9rfﬂ,19H J= 90) 7 13- 720 (m, 5H), 7.29- 737(m SH),
8.09 (d, IH, J=6.5).
Preparation of Product Ethyl-3-{Cbz-L-Leu-L-Phe-L-((S)-Pyrrol-Ala)}-E-Propenoate
20 thyl-3-{CbZ-L-Leu-L-Phe-L-((N-2,4-dimethoxybenzyl)-(S)-Pyrrol-Ala)}-E-

—

{

propenoate (0.156 g, 0.202 mmol, 1 equiv.) and ammonium cerium(IV) nitrate (0.277 g, 0.505
mmol, 2,5 equiv.) were combined in a mixture of THF/water 2:1 (3 mL) and stirred 2 hours.

The reaction mixture was poured into brine (15 mL) and extracted with 10% CH30H in
CH2CI2 (3 x 25 mL). The combined organic phases were dried over NapSO4 and evaporated.

Purification of the residue by flash column chromatography (gradient elution, 2-»5% CH30H

25 in CH)Clp) provided ethyl-3-{Cbz-L-Leu-L-Phe-L~((S)-Pyrrol-la)}-E-propenoate (0.059 g,

47%) as an off-white solid: 1H NMR (CDCI3) 5 0.85-0.92 (m, 6H), 1.28 (t, 3H,J=17.2), 1.39-
1.65 (m, 4H), 1.68-1.93 (m, 2H), 2.08-2.20 (m, 1H), 2.27-2.38 (m, 1H), 3.02-3.13 (m, 2H),
3.24-3.32 (m, 2H), 4.11-4.20 (m, 1H), 4.18 (q, 2H, J=7.2), 4.47-4.58 (m, 1H), 4.81-4.89 (m,
1H), 5.05 (d, 1H, J=12.1), 5.12 (d, 1H, J=12.1), 526 (d, 1H, J=8.1), 5.78 (dd, 1H, J=15.7,
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3422, 3307,1713,1649; 1H NMR (CDC13) S 0.86-0.92 (m 6H), 1.28 (t, 3H, J=
7.2),1.38- 1.75 (m 6H), 1.77-1.89 (m 111), 1.96-2.11 (m 2H), 3.07 (d,

211, 3 = 0-3.27 7 4.13-4.24 111 =
7.2), 4. 4?’“‘3)’%’?‘?3 ,(T 76H) 85 (m 1H), fs.moa (d? 1H, ?"C“q‘isz"ng“% 12
(d, 1H J= 12.1), 534(d | H J=7.8), 5.78 (dd, I11, J= 15.6, 5.4), 6.17

(S, %111).2)78.53% ﬁ@g(@' H;HJJ“— 15 765 3)5 7‘1‘1%5{ 75 @%egﬁ A s FuBst), 7 % 43" 7- 27

(C35H46Nﬂ,0’7=®25H20) C H N 30 93 V\D 99/ 57135 PCT/ U899/ 00260 1 Exarrpl e 36

Pr epar aﬂm-AIﬁz)}LIDIPebM' ff e
(4S,4"R)-4-{3"-(4"-Benzyl - 2"- oxo- oxazol j di n-3"-yl )-3" -
oxop%opyl} 2, 2-di net hyl oxazol i di ne- 3- ¥ oxylic Acid tert-Butyl Ester

Trie hylamne(6 43 m., 46.1 I, 3.0 uiv.) and pivaloyl chloride (1.89
m., 15.3 10 nmol, 1.0 equi W) We,;eoa ed sequentially to a solution of
(45)-4-(2' -car boxyet h@r& N Jchehi;ne- 3- car boxylic acid
tert-butyl ester (4.2 15. 3 o

cl oudy reaction m xture was stlrred OC for 3.5 h, and then lithium
chloride (0.716 g, 16.9 mmwol, 1.1 eqfiv.) and (A-25)

(R) - (+) pApResFor of?m%ﬁ?eﬁldtéilzﬂﬁr]@@ {@nﬁﬁvgﬂ 11 gh@L (Bl4.0 O@tﬁg&ﬂﬂh?}ﬁ% $ere

added sequentially. After warmng to 23C and stirrinhg
react i ofynmbdia)leE-Rropprwatd ti oned between 0.5 M HO (150 nl) and Et OAc (2 x

1501/L). The 15 t ed
Na2cos {150 M mEaRT T R A im0 kR SRLGHY S Ry R T PN o s
colncent prapatbatend emyt-eqmg% Eaessunre& ﬁthGllhb'l}eE piq&héd,ted&wibswih gxhiggle?}léf | ash
colum chro ogra % Et QAc | exane to. give " - '

- (4"- beﬁgi}lr% %Ldﬁgﬁa‘é F}CH}OP&% vsfga"yrr%x%@r}cfp%op?nQa (prepared as in

di met hy bQaamebh fvieeodp EamWHzLIQ-V%PLQ)HeEU}HT@HFfMJd B @r{c(bé Ll’éalgL PREY). as a
col orl ess oi I I R (cm 20 1) 2978, 1783, 1694; | H NWR ( 3, mxture of

i sonmer SN, 4-ditfetharybedzyBS(S{-Byrrold B3} E@)opeﬁoﬁ&- 112(&51)(32)88 959@2}652131{( m,
3.29-3. 33 3.74- 3. 79@&'5%_,_ 3.82-4, 09 ﬁ; 67-4.70 (m,
7 5057, SV [4DCI K0 87 @HsbREde)) 3 (ArIHA L brapiad i G /o1 T2 dbrietl] Ghe

o bt Pt 5t (1) PS8 o, s L R o o 500 5087 2 (ReiH) 378
tert- BU(syBHE$t8-H(s 3H), 4.03-4.10 (m, 1H), 4.17 (q, 2H, J=7.2),4.24 (d, 1H, J= 14.2), 4.33-4.44
(m, 1H), 4.38 (d, 1H, J = 14.2), 4.85-4.94 (m, 1H), 5.08 (d, 1H, J=12.1), 5.14 (d, 1H,J=
12.1), 5.39(d, 1H, J=8.1), 5.80 (dd, 1H. J= 15.6, 1.2), 6.42-6.47 (m, 2H), 6.70 (dd, 1H, J =
15.6, 5.3), 6.81 (d, 1H, J = 9.0), 7.11-7.20 (m, 6H), 7.31-7.39 (m, SH), 8.11 (d, 1H, J=6.2); Anal.
(C42H52N4009) C, H, N.

T\i " equiv.) in THE (300 m) at OC. The

20

Preparation of Product Ethyl-3-{Cbz-L-Val-L-Phe-L-((S)-Pyrrol-Ala)}-E-Propenoate
A suspension of ethyl-3-{Cbz-L-Val-L-Phe-L-((N-2,4-dimethoxybenzyl)-(S)-Pyrrol-
Ala)}-E-propenoate (0.215 g, 0.284 mmol, 1 equiv.), DDQ (0.071 g. 0.31 mmol, 1.1 equiv.)
and water (3 drops) in CHCI3 (4 mL) was stirred 1 h at 23°C, and was then warmed to reflux
95 for 6 h. After cooling overnight, more DDQ (0.019 g, 0.084 mmol, 0.3 equiv.) was added, and
the mixture was warmed to 67°C for 1 h and then evaporated. Purification of the residue by
flash column chromatography (gradient elution, 2—5% CH30H in CH2C12) provided slightly
impure material, which was dissolved in CH2Cl? (70 mL) and washed with saturated NaHCO3
(2 x 30 mL) and brine (30 mL), and then dried over Na2SO4 and evaporated. The residue was

stirred in EtDO (10 mL) for 20 minutes, and the solid was collected by filtration and dried
30
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A sol ution of (4S, 4"R) - 4-{
-(4"-benzyl - 2" - oxo- oxazol i di n-3"-yl)-3" -oxopropyl }- 25

2 2 di et i di ne-3-carboxylic acid tert-butyl ester 4.2

1 e&%?ﬁ?ﬁ% THE (25 nL) was added to a sol ution of @é@%ﬁl’%&
bls(trlrrethyIsHyI)amde (14.2 nL of a 1.0 M solution in THF, 14.2 mol,
1. 0 eqUindenvatituh REpSPHIE B9-YQ0H T E ) re vas
stirred f(grvallé m n}l),lt es gt 9- 73 Zgﬁgal{)ﬂﬁ?ﬁ@g (§) rro '@e’r }e%%g)@gﬂ%tew
3.0 equBS%) av@sn offcee séfid:eihpStI165rA1NeC:aR (aﬂdi t3l4@3\@29? 159811649811 the
reaction m xture was 30 94 V\D 99/ 57135 PCT/ US99/ 00260 ~ 1 mai nt ai ned at - 45C
for 2 AM gf{@qq{é)ns &3 (b3H: V5 Ghed Obéd. Btk d =0.9); 1.28i(t 8Hy £=F2)hhF -1 $8t(m; at ed

150 iy 0. REB AT A TR R e ot KB 2805 A - o i
over . MpXddard, J:gnaxz;dzy) B|2I113e3(4e(% 2H)e3 $4 Jdur ﬂt{eﬁé\@% Gamqr’vtqqamdﬂ”der
redu% ressure and t i due was puri f

chr onat’ogr afkiy 5(61@%1@(%&9 ‘i‘ﬁz E@x%é)‘wt@) 15t dv1 H?el)( X 1§2(dLSH4JR) 121),529
4 1t | t
(4 @brRzM 835 ox0uexagold ¢ 09 goxyl?g@g@i@gy oAl v < 4] %)3.6._'9_3(@ 46%

-2 2- di et hyl oxaZzol i di ne-3- car tert ut'yl
as a vildbdrs9-Phdnd- 11?27(m:,rﬁHD)7 2D788 (7 8H), 71598, 1H1H IXIIQRAI@]DCB, m xture of

i 45 1.49 (s), 1.52 (s), 1.62-1.78 (m,
Hsggerzs(%?i%’%}%ﬁ‘?@)%%ﬁg (Er)s) 2 510 ok (n, 2 5% (dd, J= 13.%@ 9.7), 3.26

(dd, JExh e3§ @}eargtlégoﬁCﬁrﬂ bunl { K@w1-3FCBz-1)-Leds (.n') '
4.02-4. T 10 06- -74-5. 88
(m; 107, (026H36N206) C, H N Prepar ation of Internediate

(1S, 3 R) {2- (1 (2", 4"-D nmet hoxybenzyl 2" - oxo- pyrrolidin-
3'-yl)-1-hydroxymet hyl et hyl } - cakbanm ®Acid tert-Butyl Ester Ozone was

bubbl ed through a solution of 45 ) -4-{2'-(4"-benzyl - 2" - oxo-

oxazol i di ne- 3"-car bonyl)) -pepkt.- % -dlnethyloxazolldlne 3-carboxylic
acid tert-butyl 15 eftdr 3. ﬂ MBIt equiv.) in CH202 (200 nil)
and CH30OH (0.535 nmi, 1 2 mol , 2 0 uiv.) at -78C until a blue col or
persisted. The reaction nlxture was en purged mﬁg zrgon until it becane
colorless. Methyl sulfide (4.85 nL, 66.0 mmol, qui was added, and

t helfi x@neparatmn of tPirpdwed Fahyl-37{ICbzf-bfLéi-B-Prhedmd(é])-ﬂbpvrms)}mm;mnned at 0OC for

(150 nl) and e D12 e H el B b Rl Ree £5 S eoh R e conbi ned

or gani Cmétaylef}@l}\t\&i'&ndb eid témeﬁtyl\@f@@p@ﬁuie&ék ds@iietin Ekdrhgle 8§lwaghe filtrate
was concent re%c; dh % duced pressure, and the residue was immediately
BN RY Lr?é?t

utili ze@nyre Bt Kbkl -Pherd -@okiger-4is) tberoresods #5l ved in a

2:1 mx { bs 402
> 4.4 n%%“ﬁ%;%é%é?gj gfﬁ“ﬁg&“%%;ﬁﬁ%fr A L L LDt TRV

sodi um pya@élﬂaré Xl Wdtyxy@sth&l -etholl} ; cazba@uaeqm &ﬂrt}butﬁlredteswd)rudnct ethyl-3-

The r oSN Py hieiie BCr O Tagrer 41 Febropeiongas Hestioksls bxample S5: TR (am D -
3422, 3307, 1713, 1649; 1H NMR (CDCI3) & 0.86-0.92 (m, 6H), 1.28 (t,3H,J=17.2), 1.38-
1.75 (m, 6H), 1.77-1.89 (m, 1H), 1.96-2.11 (m, 2H), 3.07 (d, 2H, J = 6.2), 3.20-3.27 (m, 2H),
4.13-4.24 (m, 1H), 4.18 (q, 2H, J=7.2), 4.41-4.53 (m, 1H), 4.76-4.85 (m, 1H), 5.06 (d, 1H, J=
12.1),5.12(d, 1H,J=12.1),5.34 (d, 1H,J=7.8),5.78 (dd, 1H, J=15.6, 5.4), 6.17 (s, 1H),

25 6.70(dd, 1H, J=15.6, 5.4), 7.00 (d, 1H, J = 8.4), 7.13-7.27 (m, 6H), 7.30-7.37 (m, 5H), 7.83

(d, 1H, J = 6.8); Anal. (C35H46N407+0.5H20) C, H, N.
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25 then was partitioned between 0.5 MHC (150 nL) and EtQAc (2 x 100 ni).

The conbi ned organic |ayers were washed with hal f-saturated NaHCO3 (100
drie 2S04, and concentrated under reduced Pr e3sus

reS| due wg’g(?égég d through a short silica gel colum (eluting S\%%“Q%@O%

Et OAc i n hexanes) to give (3R 4S)-4-{ 1'-(2",4"-di net hoxybenzyl)-2'" 30 95

WO 9?/55 IS . \ »

0XO0- pyr T He—S—carboxpt+€ acid

tert- btmmle«ﬂugm-mmmuat ed vvlth (R) (+)-4- benzyl 2- oxazol i dinone. This

material was dissolved in CH3CH (80 nl), ,and TsOHH20 (0.251 g, 1.32 nmol,

0.20 equiv.) was added. The reaction m re was heated to 50C and was

mai ntai ned at that tenperature for 4 h.\.ffter cooling to 23 C, the

reaction mxture was concentpatgd under ¢5 reduced pressure to -20 nL vol ure

and was partitioned b /Iurqj NaHOEB (150 ni) and a 9:1
m xtre of CH2C12 and@g} (2 x5158 m). The conbi ned organic |ayers. were
dried over Na2SO4 and concentrated u reduced pressure. Purification of
the residue by flash colum chromat aphy (3% Cl—l%lgj.,'bn CH2C12) afforded
(1S,3' R -{2-(1"-(2",4"-

di nmet hoseparation)of Intepmodiate (48147 d) -3’ (47 Behzyy2i-oxoroetznlidiat 13y B-3¢ar bani ¢

idt - but 0;. 0..9 cml 3347 br
S6a7, | TenPH kAR oy indls- bt B id 28 Bun BBSET 11,740 60T o,
ém561%4)7’7 2.111*5%@1%?(3?64111{)14, gm%&sgofﬁﬁ)(&h& plf%O&BZ@%%ﬁ((é(gmianH?a 14. 3)
. -o. , . S, .. . - | m . , = . ,
4. 480 dmmoﬁﬂ?o ?PE‘)“th%r)e adéedzﬁgq%%“aliﬂo agolujiog ! (49)4A25caBosiethyDrd.2- 7. 08-7. 11
m 11 5 &
It er o e R opg el (KD EoL ) SRS W B THE
E- Pr opeld88md-)[ah04.. nﬁhmé@udemaac@g@ugxwry warestizoh eied°Si fon3.6th, and then lithium

1S5, 3
(yr rol |S()o¥1 5:?0[5((3) ﬂ§§ léhél T oxy m?ﬁﬁyzg‘ﬂﬂﬁ}))@g‘r‘ l%’gnn%ytlzzé’é(a%f’htdg}ofle Y% ¥Ger to
et hy! - 3B c 5 (N )2wéke addadestdnayiiien ZAdfdr-waShinyto L6t AR HirfinDfop PSRN ARE €

d bed Exa (1S, 3 R -{2-(1' (2" 4"-

G et OSSR APNTB Er st R B tren g MG S aa Ry et HAmLY aFsan ¢

aci d5t e¢dmbitddydrg@Bé Riyerd@ere?Radhed Wt b MRGutddONarCO3 (150 mL), dried over

et hyl - 3-{Boc- L- ((N- 2, 4- di net hoxybenzyl)-(R)-Pyrrol a) } - E- propenoate: IR

éﬁg‘“’ i) 57-1. &) Ma"-“m’“%““fi‘ém’“’zﬁmﬁeﬁ%m?é‘“‘z“ Py 5 1103 25 g

(m - m , m

B i i s
’ - m .

(dd, 1H, QJS 127 {Jag( NI b 11|1M p/n °X°?c?§.336%%zo7) C H N 25

Pr epar adim&mydﬁxakdﬂtcﬁxﬁdmdmt)ﬁyhc acid tert-butyl ester (6.15 g, 97%) as a colorless oil: IR (cm~
Et hyl - 3- {Cbz L- Leu- L- Phe-L- ((N- 2, 4- Di met hoxybenzyl) -
20 1y2978, 1783, 1694; 1H NMR (CDC13, mixture of isomers) & 1.46 (s), 1 58 (s), 1.63 (s), 2.01-

2.05 (m), 2.72-3.13 (m), 3.29-3.33 (m), 3.74-3.79 (m), 3.82-4.09 (m), 4.11-4.25 (m), 4.67-4.70
(m), 7.20-7.37 (m); Anal. (C23H32N20¢) C, H, N.

Preparation of Intermediate (2°R,45,4’’R)-4-{2°-(4’’-Benzyl-2’’-0x0-oxazolidine-3’-
carbonyl)-pent-4’-enyl}-2,2-dimethyloxazolidine-3-carboxylic Acid fert-Butyl Ester

A solution of (45,4°’ R)-4-{3’-(4""-benzyl-2"’-ox0-0xazolidin-3’-yl)-3’-oxopropyl } -

25 2,2-dimethyloxazolidine-3-carboxylic acid ters-butyl ester (6.15 g, 14.2 mmol, 1 equiv.) in

THF (25 mL) was added to a solution of sodium bis(trimethylsilyl)amide (14.2 mL of a 1.0 M
solution in THF, 14.2 mmol, 1.0 equiv.) in the same solvent (50 mL) at -78°C. The reaction
mixture was stirred for 15 minutes at -78°C, and then allyl iodide (3.90 mL, 42.6 mmol, 3.0
equiv.) was added. After stirring an additional 2 h at -78°C, the reaction mixture was
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Pyrrol Al a) } - E- Propenoate A soI ution of HO in 1,4-dioxane (4.0 M 6 nlL) was
added to a solution of ethyl-

Boc- L- th b I R | - Al E-
LB ((Ndgdeflge horybenayl ) (9 pyrrol "W tor st Ao,

vol atil es were evaporated to give the crude amne salt, which was used

Wt houtma%lhéd QtaEIS“U‘fO(§Ql A NG, VA %@&eﬁ’%@%/ﬂ ‘?‘E‘g‘ﬁ %fg%f §a&ﬂ@f e salt

was di ssol ved and co 202 g,
0. 490 MGl and é&vaaQSQOMBmm(H) anbs 1 Hmixturel 6f FndAc, an8 hegariey (9 x APAImIHATU (0. 186

, 0.4 mo| , j V. ded tiall Af t t 1.5 h, th
Peact i dife fpRbiedofiis Tleriiverd Wi ka NRERS 0100 L) righ ovealosOh 8% iigos.
satur a? g'ﬁ‘ﬁt@gé %g ﬁ%‘dt@@lagé& ?? dunq xlr%ﬁluc%ﬁ Fesg\@?%d th@'?(%l LR rated.

atron of t as

Purifi he residue rorra ography (gradi ent
eI ut ormpurified byﬁa@sdﬁtmﬁccmmnategmpm()lsm Enﬁmbad mxmkytapfmm 2R 4814"° R)-4-

o RS (DAL ARSI 02, 8
(0] 6 D, A SO s,

2. 20- 2.11PN 13, ixdvredf 4 31 Q4-9, 23 ] 3H) , 3- 79
(s, 10 3H)M%1Gilg¢43 20 (m 1 Iﬁl)(em)4 |7b2(s)31 @ 9@1%%) i ?gg%?)H J

14.5), 14R04D0{ Gn),2.23;2.99 tm)]1 3. 55)2 56 (m)szm(cawerm 20e)7), 52(06:1d(ﬂ 13.3H3.6), =

10 5 P okl 3¢ 158 590358 iy -4t o) e g dRa 8. 5 "o

5. 030 756665171 (&), 5. 74088 1), 72227;35(:3) 3&1((@6}@@@203)(29{11 36 (m 511), 8.79 (d,
1H J=5.9); Anal. (C43H54N49) N. Preparation of Product

Et hyl - 2 YFWDHIQél!lnﬂQPlPh@aL&(Q@R)R)P@F(ﬂGKZ’Aﬂﬁ)ﬂlﬂﬁtmpmﬁtﬁ ok®-pyrrolidin-
Et hyl - 35 {ygbf hL xl"oexumlétl{%}ieghlgl&(c%%amlc Ad:uirfer ulxrpﬁstey ')-(R-Pyrrol-Ala)}-E

propenoa ver
et hyl - 3- {CbZC)ionbedas butﬁHlﬁi—thrc(u@R)asEl}dtlmobf(Af}aM‘ 4ER)-pr{OpENvBeRyI-I’ @xsRNNET

i ot DORFBUIRISAS - CRPORYF P Reay) SE- St oaEd - brudgpiic sl rof-bur

t hyl - - deuiv(\i d d
o L ShEs L byl Rt oA s et |

6H), 1.B0eqdiy.)3tH78IGuntil2)bluclcoBd-persded( rifhe Tédcriod mhdurk. wak then pu2@:d

3 10- 3,58 () pargcolaty S oyl Sitog G436 e bl %Dsqv‘wz))wa%déss 574 (h
1H), 4. 0@the B thidlwas stibred &.-08°C 1(0('13 SH‘dmdiEenMas:’r}lamémka a( ehC ﬁor ith adlfitiondl 3)
5.18-5.25 g\m 1H), 5.76-5.84 (m 64- 6 15-7.40 (m
10H), 7B ftegmt%mnuz&ﬁw roRgHen m(@m mtzmara ﬁ)zocilmmLm anqtfe éripn@mgv of

Prepar gllt-:tlbo (L aé?’;d '&ex%}) 3 15(’9 m g)the hlymedg or gﬁg 1a|§/erl§%ré‘ dr%rc'leovlér I%Igg64 ang

i mdaz I openoat
20 gravity filtered. The filtrate was concentrated under reduced pressure, and the residue was

immediately utilized without further purification.

The above residue was dissolved in a 2:1 mixture of THF, and then EtOH (180 mL) at
23°C and 2,4-dimethoxybenzylamine hydrochloride (5.38 g, 26.4 mmol, 4.0 equiv.), sodium
acetate (2.17 g, 26.4 mmol, 4.0 equiv.), and sodium cyanoborohydride (0.829 g, 13.2 mmol,
2.0 equiv.) were added sequentially. The resulting suspension was stirred for 19 h at 23°C, and
then was partitioned between 0.5 M HCI (150 mL) and EtOAc (2 x 100 mL). The combined
organic layers were washed with half-saturated NaHCO3 (100 mL), dried over Na2SO4, and

25

concentrated under reduced pressure. The residue was passed through a short silica gel column

(eluting with 50% EtOAc in hexanes) to give (3°R,4S)-4-{1°-(2*,4”’-dimethoxybenzyl)-2’-
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NH NJONNNCOCHCH H=H2zs O(A28) 30 97 W 99/57135

PCT/ US99/ 00260 1 Preparation of Internediate

Et hyl - 3-{ advz - L- Phe- L- Boc- anm noAl a} - E- Propenoat e

(Car bet ho%rr%%%*ge) tri phenyl phosphorane (1.20 g, 3.28 mmll),CTfsfwg(azS?v.)
was added to a solution of Cbz-L-Leu-L-Phe-L-N Boc-am noal ani nal (prepared

as gesgici-pﬁ%lid%-ﬁﬂ?&;il}]ﬁifﬁ%@i(ixggth;l -o%&%%%lﬁ-ghb%?ﬁ% actherr-thiyl «@£86) (1.60 g,

I
2.73 mmol ,” 1 equi V. m), a reaction was ‘stirred at room
t enper eani@reingiged withg R)-(+)Fhbenzpl-Zivkazelidinenee t hen renoved in vacuo, 5 and the

Chut on, o1 RSB pRYaibs i BB GO I hROTAND 1514, 13235081
et hyl - 820 ehdiv ) wae dddedPBe keddtiBOmidire W hadiedro FOPORBNAAE Mralrfai DBt Shat

contam nated with tri Fthenyl_phos hi ne oxide). This material was used
wi t houtempgratyie forf jp.i Afterpopbrg toRBeka thetrpashion Mmixiyreavaseghegntrated under

Et hyl - 3 -1l eu- - - 2- ani ' - - oate A
Sol it SaueFrsshid o L20RE: ot B QB PilLaThBa bl naEOT ARG 1001 ©
et hyl - &) a2 9- thidtturk oPOE2 CHBOE-GI 0142 )1 5Eni))) O FRE 6@heinéder@nif laydes46 nMOI

1 equiv.) in the sane solvent (20 nL) at 23C. The reaction m xture was
st i rr etveegrdriedver Magsdsandreendeirated Bnder reduded priagsnrea dirificatival of @ residue

ol at B@%oiﬁrﬁ%%e%%@%%bm@%ﬁ nonac bl sy 15??%?12&%’@4?’& Et 20
TN L i R R o A I A SR

solli0d. ekl (5.9781 8496qhs MaEmEiIRIOLYIED 34 NHEHAGY ( é@;”@NWﬂ:E@@% 144 (s,

N- Boc- 2- am noet hanal (prepared as described in Bischofbergér et al.,
Org. CHHm1.G0887 (mpRH), $34-2306(r), 1H), 2L 85-8.26 Tm] 6H), 2rio}2.50(rd, 1@¢Hub.v3-3.24nd

react | OB Akoaee TRt raneapt SRANL gD, SRR LT Serdid o ver e
r emovedHynean.3)r R4 dHpY eIy ®42-6138 (nesHyluegvms] dh 3Pl xagl. in Et CAc (25 ni)
and the_organic Iaéer was __washed with water (25 nL) and brine (25 nL), and

then df§ W@p% oH23he Ié_(;ﬂcent rated. The residue was purified by flash

CoLUT g5 s 5 AR AR A R SR e B

pr open®aPrpefoad2 g, 44% as a white anorphous solid: Rf= 0.20 (5% CH3OH in

GHCL3) 5 IR In a manner analogous to the conversion of (15,3°S)-{2-(1’~(2"* 4”*-dimethoxybenzyl)-2’-oxo-
pyrrolidin-3’-yl)-1-hydroxymethylethyl }-carbamic acid ferz-butyl ester to ethyl-3-{Boc-L-((N-2,4-
dimethoxybenzyl)-(S)-Pyrrol-Ala)}-E-propenoate described in Example 33, (15,3’ R)-{2-(1’-(2”°,4>-
dimethoxybenzyl)-2’-oxo-pyrrolidin-3’-yl)-1-hydroxymethylethyl } -carbamic acid fert-butyl ester was

20 transformed into ethyl-3-{Boc-L-((N-2,4-dimethoxybenzyl)-(R)-Pyrrol-Ala)}-E-propenoate: IR (cm-1)

3307, 1713, 1674; THNMR (CDCI3) & 1.28 (t, 3H, J=7.2), 1.45 (s, 9H), 1.57-1.82 (m, 2H),2.02-2.19

(m, 2H), 2.42-2.55 (m, 1H), 3.11-3.25 (m, 2H), 3.79 (s, 3H), 3.80 (s, 3H), 4.19 (g, 2H, J=7.2), 4.32-4.50
(m, 3H), 5.97 (dd, 1H,J=15.7,14),6.38 (d, 1H, J=7.8), 6.42-6.47 (m, 2H), 6.86 (dd, 1H, J=15.7,5.1),
7.08-7.13 (m, 1H); Anal. (C25H36N207) C,H, N.

75 Preparation of Intermediate Ethy}-3-{Cbz-L-Leu-L-Phe-L-((N-2,4-Dimethoxybenzyl)-(R)-
Pyrrol-Ala)}-E-Propenoate

A solution of HCl in 1,4-dioxane (4.0 M, 6 mL) was added to a solution of ethyl-3-

{Boc-L-((N-2,4-dimethoxybenzyl)-(R)-Pyrrol-Ala)}-E-propenoate (0.233 g, 0.489 mmol, 1
equiv.) in 1,4-dioxane (6 mL). After stirring 1.5 h, the volatiles were evaporated to givé the

crude amine salt, which was used without purification.
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25 (cm 1) 1712, 1649, 1537, 1252, 1175; 1H NMR (DMBO-d6) 6 0.79 (d, 3H, J=
6.6), 0.82 (d, 3H J=6.6), 1.21 (t, 3H J= 7.0), 1.26-1.37 (m 13H),

1.46-1.54 ‘gglg%%ﬁ)sa 2.56-2.60 (m 2H), 2.82-2.97 (m 4H), 3P(31%U§99%§26%m 1

H, 4.10 = 7.0), 4.42-4.49 (m 2H), 4.98 (d, 1 H
504(d 1H J=12.9), 559 (d, 1 H J = 15.8), 6.73-6.75 (m 1 H), 6.77

( dd 11 HJ Tﬁlsjaﬁ'tl& sal%s%s&pggﬁgﬁglﬁé 98%'}5&’%8&4:@@;2@% Cﬂt324L g&aﬁ%l&o 7.34

1 1H, J =
7 0 g;%a(o 2Q2a3 P58 Mmoo 1 BQHQO,)DIEA aa,zsm mIPrle‘]zﬁamaIOi Greqoiv.)Rnd dLATU (o 186

) y'wéé? R i Hedui | ok adad e sah AR ARG MY 3 R RRERSRrurg T (O

am noetway djlated mahl MTBE( p@(bmem@aa*sﬁed(wlw/ogmgo%améd NAHEeYiavd brihé)(16H2Cl 2
(8 nb), and the 5 reaction mxture was stirred at 23C for 2 h. The
vol af i I, diadeoviee MaPeH, vl qraperated aRunfigrsion phthie deridusdy flseddimad in Et OAc

25 d h th t | ut t 25 L
nd br CHEREAE DY (eTHent iR B Doyt G i Ppiie e D Al s Lo |
CONCEN L LT (2L UCHAR SR (AP AL R endiRElo DB MpLY At 1 an

anor phous soli1d. This naterlaf was di ssolved in THE

car bonyblid {affetlazpbmtiod) from KrpOR. @6 =nivat1,76° AR cA2! )esqev \/17)13 mwﬂ@MR and the
reaction m xture was stirred at 23C for 3.5 h. The solvent was renoved in

vacuo, (GREDIRO 499 6w, 6l 150G 6Fad 12 L 4211 G che il s By 34-

(e?L;d' Tsche T Do0 23 [y 2344 ﬁi@r%é%ﬁ%ﬁmwm%ma@g%@ 12 g

54040 a%Ho) M u@ﬁ@mmum (gomdj m’zﬁ 314% 1945 14E<§ Mé)(al Ofb GigH in
CHC13) é O& 1535, 12 MR ( DV S'I5 0.79°(d, 3H,
J= 6. 6)4 6764 $ (p HB|5+051d:16{d)~1211)2i141(d IBi-lJ =JE2.1, @)35 ((iLlEI?Jf 83B, §.if (dak) |,

L 48 Li32s {1 Jﬂ%}) 62%_& %%g%glg%zt 173 @1 of; x%@ §Z%’i%c£2m §2H)|_]|5 6353061773%1916”1

4 47 4 (#91KyT. 11—7!2)4 (m451597 &9—636 (rm SHD 2H79 (d41I97]—=55 9))2A(1m (Ca_’V;I)I54N45)972 HeN. 111,
J= 15.8 6.37 (s i(f 5), 7.15-7.39 (m 10H),
7.42 ( repq_qqtlog -of qu_()uct @tl@d ¥ bzﬂ..rLeJl-L-g’hg)L ((g)-ﬁn(o&Ala_DHE Bropgnaate Anal .

( C33H43N507 : 01, 02, and
G B 0 N G0 K Bse N Kok R B R A A DL P A oo
Pr epar gropemogt wapremnverdd totthe product ethyl-3-{Cbz-L-Leu-L-Phe-L-((R)-Pyrrol-Ala)}-E-

1- Acet yplropengztitre i r:rll ?n%e[% %8&&1@{0 {helcgg‘)erg I &8 eth}ql {&Zoﬂieu L-Phe-L-((N-2,4-

dimethoxybenzyl)-(S)-Pyrrol-Ala)}-E-propenoate to product ethyl-3-{Cbz-L-Leu-L-Phe-L-
((S)-Pyrrol-Ala)}-E-propenoate described in Example 34: IR (cm-1) 3290, 1702, 1642; 1H
NMR (CDCl3) 6 0.85-0.92 (m, 6H), 1.30 (t, 3H, J=7.2), 1.35-1.49 (m, 1H), 1.52-1.71 (m,
20 3H), 1.73-1.94 (m, 2H), 2.15-2.26 (m, 1H), 2.32-2.43 (m, 1H), 3.02-3.18 (m, 2H), 3.19-3.29
(m, 2H), 4.15-4.27 (m, 1H), 4.18 (q, 2H, J = 7.2), 4.65-4.74 (m, 1H), 4.76-4.85 (m, 1H), 5.07
(d, 1H, J=12.3),5.12 (d, 1H, J = 12.3), 5.18-5.25 (m, 1H), 5.76-5.84 (m, 2H), 6.64-6.78 (m,
2H), 7.15-7.40 (m, 10H), 7.91-7.98 (m, 1H); Anal. (C34H44N407) C, H, N.
Example 37 - Preparation of Compound (A-28): Ethyl-3-{Cbz-L-Leu-L-Phe-L-1-(2-

imidazolidone)Ala}-E-Propenoate

25

o)

YNH

H
o/lkﬁ N\_)]\H Z CO,CH,CH4
O Py
\© (A-28)
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25 2,4-Di brormbutyri de (prepared according to lkuta et al., J. Med. Chem
1987, vol. 1995) (46.1 g, 188.2 mmol) in THE (1L) was cooled to 0OC and
treated w ution of lithiumbis(trinmethylsilylamd 244. 6
mmol) in %9?57384 The solution was held at OC for 2. ?Ch %@Oﬁ%e
poured into brine (800 m.), extracted with ethyl acetate (2 L) and dried
0 r 29. . rroli one as a brown
RS B S R B T e R e

Ac20 (76 m(ﬁaquloxyahéthbeawtrﬁahhmylplmspmﬁmﬂeﬂmg)l.zmhxh@lv\@.a eaMivpuidsfad@edt | on

{° heet 0 5luiph b CBo T Airie - oins Aehotngial Gpare dhsiepepibod in Wekber e
t ri phenylpWes ghicne19982v&. 491, 2196.(3.60%0 3 Wekd, ﬁ&qiﬁ\d) ?hnFHF {9%ml £ SHA tHen9

solution was refluxed for hours. Upon cool i ng C, a precipitate of 1-
ac ej% y | Teastiop Was s HHeYp W%‘WSW?W%}% ‘hhepvalat e&bwcrmﬂm rempyreldn anckonas
colfe ( ther l'i quor,

foll omcaglgq}tlj{/)ﬁécszlgg% }Vlﬁ%ﬁl?gﬁeg%y f%lzlé%o(}g%]na %%%p?%ngﬁmg (%rtd Ql%ml%utloctmbl ned

mat er i &b 1i5k CH3OIRin(QH1G 1 wasyi veeestyd & - (6 AL Lbl Nakkd - L-JNDBoc tjnodnd -then brine
(2 x 100 nL). Evaporation of the organic |ayer yielded 26.9 g (37%

over aIIPIYP%‘Patf (Q(%gﬁsl cogtamingtedwithy [ripheryiphosphine pxids)- iy mhtedillwa@-usete as a t an
oi . 1& furlH caflod - 76-7.32 (15H, m, 3.90-3.85 (2H, m, 2.50 (3H, s),
2.56-2.30 (2H, 10 Preparation of Internediate

2-t- Bul’mpgmaﬁorbafdyknﬁeqxate Bthyl3-{Chrelt-hye-§ i Piarc RyBocl-@pinodkyamieidth) 12t hyl ester
Boc-D-serine nethyl ester (20.0 g, 91.2 mol) in DMF (300 nmL) was treated
wit® TPHYIS e (18.6 g, 273.7 mmol) and then TBSC (13.0 g, 86.7 rmol).

The sol uti oA svRtohef AChIn 1,4-0RRAie]APAVIAL(HRHE) (evﬁﬁ Addfeaﬁo 8sdluti@ st ifien- washed
wi th saturated agueous anmmoni um chl ori de é@ , and extract'ed with
g,

et hyl dc¥tat €ulgber-mboc-arneo e yarreranagre O- Wé@mlv& edvivy inrike spBre( 300 )
and t hosef (o MISO).. ThOeKfhhiRBrdng &%}%ﬁ%@l&g tofripkraRiHE RXYGAL BRRYLY3- (T -

but yl di rreth | si l'anoxy) - propionic acid S a col oi’l éss oil. 1H
NVR ( Gben addigonabHER ir h44dioxdne (3.0Mg 1@ m)L,) thB&de(dl Afer dirringd overBight, tie 7), 4. 02

(o, oS lailEilsiino o yocdo tig ik o Shuss Fuy o ehip il ol =0 T

{116 1- Ae@tig sArd®XRreMkdr&d drdi werd whbtied SRENEDL BYE k- 19, h
butyl di et héyl si | anyl oxy) - et hyl } - car bam c gc?(d t- but{/toégvse g crude amine

2- t - BusattXQ ©a oGyl 1- (B-r(mnoblas g mdhitersélidy | si | anoxy) - prop| onic acid nmethyl ester
12.7 g, 38.0 e 9 co 0-78Candtreated with
g sol u?i on ofs %lrébﬁ’?ﬁ FS&FVG i é#ﬁﬁ%ﬂ]b ‘i‘@tg 'hﬂéciﬁ 2-3mipestanaly ol uene
(175 g@epam%s'd@§ﬁ%%1n BlkéﬁP&Eg’@er ﬁ er%ﬂ@mbﬁ)@%d?%cﬂgﬂ?O ?9' uf'l@ n was

hel d for an additional
mmol, 1.1 equiv.) and NaBH3CN (0. 069 g, 1 05 mmol 1.0 equiv.) were added sequentially.

20 The reaction mixture was stirred at 23°C overnight, and then the volatiles were removed under
reduced pressure. The residue was dissolved in EtOAc (25 mL) and the organic layer was

washed with water (25 mL) and brine (25 mL), and then dried over MgSO4 and concentrated.
The residue was purified by flash column chromatography (gradient elution, 0—3% CH3OH in
CH2CI) to provide ethyl-3-{Cbz-L-Leu-L-Phe-L-(2-Boc-2-aminoethyl)aminoAla}-E-

propenoate (0.32 g, 44%) as a white amorphous solid: Rf=0.20 (5% CH30H in CHCI3); IR
25
(em-1) 1712, 1649, 1537, 1252, 1175; 1H NMR (DMSO-dg) 8 0.79 (d, 3H, J = 6.6), 0.82 (d,

3H,J=6.6), 1.21 (t, 3H, J=7.0), 1.26-1.37 (m, 13H), 1.46-1.54 (m, 1H), 2.56-2.60 (m, 2H),
2.82-2.97 (m, 4H), 3.98-4.04 (m, 1H), 4.10 (q, 2H, J = 7.0), 4.42-4.49 (m, 2H), 4.98 (d, 1H, J =
12.5), 5.04 (d, 1H, J=12.9),5.59 (d, 1H, J = 15.8), 6.73-6.75 (m, 1H), 6.77 (dd, 1H, J = 15.8,
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and then nethanol (7.7 nmL, 190 nmmol ) was added.

1- Acetyl - 3- (trlphenylphosphanylldlne) 25 pyrrolidin-2-one (11.1 g, 28.6

nol ) in 0 m.) was added at -78C, and the resulti n was

al | oned t%&]}%l§o roomtenperature and held for 30 m nut eg%Tﬂ%%)p(?}H?on of

sodi um potassiumtartrate (150 g) in water (600 nL) was added, and stirred

Vi gor I r t e f ext i ot _acetate (4
Vi goral vah s 3, TpULATy RO THEL OB MK 1RGSR o 18 1 B, ace

chr oM@bK@BWSWﬂ@@dOHzOﬂCgH(HO% of { 1-(1-acetyl-2- 30 100 WD 99/57135

PCTI US99/ 00260

0X0- pi’,r FW‘EH“rPfgr‘!ﬂ“F‘c@mélﬁeWﬂ)'L?l LPherlie K CoimideraligengiAlaink-Pospgnoase hy| } - car bam

ic acid t- Wo@&t%@%&d S0 VR 6EEC (1H, dt, J=

57 2.0) . A o e MRAEO, MG S L AR e, L Ty

3. Zg szvaweqlziéiawryoAlcz} Efpr@ee@ate (L(H?9 gn)o 422mm©l 4.901v)IiRCH26I2 (dmb3 apdHe s) ,

1. 87 ( 6 5 Preparatl on of Internediate

{2- Hyé?acwn "(‘Ef %VF?S ~’r3d&nf°%2§ FE%}‘.‘Q?@FWFI)C remevadyin vecropaid the aci d

t - but ybsi@&tveds dissolved in EtOAc (25 mL) and washed with saturated NaHCO3 solutio %

1- (1- Acetyl - 2-oxo-pyrrolidin-3-ylidenenethyl)-2-(t-butyldi rretﬂ)s si | anyl oxy)

- et hyIfhL), wateb & mLacnd btlHdJ@tSth)es"lﬂmemrgaﬁlc]lSyeg wak Aridd ovew IMgSOy ditdEv4s150 )

was treated wi.th TBAF (22. Msolution in THF, 22.2 mol) at 0C,

and heérgcengpted ggiye th%f%’l%wwﬁﬂb% saa%%&t@dnmaa@ééw amarougslichl or i de was

added and styid 5ed ted with

othyl acetatist rxﬁl%asjcﬁ’ssmvgd meﬂg]}? anl % %12)?3?18 1Hﬁda§&cg@§? %/QQ@M% 4 t hen
h%or%%@ﬂuuphwasr jddad.iaod tlwemtlbn uaxtgml wasttioed o Gthy3.§ heThedoldeB2 g (73%

of a rial a in met hanol (160 rrL),
treat é%sq£+§§ 5%’%%%%@031? bonat e ¢ ?g@srgtgby ﬁafhégl SYOmaaeTaRlYi § for 1 h at
rt. Theradiest ﬂn@om@&l%e]ﬂ3meﬁi(eﬂ2@2ﬂbgi% bllylCl-tCh£LaGWd PRLL. M. 1. 62
mol ), and ethyl acetate (800 nmL) was added. The solution was filtered

t hr ougmzcéazwvréme)@@}l -E-rEopgpoataf(. bhe,hded)de d whitd (an@r;(tma%odndenm £)16dfi64°C;

2-h lidin-3 15 ylid t hyl -carb d
oo VbR RELS: & e B e Shenes) 1977 AR (BMsh-dg) 5 6. 35

5 ‘*%793 7 oy A S R ot b S = i 1 ol e

(gH (sj()n lHl)ea)’EﬁzaBBQm Of), Qmaezmlsadma:lﬁ 3. ;}4 I3 19 (mth) 3. 25 3 30 (m, 2H), 338- b |
t t - but

ot or (B G 30 B uR et e, 38 4 S8 P A 0 ey Y

{ 2- Hydy px hHﬁcps P37 @l l Lyl h am)ny id

t - butyl e(g er Q% 6% L) 6‘7?2'(§Idllﬁpgt%ni;§ zhgc%t'{aat%é;\y bg& ! was%étljr eat ed

with 5h}3p(aff$éhlstﬂ%@n“g,a#‘b§ﬁ)(8ll87(9 1%,)J 8 m;ﬂdir(ﬁgeﬂ@&}é‘iﬁﬁtcérhbient pressure
for 1 h. e A h vaporatedto yield 3.92 g (91

NycH - FeeRyl )-ethyl }- carbam c acid
t - bt yl ester as a coIeUIesHs oi | (1 51 m xture of obastereorrers) 1H NMR

Boc.
oc.y

H o on

Q1 Q3

Preparation of Intermediate 1-Acetyl-3-(triphenylphosphanylidine)-pyrrolidin-2-one

25 2,4-Dibromobutyride (prepared according to Ikuta et al., J. Med. Chem, 1987, vol. 30,
1995) (46.1 g, 188.2 mmol) in THF (1L) was cooled to 0°C and treated with a solution of
lithium bis(trimethylsilylamide) (40.9 g, 244.6 mmol) in THF (200 mL). The solution was
held at 0°C for 2.5 h, and then poured into brine (800 mL), extracted with ethyl acetate (2 L),
and dried (MgSO4). Evaporation yielded 25.5 g of 3-bromo-pyrrolidin-2-one as a brown oil.
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(CDC13) 8 6.99 (1H, s), 5.49 (1H, d, J=8.4), 3.70-3.50 (3H, m, 3.38-3.20
(2H, m, 2.60-2.20 25 (2H, m, 2.00-1.70 (2H, m, 1.65-1.45 (1H m, 1.37
(9H, s). on of Internediate

{2- Hydrox&(?‘ %% oxy-pyrrolidin-3-ylnethyl)-ethyl}- car bar%cg/%sg?l 02t60butyl
ester (@) {2-Hydroxy-1-(2-oxo-pyrrolidin-3-ylidenenethyl)- ethyl} carbam c

(ro 1 MR ety -2 O A gt PelPi 0Pl e B Rl )

t hen puirificagier (sﬂlcﬁlgdffﬂgﬁ[bnaEfm&cpélﬁlraﬁt) (ie2d2d 28 of 13dceBRE-Hrého f)?rrbhdﬁﬂle
sol uti on was ﬁgﬁégv&and then filtered through silica gel

MeOH- EXNOAS ad) ol And drphepyipherphing zé%@ g( 599 mgol) were faded and
{2- hyq{@i‘ééul'tm% E{)lgﬁ&i(‘)(faéjﬁéﬂﬁ%d' it g'hguryl %Ibé’do)hng kel Qgﬁeteﬂ)(% idt- butyl
eomer

ester as a colorless oil (9:1 mxture di aster (CDC13) 6
6 32 (@et,yl Bf(tf@hsl)ylplﬁ)thf(ﬂl’l)i'ﬁyfrdhdlﬁli mea)ermegmeﬁ ard wWais cgliected.bgl- 3. 63 ( 2H,

( 1H tra%)rhé%lg%j Cr%men%até%naorzf a? : on ll(ll\;gx,et}oﬁgofgda%}écoohgg 0 OJB yle}deégml 63

{2- Hyctrddmonhl-(( Sg2 The(yerpymécbinméhﬁlhﬁ{}Hzrmﬁ L) wed Washpd wetBnBaNaGHcod t - but yl
ester (&) 2z droxy-| - (2-oxo-pyrrolidin-3-ylidenenethyl)-ethyl}-carbamc
a1

acid tm e (2 (ol0Pgnky. Eyaporatierefjthe preamic teygoyieldsd %P g\/@%%t reated with
S) - Bl 1 and then put under rogen

gt )rmsp V@Faélgaé%@ée%]sﬁma e@@&%}&?ﬂ%ﬁw) Wﬁ@ll@BTQU‘g}ed’ﬁ a tgpQil. e é@*ﬂ%t ed and

; Pglndfeeg%g?@lvtmrwhsﬁ' ) CRoR$ ks (D %)VB SbH it <2 §8-95878 L, v apor at i on

{ 2lﬂydm>pyrdtm(usnfamxmeaw¢ Dit-Bitéxydasbon®L-BYd-butsididletirytdahaey) Hrapioslict - butyl
ester as_ a colorless oil (9:1 m xture of di astereorrers) 1IH NVR (CDC13) S

6. 66 (slqlpnlf,ty§yer5 51 (1H, d, J= 8.2), 3.72-3.57 (3H, , 3.34-3.31 (2H,
m, 2. 52 2 13& b%lénnaheth%lé’s@er%ztﬁ@g(#h m{a)mbl@ﬁ(éooﬁﬁd%aﬂre @ with 62-1. 50 (1
H m, S). Resul'ts of bi ochem cal and biological tests

conductﬂééwiﬁ (dé %ZV%GM@MmTBSCt 8.0 g, 8¢ mumob. Thesdeswrvasdaldm! ow.
Bl OCHEN, L Novi r C Protease
St ock RererERanfl g i ket TRl B8l L EHBaHE
di 1} gt i G068 nH0), avel extiacted hethegykacedte €300 mLRefr(habrgaamtlayeln iwa®wiaghed wafh lﬁfn@t eases
(s Bi.rch et al., "Pyrjfication .0 e inant human rhinqQvirus 14 3C
pr ot ea ggéggéraélgéléed‘ qrﬁgéglf@h@‘%’é‘?ﬁ”ﬁldc:{ﬂég &%B%togsﬁ -bigyycar Wﬂg (t995, 6(5),
609- 61 fro e S 16,, a wer e ar e
st andag‘%} yidipg g@ﬁ‘?r?,plﬁ?%@@&d?eggyl epigY as; 4 195 5?1%1‘?! Q‘XE}@\?*E&&%C@%M ose
Fast F ggvf Q{nJ_F§1 qagi &2) @fgf[m W t p L | Bl ue
Fast Hl Oradm, g it s?z(.ﬁ%g SHHOHRLAGAPEY), Y56 N1, & Floe
3.1), 372(3H s) 143 (9H, s), 085(9H s) 00(6H S).
Preparation of Intermediate {1-(1-Acetyl-2-oxo-pyrrolidin-3-ylidenemethyl)-2-(t-
20  butyldimethylsilanyloxy)-ethyl}-carbamic acid t-butyl ester
2-t-Butoxycarbonyl-3-(t-butyldimethylsilanoxy)-propionic acid methyl ester (12.7 g,
38.0 mmol) in toluene (190 mL) was cooled to -78°C and treated with a solution of
diisobutylaluminum hydride (15.6 mL, 87.4 mmol) in toluene (175 mL). The internal
temperature was kept below -70°C. The solution was held at -78°C for an additional 90 min.,

and then methanol (7.7 mL, 190 mmol) was added. 1-Acetyl-3-(triphenylphosphanylidine)-

25 pyrrolidin-2-one (11.1 g, 28.6 mmol) in CH2Cl2 (50 mL) was added at -78°C, and the resulting
solution was allowed to warm to room temperature and held for 30 minutes. A solution of
sodium potassium tartrate (150 g) in water (600 mL) was added, and stirred vigorously for 30
minutes. The mixture was extracted with ethyl acetate (4 x 250 mL), dried (MgS0O4), and

evaporated. Purification by silica gel chromatography yielded 7.04 g (60%) of {1-(1-acetyl-2-
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Sephadex G 100 from Pharmaci a. Each assay sanpl e contained 2% DMSO, 50 niV
tris pH 25 7.6, 1 nmM EDTA, a test conpound at the indicated concentration,

appr oxi mat substrate, and 50-100 nM protease. The ko S were
obt ai ned f‘?%wr%yacti ons initiated by addition of enzyne ra ﬁ‘élps%%g%%

substrate. RVP activity was nmeasured in the fluorescence resonance energy

t r ansf ekopsEaldinBhaideuhediiya-2-(WasyldhdeyIManglok leaftfalnic A4@r-Hliegr Val -
Phe- Q@ n- 3 Pr o- Vgiﬁ- Ay)- E%?A\Né |¥] theg)fmcl Zavégégggti é)égnyct a?é@%%ﬂ&%rs
f 1 uor esstenaser auharlesgioikn e 2IMBYCDRE ) Breo5d (tid, dDABQ(T, 209) €08 (1M T =tde), pept i de
was cl eaved, the quenching 30_102 WD 99/57135 PCT/ US99/00260 1 was
rel i evde -aAd(&bmmy 31y Qe Fedshre®-238 SHLimk PO 0 H mio?-252d8déHsi gnal .

Dat a e i i r fitting prograns (Enzfit), and
are s\é\gﬁ\/\)hs'?g%ir%’ﬁ’gléyﬁdgﬁéfg%eggﬁ%\}\?@%&%g ‘e 1, all data are for rhinovirus
3C  otfereparatipn of Hiteimealiate \(pdHyll oyl -GZosepyrifolidin-3ytidemdnethyipechyiDNA cl one

constructed b .. Ropbert Rueckert, Institute for Ml ecular Virology,
Uni verscf'fli?nblf%ﬁﬁgté%'ﬁgfﬁ,{erl\/adi son, Wsconsin). Table 2 shows

pr ot ease- i nijil i {Adegy1-3-cx6ipyrblidinG-ylcRAnasAds-2a@ 8L imBhOLRAS &k v -1 sever al
rhinovirus of serotype other than RVP serot g&e-t&. Thg data iyél t?e} col um

desi gn&RRETKot -Puyigstce (hbhgredmmobiin dHEH 84 mlo way esatph witk IBAME(2Bt2ar t
exper | HRNbea 1M Nohif3h MR YHEDS Himidtl & 098! dng Tl MF © hoB2 B sdifkidl¥i3afifl

protection assay, the ablilty of ‘conpounds to protect cells agai ns‘%d HRV 10
i nf ect iagueons smmoasum eljotge wiseadeadranglstirnee dorcitli rom., med Hed theolwtioniveasdescr i bed

i i -1 . .. | .. 1.989, [ .. 77-586. H1-HelL
v 1 A ittt 20pFEE rTé‘e%mﬁ%%“fCéFY% vy dipd MNsa o) ‘%ﬂ 0.1.) of
0.13 (evhpdistedaPirifidafsd BRlilida @1 cl%ﬁiﬁt&gfﬁpﬁgsf%qjde\ﬁ’i@@ W%‘fg%%rlgéggﬁl.em ed or

nock-infected cells were resuspended at x 105 cells per ,

i ncubatldds MpteHalapstdisnivatie medraedl ¢Gmldriratst withepotassinpoantsate ¢22%emgest ed.
Two days , 1. : t.he.amount .of 15

{or mae e B AR el 1407 ARkt BB BLER B RS B e
EC50 vall.glemmad)s arcbdtioyllaadtatd (809 hheweomidedt Tiat soduionfwas diffeeednbrotfiatilicancr eased

th £t duction. | “treated, virus-infected
ceiei ge[%ﬁE%@ﬁg%a%f’ﬂé{fei‘%%g’@cge@%ﬂu%b@%%ﬁ PRe ek PYRP MRS col | s, The
5094 2yt otixi ~ g d
Dhat  oeeirfeiRenl PieabhniERid Bhfit Blrds Rblis SANT AU ()35 7B8TROU"

nock 2QiHpbeg! &8s ciel,lds J-08.6096)05.37 her, QUedsised.4by. oo N .64 3H),
nock-infected cells. The therapeutic i ndexg)?TI; was cafﬂgul atg)gs’by )di vi di ng

the CCsb* (Falie/ B el (=080 (Mhime2-84t2 74 Hamnis! -6F (Rlshn rhi novi rus” (HRV) for
(AT R IR el o e T S AR Ty R RS A"
cl one canbt-butyl estebimiBture @6 Dmsterdemeark)e(Ql) | nstitute for Mol ecul ar Virol ogy,
20 {2-Hydroxy-1-(2-oxo-pyrrolidin-3-ylidenemethyl)-ethyl} -carbamic acid t-butyl ester

(4.30 g, 16.8 mmol) in ethyl acetate (168 mL) was treated with 5% palladium on carbon (1.78

g), and hydrogenated at ambient pressure for 1 h. The mixture was filtered and then

evaporated to yield 3.92 g (91 %) of {2-hydroxy-1-(2-oxy-pyrrolidin-3-ylmethyl)-ethyl}-

carbamic acid t-butyl ester as a colorless oil (1.5:1 mixture of diastereomers): 1H NMR

(CDCl3) 6 6.99 (1H, s), 5.49 (1H, d, J = 8.4), 3.70-3.50 (3H, m), 3.38-3.20 (2H, m), 2.60-2.20

25 (2H, m), 2.00-1.70 (2H, m), 1.65-1.45 (1H, m), 1.37 (9H, s).
Preparation of Intermediate {2-Hydroxy-1-(R-2-oxy-pyrrolidin-3-ylmethyl)-ethyl}-
carbamic acid t-butyl ester (Q2)
{2-Hydroxy-1-(2-oxo-pyrrolidin-3-ylidenemethyl)-ethyl} -carbamic acid t-butyl ester
(98 mg, 0.39 mmol) in methanol (5 mL) was treated with (R)-BINAP-RuCl (19 mg, 0.02
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University of Wsconsin, Mdison, Wsconsin). HRV stocks were propagated
and viral assays 25 were perfornmed in Hl-HelLa cells (ATCC). Cells were

grown in £ssent ial medium with 10% fetal bovine s RNgdehab! e
fromlLife ecﬂy F’ogl es (Githersburg, MD). The conpounds we e';: %Seste(?

agai nst control conpounds WN 51711, WN 52084, and WN 54954 (obt ai ned
from Shebl) At MenbinaRePNBHPRES d%?{lxe?é 12§b§82§tvé C(fgm ngd SOE om  Janssen

Phar maceut’i cal s),” and Pl econari | | ng t he et hod
descr i WesEvaporsied iaad then fidtered tlirou@‘chlh@@h(11)%9516O\IfhEtO%eluthﬁﬁﬂivathm| ral

1 shown BRI FE ped s S R GREPRAIS B ity e%\gﬁgtéﬂm%&q' hiess
ot her W caet &k EdlofAS 611 De R endlealanal! on KR ,tybﬁg‘k%?(};}{f,aﬁ a value

was not determ ned for that conpoun
Ser gt yHES40(3HPd ot 2 aSe, 333 (1H, bnd)j hirt-B3e5 (ﬁq%§:@t3403131 umdslgam(&hl ECS0

(o ncn st Dbt S o ders Bl 5By 57 0000, a6 Evanpi o a8 ©
B e g oy O A S i S 8P Xl e o
(A-7) esbawngoadd odntyl estanf®0d 7 (A-6) 248, 000 O. 420 Exar‘rpl e 9 (A-8) 900, 000
O ) AN RO R A 0
500, 00@. K0z, 039 mxlﬁnbnmhethhﬁol((Bﬂﬂ)) was%&cwamthqspgmAmmptw tho (0TPAr i SON
o 1 Ourrrllgnoﬁlgm(;’ tzlen pl%zmd(e)roaohydlrzggaen am?osphere -(1]2)00 %g()) a? 90°C for2 Eé)h The solution
was evaporated and then filtered through silica gel (10% MeOH-EtOAc elutant). Evaporation
yielded 74 mg (74%) of {2-hydroxy-1-(S-2-oxy-pyrrolidin-3-ylmethyl)-ethyl}-carbamic acid t-
butyl ester as a colorless oil (9:1 mixture of diastereomers): |H NMR (CDCI3) § 6.66 (1H, br
s), 5.51 (1H, d, J=8.2), 3.72-3.57 (3H, m), 3.34-3.31 (2H, m), 2.52-2.33 (2H, m), 2.20-1.86 (1H,
m), 1.86-1.70 (1H, m), 1.62-1.50 (1H, m), 1.40 (9H, s).
15 Results of biochemical and biological tests conducted using various compounds of the
invention are described below.
BIOCHEMICAL AND BIOLOGICAL EVALUATION
Inhibition of Rhinovirus 3C Protease
Stock solutions (50 mM, in DMSO) of various compounds were prepared; dilutions
hg Were in the same solvent. Recombinant rhinovirus 3C proteases (see Birch et al., “Purification
of recombinant human rhinovirus 14 3C protease expressed in Escherichia coli,” Protein Expr.
Pur. 1995, 6(5), 609-618) from serotypes 14, 16, and 2 were prepared by the following
standard chromatographic procedures: (1) ion exchange using Q Sepharose Fast Flow from
Pharmacia; (2) affinity chromatography using Affi-Gel Blue from Biorad; and (3) sizing using
Sephadex G-100 from Pharmacia. Each assay sample contained 2% DMSO, 50 mM tris pH
25 7.6, 1 mM EDTA, a test compound at the indicated concentration, approximately 1uM

substrate, and 50-100 nM protease. The kobs/I values were obtained from reactions initiated
by addition of enzyme rather than substrate. RVP activity was measured in the fluorescence
resonance energy transfer assay. The substrate was (N-terminal) DABCYL-(Gly-Arg-Ala-Val-
Phe-GIn-Gly-Pro-Val-Gly)-EDANS. In the uncleaved peptide, the EDANS fluorescence was

quenched by the proximal DABCYL moiety. When the peptide was cleaved, the quenching
30
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25 Exanple 3 (A-2) 46,900 1.600 Exanple 4 (A-3) 310,000 0.050 Exanple 11
(A-10) 108,000 0.14 Exanple 13 (A-11) 108,000 0.03 Exanple 14 (A-9)

66, 000 1. 04 WO 99/57135 PCTI US99/ 00260 1 Table 1 O\ HRV
Ser otype-%%&g{éase Cell Inhibition Protection Oorrpound%%zt}}ss})%/%?é%wo

(M'sec) (M 5 Example 15 (A-12) 59,300 0.40 Exanple 16 (A-13) 95,800

0.2 1 e . - -14) 54,500 0.48 Exanple

25" L. LRl Sl gl omEs i ot ek NP A okitot ) PREWRSI'C o4

(A-17) e o8ing stowlardremimear ABing ArdgBIm Gz 0Oantl. aaf)shoggarrgamfe@ ii(;d\% ég) -
7 (A-20) 1. 020,12 60 . Ex e - , .

10 Loty Syl D oot fieihosnd it Sttt s PR Sestigoial? Grlpeda s

Act i vi frymythe infictiens WAggrnetcymactgh 'b? cé»tj Iéél?g?&fe@%égf?@rés}ﬁgg% fdr (I\»g%\(b%lﬁ%g‘g 61) 20

Conpar " iR a B S5V F2phar abisons Nekconiy. Tablstbshonapmigast 58600

activity of compounds against proteases from several rhinovirus of serotype other than RVP

serotype-14. The data in the column designated kops/[I] were measured from progress curves in

enzyme start experiments.
Antirhinoviral H1-HeLa Cell Culture Assay
In this cell protection assay, the ability of compounds to protect cells against HRV
10 infection was measured by the XTT dye reduction method, which is described in Weislow et
al., J. Natl. Cancer Inst. 1989, vol. 81, 577-586.
H1-HeLa cells were infected with HRV-14 at a multiplicity of infection (m.o.i.) of 0.13

(virus particles/cell) or mock-infected with medium only. Infected or mock-infected cells were

resuspended at 8 x 103 cells per mL, and incubated with appropriate concentrations of the
compounds to be tested. Two days later, XTT/PMS was added to test plates and the amount of
15  formazan produced was quantified spectrophotometrically at 450/650 nm. The EC5( value

was calculated as the concentration of compound that increased the percentage of formazan
production in compound-treated, virus-infected cells to 50% of that produced by compound-

free, mock-infected cells. The 50% cytotoxic dose (CC5() was calculated as the concentration

of compound that decreased the percentage of formazan produced in compound-treated, mock-
infected cells to 50% of that produced by compound-free, mock-infected cells. The therapeutic

20
index (TT) was calculated by dividing the CC5( value by the EC5() value.

All strains of human rhinovirus (HRV) for use in this assay were purchased from
American Type Culture Collection (ATCC), except for HRV serotype-14 (produced from the
infectious cDNA clone constructed by Dr. Robert Rueckert, Institute for Molecular Virology,
University of Wisconsin, Madison, Wisconsin). HRV stocks were propagated and viral assays

25  were performed in H1-HeLa cells (ATCC). Cells were grown in minimal essential medium

with 10% fetal bovine serum, available from Life Technologies (Gaithersburg, MD).

The compounds were tested against control compounds WIN 51711, WIN 52084, and
WIN 54954 (obtained from Sterling-Winthrop Pharmaceuticals), Pirodavir (obtained from
Janssen Pharmaceuticals), and Pleconaril (prepared according to the method described in Diana

etal., J. Med Chem 1995, vol. 38, 1355). Antiviral data obtained for the test compounds are
30
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30 105 WD 99/ 57135 PCTI US99/ 00260 Table 3. Anti-Rhinovirus Activity Nunber
HRV EC50 (M CC50 (M Tl Conparison >320.000 >320 - Conpound #1 (A-1)

0. 250 >10 66 (2) 0.410 ND >243 " (1A) 1.000 ND > 0. 220
ND >450 (&‘-";?9%.‘50 >100 >63 (A-3) 0.050 >10 >200 10 (A-4) 3{"1‘*6‘)%?6/8@2%?{0

>1000 (A-5) 0.005 >10 >2000 (2) 0.010 ND >1000 (16) 0.020 ND >500 (39)
0. 0RO NBwaBPPatiEs { 83, QV}Q?eOalNQtaPég@or mw)selfa 04NR208erbd oi% {130 ND >333
(3) 0.050 ND >200 . (9) 0.040 ND >250 20 .060 ND >166 0.020 ND
>500 Ratepfhegesp Slgiendesismaign ‘N@S)ln@caxwhmtaw wz(ssv@) d@eggedvor k66 25 (38)
0. 130 gg%fég% (87) 0.210 ND >47 (A-6) 0.420 >100 >237 (A-7) 0.004 >10

2

>2500 ( 0 ND >500 30 106
Table 1. Activity vs. HRYV Serotype:14
5 | | Prote#se T Cell
Compound In]:il:/i[tli;m Pr(gzction

b 50

(M'sec’) (uM)
Example 31 (Comparison Compound #2) 25,000 0.610
Example 35 (A-26) 239,000 0.030
10 Example 33 (A-24) 257,000 0.100
Example 36 (A-27) 18,000 1.600
Example 32 (Comparison Compound #3) 62,500 0.380
Example 34 (A-25) 500,000 0.030
Example 5 (A-4) 270,000 0.100
Example 8 (A-7) 980,000 0.004
P Example 7 (A-6) 248,000 0.420
Example 9 (A-8) 900,000 ND
Example 6 (A-5) 1,500,000 0.005
Example 12 (C-1) 68,400 0.100
Example 18 (C-2) 270,000 0.002
20 Example 10 (B-1) 240,000 0.100
Example 20 (B-4) 500,000 <0.030
Example 17 (B-2) 1,090,000 0.005
Example 1 (Comparison Compound #1) 573 >320.000
Example 2 (A-1) 260,000 0.250
25 | Example 3 (A-2) 46,900 1.600
Example 4 (A-3) 310,000 0.050

Example 11 (A-10) 108,000 0.14

Example 13 (A-11) 108,000 0.03

Example 14 (A-9) 66,000 1.80
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WD 99/ 57135 PCT/ US99/ 00260 1 Table 3 Anti-Rhi novirus Activity Nunber HRV
EC50 (M CC50 (M TI " (16) 0.040 ND >250 " (39) 0.020 ND >500 5 (89)

0. 020 ND " (10) 0.060 ND >166 " (1A) 0.030 ND >333 0 ND
>500 " 3?889’67164 ND >250 10 66 (12) 0.070 ND >143 " (13) i i e
(17) o. 050’ D 5500 (25) 0.200 ND 350 " (30) 0.090 ND >1LL 15 66 (38)

0.170 « >+t 000 "
(1A) O 4% ). >71 (CG1)
0. 100 > (A— 11) 0.030 50 1667 (A— 9) 1. 00 Protase 02| (Ade) 0. $00
>100 >2b0 25 (A-13) 0.200 >10 >50 (B-2) 0.005 >1%,B§QQOO P2oteleici2 0 ND
>5000 "} (16) 0.010 ND >Coe(®und39) 0.050 ND >2000 k§(s)/zi ANO 9 7135
(PE/)T/ _LI_JISQ /00260 Table 3. Anti-Rhinovirus Activi ty(M,ugé h HFV (M CC50
5 Example 15 (A-12) 59,300 0.40
Example 16 (A-13) 95,800 0.20
Example 19 (B-3) 465,000 0.18
Example 21 (A-14) 54,500 0.48
Example 22 (A-15) 237,100 0.22
Example 23 (A-16) 172,800 0.45
10 Example 24 (A-17) 167,000 0.06
Example 25 (A-18) 292,000 1.50
Example 26 (A-19) 27,750 25.10
Example 27 (A-20) 1,020 12.60
Example 28 (A-21) 17,800 2.50
15 | Example 29 (A-22) 2,400 ND
Example 30 (A-23) 26,000 ND
~“'Table 2. Activity vs. Other HRV Serotypes
20 Compound Rhinovirus Serotype kobs/I (M-1sec-1)
Comparison Compound #2 (16) 6,500
“ (89) 3,400
« 2) 2,000
Comparison Compound #3 (2) 8,000
25 « (16) 16,900
(A-24) 2) 31,000
30
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(89) 0.009 ND >11111 " (10) 0.020 ND >5000 5 66 (I1A) 0.020 ND >5000 "
(3) 0.020 ND >5000 " (9) 0.006 ND >16666 " (12) 0.050 ND >2000 " (13)
0.010 ND > 64 (17) 0.010 ND > 10000 " (25) 0.030 " (30)
0.040 ND >‘%§88971}9(38) 0.070 ND >1428 " (87) 0.060 ND >16ggq§;9%° 0. 002
>10 >5000 " (2) 0.004 ND >2500 (16) 0.010 ND >1000 (39) 0.010 ND >1000

i ‘

(89) 0. 2000 (107 .0 020 NO=500——20— (1A 030+
ND >500 | (9) 6.010 >:106”6"’(°132)A'§l'8b91‘“15“§2‘5@“t(13) 0. 007 .
(17) 0.Q07 ND >14281](25) 070 >147 ) 0. 030 ND 3333 dtS) U] 050 ND
>200 (dz) Nueber Npl>50dRY) 108 BESHERXD 135 GEHY 0899/ 00260 Th Tab| TH Tab e 3.
LI 7 A B U
(A-1) 0.250 >100 >400
> “ ) 0.410 ND >243
5 (1A) 1.000 ND >100
« (89) 0.220 ND >450
(A-2) 1.600 >100 >63
(A-3) 0.050 >10 >200
10 (A-4) 0.100 >100 >1000
(A-5) 0.005 >10 >2000
L @) 0.010 ND >1000
« (16) 0.020 ND >500
« (39) 0.020 ND >500
15 « (89) 0.020 ND >500
« (10) 0.050 ND >200
« (1A) 0.030 ND >333
« 3) 0.050 ND >200
« 9) 0.040 ND >250
20 « (12) 0.060 ND >166
« (13) 0.020 ND >500
« (17) 0.020 ND >500
« (25) 0.180 ND >55
« (30) 0.060 ND >166
55 « (38) 0.130 ND >76
« (87) 0.210 ND >47
(A-6) 0.420 >100 >237
(A7) 0.004 >10 >2500
“ ) 0.020 ND >500
30
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5 (A-14) 0.480 >100 >208 (A-15) 0.220 >100 >454 " (1A) 7.100 ND >14 "
(10) 2.700 ND >37 (A-16) 0.45 >100 >222 10 44 (1A) 4.80 ND >21 " (10)

4.50 ND > -17) 0.06 >100 >1786 " (1A) 1.80 ND >56 D >30
15 (A- 18)%&@373{{%0 >67 (A-19) 25.10 >100 >4 (A-20) 12. 65@1%%9’?’@26[’\]( A-21)
2,50 >100 >40 (A-22) ND ND ND_(A 23) ND ND ND_ 20 Comparison 0.61 >320

>524  Q 1 0. 60
>320 >5B3 Corrparl . WY #3 (A 24) 0.10 >1o0 >1000
(A-25) P.03 >100 >3B33 -26) [0.03_>100 >3333 (A Z/)TI.60 STOUSp2 30
109 VO hoy BerpCT uqq@;lb%zao | EGE0 My | AGESEMMbYi rus Adtivitl Number
HRV EC50 (M) €C50 (M TI(16)¥ N 5§17110@468 >60 >77NpW N 52084,8907 >0 >143 5
W N 549542 13 6330
z (39) 0.020 ND >500
5 “ (89) 0.020 ND >500
« (10) 0.060 ND >166
“ (1A) 0.030 ND >333
“ ) 0.020 ND >500
“ 9) 0.040 ND >250
10 L (12) 0.070 ND >143
« (13) 0.030 ND >333
L (17) 0.020 ND >500
“ (25) 0.200 ND >50
g (30) 0.090 ND >111
s “ (38) 0.170 ND >58
« (87) 0.590 ND >16
(A-8) ND ND ND
(B-1) 0.100 >100 >1000
« (1A) 0.300 ND >333
“ (10) 0.400 ND >250
20 (A-10) 0.140 >100 >714
(C-1) 0.100 >10 >100
(A-11) 0.030 50 1667
(A-9) 1.800 >100 >55
(A-12) 0.400 >100 >250
25 (A-13) 0.200 >10 >50
(B-2) 0.005 >100 >20000
g ) 0.020 ND >5000
« (16) 0.010 ND >10000
« (39) 0.050 ND >2000
30
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Pirodavir 0.03 >10 >300 FPl econaril

Cel |

wer e purc%gg/s 50 Aneri can
Vi rus StoCKS were propagated and antiviral

Cells were grown in mninal

VD) .

Hl- HeLa cells (ATCC).

assays were peﬁt§
essenti al

0.01 >10 >1000 Anticoxsackieviral
Culture Assay 10 Coxsackievirus types A-21 (CAV-21) and B3 (CVB-3)
Type Culture Collection (AT bM)e _

orned in
medi um wi t h

10% f et . ——tre—gabi l ity
of corrp)Unds‘-}.to"p‘. cfgi'l?l§3a§éith]§hméi"t"%f‘cw 21 or CVB infection was
measurefl by the XIT dye \guctl on_netrhod. [his_Netnhod |5 descriped in
Vi sl owjet Nmber 15 ceECPOMM) 193 CYHMB1| 5770886, - Hela
cells were indectedf Wt t'(g()'.}AV—Zl or Q\ige3 at a muipi plicity;19f;infection
(mo.i.}—of 002500075 resipectively or mock-infected wth nedium
only. Hf-HeLa“cells|wer e(lﬁ) ated at £.020104 |cel | sNPer wel | 5006 96-nel |
pl at e afd—Tnrubatef—w tir-appropriate bUIIthIt ratt+ons—ot—the—test—epnpound.
one day| (cvB-3) or two (Hays (C‘AV- Ol at er, XT¥D/ PVB| was™5880ed thp t est
pl ates §nd thg anouht of (13 I naza W uceq sv\g ant red; L <000
spectrophotonetrically at"450/ 650 nm__The EC50 cal tul at@d%as 2b the
concent fati on«of cofrpoundoy hat |i ncreaggd the forgpzan prodygkion ip
conpoungl-treated, drus-1nfectied cells to!50%of that!produced by
conmpound- free¥ uni nfect e(d2):e| | s Th@(l’j()% gyt ot oXDc dose (:2060) wap
cal cul afed ab“thc concentratton—of—corpound—that—deereased—Formrazpn
product §on i n“conpolind- t(ré t ed, un| M8t ed |cel | sSNPo 50% o*1G08@t prpduced in
co ouni-rree“ unin ecte errsy Wﬂ erapeuti c_[ndex “'éqﬁ'ﬁ tg} cul at ed
byl@i vi i ng the 25 t he e ccm)ounla wer @ 0 aga| nst
control jconpounds WN 54@% (obft al nehslpr om| St erfjpng- Wnt he
Phar nac ' rodavir (ler ained froml|lanssen Phatnmaceufical sy, and
Pl econajfi | (pf‘eparej aCC@())ill ng to Diceowa et |al ., MD Med| Chersool995] 38,
1355). Artivrat—da obt-at-rea—or—the—test—econrpounrds+agat-nst—GAM 21 and
OVvB-3 ale shotin in Tabl e(38) 30 110 W99/ 57135 PEPI US99/ 0026838 Tabl e 4.
Ant i - Co sacki EvIiTUS /-\C[I rTarm tpﬁg‘ﬁw—(iﬁﬁﬂ—]gmﬁ‘i— (A-5)
cav-21 (.23 >10 >43 c@é L.bo N&‘L 0 5|(B-2)NBav-21 0.1¥68100 b625 "
CvB-3 0}18 NQ_f)B55 W N 54954 CAV-ZJQ Gpb00. G0 >109;J\D 66 CVE3,>100] 00 ND ND
15 i
“ ) 0.004 ND >2500
“ (16) 0.010 ND >1000
“ (39) 0.010 ND >1000
“ (89) 0.004 ND >2500
20 «“ (10) 0.020 ND >500
“ (1A) 0.010 ND >1000
“ 3) 0.020 ND >500
“ C)) 0.010 ND >1000
“ (12) 0.040 ND >250
“ (13) 0.007 ND >1428
25 «“ a7n 0.007 ND >1428
« (25) 0.070 ND >142
«“ (30) 0.030 ND >333
“ (38) 0.050 ND >200
“ 87) 0.020 ND >500
30
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Pi r odavi

Cel | cCul

70) were

r

t

&E‘?Z‘ﬁi’j 4

propagated and antiviral

assays were perforned in

s Echovirus type 11 (EV 11) and enterovi
from 15 ATCC (Rockville,

VD) .

Virus sto
MRC-5 cells (ATCC)

CAV-21 >100.00 >100 ND 10 66 CVB-3 >100.00 ND ND Pl econaril
CAV-21 0.09 >10 =107 CVB-3 >10.00 ND ND Anti-Echoviral

and -Enteroviral

WS YR0RD (EV

wer e

Cel % TOWT 1T TH , ~TTE serum
(Li fe Tdchnol ogi es, 1ef8h Inoylrus XHVItY y. of conpounds to| prot ect
cel I s agai nst |the EV 11, or fectifo asured bythe XTT dye
Ceduct s o mRvmBE (ki o) YL ﬁﬁsb et ety T 198 vol | 20 81,
577-586). I\/F((B-S) ceIIs wer e infeCtedongoh EV 11 BIOEV 70 at sma3mo.|. of
0. 003 o664 —respectivery, reck—nfected—wth—rediumonly—Inf ect ed
or uni nflect e®B-#kel | s|were added |t 1<0.630104 |cel I%l(ii)er wel | #8831 ncu hat ed
with ap roprl omcentratt ons| of COgIoumy: |—uu| daysT tater—XTT| PM5 was
added t g s‘:f‘a]ﬁSat es, and the apount f orlmazan (ﬁproduc ed 8quan ified
spect r of hotg E 5§| calfly at 450/ 6b0 ri The [ECS0 callcul t@ﬂ as { he
concentrjation of conpound that!incréased tihe forimazan production |n
conpound-treated, virus-ipjected celimoto 25 50%gf that predyced py
conpoun@-f+ee—ur-hiected—cellsi—Fhe-50%cyit ot oxi-cdos 3
cal cul atled as“t he concen€liOat i on} of CQO?ﬁﬂ)ound t hat Ndl)acreclsed >8ffmazah
pr oduct ifomTm—__conmpyund=tTreatedi—uni nfected—cetts—to5¢%of—tHat—p{ oduced
in conpqund{Ark, uni nf ect ed cel | s.9%he tHerapélQ c index 1282) wal
cal cul atjed by .di vi dijng th by t ECGS0 30 1 VWO 997571 23
PCtPus9d/ 00260 1 The cormé)unds wer e 'test ed aqgai control npouhds
Pi rodavifr (obtai ned|frompgnssen Phagsmceut|i cal sypnd Fl econaki | (prepared
accor di Jg—to Diana ﬁLf al "1 Md Chem 1005 vol 38 1355) Anfiviral
dat a obtjai ngd-fHr t le t est corrpaundso@z@ai nst stradh EV |11 amge EV YO are.
shown bgtrow-i 2 Fabt S5—Fabler 5—Anti—Echovirus—and—Ant+—Enrterowv r us
Activity Compound strau(ﬂ.AEC50 pM B%50 (M TI NIA-5) |EV- 1P5. 080}>10 >125
EV- 70 0.|J040 N >250 (5-6) EV-TI0. T >T00 > 10 T 62 By 7070 003 ND
>33333 Hirodavir EV{11 390 >10 >3 349 Ev-70 0. 06% ND 3167
s (A-18) 1.50 >100 >67
(A-19) 25.10 >100 >4
(A-20) 12.60 >100 >8
(A-21) 2.50 >100 >4()
(A-22) ND ND ND
20 (A-23) ND ND ND
Comparison 0.61 >320 >524
Compound #2
“ (16) 2.30 >320 >139
“ (89) 6.30 >320 >50
“ (10) 0.60 >320 >533
Comparison 0.38 >320 >842
25 Compound #3
(A-24) 0.10 >100 >1000
(A-25) 0.03 >100 >3333
(A-26) 0.03 >100 >3333
(A-27) 1.60 >100 >62
30
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Pl econaril EV-1 1 0.160 >10 >62 EV-70 ND ND ND 15 Wile the invention has
been described in terns of preferred enbodi nents and specific exanples,

t hose skil he art will recognize that various chang

nmodi fi cat |‘&§§9/Iéﬂﬂg made wi t hout departing fromthe spi rﬁfC% 9/308%)68e of

t he i nvention. Thus the invention should be understood as not bei ng

Iim'lted jesSCrT oot s uEl o meq by the
appended| ¢l ai ms an A aﬁéﬁt&h‘“QUr“%c“"‘U 112 WO 99/ 57135

PCT/ US99} 00260 1 WF I TS CLAIMED | S conpound_of [t he Tornula l: ORY

ore 7 b Bembeve 7 HRE o f (EGAD @My b CGab Mﬁl,erel Bt YLK

- C(Ry) (Ry) wines1’H@-, | where each |Ry ig78ndependentley H or | owey7 al k?l\l

is H F,}ler—aHot—grHeup—OH—SHI—e+—anr—O-al-kH—group—a-A4—{A3)R - /A1 ~A
10 R2 anf R@Il\hﬁﬂ)%ach | ndependent |y 07" ~1v NH2 >a0 41)(841)>1Q3 erenis
an integer_f100 5 AT CRtor INTAZ = t:ou.,n AS—areTndependgnt | y

sel ect ed| f 5495441 (R41), N(R41), %-,135(0) S(O®3 and o antd A4 ils NH or
NR41, whpre R4l 1s 1 ndependent H or [Tower gl kyT} ed flhat no
nore thap ZPﬁgl?Jellr"(F){atorrs Qccur CCI’ISECB%()IBV@V I n thelarl ng| f or rrééc)iéjbv AL, A2,

(A3),,, M pedneri®® @|nd provided thapoat | east ongoof R2 andoip is| 15 0 Ad
\ (A3)n LO

Anticoxsackieviral Cell Culture Assay

10 Coxsackievirus types A-21 (CAV-21) and B3 (CVB-3) were purchased from American
Type Culture Collection (ATCC, Rockville, MD). Virus stocks were propagated and antiviral
assays were performed in H1-HeLa cells (ATCC). Cells were grown in minimal essential
medium with 10% fetal bovine serum (Life Technologies, Gaithersburg, MD).

The ability of compounds to protect cells against either CAV-21 or CVB-3 infection

was measured by the XTT dye reduction method. This method is described in Weislow et al.,

15 J. Natl. Cancer Inst. 1989, vol. 81, 577-586. H1-Hela cells were infected with CAV-21 or

CVB-3 at a multiplicity of infection (m.o0.1.) of 0.025 or 0.075, respectively, or mock-infected

with medium only. H1-HeLa cells were plated at 4 x 104 cells per well in a 96-well plate and
incubated with appropriate concentrations of the test compound. One day (CVB-3) or two
days (CAV-21) later, XTT /PMS was added to test plates and the amount of formazan

produced was quantified spectrophotometrically at 450/650 nm. The EC5( was calculated as

20 the concentration of compound that increased the formazan production in compound-treated,

virus-infected cells to 50% of that produced by compound-free, uninfected cells. The 50%

cytotoxic dose (CC5()) was calculated as the concentration of compound that decreased

formazan production in compound-treated, uninfected cells to 50% of that produced in
compound-free, uninfected cells. The therapeutic index (TI) was calculated by dividing the

25 CC50 by the EC59.

The compounds were tested against control compounds WIN 54954 (obtained from
Sterling-Winthrop Pharmaceuticals), Pirodavir (obtained from Janssen Pharmaceuticals), and
Pleconaril (prepared according to Diana et al., J. Med. Chem. 1995, 38, 1355). Antiviral data
obtained for the test compounds against CAV-21 and CVB-3 are shown in Table 4.
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Anti-Echoviral and -Enteroviral Cell Culture Assays
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TN OTTTO T L)

where n is an integer fromO to 5,

A\
each

Echovirus type 11 (EV 11) and enterovirus type 70 (EV 70) were purchased from

4r C VNH2;

R4l is

ATCC (Rockville, MD). Virus stocks were propagated and antiviral assays were performed in

MRC-5 cells (ATCC). Cells were grown in minimal essential medium with 10% fetal bovine

serum (Life Technologies, Gaithersburg, MD).

The ability of compounds to protect cells against either EV 11 or EV 70 infection was

measured by the XTT dye reduction method (Weislow et al., J. Natl. Cancer Inst. 1989, vol.

20

81, 577-586). MRC-5 cells were infected with EV 11 or EV 70 at an m.o.i. of 0.003 or 0.004,

respectively, or mock-infected with medium only. Infected or uninfected cells were added at 1

x 104 cells per well and incubated with appropriate concentrations of compound. Four days

later, XTT/PMS was added to test plates, and the amount of formazan produced was quantified

spectrophotometrically at 450/650 nm. The EC5( was calculated as the concentration of

compound that increased the formazan production in compound-treated, virus-infected cells to

25

50% of that produced by compound-free, uninfected cells. The 50% cytotoxic dose (CC5()

was calculated as the concentration of compound that decreased formazan production in

compound-treated, uninfected cells to 50% of that produced in compound-free, uninfected

cells. The therapeutic index (TI) was calculated by dividing the CC5( by the EC5¢.
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15 independently H or |ower alkyl, and the stereochem stry at the carbon
denoted with an asterisk O (*) may be Ror S; provided that at |east one
of R2 and 87 \H2 or RA1 O N 20 /C(R41) (R41))n CC

(R41) (R41) ?dlszl%sorrpound, prodrug, pharmaceutically acti ve%ﬁa%gﬁéztk%,
pharmaceutically acceptable salt, or solvate according to claim1, wherein
Y i$ - N(RY)The dtiolindivdre tdste@laghifWRbnirdtlcbdbourki Pﬂro?ﬁ/ixc(%mﬁféaq%)frp rodrug,

phar maceutical ly active net aboﬁl_te, pharmaceutically acceptable salt, or
sol vat &ngee Shanpgeutisals) adilecongiildprepared Zcconding to Riasa etaad hJ.i Mele tantent | y

sel ect f , I - 1 nd - NR21. R22 re R21 and
02" a1 B Sah 4 A e ra e ol Soiac g R oot Bimo el B e Yl e

het er oEY0cad $hpwngrebuypin Bablead.yl group, a heteroaryl group, an acyl group,
or a thioacyl group, or R21 and R22, together with the aton(s) to which
theg Al QDA ehS et eclaal oyl aroun _nrovided that 7 and 7, are
not “botH H, 30 114 > 39 /Amitil Beh VWil B NIDRGferovdiFus/Activiey RL, " together with
t he at orps~to—whrctrthey—are—bonped—+or-mea—eyetoattet—er—h oy | oal kyl
group; qr Compdurd, |t ogSthaénr wi [ hE(56 (AM)s| t OCEN(EM)t hey arpr bondgd, form
a cycl ogrkyr—or ich BT OCyCT oar Kk iﬁ. T TP

phar macqut i ced-PY actli veE¥ethbol [t e, 08B&r macleuti €dPly § accel@babl e|salt, or
sol vate laccording to cl giyviy®, whereppaRl is| H FRypor methyl.,48. A fonpound,
prodrug,}pharmaceutilcal |y active petabolite pharmaceutlically 0 Hl N
accept all e s@-2) or |sol ¥d-&l accprdi 69100 clfai m=3powher ei n>apodoeast jone of

R2 or RF+s+H—310OmN+o——D— —o6t NH2—F—A—ceHf ; g,
phéBmacdut i cal'ly act|i ve EYet@bol |t e, 08P%r nacleut i d¥P1 y >33333
Pirodavir EV-11 3.700 >10 >3
“ EV-70 0.060 ND >167
Pleconaril EV-11 0.160 >10 >62
“ EV-70 ND ND ND
15
While the invention has been described in terms of preferred embodiments and specific
examples, those skilled in the art will recognize that various changes and modifications can be
made without departing from the spirit and scope of the invention. Thus, the invention should
be understood as not being limited by the foregoing detailed description, but as being defined
by the appended claims and their equivalents.
20
25
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acceptable salt, or solvate according to claim7, wherein one of R5 and R6
is Hand the other is alkyl or aryl. 15 8. A conpound, prodrug,

phar maceut ctive netabolite, pharmaceutically acceq,];calll)(ly , or
sol vat e aéié(g?%%%néﬁto claim3, wherein one of R5 and R6 is H ands%?/a@%t her
is alkyl or aryl. 9. A conmpound, prodrug, pharnmaceutically active

met abolyiy £1 19 0RMATRERYEd.cal |y acceptable salt, or solvate according to
claim 3, wherein one of R5 and R6 is H and the other is unsubstituted or
subst i t ut edl.phenslcompbyid of2kke bdmuld Iconpound, prodrug, pharnmaceutically

active netabolite, phabnac%i cally aq.\g:ept ble salt, or solvate according
to claim 3, wherein R7pand ar R4 ch 'i’hdependently H, an al kyl group, a
cycl oal kyl group, aﬁg I

. PHOWG

aryl group, or a heteroaryl
group. 11. A conpou ,  phar icafly active netabolite,

pharmaceutically acceptabl e&GaltRs or solRate accordi g to claim3, wherein
oneJof R7 and R8 is Hand the other is 25 alkyl or aryl. 12. A conpound,
pr odr uyyhergivar maceutical |y active netabolite, pharmaceutically acceptable

salt, or solvat c [ t aim 3, rei.n. one, of R7 and s H and
The ot her 1 & PINEEESQE R B St s TR SlikeBReRly FosJg¥er Sty ot hy!
or napht hyl Retsiy.|E, aB@lkyIlgroMf) I/ $H, 103 an Pk WSES40260 1 13. A conpound,
prodrug, pharnmaceutically active netabolite, pharmgceutically acceptable
salt, or solvate according to claim3, wherein RO i fave- nmenber ed

het erocycl e having at |east one nitrogen_ heteroatom and E?,QE oxygen

het eroat om- 14. A conpound, prodrug, phargraceuticallyaactive netabolite,
phdPmaceut i gal | acce t,agl e salt, o w% accor inq fo claim 3, wherein
RO is selec an‘¥/?‘b?'FF§8‘§’s‘P frgpesaty Ay unsubgt Pt ut &"%2- oxazwhere nis

L. 3- 0Xag fhapler (B & 244 10CAL R0 Yhd eachn, it ﬁﬁgmpggry 10k g

phar maceutical |y active metabol'ite, pharmaceutica acceptabl e salt, or
sol vat &(RaEBaidi M&R4)oS.3ED.H(O)2, wirbPeind AQis NH 8- NBoxwhot ghchdRy) & i soxazol yl

unsubst j It d_ Wi e or t bstituents sel ected from
oy e R AR RGO i B0 o Hiork i SRR ST SerkEc Sl
| - A":  irlfhe @nRTorRedByRR, X, RATN Al dd 0=07Zhdipréidal thhtRilcadt-ofe pf RVMARTRI B R1,
R2, R6, R7, R9, Ry, Z,,and Z1 are as defined in claim3, or a prodrug,

phddmaceutically active é\k{ol ite, pharmaceutically acceptable salt, or
(Aa)n
0
A
'17\/”\ e 1\A2/
’ NHz o Ran(Rar)

Rs and Re are each independently H, F, an alkyl group, a cycloalkyl group, a
heterocycloalkyl group, an aryl group, or a heteroaryl group;
20 R7 and Rg are each independently H, an alkyl group, a cycloalkyl group, a
heterocycloalkyl group, an aryl group, a heteroaryl group, -OR;7, -SR;7, -NR 7R3,
“NR19NR 7R3, or -NR70R g, where Ry7, Ryg, and R are each independently H, an alkyl
group, a cycloalkyl group, a heterocycloalkyl group, an aryl group, a heteroaryl group, or an
acyl group;
Ry is a five-membered heterocycle having from one to three heteroatoms selected from
25 O,N,andS; and
Z and Z, are each independently H, F, an alkyl group, a cycloalkyl group, a
heterocycloalkyl group, an aryl group, a heteroaryl group, -C(O)R,;, -CO,R5;, -CN,
-C(O)NR21R2;, -C(O)NR;10R33, -C(S)R;1, -C(S)NR3R2;, -NO,, -SOR,;, -SOR,,
“SO2NR21R22, -SO(NR21)(OR2,), -SONRy;, -SO3R31, -PO(ORy) )2, -PO(R21)(Ra2),

30 "PO(NR21R22)(OR33), PO(NR3;R22)(NR23R24), -C(O)NR,NR R 23, or -C(S)NRy NRR»3,
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solvate thereof. 15 17. A conpound, prodrug, pharmaceutically active

net abol ite, pharmaceutically NH NHZ acceptable salt, or sol vate according
to claim in RRis 0O HON 20 or 18. A compound,

phar rraceus’?cg%ﬁgicti ve netabolite, pharnaceutically acce% 39§%69, or
sol vate according to claim16, wherein: Ry is Hor nethyl; Rl is H F, or
net fy| whee ®3d RZ, Ra¥, an@RGhrd éﬁiﬁmg@ﬂ{%htgy BeheAk A buR Debbiodikyl fgR31, - CN,
and -C(O NR21R22, 25 where R21 and R22 are each |ndepende_n¥l H, an al kyl
gr oup, Deeregxaloadiik grougy anasyl sioum atheternapd |26Ipk §1 aqyk exopp, e thiogeyl grawpper a

het er ogf{ MlvoHrRUP R. § r : [ .Qu r 1 and R22,
t oget hery vm'ot h%t%Ee 2%’?%%% R%bgwgﬁg%lﬂtggag%gg%gr%% &F%fg%béﬁ%eedt g‘?’%‘caycl oal kyl
gr oup, heterogyctiedk i lgectup ZpravidedZthatiZ enddt atbabhbdth Hor Z1 and R1, together with

the atons tQ [ they, are bonded, fo cycl oal kyl _or heterocycl oal kyl
growp; 30 lﬂrg\‘k\}ﬁggéfggél/t%% %ﬁﬁﬁ@%é@?&%ﬁgﬁe%e EO’&{T?H’ form acyelaplk@horyi t h t he
at o haerobyoldulityheyoupr € bonded, form a cycloal kyl or heterocycl oal kyl

group; HH ~y;|m€ R2 it?‘ O, ~y~or 5 R6.is unsubstituted or substituted
phenyl net hy?% Ly, (0gglihgr yith the gtams to ghvichrbey are bopdgegy forml adyclonlksl osoxazol vyl
unsubsfdtfRoaMyl it i tuted with one or two substituents selected from
nmet hyl and ‘hal ogens. "19. A conpound, prodrug, pharmaceutically active

met aboti & prodpigaphrasmecsutiesdlylagtivelifetabal it tphivineceetichlly acceptabieatle oassiotdi ng t o
claim &greo}mer ein R7 is selected from 2-propyl, 2- nethyl-2-propyl,

2-met hyl™-"1" -propyl, phenyl nmethyl, and naphthyl methyl. 20. A conpound,

pr ﬁﬂr ug, phar macaebmpaiidy pdigy phamhedtdllyeacti phaefBSIaN! jHafhdéuti@fgept abl e
sa

, Oor sojvate acclordi n% (}.o cl :i\i,m 16, wherein R, RI, 'and Z are each H,
and: acceptable salt, or solvate according to claim 1, wherein R, and R; are each independently H;

Ra1
ol
j\: \(C(R41)(R41))n
Q ~ g t _/
'i\)I\NH ¢ i

2; or RenRep) s/ Rar) , where n is an integer from 0 to 5, each Ry; is
5 independently H or lower alkyl, and the stereochemistry at the carbon denoted with an asterisk
O
(*) may be R or S; provided that at least one of R, and Rj is "1' NHz or
Ras

© N

20 g , Ry
e (RenRep

(Ra1)(Ra1)

3. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically
acceptable salt, or solvate according to claim 1, wherein Y is -N(R,)-, where R, is H or lower
alkyl.

25 4, A compound, prodrug, pharmaceutically active metabolite, pharmaceutically

acceptable salt, or solvate according to claim 3, wherein: Z and Z, are each independently
selected from H, F, lower alkyl, -CO,R3;, and -C(O)NRy; Ry, where Ry; and Ry, are each
independently H, an alkyl group, a cycloalkyl group, a heterocycloalkyl group, an aryl group, a
heteroaryl group, an acyl group, or a thioacyl group, or Ry and Ry,, together with the atom(s)

to which they are bonded, form a heterocycloalkyl group, provided that Z and Z; are not both H:

30
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R2 is CH2CH2C(O NH2, R6 is CH2Ph, R7 is CH2CH(CH3)2, ZI is CO2CH2CH3, and
RO ON15is H3C R is CHRCH2Q(ONH2, R6 is CH2Ph, R7 is CH2CH(CH3)2, ZI
i s CORCH2QB.geads R 0 is R2 is CHRCH2CQ(ONH2, R6 is Hscc;mgi@m |
C(CH3)3, ZI i’ s CORCH2CH3, and RO is ON 20 H3c R2 is CH2 N R6 i's
R7 is C(CH3)3, ZI is CORCH2CH3, and RO is ONHICOry | [l o N-25R2is

~Rpis F 'or,ZlaﬁdiRﬁ t@#@lﬁmchhtoh{% 1R fehHe re B&Qieﬁe,gfo.frﬁ 'égcgoal 1 l\?r” R2 i's
CH2CH2C( O) NH2, R6 7 is CH(CH3)2, Z1 is CH3, an is H3C

30 117hqr@093971®k19>é$rm/ US99/ 00260 R2 is R6 is F , R7 is C(CH3)3, ZI is

CO2CH2CH3, | 7 1S 2, Zi is
CCRCH2 CHS, %“%Z"%Oé%% H}th@ %@S {Oﬁ’h‘gﬁ% @re b"%ﬁa%d’ :Bos | ‘\:/"%,ﬁ’(a%;'ﬂ”s o(CHB) 3,
Z1 is Wylgmpm is O0- NHBCH 10 ONR2 is R6 is CH2Ph, R7 is
' [ CH2Ph, R7 is
a2 &E %g g Zi ,]IA:C é‘%\%ﬁ% %@fuggﬁgarggcc{ugcalﬁcﬁge rln%taﬁghtle Spharmaceutlcally
acceptable salt, or solvate according to claim 3, wherein R, is H, F, or methyl.

6. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically
H
N

0
acceptable salt, or solvate according to claim 3, wherein at least one of R, or R is bt

10 gij NHZ.

A compound, prodrug, pharmaceutically active metabolite, pharmaceutically

2

acceptable salt, or solvate according to claim 7, wherein one of Rs and R¢ is H and the other is

alkyl or aryl.
8. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically
5 acceptable salt, or solvate according to claim 3, wherein one of Rs and R is H and the other is
alkyl or aryl.

9. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically
acceptable salt, or solvate according to claim 3, wherein one of Rs and Ry is H and the other is
unsubstituted or substituted phenylmethyl.

20 10. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically

acceptable salt, or solvate according to claim 3, wherein R; and Ry are each independently H,
an alkyl group, a cycloalkyl group, a heterocycloalkyl group, an aryl group, or a heteroaryl
group.

11. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically
acceptable salt, or solvate according to claim 3, wherein one of Ry and Rg is H and the other is

25 alkyl or aryl.

12. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically

acceptable salt, or solvate according to claim 3, wherein one of R; and Ry is H and the other is

2-propyl, 2-methyl-2-propyl, 2-methyl-1-propyl, phenylmethyl, or naphthylmethyl.
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15 oNHR2 is R6 is CH2Ph. R7 is CH2CH(CH3)2, Zi is CORCH2CH3, and R9 is or
200 Hl o~ R2is R6 is CH2Ph, R7 is CH(CH3)2, Zi is CRCH2CH3, and RI is
21. A conRgp, § odrug, pharmaceutically active netabolit&ecraseo0260

phar rraceutlcaﬂfyg acceptabl e salt, or solvate according to (f alm 1%,
wherein Ry is CH3, Rl and Z are each H and: N> R2 is CH2ZCH2C(O NH2, R6 is
R7 s H 25 13 Z1 A%ofapRédd26idaru riRdcdufically i b Qb lNe Chiedae A O) NH2,
R6 is CHZPh, R7 is poagas ggg faﬂ% sy Beall L Pinelabolle Fhalsackhtrialy

CH2 CHo@celtRlple salR®T pajvate P@orcbn&:fo clmdi Rdiefedn RBts a m@ raI8bandl BB TCRS

and ROt & Bt S RasRelR gty D et °y 1 0%k s beC b

22. A conpolkd, Arcochpognd, pfmdrugapmmhbgllymtwe/memablabqihai‘:rﬁaceutxcally

h t | tabl e,.sal t I va accor di to claim 16 sel ected
fr %T;%‘%t'ﬁ 8 5°UL SRS AGFORHBE by il HAGFEr R Fomsubstiuediang, 1
udabsttuted @ 2=o>1dz615212 Clgga@nzﬁ -Adzdi2 0O NH2 OH OO0 HO ‘- L N~

N N\v N COzCHZCH3 ~SJ H O
15. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically

acceptable salt, or solvate according to claim 3, wherein Ry is 3-isoxazolyl or 5-isoxazolyl

unsubstituted or substituted with one or two substituents selected from methyl and halogens.

16. A compound according to claim 3 of the formula I-A”’:
10 O Y
Rg N \_)L )\(k
H Rs R,

(I-A”%)
wherein Ry, Ry, Rs, R7, Ro, Ry, Z, and Z,; are as defined in claim 3,

or a prodrug, pharmaceutically active metabolite, pharmaceutically acceptable sait, or

solvate thereof.

15 17. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically
H
o)
f \/\n/ NH, \IN>
acceptable salt, or solvate according to claim 16, wherein R; is o , rt ,
H
3e

2 O ¢ .

18. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically

acceptable salt, or solvate according to claim 16, wherein:

Ry is H or methyl;

R, is H, F, or methyl;

Z and Z; are each independently selected from H, F, -CO,R;}, -CN, and -C(O)NRy; Ra,,

25 where Ry; and Ry, are each independently H, an alkyl group, a cycloalkyl group, a

heterocycloalkyl group, an aryl group, a heteroaryl group, an acyl group, or a thioacyl group, or
R21 and Ry, together with the atom(s) to which they are bonded, form a heterocycloalkyl
group, provided that Z and Z, are not both H;

or Z; and Ry, together with the atoms to which they are bonded, form a cycloalkyl or

heterocycloalkyl group;
30
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NHHCG\ I\ F 15 ONH2 O N2 OO OS NNN~N~ NNN CRCH2CH3 H O I
O\l NHHO\ Ol /, ONHR ONHR OO0 000 20/'" HNH CO2CHRCH3 HN H
C02CH2CH3 NH O CF3000OHU O NH2 O HOONH2 0O HO f3go H N H
03cmas T B N 0 U S 0 . and 23. A conpound, prodrug.
pharmaceutically active nmetabolite, pharmaceutically acceptable salt, or

sol yat e accgrAi t i i | Sav - C pr odr ug,
Y S AAROZ L R g6ihd) Mtﬂthe}@(ﬂﬁﬁsetb BthcH they Qé'.%ogﬁic%lg forf & %ﬁgg&gm

pharmaceutically active netabolite, armaceutic acc e salt, or
sol vat ketereexstalleyd gtaypc| ai m 23, wherein Z and Zt are each independently 30
119 WD 99/57135 PCTI US99/ 00260 1 selected fromH, F, lower alkyl, -C02R21,

and -C(O NR21, R22, ij\[e R22 &g ®ach independently H an al kyl
group, a cycloa k'ﬂ\lg (ﬁﬁp‘, a theterocycl ¢al kyl group, an aryl group, a

heteroaryl grQup, ampacyl o woecyl group, or R21 and R22,

toggther with the atom(s) to whith they are€ bonded, forma

het eér ocycl oR} isyinsupsomed opsahsiithed gheaglméthghd Z1 are not both H, or Z1 and
R1, toget hef( with the @t ons to which they are bonded, forma cycl oal kyl or
5 heterocyc bﬁ@i&?ﬂ"mﬁ B or z and 71, together with the atons to which

they are bOKQECB,—is&@&ﬁﬂyﬁor&ﬂﬁb%biyy{msﬂbstitﬁ‘t@@ 8F Ab¥EtRa MM o3P ¥Ro

substituents selected from methyl and halogens.

19. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically

10 acceptable salt, or solvate according to claim 18, wherein Ry is selected from 2-propyl, 2-

methyl-2-propyl, 2-methyl-1-propyl, phenylmethyl, and naphthyimethyl.
20. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically
acceptable salt, or solvate according to claim 16, wherein Ry, R;, and Z are each H, and:
R, is CH;CH,C(O)NH,, R¢ is CH»Ph, Ry is CH,CH(CHj3),, Z; is CO,CH,CHj, and Ry
e
s is HC :
R, is CH,CH,C(O)NH,, R¢ is CH,Ph, R5 is CH,CH(CH3),, Z; is CO>,CH,CHj, and Ry
-0

is Uz—

2

o
R2 is CHzCHzC(O)NHz, R@ is HiC R R7 is C(CH3)3, Z] is C02CH2CH3, and Rg is

oN
20 L IV°

0N ™ o-N o
25 R, is ‘rfj*} ,Reis FO/ , R7is CH(CHs),, Z; is CO,CH,CHs, and Ry is HscN

>

J.JZ
R2 is CH2CH20(O)NH2, R6 18 FO/\ . R7 is CH(CH3)2, Zl is C02CH2CH3, and R9
O—N
N2e
is HaC

b
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25. A conpound, prodrug, pharmaceutically active netabolite,
pharmaceutically acceptable salt, or solvate according to claim 23,

wherein RJW%§ 34 or methyl. 10 26. A conpound, prodrug, dBRbkhi cal ly
active met ?lte pharmaceutically acceptable salt, or solvate according
to claim23, wherein at |east one of R2 and R3is O HONHO ij~9 _ ~X

, of L-~" NH2 27@ A conpoupq Iprodrug phar maceutically active gﬁtabollte
phar maceut i ally ceptlabl e salt, or solvate accordlng to cIﬁgﬁ?ZG

wher ei n onelg S RS angg% s  H ank B5&Cphes! 15 SO6HRU, GRA Be ¥ "C28. A
conpound, prodru tphar maceutically active netabollte pharmaceutical ly
acceptabl e salt, e?;;}olvate cﬁrdlng to claim 23, wherein one of R5 and R6
is Hand the, @t fer™~s Rab ke aRyls-CHR@H, P, 2RI, CPY, Ol U is
pharnaceumlcally active netabollte pharnaceutlcally 20 acceptabl e salt, or
solgate erding to claim 23, wherein one of R5 and R6 is H and the ot her
is “unsubst Ituted or substituted phenylmethyl. 30. A conpound, prodrug,
pharnaceutlcally active nmetabolite, pharnaceutically acceptable salt, or
sol vate accordi ng claim ﬁherein R7 and R8 are each independently H,
an al kyl grou Ioalhxfigrbu a heterocycloalk group, an aryl

group, or alk éteroary 1E,]roup 25 3? (QFEbwé éHB@@ d Relisar maceutical |y
active nmptnapolite, pharnaceutically acceptable salt or solvate according
to clalnﬁgg wherein one of R7 and R8 is H and the other is al kyl or aryl.
30 120" 99457135 PCT/ US99/ 00260 1 32. A conpound, prodrug,
pharnaceutlcallyoacﬁlve net abol ite, pharmaceutically acceptable salt, or
sollfat e accordi ngjtoyclaim?23, wherein one of R7 and R8 is H and the ot her

i s 2-propyg, is2- IRAs R1OPY IR, @cﬁ%@h&éHﬁ ,RioeWleenyldes iyl . or
naphthylnethyl 33. A conpound, prodrug, B maceuti ca y active

nmet abo pﬁarnaceutlcally accept abl e salt or solvate according to
claim mherein RO is a five-nenbered heterocycle 5 having at | east one

ni trogen heteroéatom and one oxygen heteroatom 34. A conpound, prodrug,
pharmaceutical | yogative netabolite, pharnaceutically acceptable salt, or

sol vat e accgr I Q§§E§ it Rr; substltuted
1, 2- oxazolgf 1, 3- o£§%§F§1?§ W@@E@gﬁg Zé%?é@ A&%% ound pr odrug,
phdﬁnaﬁfffrbahly active metabolite, pharnaceutlcally

Rz is ‘fjj//) R R6 is CHzPh, R7 is CHzCH(CH3)2, Z] is CO)_CHzCH3, and Rg is
©Aoi
, or
20

b "
R2 is - . R6 is CHzPh, R7 is CH(CH3)2, Z] is COzCHzCH3, and Rg is .
21. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically

acceptable salt, or solvate according to claim 16, wherein Ry is CHs, R; and Z are each H, and:

oL
R; is CH,CH,;C(O)NH,, Rg is ,R71s , Zy 1s CO,CH,CHj3, and Ry is

R2 is CHQCHzC(O)NHz, R6 is CH2Ph, R7 is CHQCH(CH3)2, and Rg is HsC

R, is CH,CH,C(O)NH,, Rg is F/©/ , R71is OO ,and Ry is ch)\) ;
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10 acceptable salt, or solvate according to claim34, wherein RO is
3-isoxazolyl or 5-isoxazolyl unsubstituted or substituted with one or two
substitue ted fromnethyl and hal ogens. 36. A conp di ng
to claim?2 609?;;1(1%% formula I-B': OR7 OR2 Z ROAN _ Nzi H geﬁgsm?@(l-w)
15 wherein R1, R2, R6, R7, R9, Z, and Z1 are as defined in claim23, or a
prodyug, pharmaceutically active nagabolite, pharmaceutically gocept abl e

salt, or sq|vat r 37.. A dogpound, prodrug, phar nag:eutjkg,é?'ly active
met abol i t e, q{gﬁﬁﬁ&ﬁ‘ﬁ?&@)&ﬁ@kﬁ F NHR7N gbbcé@ JaBnéRs# t°C or soltvat e
according to claim36, wherein R2is O, , or HiON 38. A compound,
prodrug, pharmaceutically active netabolite, pharfmaceutically acceptable
salt, or solvate according to cl Z@C{E’ wher O’ RL is HY k¢ or nethyl;
Z and Z1 ar RRCHOMIEp@NI8NRE i ct @R, fig oAb AF, ang @2R2ET - CN, and
-C(QNR21, R22, where R21 and R22 are each independently H, an al kyl group,
a cytl oal kyl%%gr oubCOmPOYRd: pdrEghaEmacntiGatly aptiveametabolite, gharupceuichldt er oar v

group, RBeRADIL sl SLdIvAN a&ofdﬂiggg%%?ggqggagcte@ ﬁﬂml%ﬁé'%%yg Icif)%%%r}é gget her with

the atonm(s) to which they are orm a heter ‘group,
provided that Z and Z1 are,n , both H, 30 121 WD 99/ 2 PCT/ US99/ 00260 1
or Z1 and R,, together vm't?'n the atons to i they ar¢ bonded, forma

cycl oal kyl or he oHcy©I ogf kyl group; or®z ndﬁ Z,% tpgether with the atons
to which the cycl N et R teahjewl group; OO
5 —~ NZ N NLgi A £s isel ectog%ﬁc}faf‘o ~H agd ZR6Hi s unsubstituted or

sub?(t)i tut ed phenyl net h7 is al kyl or ari/l ;o an

;
Os_NH, O NH;,
i I g\ i P g\
H
N S N =
@Aﬁi( \;/U\N Z > C0,CH,CHs &%SX( \_)J\H CO,CH,CH;

F

2

15

2
OsNH; O NH2
S N N N
(_W)Lﬁ \_)Lu | “ @)L N \/U\u Z C0,CH,CH;
S o —\©\ O NH 0o =
! O
O NH, O NHp
o} 0 o} 0
Z T }NI \:)Lﬁ 7 CO,CH,CH; \<\‘\ ” \i)J\N 7 CO,CH,CH,
o} 0 = NH o =M

\© : *CF,COOH \© .
2
O _NH, Os_NH,

H H
N

_/YL”J;(L%& o, _@ANJ\}L A lmconon
HN-N 0 =\© S 0 <

; and

25 \©
23. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically
acceptable salt, or solvate according to claim 1, wherein Y is -CH,-.
24. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically
acceptable salt, or solvate according to claim 23, wherein Z and Z, are each independently
30
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RO is 3-isoxazolyl or 5-isoxazolyl unsubstituted or substituted with one or
two 10 substituents selected fromnethyl and hal ogens. 39. A conpound,

pr odr ug, gutically active metabolite, pharnmaceutical abl e
RAPSIRTS ot /36/66%88

sal t,

ccording to claim38, wherein R7 is select rom
2- propyl 2- nethyl-2-propyl, 2-methyl- | -propyl, phenylnethyl, and
napht ylkoed M HA0-lowerGHRR oamJRz,Pmdt‘e@)Nmﬁ REM@MRZ? ahd ¥,,3¢d éa\ég
nmet abolite, phar nmaceut i cal l y acceptab sal t, sol vat e“according to

cl ai mingspengdeate th amalkykerppm geyclogkyl group, R@eﬁemcmg@kmr@)mm arle@rolup £, R7

IS CH( R6 is F
S PG bt bidd FRHE v iR Ui S | Bt 1 &R
is F ,to Rﬁlchﬁle@h{emelﬁc)eﬁ fozn a helerddycioalifel dreup, proeidedntey. dddeZ,; armotsutbENY| gr oup
ISCIStOth rogen R2is Reis R7 is
)2, 2T % ﬁyqogeg‘e&ﬁ@&fd%m ‘é?r?gg %9“‘?% arecﬁo&g%gé’m%wf?zlwggl 57135
%%&QZ@QIkyﬂérouﬁ\ corrpound according to claiml of the formula: H ON

OONHOHCOZCHZCHB a prodrug, gqarmaceutlcally active
met abol i te Or&@ﬁrﬁc@&%thﬁﬂlrwhaé@wﬂ%mh@hé Wtare bpndedofoymreyelhadkpofr.

heterocycloalkyl group.

25. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically
acceptable salt, or solvate according to claim 23, wherein R is H, F, or methyl.
10 26. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically

acceptable salt, or solvate according to claim 23, wherein at least one of R, and R is

o N o N o
FI), “éiJ,or ’i\/u\NHL

27. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically
15 acceptable salt, or solvate according to claim 26, wherein one of Rs and R is H and the other is
alkyl or aryl.

28. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically
acceptable salt, or solvate according to claim 23, wherein one of Rs and R is H and the other is
alkyl or aryl.

29. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically

20 acceptable salt, or solvate according to claim 23, wherein one of Rs and Rg is H and the other is
unsubstituted or substituted phenylmethyl.

30. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically
acceptable salt, or solvate according to claim 23, wherein R; and Ry are each independently H,
an alkyl group, a cycloalkyl group, a heterocycloalkyl group, an aryl group, or a heteroaryl
group.

25 31. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically

acceptable salt, or solvate according to claim 23, wherein one of R; and Rg is H and the other is

alkyl or aryl.
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42. A conpound, prodrug, pharmaceutically active netabolite,
pharmaceutically acceptable salt, or solvate according to claim1, wherein
Yis -0-. conpound, prodrug, pharnaceutically acti %9@73 ite,
phar naceut\%gagﬁ/gz/wéaccept able salt, or solvate according to %‘?%u m ,%0
wherein Z and Z1 are each independently selected fromH, F, |ower alkyl,

-CO2R21, andg,-C( l{}]ﬁﬁj r : independently H, an
al k>2/1I group,gz'a c%: 0 Eﬁ%ﬁ%?ﬁ%&ﬁgﬁag@ ci(\)lgh%ﬁ%%gtrgb%hpafm%‘%ug?@ly group, a
het er oaegeptahlecualy, oranlvaryaccading o cleim 23, twheoss yhe ofifoispd Rlis R2hd stttz 2s
together wth th on( s to ich they are bonded, form

het er oggpéP%V&h%zi}}eﬁg?gﬁgp%r%W%m@l'tpﬁ%ﬁynf)éswdmz%ygPén%{hy{amtﬁylw 15 or Z1 and
RL, togethen3w ta dogoahdProdres, WRaGRcERRYIIRERIvEANEAMIitel Hatmacctiedigal Kyl or
het erocycl oal kyl group; or Z and Z1, together with the atons to which they
are cﬁ?o AgRsEtableoih & seateaarRging&e claine? breyen Balse/fivegnempered hetexcyderpound,
proaY U,v: i i | ceutically acceptable
R T Y
45. A conpodAd, preumeynd,predms pbatmacealticgllpadtive enatabbliteophidrmaceutically

thor o1 AeaPP Bl 9AERER o Tind T eETho™ el ShfiBiboand

pr odr u@xafitdr nBeetidl@add 2, ackhdigzoigt abol i te, pharmaceutically 25

acceptabl e salt, or solvate according to claim45, wherein one of R5 and R6

is Hand t he ot héycqrapound,pppdrag, phasmaceuticallnactiygmaiahglitep plagmaeputically

phar ma ' [ eld LG; ent b ca )t alt, or

T A S DR Ao

is al kybubstitugadydr suBEIEABWINDO GO WDIEbPCTNISORLEO 2661 mdthiiaind Aalbgegsound,

prodrug, pharmaceuficall i.ve .abgpl i har eutically acceptable
ACo LR sPELAP AR e PR

salt, or solvate acc arm of RS and R6 is H and
the other is unsubstit@edRor sub®titRited phenyl nethyl. 49. A conpound,
prodrug, pharmaceuti cal Wa | J pharmaceutically acceptable
salt, or solvate accof#di n%to cla@ mhi2, V\,he?ei n R7 and R8 are each

i ndependently H, 5 an al kyl Grofe, & cyal oal kyl groep) a heterocycl oal kyl

roup, an aryl r ou or a heteroaryl roup.
g 15p wherein 1,19,R6,pR,R9, Z, and Z, are as %eﬁne% in clgim 23,

or a prodrug, pharmaceutically active metabolite, pharmaceutically acceptable salt, or

solvate thereof.

37. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically
H
®)
fr \/\n/ NH, \IN>
70 acceptable salt, or solvate according to claim 36, wherein R, is 0 , e , Oor
H
be
38. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically

acceptable salt, or solvate according to claim 36, wherein:
25 R, is H, F, or methyl;
Z and Z, are each independently selected from H, F, -CO;R), -CN, and -C(O)NRy; Ry,
where Ry} and Ry, are each independently H, an alkyl group, a cycloalkyl group, a
heterocycloalkyl group, an aryl group, a heteroaryl group, an acyl group, or a thioacyl group, or
Ry1 and Ry, together with the atom(s) to which they are bonded, form a heterocycloalkyl

group, provided that Z and Z, are not both H;
30
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50. A conpound, prodrug, pharmaceutically active netabolite,
pharmaceutically acceptable salt, or solvate according to claim42,

wherein o and R8 is Hand the other is alkyl or ar A
conpound, Wg‘? ggcﬂ?ﬁ%s pharmaceutically active netabolite, phar‘%éré%%?l ca?l y
accept able salt, or solvate according to claim42, wherein one of R7 and R38

H and t = R - ropyl,
phenyl met h;tfaT ﬂw&?&ﬁﬁ%ﬁ@?%ﬁ% ?toéxf?@kn%grtm lﬁd[ﬁ%)ggrléi?dﬁb%ta@%ﬁoali{ cogutl cal | y
act i vehawoeywtiaikyd gromhar maceutically acceptable salt, or solvate according

to claim42 er ered heterocycle havj t | east one
ni trogen hetl g‘,\%&%’l’r?%%g‘ %QQBB??Z%W tﬂg’*fq%“rkbtgf’%?ﬁe%fgg%lah’rﬂ ﬁ{?&@p{ﬁor pr odr ug,
phar maggerbéyedallyyl gedupye nmet abolite, pharmaceutically acceptable salt, or

solvate according to claim42, wherein RO is selected fromsubstituted and
unsubstituted 1, 2-oxazolyl, 1, 3-oxazel IH and 1,3 4-R)xadi azolyl. 54. A

conpound, prodrug phar i 2ly acti net abolY't e, pharmaceutically
accept abl e salt, g_ol vat e cordi cl ai m.42 rein RO is
3-i soxazol y$26PCIS°tF% R&Bzol yl “unsubStituted®y substituted with one or two

substi tuentg, g%g%g@t&r&%m{@é@p@mﬂg pgens 20 55. A conpound
according to claim42, of the formul é OR?ORZZ Rs" NON 1~ Z H

0 R6 HRL (R;@a)kylvxmvbuam R, R2, R6, R7 R9, Z, and Z1 are as defined in

claim42, p tab ite

phar maceut i c% 3yls§)g‘§§]g ﬁ“g%%%ﬁ@%ﬁs%h%te&%{ ok Utu glo?ne %5924 wo

99/1371%5186%@5]99&@1)&&6 médpyl add hdogeasind, pr odr ug phar rraceutl cally active
tidbol i te har maceutical |y NH> NH2 ceptabl e salt, sol vate

accor di ng t%)90cl af* P BIBOURGh RIOgryg, PRATmACey lcq‘liy@cmvg@f:tag “eﬁhé%gp?éﬂﬁ*f@ Ypr odr ug,

phar magguptaRlshly, o@@él'vé(t@ Bt @Ol d&m Rhwh%ﬁﬁw ﬂs@alswd fraﬁczelﬁioﬁﬁl g salt, or

sol vat e accordi n? to clai m55, wherein: H F, Z and Zl are

each | meBERTEeRYLy2-Bethsti weoryi phenylmethyl, @@tmjzthylrrmhyland C( O NR21, R22,

40. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically

acceptable salt, or solvate according to claim 36, wherein R, is H and:

Rz is CHzCHzC(O)NHz, R5 is F . R7 is CH(CH3)2, Zis H, Zl is C02CH2CH3,
O-N
)3
and Rg is HsC N
20 Rz is I R R6 1§ F R R7 1S CH(CH3)2, Z1s H, Zl IS COzCHzCH3, and R9 is
O
HgC ;
oo 0
Ryis ™ ,R¢is F , R7is CH(CH3),, Z and Z,; together are ° where the
-N
o
25 carbonyl group is cis to the R; hydrogen, and Rg is HC ; Or
20 o T
Rz is \é . R6 is F R R7 is CH(CH3)2, Z1is H, Z| is COzCHzCH3, and Rg is
0N
2
ch)\) )
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10 where R21 and R22 are each independently H, an al kyl group, a cycl oal kyl
group, a heterocycloal kyl group, an aryl group, a heteroaryl group, an
acyl grou hi oacyl group, or R21 and R22, together w tom(s)
to which Rﬂ%g&ﬁaggbonded, forma heterocycl oal kyl group, 6%%@@%%@&?ﬁat Z
and Z1 are not both H, or Z1 and Rl, together with the atonms to which they
ar e; bonded, 44f or Qalkyl group, or Z and Z1,
tog%ther mf?h tﬁ%@gﬁ(ﬁhﬁ%&&%ﬁngﬁ ?éﬁlpgﬁgég forma cycl oal kyl or

het er ocycl oal kyl group; HH NH2 ~. R2 |sHseIected fromO ~, and 20 R6 is
unsubstituted or substituted phenyl nmet h§ R7 is alkyl or aryl; and RO is
3-isoxazolyl or 5-isoxazolyl cstlbut r substituted with one or two
substituents selected from andjhallogens. 58. A compound, prodrug,
pharmaceutically active THRDONT U, eigoptizdrby acceptable salt, or
sol vate according to clai mr87, wher elg is selected from 2-propyl, 2- 25
netﬁyl 2- propyl, 2- nethyl-l-propyl phenyl met hyl , and napht hyl net hyl .. 59. A
conpound, prodrug, pharnaceutically actTveé netabolite, pharmaceutical |y
accept abl e salgrodrg, phatvakeican g a¢ttlieMetibdiitd, @hm&auan&hgptﬁle bbb Zis H
and: 30 125 WO 99/57135 PCTI US99/ 00260 1 .rl is CHRCHZC(O NH2, R6 is R7
is m(@tlmeztelm s CORCH2CH3, and RO is O N H3C : or /~' 11 5 R is R6is
F., R7 is QJCH3) 2om

phar maceutical ly acc EEEP gﬁéﬁﬁg?§ %85%0 é?ﬁé%ggpgghgguwén ggﬁgund,

met aboddcemablosals of wlt'zée accouting togldim I¢c WaeminlY ih&*i ng an anti pi cor navi r al

activity cprrespaondin n EC50 han .or 100 n an
Hi1iPeLa cel T7 cul “gﬁ?@ %%@a@mg m%eé‘@?ﬂtslg Ve ‘BF@E‘?IU& P%ﬁmaﬁﬁ’gt%@f ically
act i veadrejtablokalt, er sqhae iaoalid ©alldiv 42, wherein Z and Z, are each independently
selected from H, F, lower alkyl, -CO3R;, and -C(O)NR3; Rj,, where Ry and Rj; are each

independently H, an alkyl group, a cycloalkyl group, a heterocycloalkyl group, an aryl group, a
heteroaryl group, an acyl group, or a thioacyl group, or Ry; and Ry,, together with the atom(s)
to which they are bonded, form a heterocycloalkyl group, provided that Z and Z; are not both H;
15 or Z; and Ry, together with the atoms to which they are bonded, form a cycloalkyl or
heterocycloalkyl group;
or Z and Z,, together with the atoms to which they are bonded, form a cycloalkyl or
heterocycloalkyl group.
44, A compound, prodrug, pharmaceutically active metabolite, pharmaceutically
acceptable salt, or solvate according to claim 42, wherein R, is H, F, or methyl.
20 45. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically

acceptable salt, or solvate according to claim 42, wherein at least one of R; and Rj is

o N oL R o
}L:j:“>’ “é«jr;;]’or }i\\/ﬂ\NHz

46. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically
25 acceptable salt, or solvate according to claim 45, wherein one of Rs and R is H and the other is
alkyl or aryl.

47. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically
acceptable salt, or solvate according to claim 42, wherein one of Rs and Ry is H and the other is

alkyl or aryl.
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acceptabl e salt, or solvate according to claim1, having an antirhinoviral
activity corresponding to an EC50 | ess than or equal to 10 Min an Hl-HelLa

cell cult 62. A conpound having a fornula selecte group
consi st i n&@fﬁ’g?‘gxm N (CH2)n OR Ry 015 RO NN N R Hg‘at’kgwﬁ?t"%%z, 0

R N(CH2)n OR ORY), NNR 20 HOR6 Hz z, and OR N (CH)n O

(I?ef7 |lge§ |Nn cgl m ?omddu&gfroréé P ﬁy&ace‘ﬁﬁ (%&Fepl etﬁbk) e%?%euﬁﬁl&l we e
cycl oalaksebtablessalty moybhrakéortling & ylhx,m 41, vbheteem ooercyﬂRsl ana?{lf 1iQH a)ti‘@tkl&%tﬁe}ls%

PCT/ US99/ 026 R7 . al kyl, heterocycl oal kyl, aryl,

het er oé%P§H stity S“bséﬂg“’ff% RM‘%&‘Y@ “NRLONRL7R18, or -NRL70R18, where R17,
R18, and RlQ9are Aec&ﬁﬂ'pohﬁkﬂ%ﬁﬁd@ phhhabkutRhlsy hotive %é@c{b@ﬁ{eklyﬁarmaceutlcally

het er ocycl oal kyl , y heteroaryl, or acyl; and
acceptable salt, or solvate according to claim 42, wherein R, and Rg are each independently H,

an alkyl group, a cycloalkyl group, a heterocycloalkyl group, an aryl group, or a heteroaryl
group.

50. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically
acceptable salt, or solvate according to claim 42, wherein one of R; and Ry is H and the other is
alkyl or aryl.

10 51. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically
acceptable salt, or solvate according to claim 42, wherein one of R7 and Rg is H and the other is
2-propyl, 2-methyl-2-propyl, 2-methyl-1-propyl, phenylmethyl, or naphthylmethyl.

52. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically
acceptable salt, or solvate according to claim 42, wherein Ry is a five-membered heterocycle
having at least one nitrogen heteroatom and one oxygen heteroatom.

15 53. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically
acceptable salt, or solvate according to claim 42, wherein Ry is selected from substituted and
unsubstituted 1,2-oxazolyl, 1,3-oxazolyl, and 1,2,4-oxadiazolyl.

54. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically
acceptable salt, or solvate according to claim 42, wherein Ry is 3-isoxazolyl or 5-isoxazolyl

unsubstituted or substituted with one or two substituents selected from methy! and halogens.

20 55. A compound according to claim 42, of the formula I-C*’:
R, Z
A ;YUL )Ykz
= 1
R R1 (I_C’ a)

wherein Rj, Ry, Rg, R7, R, Z, and Z,; are as defined in claim 42,

or a prodrug, pharmaceutically active metabolite, pharmaceutically acceptable salt, or

25 solvate thereof.
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RO is a five-nenbered heterocycle having one to three heteroatons sel ected
from0O, N, and S; 5 or a prodrug, pharmaceutically acceptable salt,

phar maceut %rg ctive netabolite, or solvate thereof. 6 nd,

pr odrug, ‘ké? .ylé%tl cally acceptable salt, pharmaceuticall cﬁugﬁﬂﬁ?&d
rretabolite or solvate according to claim62, wherein: RLis H F, or

al kyl; 10 i'spl Q nal | ubstituted
W t h1 one or Ig\’xm)r e Is_E u 5% (%dru%{g)flérﬁfa%%t@ﬂ%&tg’ boP% 01? é/eﬁg‘ aﬁ al kyl ,
cycl oal kyl, heter ocycl oal kyl, aryl, or heter oaryl ; R9 is a flove Henber ed
het er ocycl e having fromone to three heteroatons: cinddh fro O N and
S, where at | east one of the heteroatons is nitrogen, that i bstituted
or 15 Saesptadleseldonioiatesseordingielasn b twherinfs issel ect 8d f rof T ower »al kyl
groups and hal ggens; or a prodrug, pharmaceutically acceptable salt,

phar maceut i Ny active nmetabolite, or solvate thereof. 64. A conpound,
pro ug, p ar maceutical ly acceptable salt, pharmaceutically active .

met abolg;t ol vate according to claim62, wherein: R6 is arylnethyl or
aryl t hi onmet 5y 20 R7 is an al kyl group; R9 is 3-isoxazolyl or

5-i soxazol yl 7uns dheampaunddredrug phemiacentedl waetye omsabotite; pharmscdnsitaltyuent s
sel ecte h |s H and Z1 is -C02R21, -CN, or
-C(O)Nléi é&go@%dacc%d%%‘;@glaﬁggc er‘lmrlldependently H, an al kyl group,
a cycl oal kyIR,gs HUPB, orandikgler ocycl oal kyl group, an aryl group, a 25

het er oar yl 94] up an acyl group, or a thi oac% roup, or R21 and R22
t oget her wit é’}depﬁ‘%‘ihb??l@tcﬁé‘yﬂ(ﬁ?@ 0 2faoq51h‘1 andiE(@MNRy Rbwal kyl

gr olid, M{er%R%%d@z hhﬁ& é%f?&é?mg[}g k?fl &%& 91oa@<?fcgr§?%%5 A conpound,

prodrug, ar maceut | ca ept a maced active
met abol heteeocyokoaﬁcal gatp aa@cyd rgeiupga h«:tenobrazil gnoﬁp a:wdaglr gbup, 088 tHidatyVWo8R/db 7135

PCT/ US99/ O 0.1 F:. R6 .i. th arlthlo hyl ; and R7
is sel 2%‘ #Ron}%gEtﬁérr‘gz@me a%nh(%)[ By h“%l %P}y%rﬁn%on‘%dngixm etqroqyﬁl:‘r’gb?'?/, and
ar yl metdyip, provided that Z and Z, are not both H;

or Z; and R;, together with the atoms to which they are bonded, form a cycloalkyl or

heterocycloalkyl group,
or Z and Z;, together with the atoms to which they are bonded, form a cycloalkyl or

H H

o) N O N
f " l) IJ
\/\[Or ’ ]_r ,and ~é :

R is unsubstituted or substituted phenylmethyl;

heterocycloalkyl group;

R, is selected from
20
R; is alkyl or aryl; and
Ry is 3-isoxazolyl or 5-isoxazolyl unsubstituted or substituted with one or two
substituents selected from methyl and halogens.
58. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically
acceptable salt, or solvate according to claim 57, wherein Ry is selected from 2-propyl, 2-
25 methyl-2-propyl, 2-methyl-1-propyl, phenylmethyl, and naphthylmethyl.
59. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically

acceptable salt, or solvate according to claim 55, wherein R is H, Z is H, and:
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66. A conpound, prodrug, pharmaceutically acceptable salt, pharmaceutically
active netabolite, or solvate according to claim®65, wherein R11 is

henyl net , e the 5 phenyl noiety optionally has one
phenyl %é 9%@?]? pheny y op y ﬁfgﬁ/ﬁ@%ﬁzs

substitue cted from hal ogen, |ower alkyl, and | ower oxXy

compound according to claim62, selected fromthe group consisting of: HN H

0 1OOAHNLNCOCHCH3;B@¢4NCOZCHZCI—BO 0O HONON OHO
/

0 0/ N Ny P BB & ecoadci FiSes Gty o ¢ ¢
HON Ho- c}QON Oo-/ 00 8 ng C02CH2CH3 / N _ N CO2CH2CH3 O-N H

N H
OF F ¢ g2 HON O/~I . N H/ CO2CH2CH3

J_r.
oINS O LN . .
5 Ry is , Rg 18 , R71s CH(CH3j),, Z, is CO,CH,CH3, and Ry is

60. A compound, pharmaceutically acceptable salt, prodrug, pharmaceutically
active metabolite, or solvate according to claim 1, having an antipicornaviral activity
corresponding to an ECsg less than or equal to 100 pM in an H1-HeLa cell culture assay.

10 61. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically
acceptable salt, or solvate according to claim 1, having an antirhinoviral activity corresponding
to an ECs less than or equal to 10 pM in an H1-HeLa cell culture assay.

62. A compound having a formula selected from the group consisting of:
IR2

N\
(CHz)n

15 Rg)J\N/K,("H/“\ Ry

o)

21 ;
(o] /R2
N\
(CHa)Nn
0O Ry o
20 H O Rs H
4 ; and
(6] /R2
N\
(CHy)n
0 Ry 0
)k )\n/O\HJ\
%Y Y
H O Rg H

25 wherein:

Ry, Ry, Z, and Z, are as defined in claim 1,

nis1or?2;

Ry is H or lower alkyl,

R is alkyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl;
30
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F 30 128 WD 99/57135 PCT/ US99/ 00260 1 or a prodrug, pharmaceutically
accept abl e salt, phar maceutically active netabolite, or solvate thereof.
68. A phar conposition conprising: (a) a therapeut)

effective gir?r)lc)%ngbgf at | east one anti picornaviral agent tha%b?@]lsg‘%ozm
conpound, pr odr ug, pharmaceutically active netabolite, pharmaceutically

accept abl e i X d (

pharfraceutl cal %alkglécep ﬁ%{l\éi@(tzeg?é?’él()%& u’eﬂr?%r&lr@h% g '%% 7’ @%V&"%nt 69. A

met hod -BIR  INR@R jsher «Nmammlwwﬂe Elyﬁaegwldcmladretda@lﬁll n@éxﬁ BYalRjicor navi ral
B

protease activity, caonprisin adm ni sterlng to a mammal in need thereof a
therapé’tXFlioéléVl peteroeyeealkyleary Befsroapt. cspcyledit one conpound, prodrug,

phar maceut i ggl 1L¥ﬁ@€-§ﬁe‘ﬁ§)e%t}ﬁ}€é%d‘}'tzl%’haaﬁg Bhef, @ fhﬁ% {dn¥s s%fé%ﬁﬁtﬁ% g Ralt, O;

solvate as defined in claim1l tho ting t eacH/lty of
pi cor neandSal 3C protease, conprising: cont actl ng t he pi cornaviral

phar maceut | Caredis %@éﬂﬂéf‘ﬂﬁgﬁﬁc@m tsP%ﬁ@%@%ﬁ%@%@’aﬁff&m%gf’tsamg

sol vat esohate thakofied i n cl al m1l. 71. A nethod as defined in claim70,
wherein the picorpaviral rotease is.a._ 15 rhinoviral prot ease 72. A
conpound of ®or mﬁ‘&omBO“Infirpr ‘?alg(pZ‘aT?f}cﬁu“‘iﬂluV aeqepledle Rl phpemacaytallpsg -~ N

)-" q%ﬁ)f&ﬂ%&bélﬁé@r solzf@teaéé)rdm%@hl'fh 60 viterdp i nteger of fromO to 5; All
is CHor N, A12 and each Al3 are |ndependently sel ected from C(R61) (R61),

N(R61), S, IS(IG)H Fepraligyl; and 0, and A4 is NH or NR61, where each R61 is
mde&endentIIy H & kN L acyl, 25 or aryl, provided that no nore than two
het &Y oat ons ovccur consetutlvely inthe ring formed by All, Al2, (Al13)n,
Al4, and C=Qsieaus hlkidlgrbup sptiondidyparbditntedywith aie dor awee sublskybrts selected from

alkyl and aryl;
Ry is alkyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl;
Ry is a five-membered heterocycle having from one to three heteroatoms selected from
O, N, and S, where at least one of the heteroatoms is nitrogen, that is unsubstituted or
15  substituted with one or two substituents selected from lower alkyl groups and halogens;
or a prodrug, pharmaceutically acceptable salt, pharmaceutically active metabolite, or
solvate thereof.
64. A compound, prodrug, pharmaceutically acceptable salt, pharmaceutically
active metabolite, or solvate according to claim 62, wherein:
R is arylmethyl or arylthiomethyl;
20 R; is an alkyl group;
Ry is 3-isoxazolyl or 5-isoxazolyl unsubstituted or substituted with one or two
substituents selected from methyl and halogens; and
Zis Hand Z; is -CO3R3j, -CN, or -C(O)NR;,; R, where Ry, and Ry, are each
independently H, an alkyl group, a cycloalkyl group, a heterocycloalkyl group, an aryl group, a
55 heteroaryl group, an acyl group, or a thioacyl group, or Ry; and Ry, together with the atom(s) to
which they are bonded form a heterocycloalkyl group, or Z and Z; together form a cyclic ester
or amide.
65. A compound, prodrug, pharmaceutically acceptable salt, pharmaceutically

active metabolite, or solvate according to claim 64, wherein:
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R51 is H, alkyl, acyl, or aryl; R52, R53, and R54 are each independently
selected fromH, hydroxyl, alkyl, acyl, and aryl, or any two of R52, R53,
and R54 t t orm =0 or =C(R57) (R58), where R57 and R5 29 WO
99/ 57135 %/99@%%0260 1 each independently sel ected fro%ﬁlﬁgﬁgﬁ}fé
C02(Cl1-Co) al kyl , CO2N(C1-C6)al kyl, and CO02(aryl); and R55 and R56 are each
indelpendentlpxi Q:Fa suitable protecting group for nitrogen; or a
pharmaceutically acteptable salt of said conpound. 73. A conpound of

f or nul a: SIRSSLarleldﬂl)(l@F@r)'hhioREﬁmyNaﬁ‘QRSZ)(R53)(R54) R55 10 wherein: pis
an i nteger R52, R53, and
R54 are eac 71‘°hscf gh%&i&oﬁ? ? )Prospé'?éc?gtgut’% Bfﬂp&!l Qrfg}%f%}s‘xypmav 9‘]“1 arylmgthylang

aryl, or any6t wo Aofontadnd, Rodtirug ptlaimbdeitRaiy heepthBle RuEQhma&itiRRil) ( R58) ,
where R57 and R58 are 15 each independently sel ect ed fromH, al yl,

C02( C1-2€8YaPRYPOlIe0p Rplrate ePEIRg 10, claipichS. wioiek i1y plmﬂmlnre@szlaw@rm are each
' ndespe aen lrﬁ/mé't!y Qfatléhaﬁ%‘ hhaheo B{rQé &bkt t16ht ISR d P5m %Bé%? fdber aﬁ(&l And

pharmaceutical |y acceptable salt of said conpoun compound “or
phar madewutrialledxlyy accept abl e sal t accor ding to cl aim 73, wherein nis 1 or

2. 20 75. A _gonmpqu 0 h Kcal ly able salt according to claim
74, wherein 6(%RSZ% %g%‘?"r‘mg &ﬁg}aﬁ: roeC laérélc Feﬁ%fi?go R 4 FOURTWETRLE ?ﬁ]om H,
al koxy, hydroxy, and carbonylun—6. A conpound according t¢ claim?73,

sel ected fromthe group conSr&ting of: H OtNH QNH @ (CH2)g (CH2)q
(CH2)q 25 HOOC NHR N C\ FN FN
CO,CH,CH;

(0] H o]
10 ©/\O)L \)]\ Z CO,CH,CH, ©/\OJ\H N\:/u\H ¥
O R
H

H
OEN\ O N
o} (e] (0] (0] B
H H
N =
O)LN\I"/ \:/U\” CO,CH,CH, \(\")kNIfN\;/U\N = COLCH,CH,
o = 5-N H 0 = H

F

2 s

15

H
N

0 O8N
0 b 0 e
N N
\(\,HLN \;)l\N P NC0,CH,CHy \(\,,/U\N \;)LN P NC0,CHCHy
H =z H H = H
O—N O O—N O

20 F ; F

P I( A ﬁwﬁ% B
o-N \(/\,,/u\ CO,CH,CH3
-N

F ; F ; and

o
\(\!HKH Y u Z CO,CH,CH;

F

25
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30 130 WD 99/ 57135 PCTI US99/ 00260 MeO O NH O NH Ove (CH2)q (CHz) g MeO O
N NH OHC NH (CH2)g 5 OMe FN pN HONH | FN MO MeO OWve MeO OMe 10

b. OV O 0‘3939}|§N39 N. CHz)g N (CH2)q (CH2)q FEt02C NH OHC %9@%%0\
r

NH2 HCI wherein: 15 PNis a suitable protecting g _
mtrogen and g is 1 or 2; or a pharnmaceutically acceptable saIL of said
congou i~ ' - - Fom t roup
condi s??%g&%‘mg‘\P R B R0 p e B SR R O
thereof.
68. A pharmaceutical composition comprising:

(a) a therapeutically effective amount of at least one antipicornaviral agent that is a
compound, prodrug, pharmaceutically active metabolite, pharmaceutically acceptable salt, or
solvate as defined in claim 1; and

(b) a pharmaceutically acceptable carrier, diluent, vehicle, or excipient.

69. A method of treating a mammalian disease condition mediated by picornaviral
protease activity, comprising: administering to a mammal in need thereof a therapeutically
effective amount of at least one compound, prodrug, pharmaceutically active metabolite,

10 pharmaceutically acceptable salt, or solvate as defined in claim 1.

70. A method of inhibiting the activity of a picornaviral 3C protease, comprising:
contacting the picornaviral 3C protease with an effective amount of at least one compound,
prodrug, pharmaceutically active metabolite, pharmaceutically acceptable salt, or solvate as
defined in claim 1.

71. A method as defined in claim 70, wherein the picornaviral 3C protease is a

15 rhinoviral protease.

72. A compound of formula:

OY Aqq
\
/(A13)p
Aqy
/ ~—
(R141)(R149)C Atz

Rsg
SN C(Rs2)(Rs3)(Rsa)

Rss

20

wherein:

p is an integer of from 0 to 5;

Ajris CHor N, Aj; and each A3 are independently selected from C(Re;)(Rs1), N(Re1),
S, S(0O), S(O),, and O, and A4 is NH or NRg;, where each R is independently H, alkyl, acyl,

25 oraryl, provided that no more than two heteroatoms occur consecutively in the ring formed by

A1, Az, (A13)n, Ars, and C=0;

each Ry4 is independently H or lower alkyl;

Rs; is H, alkyl, acyl, or aryl;

Rs2, Rs3, and Rs4 are each independently selected from H, hydroxyl, alkyl, acyl, and

aryl, or any two of Rs,, Rs3, and Rs, together form =0 or =C(Rs7)(Rsg), where Rs7 and Rsg are
30
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NH HOCC NH2 BOC B, 0C Ove BOC MO MO OV OV O N O N 25 0 NH OHC NH HO
NH Et 02C \ NH BOC BOC BOC 30 131 WD 99/57135 PCT/ US99/00260 1 MeO MeO

OHC NH Et02C NH2 HCl and BOG where BCC i
t- butyl ox&&lﬁ%ﬂgf

or a pharmaceutically acceptable salt lf?mggsgglog%fr?pound.
10 15 20 25 30 132

1 each independently selected from H, alkyl, CO,(C,-Cg)alkyl, CO,N(C,-C¢)alkyl, and
COs(aryl); and
Rss and Rse are each independently H or a suitable protecting group for nitrogen;

or a pharmaceutically acceptable salt of said compound.

73. A compound of formula:
5
;?51
O N
(CHZ)p
Rs6 ~
’;1 C(Rs2)(R53)(Rs4)
Rss
10 .
wherein:

p is an integer of from O to 5;
Rs; is H, alkyl, acyl, or aryl;
Rsy, Rs3, and Rsy are each independently selected from H, hydroxy, alkyl, acyl, and
aryl, or any two of Rss, Rs3, and Rs4 together form =0 or =C(Rs7)(Rsg), where Rs7 and Rsg are
15 each independently selected from H, alkyl, CO,(C;-C¢)alkyl, CO,N(C,-C¢)alkyl, and
CO,(aryl); and
Rss and Rsg are each independently H or a suitable protecting group for nitrogen;
or a pharmaceutically acceptable salt of said compound.
74. A compound or pharmaceutically acceptable salt according to claim 73, wherein
nis 1 or?2.
20 75. A compound or pharmaceutically acceptable salt according to claim 74, wherein
Rs2, Rs3, and Rs4 are each independently selected from H, alkoxy, hydroxy, and carbonyl.

76. A compound according to claim 73, selected from the group consisting of:

o} 0o o)
NH NH NH
A
(CHa)q (CHa)q (CHz)q
25 HOOC”™ ~NH, : HOOC rilH , EtO,C7 "X rilH .

>

N Pn
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OMe PN

Et0,C7 X

wherein:

OMe

(CHZ)q

NH
Py

N

MeO,

S E0,C7TN

o

OMe

N\
(CHz)q

NH,e HC!

Py is a suitable protecting group for nitrogen and q is 1 or 2;

or a pharmaceutically acceptable salt of said compound.

71.

HOOC

PCT/US99/00260

Q

N

Q

A compound according to claim 73, selected from the group consisting of:

}) HooC . Et0,C

OHC

H,

NH

NH
BOC

HO

MeO
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MeO MeQ,

OMe OMe

@)
zZ

OHC™ "NH

EtO,C7X"""NHpHCl g BOC

>

where BOC is t-butyloxycarbonyl; or a pharmaceutically acceptable salt of said compound.
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