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PCT/ US99/ 00260 ANTI | PI CORNAI RAL COMPOUNDS THEI R PREPARATI AN e
CROSS- REFERENCE TO RELATED APPLI CATION This application is related to U S.
Provi sional Application No. 60l 083,828) filed April 30. 199

of Dragovich et al., the disclosure of which is incorporate Mmmmwm
herein. FIELD AND | NDUSTRI AL APPLI CABI LI TY OF THE | NVENTI ON

pertains to peptide-like and peptidom netic conpounds that 10
advant ageously inhibit the enzymatic activity of picornaviral 3C proteases)
especi al {yp Jo3kpgvi rus 3C proteases (RVPs), and that retgfdisdémoadéo 9rowth in
cell culture. The invention also relates to the use of such conpounds in
pharmaceutical conpositions and therapeutic treatnents for rhinoviral
inflections. The invention further relates to processes for synthesizing
such conmpounds and conpounds useful in such syntheses. BACKGROUND OF THE

| NVENTI ON  13NTHICSIRNAMIRALSRMP QURDS, THFIR BREFARATIPNWND @isge| oped
positive-stranded RNA containing viruses that infect humans and ot her
animal s. These viruses include the human rhinovtruses, human poliovtruses,
human coxsacki eviruses, hunan echOV|ruses) hunan and bOV|ne ent er ovi ruses.
engephal onyocar dGRASS;REFERENCESV( RE APBLICABHINand nout h vi ruses,

hepatitis ’ﬁué’dpbﬂ&aﬂoﬁﬂdzl@f&@@ﬂﬁis PTMSIMMBpI‘CQhM& 6B SHY, @@ MBj or cause of
ffective therapies on the market

t he common col d. To dat there are, n

that SeFle% h%gac‘ﬁﬁ?ﬂf"t?ﬁﬁ 5 raQBHF}ilcttai'eta‘f ﬁ’éﬁ?sé‘mt%é{‘t'“clhé? ingQrporptad by npt ons.

Pi cor aavdéncaherkinf ecti ons may be treat ed by inhibiting the proteolytic 3C
enzynes. Th [ at ur jration of the

pi cornaviru .B Wﬂ'ﬁ?nﬁé‘ﬁf,‘?ﬂ%pﬁr {L‘tﬁﬁ%pcﬁ u@b{c% ..lg cl eavage of the
genomi c. |Begevepidngsrigineiorpeptriiedike hed peptidomimatic saimpabndstiot ei ns. Menber s of

the 343.Ri0dead mzwexaﬁeatfems&&w?pmaamsﬁ pmv@afce eesgaéa allil'”bf pydr yl f g g gur)
Iprtiron O

nost 25 open ¢l eaves t am ne

pr ot eREwWY ‘W%@Pfeﬁfégs{l}%) %f‘ggﬁ‘ ‘[5?‘5*[‘88‘?/%‘??"@ ig F%la?}’a‘g"@ Jihe {HETS12r ot ei n.

Whi C hrelafestiditha usedst sndt @mgotrtie imnghhomiaaéution cam@ositefak mﬂﬂhtrﬁmuﬁé the viruses by
| 0t e { SLA0G: W hfhollehiFheeBRALT et REAAHG B Retar B LELOLE: col HRLBLLLNQ L Ne
processi ng o I's cystel ne protease Wlt lve snal Ctl es that
are si)ébF‘f'FE%‘F‘ﬁW@é@@@?ﬂ“ﬂ%Feg‘hWﬁ‘Wéi@Ffé%nt an i nport ant and usef ul
approach to treat and CLH@C]‘(GIR@UNmﬁﬁCﬂ{QﬂNv@ﬁVTt[bNS nature and. in
pasticul ar,. the common co I 5l 2002 WD 9 /57I 35 PCTI US99100260
1 Some sl 1EPHOFBEYE ’i‘rﬁﬁlﬁ“{yoc}fémﬁf‘c’“[ﬂ‘é’egﬁ%f ?’%“%ﬁ? 9~ of pi cornaviral
3C pratnedsesvifusesthat isfadtihpmersrand vihednirednpieseddusdsanduds elgrhuneoent | y

di Scoeﬁﬂ{ogqusé%)naﬁ B&.o%aazplhﬁmmuc&sa&@tmts ARRL] &£RLiR0sNRmA8L$S0, 398) bl ed
May 2, | ber et al U'S. Patent Application No. 08/991, 282,

fil edb‘lﬁe‘t?e"t‘i‘ﬁé‘?"“fﬁes qnerppalopyoarditofiuat Beningitis viggdoqyand mpahaHEseanp| i cat i on
No. ORdpfs A 38us. hind @BkrDeT2ideEn &ﬁ;ov&%?érebynay&bheéoahe admmdhese U. S. patent
Dy LALLMk L%, Uil OBUEER: Of wtlabll: BLCLGOLRASM Bt e N, DY

r eler ence SCribe certaln ant|p|cornaV|raT Thére is still a
desi r eeatpends datgvkave Siwslinpepecul e conpounds that are espeC| ally potent

ant i pi cor naVdchairaBdRBchs nauwexed% .I{}I-Euhé\MEbFBke@NtlIbe%nzﬁ&somc@&t of this

invention is to discoyer snpll-n Le .conpounds_t hat are 10 espeC|aIIy
pot enfZERET HF EGPRELIOF BF Paye T‘g‘“‘aﬁf"f HRIFO 'é&s SrevierrnoRdREi®In is to
provi de aintes ki as: Qﬁgefgahorfﬁxgrlm’ghaolsfymhembsheafsseﬁaaldnrﬁlrwdtaase i nhi biting
conpo i ngé, r ICh. et further
obj ec%m %eé@?t@%@ﬁﬁdg%fﬁmfy Jﬁ{%@{,}& ea%:? Wi {t} ?‘%{Hl&g%?ﬁp‘épsé? Mons that are
hiZghl gl dieares heslpgmincradutiterignidrdtoat %lbmwﬁ@mrqunhwﬂqddﬁ of

pi cor Bidwik prateo3ic aema@aaase pcﬁﬁtﬁ&exﬁﬁwﬁ:&ﬁm@&ﬂ@ﬂre&ﬂi #le mPUEdioR EiuﬂCt s have been
attai ne matnh‘r]o th hS%S sngc(r) vrg nds thf {} ventjon, 15 which are

pi conBvi ra proteage n ot 8" °4PEP af/’mﬁ‘éf“ﬁ%r REUPEr Y CEPE Sy anti vi ral
act i vptogessing Oh'ae oy Eieipe prstenglvythbebm\mssekbmteedest thatarqeppdifickdly and

pept i dopidlisfoltPRPRWM S me&a{: Bhd e Al iﬂpvacmﬁmgmq chl.%tvﬁanqﬁbé&kdng group have
hi gh rhinoviral - protease-inhibiti ng activity. It has further been

sur pr Pgﬁhﬁgﬂa?r"f%‘ﬂﬂé}pﬁ"ﬁ‘é‘fla‘tH‘éc?‘m“ﬂbﬁ‘??al prot ease-inhibiting activity of
peti do and pepti donimetic corrpounds may be significantly enh

replacing a glutam ne-1ike moiety!found in some known m,mmﬂm"ﬁm"m"mm
rhi novtral - protease-inhibiting conpounds with a side-chain lng a
gama- or delta-lactam The inhibitors of the present |nvent| on are o t he
follow ng general formula (1)' OR~-ROR2ZYs/ R aOR 3 R- (1) 25
wherein: Y is -N(Ry) -, -C(Ry)(Ry) -, or -O, where each Ry is

i ndependently -H or lower alkyl; R is -H -F, -alkyl, -OH -SH or an

O al kyl group; 30 2
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- 30 Cctober 2002 WD 99157135 PCTN599J00260 1 0~ A4 (Aa>n ~ /A~ ~A Cz Rz and
R3 are each independently H ~ NH2; or (R-)(w, ' where n iss&rPstrkger2002
fromO to 5) A is CHor N, AZ and each A3 are independently selected from
C(R41) (R4i), N(R41), S, S(O, S(O2, and O and A4 is NH or NR4i) where
each R4, is independently H or |ower alkyl, provided that no nore than two
het er oat ons occur consecutively in the above-depicted ring formed by At,
Az, O(A3)", A4 and C=0O, and at least one of R and R3is ~'~NHz or o~ ~ 10
\' (AA)n A~ ~C ~\A- (R41~(R41~ ' RS and R6 are each independently H F,
an al kyl woogprize cycl oal kyl group, a heterocycl oal kyl graausesensar yl

group, or a heteroaryl group; R~ and Re are each independently H an al kyl

gro p) a cy, Ioalk r oup eteroc cl oal. k group, a
het roaryl “Group: cuté 'Mégmrs Ve %C R tf(lélc 9’%‘1 avigs] ?8 aﬁﬁlB wher e
R g, Rig aannhoﬁmxrdlcemmﬂ@lhﬁ‘t%vem@mlv9lSF¢VeaF\ S fdr cgmmlp, US. cycl oal kyl

group, pﬁerhé\tpsn&amkgadsmsbaggmMm aﬁsvzl bgmupere@anh@wrp%w' group, or an
acyl group R7 and R8 is an al kyl group, a

cycl oai‘\Rl}/‘Fca@‘?‘bIﬁ?J)Ogé?"h%’PeF‘l?@)P(?F%%qek% l@? BbD‘a&ﬁ"‘é‘F%al g BUpHS- Batengt er oar y!
gr oup, Apfihifgn N&Eﬁ/b})l -’/'Wﬁ?eﬂllﬁ):emﬂ‘de@NE@ﬂRﬂ.WebB&’r et NRTRER1BS. p%Qnt RO is a
sui tabl e ,.or.gani.c |nde , F, an
al ky gp (1) ﬁ%,%nsa tléc (H?Q:\os?r 3 (rta wr]nch are mcorFlor?tg(?1 féeé'elcl Batifcf(rexrce screbe ca%auér yl group, a
het er oantipicograping com&‘@)*ﬂl?ﬂhﬂe-lﬂgzlﬁzifb“&tmscm@ @)ﬂmolpcmf@m;@@@slm OR22.

- O S) Rirelespeziadl mahnd%?navm%emssm -SQZRz, , SOZNRzi Rxz.
- SO(NKxI ) (OR22) . - SONR21 -PQ(R21) (Rzx). 25
PO NR21Rzz)(CRx3)~ - PQ( 1 ~NRzzR23. or
C(S) NR21NRz1ztR23a,n ahfrer «f iR {hvéedign Rzadtsawcksm\ﬂ -mdleuachpbndegansgent [y H, an
By o BBy R AR LR, AR SERGYFLRR oL RURo D ATy Of oup) 2
het iér oa roup gr oup, or a I oac p, wher e any two of
R21) Rme steamﬁm thctsas@f estet saif Pwteﬁwen%&)'@ﬁ& yomwumiﬁ a@ﬁ sytilesficar e bonded,

form ade%aw&mk&a\hdﬁxymwswm yR FiQik Afgkct brate lzvaﬂdpélma&@eveot both H 30 3

30, Cctoper 2002 WO 99/ 571 35 1 US99100250 | . or Zi and together with
the at8 U EHPRATRY S tﬁ%f M?Q?BY‘%?%“W% ﬂé‘%ﬁ'ﬁ mfﬁ"“ﬁ%?’ér ocycl oal kyl
gr oup, inkitéden of picandviRy! 38 mpetasesdath aable alpoven @kcept for noieties that cannot
form the CM&%}@&L hfle @gﬂaggyﬂﬂghmldxs%Q%fcoﬂ o&déeﬁhﬁlme&ta{aet her wth

the atons to whitch are bonded, forma cy et erocycl oal kyl
gr olfp, WhiereE xzcwwz” prateass '%Pﬁéﬁpﬁ'ﬁ%@m@ﬁ‘égﬁﬁSt'S’“%‘F“VI‘fB'i 3tVigs” t hat
cannot gftas mrpmgwsdeaais&wkreathahpetpeu@wcplemioklyxhe:grcempounﬁbeodtam@al on al so
pertal?sto ?étg haronaglté a{&%/lacetaeblezatsi ?Ermaceutlcally
active H%f'ﬁ f’re 3 mgt)hcdcﬁrh Nac etk prRreEasr AP Ee 37 e 4 P8Y conpounds
of t he firthenbdea sirpridimglyp foghéthaathie émt)@mlfpecmase mhlbtlthe agtvipodipeigidofand he fornmul a
1) R2 %Eﬂldgl??mﬁ&ﬁ: ngl ghn%@mlrpoé\gxgmga%én@%a %Pre&a&nkggﬁ%ﬂg@nﬁé y H = NHZ;
or (RtT)(Et" & t) ,.where nis an integer fromO 5, each R41 is
i ndepefpsTY Fcym mo%mne&m'" rinoyiral-PEHeRsE-BIbing cagRPHEMF E’N‘?S'éﬁ <hgie car bon
dendt edox@prlﬁngagamﬁhoamelasﬁcﬁm sk may be Ror S; provided that at |east one

of R _ and 1tors H%e presen, Egmvenaxoill &R}&tflﬁlom%nerﬁafbln( l% g) tRat) (R'")

Preferably, erc & ér ocye t hree

het er oat ons sel ect ed fr OR 7N) a 2 | Z ot her pref erred enbodi nent s,
the variabl es of fornul )Ak\gj\and Z, are each |ndependently
selected fromH, F, |Rawer Hﬂd% nd Z1C(O)NR2 Rzz, provided that Z

and Z, are not both H where /. aﬁad R22 *fe each |nd@n§)endently H, an al kyl
roug cycl oal kyl group, a heterocycloalkyl group, an aryl group) a

het & oa‘?aWe"broup an acyl group, or a thioacyl group, or Rz, and Rzz)

t oget her wi teh the @.NF@)- JO0R )i, Chod h)e,wt&feecahoﬂdleﬁhdef)dhﬂéﬁtl& -B2r@wdrO N

het er oc cloalkll . At least one of Ror R's ~"~ ~"~~or YY ~ Pz 5

., O ~~ NHz lfa?'nd the other is H R and R6are each independently sel ected
fromH F, an alRyis-grduplkyh QlycSHaM@yIO gkogupa het er ocycl oal kyl group, an
aryl group, and a heteroaryl

30



- 30 4 30 Cct ober 2002 WO 99/571 35 PCT/ US99/ 00260 | group, e prefera
one of RS and R6 is H and the other is alkyl or aryl (e.g.,ngﬁs%EE?P?ft?é%z
or substituted phenylnethyl). R7 and RR are each independently H, an al kyl
group, a cyel oal kyl group, a heterocycl oal kyl group, an aryl group, or a
het eroaryl group; and nore preferably one, of R7 and R8 is H and the ot her
is alkyl (e.g.) 2-propyl) 2-nethyl-2-propyl, or 2-nethyl-1-propyl) or

aryl methyl (e.g., unsubstituted or substituted phenyl nmethyl or
napht hyl methyl). RO is a five-nenbered heterocycle having fromone to three
het er oat oRpg sedest ed from O N, and S) nore preferably aptirxgssdardoer ed

het erocycl e having at | east one nitrogen heteroatom and at | east one oxygen
het eroatom (e.g.) unsubstituted or substituted 1, 20xazo|y| (

i sox&zolyl), 1,3-oxazolyl (i.e., oxazolyl), or oxadiaZz @
1,2,3-oxadiazolyl) 1, 2, 4- oxadi azolyl, or |, 2, 5-oxadi azol ).(Mmen RO is
oxadi azol yl, unsubstituted and 10 mmonet hyl - qubstitw g/%\zlﬂ-oxadlazolyl

are preferred. IR g,mg,qr@gal:ymggﬁﬁggnﬁ@d[ efb | reind. g R4|)(S4‘)3 i soxazol yl or
5-isoxazolyl, ejt unsubsh g ﬁ_ﬁoﬂtute with one or two nethyl
groups and/ or Wﬁﬁf“éﬁésﬁmﬁﬁef o It8 1‘?\\9‘5 d8PPHEBép AG pleardertd hal ogen
subski tuents. defeced foosf GREHE 4@ NIBak), & B(Q). §(1):, cohPoandds,is NHQﬁIangs,

phar maceuti cal luxer@lg%%ﬁmpln%e@e?}!g by Hp&%m%% Y1 bfilded nEM] 48 TERARE! [ Les, and

sol vates have an an I corna activit han or equal

to i00 pMin t‘FFéefPﬁthfe‘Lc&deéP-‘leC‘é\YFltyu‘i‘ @eabw;ﬂepﬁm rtnaf@mmbxér,aebl y | 5 an

antirhinoviral activity with an EC50 | ess than or egual to |l O pMin the H

1-f-leLa cell culture. In another aspect, the iqineption is directed to

i nt er medi at es @) &+ #ndl GrQ, pnd gt bf B wd Rsie " For nul™21ae' | which arc

useful in the synggiflﬁ of certain conpounds: 20 O Ata tAta)p /A~t~A Z

t Rt g0p) ~R~a~) ~ R56 ~T~CRS2) CRs~) cR54) R565 (I1) wherein 25 p is an integer

of fromO to 5; .5 Pt2) P R56 ~ N CtR52) (R63)tR54) R55 (I1' ) A i is

CH or N, Al2 angheach Al3 are i ndependent|y selected from C(R-61) (R 6i),

N(Rbi), S, S(O, %2, and O and Al4 is NH or NR61, where each R61 is

| ndependent 1y H gl ud6ieh lna@fendéitl i1 PY NI ecpcy BRI Fodpan L0

het er oat onms occur secutively in the above-d |cteg ring in fornula |

formed by All, h%&r?cyc[‘]) AL groupy aré’rﬁi“‘@tﬁfaheéeé%aﬁy F%i%‘}? i s independently H or

| ower al kyl ;e 30 R,30d Rpdrobeh indOfkAd it IBEIT bd bk ngrdEEﬂ'cchﬁkyl §rohb aal kyI acyl,

or aryl; R52,,R53 54 are ea ch in endent | ected

hydroxyl, al ky Fetem?’c?%a éﬁﬁfogfmfary or any ﬂftgma‘r F grﬂu‘y 8%@ %TRHCI IH{ 't“oget her

form =0 or C( F?‘“QWFRWB)S, OF\ANBrv@RRSWth@nRB& aﬂé{nea@haqhnmmgm}ﬂwsel ected

from H alkyl) afy GG oioRkab kibar, CHOLNL ) Bl BRGGER( 2T v 1) and
epe

R55 and R56 are each in ndenlt %/ a suitab prot ecti ng grouF for
ni trogen. The PRERAY] HAS: §“‘é‘|‘"’§6 & WpeE‘f’é'(ile‘l @a%ﬁﬁﬁeéﬁqlf’@é}fi IRy‘Sé‘Eé‘B‘ﬁ abl e
salts of the cearppungsioaky!fgerupld Becrocycloalky! group. an aryl group, a heteroaryl

20 group, -ORy1, -SRy7, -NR 7R3, -NR19NR 7R3, or -NR70R 15;
. Ry is a suitable organic moiety; and
. Z and Z, are each independeatly H, F, an alkyl group, a cycloalkyl group, a
heterocycloalky! group, an aryl group, a heteroaryl group, -C(O)Ryy, -CO;R3y, -CN,
-C(O)NR;31R2;, -C(O)NR1ORy;, -C(S)Ryy, -C(S)NRy(R22, -NO3, -SOR3yy, -SO;Ryy, -
SO;NR;31R2;, -SO(NR21)(OR2,), -SONRyy, -SOiRyy, -PO(ORyy)2, -PO(R21)(R22), -
25 POMNR2:R2:)(ORz3), ~PONR31R2:)(NR23R34), -C(O)NRNR22R23, or -
C(S)NR,NRy:R,3, where Ry, Rys, Ras, and Ry, are each independently H, an atkyl
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 Rz, Ra2, Ry;, and
Ra4, 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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-1l and I'l'. The invention also relates to pharnaceuti cal ng sitions
containing a therapeutically 10 effective anount of at | east QCEBHﬁBUHQOZ
of the formula I, or a prodrug, pharnaceutically acceptable salt,
pharmaceutically active nmetabolite, or solvate thereof. Additionally, t he
invention relates to nethods of inhibiting picornaviral 3C protease by
adm ni stering a therapeutically effective anount of at |east one conpound
of the formula I) or a prodrug, pharnaceutically acceptable salt,
pharmaceutically active nmetabolite, or solvate thereof. 6 30 Cct ober 2002

Accordi ng @ 99R”a3aspect of the present invention, there igra/soviddad a
conpound sel ected fromthe group consi sti ng of HN O O H O WO NNv N~

~CQz CH HOHEF il ONOHOO-N
Nv N~ coetizchf ‘Iﬂ“%%geg‘ﬁdwm? thg g aBFnSéf’r ‘0’5 b B‘ﬁ‘éf‘ﬁ”r%‘g‘!ﬁ? 84T Py acceptabl e
salt) phar mac ewycloalill or hatetoryadoatieyt alowp, ivthele Zoand R arabedefinet avofe &eemr di ng to

anot her aspect g0f;ofhes RERIGRE folR WRIY LIyt bP thoeyéloplmvgraﬁ,d a use of at

| east one conpound, prodrug, pharanmaceut’ically active hetabolite, -

phar naceuti cal | yO'a%éW'akﬂg%‘h%‘aY‘E‘”h%‘f‘°‘§%1°\)"§t'@‘ & aebinded farove in the

preparati on ofcyalomgll &&Bﬁf&:y&l&ﬂkﬁ ERap, vhgred MY BEc 28 Qefilicd 8858 GBI ti on

medi 4t ed by pi gor nayi Rrof eas actl iy, ccord, to further aspect of
or c orm laal%yl r oalgy

the present inVefi O|“='ol?1St %there S r':oc\)/llc Use’or 18%% one conpound,
pr odr ugTheghemprerc elext pectaink §o medmgﬁephaBU@bwimﬁeaccghmmmhmd;duycaalycept abl e

sal t, Oacnsplnxa@,&u@ssm@eghhm@euua&r@va@cap&biefsenvmmmbams S m@foliRdL gament for
i nhi b| ting the activit tp| cornavi ral prot ease. According to again

anot her aspdBPred ""‘fiﬁé‘b?ﬂ"%‘é‘ﬁf’ ey SREPROPBAS, Off*ﬁé‘i’ré‘“fasl Br \diReetF sa°onpound of
formula o~ A~~ (A ~ alP /AMA 2z (Rrri(R~}’G ~\~ CRRN{( szH sakKRs~) Rss 6a

° N

10
(C(R4)Ret))a

i £
~
- \/lL ~c
independently H; LL' NH2. or

c
Ra)(R . .
RedRe Fan®an , where n is an integer from 0

to 5, each R4y 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 R; is 'i NHz o

Rqy
-~

(C(RHR41))a
&«
\ ~ c
¢ (Ra1)(Ra1) . .
Rq){Ra1) Preferably, Ry is a five-membered heterocycle having one to three

20 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, -CO3R;, and -C(O)NR;R3,, provided that
Z and Z, are not both H, where Ry 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 Rj;, together with the atom(s) to which they are bonded, form a
heterocycloalkyl group. At least one of R; or Ry is l , -¢ , or
o

}g\/u\ NH

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

2, and the other is H. Rjsand Ry are each independently selected from H, F, an

30
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- 30 October 2002 wherein: pis an integer of fromO to 5; A (héi C||
A, z and each A~ ~ are independent) y selected from C(R61) )3( (#,
S, S(O, S(O2, and O and Aa is NH or NR61 where each R61 is |ndependently
H, alkyl, aryl, or aryl, provided that no nore than two heteroatons occur
consecutively in the ring formed by Al1l,, Al12, (AiI3)P, A a) and Cue; each
R141 is independently H or lower alkyl; R52. R53. and Rs54 are each
i ndependently selected fromH) hydroxyl, alkyl) aryl, and aryl, or any two
of R52, R53, and R54 together form =0 or =C(R57) (Rsg), where R57 arid R58
are each iywgepensently selected front H al kyl, COZ(Cl- Coyplkaslobzso

C(OI~l(C1L-C6)allcyl, and R55 and R55 ace each independently
H or a suitable protecting grqup.for nitrogen; qr a pharmaceutjcally

accept afPe %‘Tprﬁﬁﬁrai’kﬁ"d‘cff %ﬂ.’s }Xﬁ'b‘gti‘ﬂ?[ﬁ% B ﬂk’aé’f AYhGtehdrswbeued of the

pr esent orisnbeinitédyrhpnitiinethd).iRs apd Byarel eth éndepmpantim di, aﬁ alkyirgmlpaa C)Rﬁoai'ky[) N

-1 2 PR ARG gmiﬁi?%nw%eg@é@m Prdo@olerbill E0EHoR bl AN God 0 S FO1

is H aryl eac epen ent | y

sel ect le o0 ARpS Pﬁ?‘d#‘é@(?/‘ ecg iyl (e8¢ 7 Propy itmsityl-3- P@PY‘aWy two of R52, R53,
A it i A e T o S T ‘a’éarNec‘ia‘éE) atkyl
ond cooppip G Hait bfiRaterediehec ine oM s Hirtg Wler g £ ap! o

pr ot ect xetrgtegrf@upofl‘é,randl St morg ereferahly afiphmembered hetesedytly haduegtialsi aesal t  of
sai d Comggumretemmmma%m%éox%g%eé%%d{e@g umbaﬁtmlea oBRBLiiGEd psPect of

the present 1nvention, there is provided a conpound aV|ng the fornul a:
oxazolyl (i.e., isoxazolyl), 1,3-oxazolyl (i.e., oxazolyl), or oxadiazolyl (1,2,3-oxa iazolyl,

and CQ2(aryl);

1,2,4-oxadiazolyl, or 1,2,5-oxadiazolyl). When Ry is oxadiazolyl, unsubstituted and

10 monomethyl-substituted 1,2,4-oxadiazolyl are preferred. In especially preferred embodiments,

Ry is 3-isoxazolyl or 5-isoxazolyl, either unsubstituted or substituted with one or two methy!
groups and/or halogens, with chlorine and fluorine being preferred halogen substituents.

In a preferred embodiment, the compounds, prodrugs, pharmaceutically acceptable
salts, pharmaceutically active metabolites, and solvates have an antipicornaviral activity with
an ECsg less than or equal to 100 pM in the Hi-HeLa cell culture assay, and more preferably

{5 anantirhinoviral activity with an ECsp less than or equal to 10 uM in the HI-HeLa cell culture.

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

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

Rst

(@]
A
\{/ 1{1 o NI
(A|3)p AN

An.’/ (CHa)p
1t A]z

(Ri41)(R140)C

20

Rse
~ R
N C(Rs2)(Rs3)(Rsa) o~y

an

C(Rs2){Rs53)(Rs4)

Rss Rss

air)
wherein :
e pis an integer of from O to 5;
e A is CHor N, A;; and each A3 are independently selected from C(Rg1)(Rg¢1),
N(R&1), S, S(0), S(0),, and O, and A4 is NH or NRy,;, where each Rg is

independently H, alkyl, acyl, or aryl, provided that no more than two heteroatoms

25

occur consecutively in the above-depicted ring in formula II formed by A, A2,
(A13), A4 and C=0;
e each Ry41 is independently H or lower alkyl;

30



O NH 130C ~N H OH where BOC is t- butyI oxycar bony(. 6c¢c 30, OL‘C; lg) 612%%2
DETAI LED DESCRI PTI ON AND PREFERRED ENMBODI MENTS The present” 1 nvent

rel ates to conpounds of the féﬁ%ﬁ&'TUT%Sﬂﬂf—@Rz ZR5 ~YR' N N ~ Z HRS8
I~ HR3 OR6 RL (1)~ wherein ¥, R, R2) R3) R5, R6) R7, R8, R9, Z, and Z1
are as defined above, and to pharmaceutically acceptable salts, prodrugs,
active netabol jt thereof. Preferably, such conpounds,

phar maceut i cal Fng%[bzgggé%g‘e%ggﬁfs prodrugs, active netabolites, and

sol vat es hawe agg Rpi mdrmvamahclaodewndemly m:bq:o&edrfrcaﬁéf apdirgx@ndtkythacghwand ali

activity) correspondin an EC50 es al . t0,10 Mipn the H

| - HeLa cel | F‘?’ Péa'b?'slg’ﬁf?[{ﬁblf{é’ IES #é e@% é}(hﬁ')d‘{é‘ga‘ﬁh&ﬁ%ﬂ ess

t han or equal b R QUM dath mh@ehﬂdmlweﬂacte&ﬁ&mwlatwre assay. The present
invention additionally relates to preferred co ounds of the fornulas I-A,
|-BS and |-C EPrE&gRl @'@W@F@%&Wwdﬁ%@ WRgdO Rs HR3 R~ (I _A) 6d
30 Cctober 200 e N R N~Z~
H8 OR6 H 3 Rﬁ55(|“9‘?‘!§zm "Fogg% =) zﬁgzgg%gﬁfgﬁ%&mg%&' gf ot '""g%

wher ei rniltRyinyentiorf is plsa diedtedp phammdcortichiivascepidtity/salts ghthe ROmpourds of ﬁﬁrpulﬁtﬁ R7
R8 RO, 0 d Z1 are as defined above, and to pharmaceutically acceptable
salts, prodrugs, active netabolites, and solvates thereof. 10 The inventive
conmpounds ofTHeanvweuli@salio rdlatestté pmraneutied easm;msittons bmmt:a’hmgasheramema'llgle i ke"

ConfourE g ioptt o e Suf bl phffe F5Hlal. i mfnBpertaspticaly”

CONPOUN@geptabld saRphlafindcB@icallPativh arRebolitwdceblvil YhaddreAdditibaisgei fic
blodlstrlbutlon or other physical properties; nonethel ess each possesses a

“st r ong iRYAnHRY Fefalgs o, fr@fh@é%%ﬁlp'ﬁhatlﬂg picagiagieal 3¢ingtease by pdmprsde@ieied embodi ment s
of CO”RR&&%u&Juy eﬁf:(mue @&ohnt’%f aJ R:ﬁt o%rﬂpo&@@ﬂ“@forﬁ%la‘ ot} ngarugr an al kyI

group; formula I -A) hyl 5, and’ R8 are ‘ach H; i's
sel ect ex!lama@mt@#é’ @Fﬁemﬂéc Wﬂ phﬁmwumﬂetawe@ m@)ﬂNll@,M@l@@c thereof. rtH2. . and
. R6 is an al kyl group, which has as a preferred optional substituent an
aryl group;




R7 is an al kyl group, a cycloal kyl group, a heterocycl oal kyl group, an aryl
group, or a heteroaryl group; RO is a five-nenbered heterocycle having from
one to three heteroatons selected from25 O N, and S) pref erzabatondrengr at

| east one of the heteroatons is nitrogen, that is unsubstituted or
substituted, where the optional substituents are preferably hal ogen or

lower al kyl, andyJRefinp! & &seab! P@an%rcmeorp%s%t b &Qdh, y&e@cnﬁt hyl group;
and Z and Z1 are each I'ndependently H, F, an al group, a cycl oal kyl

gr oup, P@Wﬁ’éﬂ@rmpwféhﬁfﬂwt@érprU‘faﬁfoallﬂﬂongﬁéugOfa het eroaryl group,

-C(O R21 - CO2R21, CN -C(O NR21R22 -C(O NRzi ORxx, - S)Rx,, - C(S) NRx, Rzx,
-NOx, -SORz,, -SOxRx, lat 3ii 30 Cct ob r 2002 WD 99157135
PCTI US99/ 00260 1 SQ(NRZ 2) -SQANR21) (OR22)\, -SC]\I j, - SOBR21,

- PQ( 0?21)2 )((Rz - POONR21R22) (QR23Y, -P@( i RZZ) NR23R24) ,
-C(ON z not both H, and
wher e 2 H , R24 agcgl’%éa n epe'n nt:l yHH ang’al %y‘l group, a
cycl oal group, a rocyctoalkyl group. an a group, a heteroaryl
group, an acyl group a thi oacyl group) or wh any two of R21, R22,

R23) and R24, together with the at'ons) to which they are banded, forma
het erocycl oal kyl group, or Z and Z1 (both as defined above), together with
the atons to which they are t Ached, form a heterocycloal kyl group. In

preferred enmbodi ngn ounds of the invention are of the fornul ae
- A IB',and/ll\ 13})\9\ N~CH2)n OR~- Ry OI'" I RS~N-N-N R~ H O Re H
I ZZ, (- N d}lZ)n GORY:4Y Rs* NNR HORs H20 z z' (I-B")
O R2o N | nOR~ RsN=Q-NR NOR6 HI 25 Z Z~ (I _C~) wherein: R) 2)
and Z1 ae as deflned abon isl or 2, Ry. (informulal-A) is Hor

| oner &%y R6 is alkyl, &ycloal kyl, heterocycloal kyl, aryl) or

het er gaf ylk)dnl%(,)plgarmaccu(ically acceptable salt, pharmaceutically active metabolite, oc

solvate thercof.

According to another aspect of the present inveation, there is
provided a use of at least one compound, prodrug, pharamaceutically active
metabolite, pharmaceutically acceptable salt, or solvate as defined above

in the preparation of a medicament for treating a mammalian disease

condition mediated by picomaviral protease activity.

According to further aspect of the present invention, there
is providled a use of at least one compound, prodrug,
pharmaceutically active metabolite, pharmaceutically

acceptable salt, or solvate as defined -above in

the preparation of a medicament for inhibiting thé activity of
a picornaviral 3C protease.

According to again another aspect of the present invention, thece

is provided a compound of formula:

A
/ | § O
(R MR IC Aiz
Rse
SN C(Rs MR MRs() e
Ry

ba



30 Cctober 2002 WO 99157135 PCT/ US99/ 00260 Ry is al kyl, cycl oaLkylL,

het erocycl oal kyl, aryl, heteroaryl) -ORLl7 -SR17-NR18R19, -NR 9NR17R18, or
-NRCRi s, where Rig, R18, and R19 are each i ndependently H, a3k@ktober 2002
cycl oal kyl, heterocycl oal kyl, aryl) heteroaryl, or acyl; , RO is a
five-menbered heterocycle having one to three heteroatons selected fromOQ
N, arwhegeint hat i s unsubstituted or substituted, where the optional
substituents ar.e pref abI Qne or 5 two | ower al kyl groups and/or

hal ogens. Priid! |W\7gﬁ[t‘f§?1°‘gl rel ates to prodrugs, pharnaceutically

accept abl e«xﬁa& Cﬂomaﬂxmatmmlweaﬂ%% dentB RRelddi R GIRE)ERQYat e of such
conmpounds. & & referred enbodi nents e RVP-inhibiting agents of the
r (5

i nverNGR@r) offSDaransl Qf andri is NH peNByiewbers saeh Rids fltsien@ndastly Hy' 1-B")

Ron Wb o iy Rl nﬁ*gi%ofa”ﬁs g afighy Rl O 2
(I - C'ongifoanéd by Ry), AR;(AR;)?, A%, WA,CRY, Z. and Z1 are as defined above. and

pharmaceutical |y acceptable 20 salts, prodrugs, active netabolites. and
sol vat es tq"’I%‘PB@ﬁ'S!"HCWQWE‘d”é%@cﬁ nts of conpounds of the formula

|-A", 1-Bg add Rsq3re éa%h%d%en(@‘ntlggélwéd 6% i 'H}dt&r mlll%'l acﬁl hay S_H or

nmet hyl ; Rle se ectedfromo e follow ng noi eties: 25 ~ NHZ

~v~ aunyl, or anyRE-oi of Ry ylkmamidyllﬁ togetirey Kdriv aﬁetrkFyﬂ:(RsWﬁéfsb vareyd Ri;angdiRgf er abl y an

optionall substltut ed phenyl group; R7 is an al oup rmre pref erably

61 e ench POy EIeE Ak P Sk oSS CONBYMAOTS G G

aryl r{?ﬁg%lr” %yggre the aryl group is preferably phenyl or napht hyI; 30 9
2 WO 99/ 57135 PCT/ US991 00260 RO is isoxazolyl, oxazolyl, or

ox ad| azol Ws} aepRisparalchoh mdé;szmdémtye[d o\ kiiitab egpcoteclingDgrh Gpvedt xatlrd@eh gr oups
and/ or hal ogens; and Z is Zi is -COzRZi, -CN, or -C(ONR21R22, where

R21 and R2’2aeﬂhé"%%cc%?q'We’lﬁ?c%ﬁh}%sa‘kﬁfsﬁdéﬁﬂ‘f’m“‘% ogether forma cyclic ester
or am de. Even nore preferably, the RV P-inhibiting agents of the invention
are conpounds of any of the formulas I-A"", 1-B"", and I-C"': Rzo N

According to yet another aspect of the present invention, there is

provided a compound of formula:

ﬁs {
o N
(CH3),
RSG ~
ff C(Rs2)R53)Rsa)
Rss

wherein:

p 1s an iateger of from 0 to 5;

R 1s H, alkyl, acyl, or aryl;

Rs,, Rs;, and R4 are each independeatly selected from H, hydroxy, alkyl, acyl, and
aryl, or any two of Rs;, Rs3, and R4 together form =0 or =C(Rs;)(Rsg), where Rs; and Rsg
are each independeatly selected from H, alkyl, COy(C-Cg)alkyl, C(O)N(C-Cg)alkyl, and
COxacyl); and

Rss and Rsg are each independently H or a suitable protecting group for nitrogen;

or a pharmaceutically acceptable salt of said compound.
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~ (CHZ)n OR~- Ry OZ 10 9~-N~N-N HO R6 HR~ (1-A"") Rzo ON ~(CHZ)n OR7 O
ZISR~NN~Z~HOR HR- (1-8,..) Rzo ON (CH2)n O R~ O Z 20 RO~N~O~-N ~
Z~1 1l THORs HR (I-C'"") wherein n, Ry, Rl) R20, R6 R7 R9%g dc¢toBDobe
are as defined above, and pharmaceutically acceptable salts, prodrugs,
active nmetabolites) and solvates thereof. In preferred conpounds of the
formula (I1-A""), (I-B""), or (I-C'"): R is H F, or nethyl; 25 Ry (in
formula I-A") is Hor nmethyl; Riois hydrogen; R 6 is arylmethyl or

aryl thionethyl, where aryl is preferably phenyl unsubstituted or

substituted wth halogen, | £y al kyl nd/ o [ Kk .- 30 .. 30

St ober 15002 w0 o6 A5 Rng B Sl Bhitlor 48RE4 3 ﬂjéegiv’\gfisﬁ% mgQ)ré%)/‘HB‘?’ Mt is °2

pr ef er abl yrbedsd beohgoduhddmvihgttepfptmuly:net hyl - 2- propyl , 2-met hyl - 1-.propyl ,
and aryl nmethyl, where the aryl group is preferably phenyl or naphthyl; RO
i s isoxazolyl) oxazolyl, or oxadiazolyl, each optionally substituted with
one or two . Lower al kyl groups and/or halogens; and Zis H and Z1 is
-CQZRZi, -CN, or -C(ONRz, R22, where R21~ a Rég are as defi ned above, or
Z and Z1 together forma cyclic ester or am In especially preferred
conmpounds of the invention of the generic f a | (and subgeneric
formulae), RLis Hor F. In another aspegt, the invention is directed to

i nternmedi ate conpounds of the formulas |I'NC dIl" 100 AQ-~s, tAI3~p N\
AtW~ (CRz)o (R~l (R-a,1C/ A~2 R R\N-C(R&21(Hg3HRsal ss ~N ¢ R R R ( sz)(
s3)( s~) R55 (LI) R55 (Il1") 15 wherein the variables (p, All, Al12, A1lS3,

" Al4) R51 RoAeRAB0R4t-bityxyRbbonydnd Rl4lare as defined above. These
conpounds are useful for synthesizing pharmaceutically useful conmpounds of
the formula |I. Preferred R; and R 6 groups are H and suitable protecting
groups for nitrogen, for exanple, BOC (t-butyloxycarbonyl), CBZ

(benzyl oxycar bonyl ), FMOC (fl uorene-9net hyl oxycar bonyl), ot her

al kyl oxycarbonyls (e.g. nethyl oxycarbonyl), and trityl 20
(triphenyinmethyl). Qher suitable nitrogen-protecting groups may be readily
selected by artisans (see, e.g., Geene and Witz, Protecting G oups in
Chem cal Synthesis' (2"d ed.), John Wley & Sons, NY ( 1991 )). Preferred
groups for R52, R53, and R54t are H, al koxy) hydroxy, and carbonyl.
Preferred fornmula-I11 conpounds include the follow ng, where PNis a
suitabl e protecting group for nitrogen and q is 1 or 2: 25 0 NH
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(CHz)a NOOC NHz O NH (CHz)a HOOC NH PN o NH (CHz)v EtQ2C \ NH ~N Il 30

Oct ober 2002 WD 99/ S 7135 PCTI US99/ 00260 1 MeO O NH O NH Ove (CHZ)g ~CHZ) g

MeO ON NH OHC NH (CHz) Ove PN P NHONH I PN MeO MeO MO OWe -' OWe 10 ~ ~
~~0Ov OON ON (CHz) N(CHZ)gq (CHZ)g EtOzC \ NH OHC N4 I @)Oég% NHZ

HCI PN PN 15 O her preferred internedi ates |Include the t 3P OSRPHF npounds,
where BOC is t butyl oxycarbonyl: HON -S 20 BOC~H ~ COpEt H O N - O BOC~H ~

I G € b i e © e 1O

The present invention relates to compounds of the formula I:
O Ry O R, Z
PS v
Ry~ N N = Z
H Rg H Ry
O R R ,

wherein Y, Ry, Ry, R3, Rs, Rg, Ry, Rg, Re, Z, and Z, are as defined above, and to pharmaceutically

acceptable salts, prodrugs, active metabolites, and solvates thereof. Preferably, such compounds,
pharmaceutically acceptable salts, prodrugs, active metabolites, and solvates have
antipicornaviral activity, more preferably antirhinoviral activity, corresponding to an ECsp less
than or equal to 100 uM 1n the H1-HeLa cell culture assay, more preferably corresponding to an
ECsg less than or equal to 10 uM in the Hl-Hel a cell culture assay.

The present invention additionally relates to preferred compounds of the formulas

I-A, I-B, and I-C:
(0] R7 Ry O R2 Z
M N ~
Rgq N N Z,
' Rg ' R
H 0 R¢e H R4

»

(I-A)
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HONO BOC/ CO2Et 30 12 30 Cct ober 2002 WO 99/57135 PCT. 0
Especially preferred internedi ates include the follow ng coérgjgﬁ%éggg% %é?\lz
NH O NH HOOC NH HOOC NHZ BOC Et 02C ~ NH BOC MO O NH ONH ~ ~ Ove O N 10
MeO NH OHC NH Ove BOC BOC HO NH BOC MeO MeO MeO OV 15\ ~\ / Owve \ | Ow
ONOONNEOC ~ NHBOC EtOzC\ NHz HO OHC NH 80C 20 I n accordance with
a convention used in the art, ~ is used in structural formulas herein to
depict the bond that is the point of attachnent of the noiety or

subst it ueRp ob/E7i8d1e core or backbone structure. Wiere chipcalusemgsobens ar e
included in chem cal structures, unless a particular orientation is

depi cted, both stereojsoneric for z?_{ze intended to be enconpassed. 25 As
used herein, the tergﬁ;al i i

Yl ogr ended to nmean a straight- or
br anched- chai n noN QY. [ ed and/or unsaturated carbon
atons and hydrogen ato qgﬁh Nﬁ), ethyl (Et), propyl,

i sopropyl, butyl, isobutyl, t- bdiy et Henyl , pent éhB), butenyl, -propenyl,
et hynyl, butynyl, propynyl pentynyl hexynyl and the |ike, which may be

unsubstituted (i. ont |n|ng only carban and hydr ogen) or substituted by
one or nore sui tabl e 137 ob 2 2062 WD 99/57135 PCT/ US991 00260 |
substituents as defj Jore hal ogens. such as F. )
Br, or I, with F a d’ d eas preferureq) A™l ower alkyl group” is intended
to mean an al kyl group VI carbon afpap in its chain. A
"cycl oaI kyl grou t a

nonocydl |I>é Igﬁ(ényffg;wlg?l'é? S???rggv(\:’%rla(l: ra {{hﬁg Rgﬁ ?/ ag?EB 7, 8, 9,

10, 11areks )ieflr@d abfrve;Lwd@apfbanaqewﬁgﬂmqwmablwhh pofdrushlashvermglatkmatfsat urated or
unsat unLaf & arpckadpi ch may be unsubstituted or substltut ed by one or nore
sui tabl e substituents as defined bel ow, and to which nmay be fused one or
more het er oERCIRYEREIRS FoRpOBRAsOf fagmplas ffoyyhich arﬁlrefﬁéidé‘i’ BFpies gpestifss, whi ch

t hens ellik@scofpyuddiie, 1RSI dré tefeerld OF heSdibdad ‘kbtdinedylbye-9pE BmpoRde, subst i t uent s.

o Ut Ut ofBRLED HRliXChARlot Ml IL RS .IuLnﬁ?hy £ Bl @b QN hig, 01 8L 1 es:

10 , , t'erocyclo rou r's rntended to nean a
non- ar mr«lffectmﬁawﬁ%wdlitsbwwe%m Riysi¢s wmm@s, nqs\ethpllemoy@h passessedi cal

whi ch |a§tr§()agt[urnat,@g pafteag@mn)m@taeﬂmycont aining 3, 4, I5) 6, 7, 8, 9, 10, 1 1,
12, 13, 14)_ 15 i nc 1, 2, 3, 4, or 5
hetwoatoml%pé%f@gfdeﬂnlq“fid?ﬁ“ﬁl F%@%‘%“&Qg méﬁ‘d u?’\‘iﬂdc)e &re the radical

i S unsubst i Rutsddl Foor muabet group;ed by one or nore suitable substituents as

defined bel Mln%\qu{aq Al gl fR¥%yPe fused one or nore cycloal kyl groups,

arvyl r oups, het er oar vyl roups, whi ch thensel ves nay be
i g P R3 Rs, and Rj are eaZh Hg P y

R; is selected from one of the following moieties:

H H
O N O N o
Pl i -¢ “ and ’i\)LNH

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

Ry 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 0O, N, and S, 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 aryi group, a heteroaryl group, -C(O)Ry,, -CO2R3,, -CN,

30 -C(O)NR21R33, ~C(O)NR2;ORy2, -C(S)Ryy, -C(S)NR31R;3, -NO3, -SOR3;, -SO;3R4,
7



20 unsubstituted or substituted by one or nore suitable substituents.
Il lustrative exanpl es of heterocycloal kyl groups include the fdd @dtitber 2002

mieties: ROONCC~NRON-~NNNRRR, R>, ,, >>25 0N~ 0O-S
NR~NN~~NJo>2>>. >>>30 14 30 October 2002 WO 99157135
PCT/US99/00260 1 ~~ ONON NNR, , R~R, and ~. An "aryl group"” is

intended to nmean an aromati ¢ nonoval ent nonocyclic, bicyclic, or tricyclic
radi cal containing 6, 10, 14, or 18 carbon ring atons, which may be
unsubsti t uwvadsriasubsti tuted by one or nore suitabl e substdmusepr®ems
defined bel ow, and to which may be fused one or nore cycl oal kyl groups,

heteroc p ro gr , e ensel ves may be
unsubstlﬁ%l}ﬁ?{d‘ or -~ s 5%0:{286t§§h% a‘{ ‘ﬁ%Bgﬂ?%ﬁ(gz‘gwi tuents.

| | | ustr ammélzebﬁa(ﬁﬂze)s P@f(N&ﬂBh)@Rﬂﬁpﬁ. Cm)NBdeIRzIﬂb; fookct(csvmmgNnggti es: 10 / |
Dot endea}her\: Zanfd 7 are nbt Goth 1/ ana’v\)he:/ed‘ &50R),, dnd: R24f.|A adhGh&bY r?d.ethy qroup” 1s

fo mean an aromatic nonova nmonocyc bi CYC or™t ricyclic

r adi cal akpareympe ﬁ:gd%lkyt)gm@»avetefsyy‘"'é?alkybgrmipl an 3oy grmpf a|hgferopsyl go@p, ah7, or 18
ring at Qé?ligrobﬂ(ﬂru@hdik@yﬂgm@ or heﬂ%an@ﬁw@ohezﬁ LA, N8R BE| BEduRY With@ig ni trogen,
unsy tuted or substituted by one or

oxygen, an ul Y

nor e suﬁ&“g‘gﬁ@ 0¥ ‘6 hcfﬁrgn %fgsfo'gle?%eg%acyﬁ P%%;g“élf?d to which may be fused one
or nor eoc¥ehdd] (kyth agdafizpdaboleit gty elib altdaydmgmw ouiid, thayraradtikchegl fgas, Whi ch
thensel yas MBYoa Pglkpg&pbstltut ed or substituted by one or nore suitable
substituents. I"'ustrative exanpl es of heteroaryl groups include the

fol | owi ng rmi“é’c"?fé%ﬁd epbadimgnisghapompoungs of the igyentionagg ¢f tig formaulge ISANIS | |

. » . ~Bahdrcd: NI ~~NJ N n-~~, ~C~,~RONNNNN, N
25N/\NNnN/I~/~/IN1L4\N(,\N\NNO\I R\SR,.,,/N
i Y/ VT NV ~1 VOV NNV R 30 15

(CHZ)n

st\'.*)\r EYL':' [

Z Z‘ (1‘A,)
15
f'e) ,RZO
N\
(CHZ)n
O R, 0
A R,
AN
H O Rg H
20 Z % (1-B")
le) IRZO
N\
(CHZ)n
0O Ry o)
O
Ao A
H O R
25 Z 1-cn
wherein:
Ry, Z, and Z; are as defined above;
nisl or2;
R, (in formula I-A’) is H or lower alkyl;
R is alkyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl;
30
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30 Cctober 2002 WO 99!57t35 t'CT/US99/00260 1 ' Nv r v i ~_ % =< {}Ilé\l
RS~N/\\ N~, and A "heterocycle" is intended to mean33 98?8"8&? 0
het er ocycl oal kyl group (each of which, as defined above) are optionally
substituted). An "aryl group"” is intended to mean a -C(O-R radical, where
Ris a substituent as defined below. 10 A "thioacyl group” is intended to
nmean a -C(S)-R radical, where Ris a substituent as defined below A

"sul fonyl group” is intended to nean a - SOzR radi cal. where Ris a
substituent as defined below. A "hydroxy group” is intended to nean the
radi cal ngg/lﬁsﬁ” "ammo group” is intended to nean the prcaﬁysoabozsd\le An
"al kyl am no group is intended to mean the radical -NHRa, where Ra is an

al kyl group. A "dial kyl am no grou is intended to nmean the radical -NRaRb,
wherle Ra anB iRelikak eycdoabiorl ibpigep { gyl dstesaiy -Of otk 17 AR Blsk oxy group” is
i nt endegg|, RRIRANOL M,Jcﬁm Q@ll‘:re RRA 5, WRHEKE € alRRadhSindipeiekiy HHiup. 20 Exenpl ary
al koxy groups I ncl ude mf ry}%/ et oxy propoxy. and the |ike. An

" al kox yraraieinhetegeysipptkylanylfiels ¥3¥ean the radi cal -C(O ORa, where Ra
is an al kyl Rgrs@upe-m(hmb'érah hytb:scﬂcimyinggnompﬂree setérpdtengletbcted fioea, Iﬁhe radi cal

- SQ2Ra r | 1
nt enadlt bo s il gf e A8 fondne RebAMARER BABEAUREer S 0
"di al kWamwoelbﬂtﬁo?WF angYasdiplogens. i nt ended to mean the radical -C(O) NRaRb,

where Ra anghdvéien ﬂa&makda@epemdg@bwmaauadahylacogmeuesaué "mercapto group”
is intended to an.the raE d j Qn [{}ro group is intended to
mean t KBaagRupeally aeye mejah ‘tésﬁﬁ pelvagg 0 zﬂ’mﬁomé 8P, A "carboxy group" is

i nt ended t olm@efarrédentiodohenss| the BVE@)i@hbitiBPadefits of 80 iQehiivere @@Rugdsoup. gr oup.
WO 99/ 5 “rcar »oup” is intended to nmean the

radi cal ?%gﬁéggga&ggﬁg%tx&; lgogﬁ%glﬁtended to nean the radical -ORc,
wher@ Rc is an aryl grogp. "heé ioa | oRy group IS |ntended to nean the
radi cal -ORd, where Z ,rarylthio group” is intended to
mean the radical -SRc~, wher Rc—r s an aryl gr oug %A "het eroaryl thi o group”

|s i ntended to nmean the radical 6SRd wher e dhet er oaryl
O Ry O Ry Z
W N
H Rs H R (1-B")
15 O R-, (@] R2 Z

wherein Ry, Ry, Rz, Rg, Ry, Rg, 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 [-A™, [-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:

oy 50
2 o ,rf -¢. :

R is arylmethyl or arylthiomethyl, where aryl is preferably an optionally substituted

,and

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
9



The term "suitable organic noiety" is intended to mean any organic noiety
recogni zabl e, such as by routine testing, to those skilled in3®hectwbens2002
not adversely affecting the inhibitory activity of the inventive conmpounds.
Illustrative exanples of suitable organic 10 noieties include, but are not
limted to, hydroxy groups, alkyl groups, oxo groups, cycloal kyl groups,

het erocycl oal kyl groups, aryl groups, heteroaryl groups, acyl groups,

sul fonyl groups) nmercapto groups) al kylthio groups, al koxy groups, carboxy
groups, am no groups, al kylam no groups, dial kyl am no groups, carbanoyl
groups, ary®eMI’&Sgr oups, heteroaryl thio groups) and t he FERESIREIt er m
"substituent" or "'suitable substituent” is intended to nean any suitable

15 sybstit ugnts isdi@bol fiBdkaRsyll &CRENAZEA o?nmﬁﬂy Sshed SHGRaAS: LNQUGH routine

testing, by those skilled in the art. [llustrative exanples of suitable
subst i 148 ?ngﬁfﬂﬁﬂE“ﬁ?ﬁ589§ groups, hal ogens, oxo groups, al kyl groups,
acyl groupsZistl ial&ilis graBps;Chiver EAPINRgRALNISre B kiyd Rhiae ;gdofipd, al koxy

0T OUDS 2pGYE PRI, tgée%p%m@eéyarcoe%pmﬂigg' groups, aryl groups, heteroaryl
groups, carboxy groups, am no groups, alkylantno groups, dialkylamn no
groups, car6@ﬁ®y¢“@¥ﬁﬂB§VJh?§VgXW“@P@M%§WSh@@éﬂ@ﬁﬁ@heﬁwogpwupspfaryIthio
grougs)mﬁgtng@ﬁmhgmu_"gupup&hlamd;the like. 20 The term"optionally
substituted” is intended to expressly iqgicate that the specified group is
unsubstituted or substituted by one or ndfe suitable substituents, unless
the optional substituents are exprese %p@gb;ied, in which case the term
i ndicates that the group i s unsubstitut or substituted with the specified
substituents. As defined at;gve,R vagi oug’ groups nmay be unsubstituted or
substituted (i.e., theyjar opty on | I yYsubptituted) unless indicated
othﬁémﬁse herein (e. &s; imdi cat’ t he specified group is
unsubstituted). 25 A "praogrugy iﬁ;ingen d to nean .3, conpound that is
converted under physiol ogical conditions or by s 1vo?ysis or netabolically
to a specified conpound that is pharmacéfmically active. A
"pharmaceutically active netabolite",iS mnéﬁﬁped to nean a

phar macol ogi cally active product progu f'Bugh netabolismin the body of
a specified conpound. 30 17 30 Cctob 002 WO 99157135 PCT/ US991 00260 1
A "solvate" is intended{to an a gharfaceptically acceptable solvate form
of specified conpoyne™tf ¥ ogi cal effectiveness of such
conggund. Exanpl es of "sol yat i gl ude c npodnds of the invention in

combi nation with water, isopropandl, ethanhol, netifandl, DVBO et hyl
acetate, acetic acid, or ethanol arnine. #&,"pharnaceutically acceptable
salt" is intended to mean a salt that rekains the biol ogical effectiveness
of the free acids and bases of the 58 f i gdf2konpound and that is not

bi ol ogi cal |y or otherw se undesirabl e. npl es of pharnaceutically
acceptabl e salts include sukfates, Qpyrgsul Zates, bisulfates) suifites)
bisgbfites, phosphatesyﬁnn 0 es, di hydrogenphosphat es,

nmet aphosphat es, pyro ospﬁat , chl ofii de§, bfomi des, iodides, acetates,

" propi onates, decanoates, Papr9yl atfes, Hacr§i ates, fiar'mptes, isobutyrates,
caproates, .10 hept ano , oP,0pi 0} at es), pxal at es | onat es, . succi nat es,
suber at 85, '8 é'bgﬁgkf’g{]?’q#‘ieﬁnzaﬁgtzg%&d‘a ee%td§§?°%§§ (had %??f‘.‘“d‘f%ﬂf%‘g, hexyne- t

( 6- di oatceeptatihespite prassugscistive wefelvitrataad solvaestidrgdnz oat es, di ni tr obenzoat es,
hydr oxybenz aaipesersdRbgsunReszRta ula A P @heSs) oSt -opat es,
xylenesulfoggteﬁ, phenyl acet at es, phenyl propi onates, phenyl butyrates,

ci trates, 1§ e oy HYlr oxybut yrates, glycollates, tartrates,

met hane- sul fRy(at fesnulpi-apdndsunfedwht es, napht hal ene- 1- sul f onat es,

napht hal ene-g sijl.figpat.es. and mandel ates. 15 If an inventive conpound is a
base; a desired salt ray be prepared by any suitable nmethod known to the
art, incl udifgs epbagthd At argithipmenylr wherggrskis piefapbhhphend vgabbtentadpd, such as
hydr oc hkwstitarea @it haldyeh, Diweo i, @@lod lovierhikeiy, C acid; nitric acid; phosphoric
acid; and the Like, or with an organic acid, such as acetic acid; malefic
acid; succinic acid; mandelic acid; fumaric acid; malonic acid; pyruvic

aci dyy oxalic acid; glycolic acid; salicylic acid; pyranosidyl acid, such as
gl ucuronic acid or galacturonic acigy alpha-hydroxy acid, such as citric
acid or tartaric 20 acid; am no acid, such as aspartic acid or glulamc
acid; aromatic acid, such as benzoic acid or cinnam c acid; sulfonie acid)
such as p-toluenesul fonic acid or ethanesulfonic acid; or the like. If an

i nventive conmpound is an acid, a desired salt may be prepared by any
suitabl e method known to the art) including treatnent of the free acid with
an inorganic or organi c base) such as an amne (prinmary) secondary) or
tertiary); an alkali netal or alkaline earth nmetal hydroxide; or the |ike.

I - T T I I I I o r
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I'n the conpounds of formula |, preferably R9 is an unsubstifq tdacdcooger 2002
substituted i soxazolyl group) Wnere the optional substi tuents are
preferably one or two nethyl groups and/or hal ogens. Especially preferred
enbodi nents of the invention are described belowin reference to the
following formula I-A": 20 OR~- Ry OR2 Z RO~-N-" N-N~Z2t HORs HR ~ (I-A" )
Preferred conpounds 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,
Ry is H and Rz, 25 R6 R7 Z,, and Ry are as respectively defined bel ow
(A1) R2, 9;;§—R§QHZC(O)NHZ R6 is CH2Ph, R7 is CH2CH( CH3}&tnde9rdossoCO2CH2CH3,
N and RO LS NaC~~ (A-2) R2 is CHZCHZC(O)NHZ, R6 is CH2Ph) R7 is
CH2CH(CH3) 2, Z, is Q02CH2CH3. N and R9 is ~ 30 19 30 Cctober 2002 WO

99/ 57135 PEyAUSFIbePep apd mofeprefyralily iy sglecipy o GropmIbZ-mRBy i BpidpY~ , R~ i S
C( CH3) ﬁme@yl-l —%ro@@zﬁlﬂzﬂﬁl}mg Mh@B theRBy1 bfoup *Scprefcr@ﬁyi‘))lcrm od ﬁpWICHZC( O NHz, R6
is Fv, C%ZH)R%*% %%ZC\—qCI—l?ﬁ ~ ~r~(A—5)R2
is ~~ R6 &“’F‘SO oy aiZ%leﬂ( y2 e %P“&ﬂi’él%ﬁg‘ted%&morg’vm "¢ (A-6)
Rz i s loWeGHACeOupiHmd/drbalpgen'agd, R~ is CH(CH3)z) Z, is COzCHzCH3, O N and
ROis "~c o N ) ) ais

00z El - | ZCHgZ is Hngm(f) 1Z C(ﬁkzl SCN' or CR@)NI% E; »Vhe're 1821 ah@RC(a%sv dgﬁl;l Reis F

v, RabOY%}OCﬁ@Eﬂl@) ye%ff?r@as@chcasrzmml%d R9 |s o' N~ H, ¢ 20 Pr eferred
peptide-|Ii Kﬁefpﬁﬁﬁl@uﬂéﬁn&fcdrﬂpemfdébmllk @ventidh'of thd igkdeaie fochmlauqgndConpounds (A9}
-(A—lu)o nm}tg, %e)rﬁg gs H ZisH Z is CRCHCH3, RY is CH3, and

> e B®as’ respectlvely defl ned below. ~'~") (A-9) Rz is
CHZCHz C( o) Nlenotm appsctthp inventioRjs dirgctiefl to ipgquing@Bud @niggends of th2 Formulas ( A- 10) Rz
is CHZEREGKIO NHz, R6 is CHzPh) R is CHzCH(CHB)z, and RO is Hc ~, |

(A-11) Rz I's CHZCHZC(QNHz, R6 is F~, R-is ~~, and RO is ON HOXC, 30
2010 YA" /e
\ o N
(A13)o \
AH\A (CHZ)p
(Ry41)(Ry49)C 12
Rse R
\N C(Rs2)(Rs3KRsa) * Y C{Rs2)(Rs3)(Rs4)

Rss (Ih Rss ar)
15 wherein the variables (p, A1, A2, A3, Arg, Ray, Rsz, Rsy, Rsay Rss. Rse, and Rygy) are as defined
above. These compounds are useful for synthesizing pharmaceutically useful compounds of
the formula I.

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

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

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

(0] (@)
NH NH NH

\ AN A}
(CHy)q (CH,)q (CHy)q

HOOC NH, HOOC H Et0,C7 X NH

30
11



30 Cct ober
R6 is Fv ,
(A-13) Rz is CH2CH2C( O) NHz,

2002 WD 99157135 PCT/ US99/ 00260 ~I (A- 12) Rz is
R~ is CH2CH(CH3)z) and R9 is O N HOC ~ 10 t5
R6is F~, Ris/ [| |,

A Oqroeds (20

and RO is H-c O her

preferred peptide-like conpounds include the following: ONHZ OH O N~H ~

CZCHZCH~ S OO NHZ OH O O NWH ~ COzCHzCH3 | i
COZCHZCH~- NH H O H |

ONHZ OH O SSN-N-N ~ COzCHpCH~ H O H |

ONHZ OHONN-~ N~

FoNHz 25 OH

OC1ll N~H-NHI1 Oi I I / FO(A14) (A-15 (A-16) (A-17) (A-18) 30 2I
30 Cctober 2002 WO 99/571 35 PCTJU5991 00260
WO 99/57135 PCTAS99/002640
1 MeQ
@)
N(!:;H ) o NH OMe
2a (CHy)q
) OHC NH ¥
5 OMe Py ) \}/(CH:):.
Pn
HO
I;IH
Py
MeO, MeO MeO
OMe OMe OMe
10
O N‘ O N 0 N
(CH,)q (\CHz)q (CHy)q
S
EtO:C W Et0,C7 X" “NH, «HCI OHC™ "N
pN PN
15 Other preferred intermediates include the following compounds, where BOC is t-
butyloxycarbonyl:
H H
o) N O~_ _N o H\
J ] j
S O
BOC _ = BOC._ = BOC ., =
C
20 N 0,Et N CO,Et N CO,Et
Of these, the preferred stereoisomers are:
H H
Os N N o H\
) ) J
S (o}
BOC._ = BOC._ BOC ._ =
N CO,Et
25 H 2 H CO,Et N CO,Et
30
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ONHZ OHOI/ Y 'NNN/ CRCH2CH3 ~NH H O | (A-19) O NHS .
~ ORCH2CHE O (A 20) ONHS OH O 1 _ ~ ~( N-—=N N~N ~ oo okt F B2

CF~COOH | / (A-21) ONHZ OHOISHNNHNH ~ COZCHZCH- | (A-22) O NHz O ~
OHON-H ~ COZCHZCHS 20 | (A-23) HONOf HOO-HNvV H/ OCZCH-CH- 25 ~
~v (A-24) 30 22 >'' 30 October 2002 WD 99/ 57135 PCT/US99/00260 1 0 O H O
W O-H-N-H / COZCH-CH- , O (A-25) SOHNOHOI \ O -HNH/ COzZCHZCHz /| O
~~~(A20) HON1~. OHON _H ~ 0C02CHZCH~ (A-27) 01 S~NHINOHH

OOz CHz CH-~

WO 99/57135 PCT/US99/00260
1 Especially preferred intermediates include the following compounds:
O O

NH

HOOC
5 HOOC NH,

OMe
MeO I‘:JH
OMe BOC HO
_ NH

MeO
15 Q Q Qom
£10,C7 X" “NH
2 to Et0,C7X""NH, HCI OHC™ “NH
BOC

/S
In accordance with a convention used in the art, :‘11- 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, ethenyi, 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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(A 28) Preferred ketonethyl ene-type Conpounds (B-1) - t he
i nvention are described 20 below in reference to the foll oﬁ n§%t0%%&ﬁ a2002
|-B": ORT OR ZR NNZI HOR6 HR~ (I1-B") wrr, (B-1) Rz is

CH2CH2C(O NHz, R6 is F ~~, R-is CHCH3)2 Zis H Z is 2S CO2CH2CH3, and
RO is Hc ~ ~ . 30 23 30 Cctober 2002 CVO 99/5713S PCTNS99100260 o r"i ~
~l wl (B-2 Rzisf ~ R6is F~~, R-is CHCH3)z, Zis H Z~is
COzCHZCH3) and ONRg 1S H~ . | ~f \~0O(B-3) RRis~ , Rois R, R7 is

CH(CH3)z, Z and Z~ together are where the carbonyl group is cis to the
hydr ogenygpgfsgaponding to R in formula 1) and Ry is O Wrirydgoroozkh O N~ ~

10(B—)R~|s ~~, RBLSF v, R is CHCH)z, Zis H Z is COZCHzCH~,
and O N R gillgc Preferred depS| entfaltll de- t e Corrpounds (CG1) and (C2) of
t hd |ﬂ*5’é‘ﬁ’t‘?‘6ﬁ1as fined beloy (Bgd Ol G és F-d-lt Be of b g S or mul a

| - C'. bathaeprefeRed)i 3\ ‘HbwdDaRy! goodg? lﬁnﬂe&ieﬂ%meﬁwcyl EtoufhaviRge frbrrll to-4 (1 - C')
(CG1), RCH2C(O)NHz, I~isr'v, R is CHCH3)2, Z is ON
COz CH? aty“"sd‘ﬁ\)éets°k§a”¥:'l'4~c20 C2) ZisH RZis~, RbisF~, Ris

CH( CH~) z, cyc@a?s@zmmemc [OnRIRoT Gromatinggne Yakns mogesyplétinds may be

pr epaBiepkrrcrbrrtﬂé,en@aaeartcemﬁmrn@uI & 5| 6,lys 3el@at ] 1@913 Bﬁltl/@d’rbcﬁihhés fromt he

]j O.l.S | g\é\gogl eaclSLb Sft hl(':'f’lemn;y e sgtﬁrateXBr unsaturaC'jSénd Whlbh may be uCH%)smuted oro N R = or
substituted by one ar more suitable substituents as defined below, and to which may be fused
one or more heterocycloalky! groups, aryl groups, or heteroaryl groups, which themselves may
be unsubstituted or substituted by one or more substituents. Illustrative examples of cycloalkyl

groups include the following moieties:

° QOO0 M
EQ@ME

A "heterocycloalkyl group” is intended to mean a non-aromatic monovalent

15
monocyeclic, 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 ning atoms, which includes 1, 2, 3, 4, or 5
heteroatoms selected from nitrogen, oxygen, and sulfur, where the radical 1s 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
90 unsubstituted or substituted by one or more suitable substituents. [llustrative examples of

heterocycloalkyl groups include the following moieties:

25
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-. 1. 30 Cctober 2002 WD 99/57135 PCT/US99100260 1 S S R6 = 3 October’2002
phenyl methyl (i.e.. bwnzyl), where the aryl group is optlonallycsﬁ%% i tut'éd
with one, two, or three substituwnts each independently selected from

hal ogens, mat hoxy and nethyl; S ~~ S J R~ = 2-nethyl-1-propyl) 2-propyl,
2-met hyl - 2-propyl, bwnzyl, or I ~; and NR=N, / ~ , oW~_ ~ oW~ .rf

/] 9H10 ~ ~/ ~ | [) ~ ON~pN~ C-0/'~ONNNN>>, CFo_/
~ F >/ ~N, or NThe present invention is also directed to a method of

i nhibiting picomaviral 3C protease activity, conprising contacting the

pr ot ease wotdasans ef f ecti ve anobunt of a conpound of 1 S fRETHAYY04260 or g

phar maceutical ly acceptable salt, prodrug, pharmaceutically active

netabollte sol vate thereof. For exanp pi cornaviral 3C protease
acti'vity ?§§§|nh|b| ed i ma n t{ssudg by adMnistering a conpound
of formul phar mageut i gal | ceptabl 2 salt, predrug,

phar maceut i aIIy active t ab Iiteﬁior sol yate ther . re preferably,
the present het hod is ed at inhibiting rHoViTal~protease activity.
"Treating" &t"arj'«trg&attmemttendles td xﬁéaeradeﬁbntaac ﬁﬁﬁcﬁ/a&ht mmyclkmcmté iggation of a
di sease. 2 (51 IBcarLL%h n‘% aa man, hlg fs;b VI ated by the
i nhisi FISH<SF ‘f%éon t“f'%/l’t * of “one”or" eoﬁtsbor'ﬁa[\t/‘ﬂ i 8 l¥¢Lses, such
as hunsubstitiied by pnaugespre humletn syboflituenyy asulsﬁnddthemzw, amwixs a\(biuhenayrbufwmd
enceph@t@%@w&a@ gtbt,ﬂste%mcsraemmlgtd@s ok ﬁaaoa@moty@ t fis Avirus, and

i ncl udes l'actic treatment in a manmmal ; particularly when the
manmal “teg‘s‘t‘beiiﬁ’éfytbé “B%‘biit“éﬁq YRR PYIoAG PHg Ot kit lesubigeptsndi t i on but not

. yet di agReSRM cRenpl@\f &gl grlbaps(idudentkd Bildvwing mdkztitdhe di sease condition; and/ or
(c) alleviating, in whole or in part, the disease conditiop. The activity
of the inventive conpounds as inhibitors of picomaviral @

actiWvity

skilled i An exanpl e of a

sui tabl e 1- HeLa cel |

culture assday desc 30 ] C AD 99/ 57135

PCT/ US99 100269etégmmratpt~ @stlh@ﬁ'de@fto tnba &mle%netalénhaot o, giclci@nd their

pharmaceutical |y acceptabl e g g{u sal actlge netagolltes and
2ekdr Boha0iid !

sol vat @5igESICcaRlicrh F I HRg 5% 36# &0 42w B 588 ASEEs of

adm h£ I Sdchalidgan2 2 a) dr&bie&rdawntshdst&ecsﬁmdl Ine:dg¢m otygen.and sulfuk,lwisdhrady bee |

exahpl e S 4 s al)

par ot oaBbcfih bR fTRERogor RO Hble b ods 1EhotAR BN po 82 ) |
especi athigp rwé:reévﬁeéane g rrxme Fyeinalel sreunsdiersemyelogky estupploaam! epups.

pﬂar WHfG;@Mth t%llslewe@xﬁﬁ)ew&mlﬁtn&&ﬁ for suBEQGEUTy o inbee WRLADAIbkEBIntOr sol vat e
t hereo

tered as a ceytical osition in any
pharnaé@ﬁf%&&fx?ﬁa] 3%%6%7 Qﬁ‘”‘?g‘{ﬁézg OYWEmetg$san as being suitabl e.
Sui t abl e ph eutlcal forns i ncl ude SOl%?T5§3n180||d l'iquid, or

| yophi li zed | at 4 , as a ets psu esr>hlc
sup %S|tor|esN susp SI nsoll and Heroso cutica
conpositions 8 the |ﬁvent|6ntnay aDso .incl Bde SU|t§ Ie ex plents

di luents) ve Ies and carrlers) as wel | asbpther pharnaceutlcally active

agents, depghdi ferr odiy¥Entg. the
inventive ph eu | ca onp |ons $;I| i nthana aIIyIntthe form
of suspensi ong Acce | e ods prepa SUI P pha euti cal

forms of the pharnhaceuti ¢cal conp05|t|ons are known or may be routinely

determ ned by those skilled in tH \ For 15 exanpl e Rar-mgceut i cal
prepar at i onsmﬁbee prepared fd f ng on ma t iuesY of t he

phar maceut i clal m st Li nvdl vi nd EPN suc m xyng, Sgranuinati ng, and

conpr essi ng necessary T or tabl et Bornms > n§X|ng, fillikg, and

di ssol ving the ingredients as approprjate _-to give the desired products for

oral) parente QPi C { avag i Nt} ang’ abr onchi al

i ntraocul ar, aayt al |, orNrec adm nil st . Solid or liquid

pharnaceutica agtept CH{}IEFS di | kénts. et g5, ,0r excipients 20
Be enpl oyed in the pharnaceutlcal conp05|t|ons Il'lustrative solid

car Plers incl ude starch, | actose, gIC|untsquate di hydrate, terra al ba,
sucrose, talc, gelatin, pectin) acacia) magnesiumstearate, and stearic
acid. Illustrative liquid carriers include syrup, peanut oil, olive oil)
saline solution, and water. The carrier or diluent may include a suitable
prol onged-rel ease material, such as glyceryl nonostearate or glyceryl

di stearate, alone or with a wax. Wien a liquid carrier is used, the
preparation may be in the formof a syrup, elixir) emnmulsion, soft gelatin



25 capsule, sterile injectable liquid (e.g., solution), or ,a Rl % LeOous, (O
aqueous |iquid suspension. A dose of the pharnmaceuti cal conp05|t
contains at |east a therapeutically effective anount of the actlve conpound
(i.e., a conmpound of formula I or a pharnaceutically acceptable salt,
prodrug, active netabolite) or solvate thereof), and preferably is nmade up
of one or mare pharnaceutical dosage units. The sel ected dose may be
adm nistered to a 30 26 30 Cctober 2002 WO 99157135 PCT/ US99/ 00260 1
manmal , for exanple, a human patient, in need of treatnent nedi ated by
i nhi biti YP¥S7PScornaviral 3C protease activity, by anyP&KHB$§/08360sui t abl e
nmet hod of adm nistering the dose, including topically, for exanple, as an
oi nf ment or cream orally; rectally, 1QS i
parenterall Ri.ection; _or continugus|y. ¥
i ntrabronc ;
effective & P
that, when aonlnlgtered t ova
effect treatnment for diseas

xsackieviruses,

actjvity of/o on _nore pi
rhihovirtt hupén pol i ow
encephal onyoscardl i's, vanduses)” nmernfgovirus, and hepatitis A virus. The 10

AP O A BLAERGOTRRNALAL Py hOMEH bR i) (85, LASIEPoUt] a1 LY

effective Will epen actors suc “f'cUl ar conpound,
t he dﬂ@@@SQ“E@nﬁiﬂpwha&ﬁmﬂ? YgéV@PWﬂy thereof, the identity of the mamul
in need thaneqdy giehpCh idiaed b Mamm%&aleﬁlwh&@ﬁ%muﬂﬁﬁuéﬂva artisans. By
may of |IIustrat|on a formulation for nasal delivery of the inventive
mFodﬁ @mﬂﬁp“freatnent of rhinoviral infections can be prepared as

ows, Waehigioslyl grp@r”ceinteadrelso arcen 48 (YR ghiidaleihgaiR iaadutish@esuspensi on is
prepacﬁgn&ﬂmggulfled water. A formula-1 conpound is micronized to a reduced
particle size such that Dyo < LO um A suspension is prepared to contain a
final concénthlEtvbesowt it insadedse meapr GLR rasicabsliere Poks efultsieeriesi ve conpound,
pr ef erdahhet RRAUL fron10 2@6to 2% An appropriate preservative selected from
t hose kno jn.the e |ncIu ed r..exanpl e, benza(koni um
chI ori de/ \IQ%T,& dm’ﬁy 5“’%‘? omrl a?ed P At 9‘36%%%8@“ on ranges, e.g., about

%%10 01%n Angmgpemdﬁngcagénvnﬂmu@hﬂ@sﬂﬁNHture of 20 microcrystatline

Cel ul ose (4l QRblam@ ﬁ P lih@fie@to AAUhe hdidi-NHR, @%eren:{ Sfalabhy about 1.2%
and sodi um car boxymnet hyl cel | ul ose cel | ul ose (flna concentration of about
0. 1% -8"®'P2% preferably about 0.13% nmay be included. A surfactant such as
pol ysor bat e\ ‘@ulkgamibe giong! ikl thetdéd o anchi tha lraddah IR {, athk@IR,@hd Rbaut from
0. 05l o_t,0 f | dpabout 0.1% A tonicity nodifier such as dextrose
may bémgwngaﬁégnpgﬁlg&g%ﬁt?lnaI concentration of about from4%to 6%
pr ef erably Aarb‘eufpxsswum”hémm@rto rigen o prgicab ORut Wisre Riois amiplid edipas

290m46§\tpear)t Qk@cypgwfpg qlcglge ﬁla!hof,ae@eﬁy smgexy &l fle ﬁke using non-toxic acid
base ng/ o ﬂ#%gH gplarﬁ ormul ati on for nasa
deI ivery of°t ﬁ‘g‘oi‘ ﬁf"f é°“80ﬁ15‘3 S‘fmeéﬂé[f?ﬂf 7HAQRe jEer S ot ng

conposilksil groupwher e al | percentages are wei ght/wei ght and the suspension IS
prepared i w 2 9;

PCTI US99/ 0(%&8%[%%1 ?‘53 ﬁ‘ééﬂﬁ‘gn@ i g @g;ﬂ%lr%g{s 3?’3‘% i %&g{ng‘p“ﬁ‘ L uno. 02 %/
0. 01ché'®tH- de/ EDTASSuspendi ng AgentNIcrocrystalllne cellulose/Na-1.2 %!

0. 13car boxyAretalkylaafhd clilboge Stokip eis (rddid RDloYeah Batrli@) L (ONOAR S whyre R,

Nb%lflerDe troseS%iOpH Adj ust ment NaOH HC1pH 4 - 6 CGENERAL SYNTHESES The

i nvant F984 S8 &MPads of fornula (1) may be advantageously prepared by the 15
met hods of 4 Iialpylemmntarbonylegnoupd i, infendsd yelinpg thhadigdrE(Q@NRaRt hbeks Rdescr i bed

bel ow. addq{ggggcmndgg}g%ﬂ?gﬁlgkﬁl JBthods, R1 ., R2, R3, R5, R6, R7, Re, R9,
R'. 2) dZ1 are as ] ned ove and R4 is used (as a shor t hand

r epr esent at‘ OR§TIRE FEWH: 1S (fep ﬁ“’F@a“ fhe radicaySHy where R7 R8, and RO are as
defi ned aboae'alkythican@pals iMeided b heanubehdikbal -8R ,, elidre ReBias alidyl gregt | de- | i ke
compounds of vl Mdlefbubr Bin PG Afliifh HogoA P L 1S an appropriate
prafpecting group § trogen, is su j ecte an amni de-form ng reaction

wi th am no al cohol (or sail thereofy B to produce amde C. Conpound Cis
then deprotected to give free amne (or salt thereof) D. Amne D and am no
acid E, which may incorporate either an R4 group or a protecting group fox
nitrogen (P2), are subjected to a bond-form ng reaction generating conpound
F. Conmpound F is oxidized to internmediate G which is then transfornmed into
unsaturated product H |[|f protecting groups have been used on am no acid E,
or on any R groups (R1-R9) and/or on Ry and/or on Z and/or Z1, product His
deprotected and/or further nodified to yield deprotected or nodified H 30

NN O~ 2 1 o NN NN

an el a nt of a Nlnventlve conpound
Al in needNt hereof, i & sufficjent to

' alleviated by the inhibition of the
rot eases, such as human




- WD 99/57135 1 Ry RO5 I~'"' Pj N~\OH'Rs RYRSO' Rz HN~~ R-
TR DIOLS20EFR-RY PR R RYOR Z (P2D)Ry ~ '~ ~~ 3 Pc%?frozooz
(Pz) RO N~ "' ~' ~/ - ~ depratected H R~ Rl HR~' R HR | Z

or nodified ORs Ri ORs R~ HGH An alternative nethod to prepare
internediate F is described as follows. Amno acid E and am no acid (or
salt thereof) I, where P3 is an appropriate protecting group for oxygen,
are subjected to a bond-formng reaction to produce internediate J.
Mol ecule J is deprotected to yield free carboxylic acid K, which is

subsequenyylbessbi ected to an am de-form ng reaction W t hhcaiiseseeaéecohol (or
salt thereof) B to generate internediate F. Rr RYRSO' Rr RYRsO I +
HNYR~OP3 (Hz{ Ry~N-N~OP' ~ (Pz)Re. N~N~-CH + Hf IRs~I If ~ ~H ,Rs BF Rs O
Rs ® Rs J K [qartamurespupl/istipigoped fo mogaitaqyadisal sF €N ef ul for synt hesi zi ng
pepti de- i ken wefpeuiss" afinteatedtd @edn-ths radiBal AORNWVhERIR] idan smegm, Pl is an

appropriate, protecting aroun for nitro N, car ponyl
derivative ﬁ\Aph yg%; R ssplgte Jeeéiw ggoﬁg‘ca(i@ﬁﬁ "ﬁﬁﬁferfc\jﬂ‘f’g hetergi¥tt ed to a

react i gmumher e Lv |s repl aced by R to give derivative N. Derivative Nis

then transfgf. 's?,qthwgr&w@ﬂkmca&@gemtgguﬁﬁalosmumxfclmsta?,q Rt QR und Ois

deprotected to give free anm ne ‘g salt thereof P, or at Zor Z21
first to gi%eeyrosylthia srav” deisieatadde mgan the Fad‘CQlSSBﬂt“é‘FWéﬂl%% pet@ogryl
subsqutem,s_ly subj ected to an ami de-formi ng reactl on with carboxyiic acid K

to give fi rqdu L& ve been used on any R group
(R1-R9) and o ﬂg“t"‘c chnPJIQ% 18 douré?n gt deprot ected and/ or

f ur t herccmablpeﬁﬂclt & byireytipe demgotoeb‘@se dklthbd wé*m ﬂf"ﬁ Baorrdvasty f88d9hO0260 Rz Ry p

RinkibieiyHcM VieyNf MC%CRIR compRﬁde flufatide ScamBles Eﬂ‘ suﬁ%l@ SsaniRz + (P~) Ro~N
O‘l ( PZl Ry~N~N R~N~CH H ?4-1 ~ 1 f o ~1 IES R~ 30 29 30
o(:t,@bemfaez"wcgévteﬁ@s it ‘Pét?d’f%"hf%@“?ﬁ alklgrpyss, wgrwmcxclwﬂav L M5

groups, heterocycloalkyl groups, aryl groups, heteroary! groups, acyl groups, sulfonyl groups,
mercapto groups, alkylthio groups, alkoxy groups, carboxy groups, amino groups, alkylamino
groups, dialkylamino groups, carbamoyl groups, arylthio groups, heteroarylthio groups, and the
like.

The term “substituent” or “suitable substituent” is intended to mean any suitable

15 substituent that may be recognized or selected, such as through routine testing, by those skilled
in the art. [llustrative examples of suitable substituents include 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, aryithio 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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PCT/ US99100260 HR3 ON ---i P, ~R~RZ NHR3 R~ R~ R~ P~
K~H-----~- deprotected Rz Z~ Rz Z~ or nodified Op H O f@ océPP@Fnépp@e
met hod to prepare internediate N is described as foll ows. Conmpound Mis
subjected to a reaction where "Lv" is reduced to protected am no al cohol Q
Internmediate Qis subsequently oxidized to derivative N HR3 P~ N~OH -r N
R2 15 QIn CGeneral Method 111, useful for synthesis of peptide-Ilike
conpounds of formula I-A, an amno acid L) where P 1 is an appropriate
protecting group for nitrogen, is converted to a carbonyl derivative M
where "Lwo 9s785| eavi ng group. Conpound M is deprot ect eREWESIYOVEO f r ee am ne
(or salt thereof) R, which subsequently is subjected to an am de-form ng
ction 20, carbho ic acid Kto Corrpound Sis
gn eit heg |Vrate2:cfS mter(‘:%%\k/e'rgfmcf R'o car uga")}’lacceﬁ{ag{eqoelﬁa%% %r successively
r educsmcifiod edneohed thlix retping the bighdgidal qf@CW@nw 2Esiich 93r®0u®bn‘tb@nm¢bs@f i s subjected

to a 5&@&&&%&%&4{;&&& sf’@ﬁe Mma&wn%ﬁg,nﬁﬁdmb.tmmaug&rkﬂaan&f etR 5ectl ngz
on

groups have been us Ei grougi and/ or

and/ ofrethanol, DMSH, gthy IgF‘i‘aée G i BT a’ﬁ’aﬂﬁ‘)‘ﬁ‘i furt her m)dl f| ed to yield

depr ot ect e “ghariazehatfchlidydacktptdRic(al" i2 itdnded to nhdan a salt thidMetaing the+ K~ R2 R 30 30

30 5Cc R N~N~LV ~ G-~ H

En%p [&agqugnwgsgg{_ﬁg h§§aaﬁ@lﬁ&§%§! SQEgng&ﬁ%co@p? r?azgnfi%}a snné)It_ al Met hod

IV) UBietogicallner cshenviseuidssiggblen Examules of phasmassuiilly deccpsnble sltsiickude - A, f r ee

aé;n Ne sfififes SAAdsulrh@yr Ei&flfate&suﬂi’t@ﬂﬂflﬂ?ﬁici @mpﬁdiﬁgﬁﬁm-}'cﬁr?@n@ﬁﬁtha%scri bed idnA
ne to am de y, reactio th amino aci

wher ea'lby(iggﬁ?pg‘ﬁpléabﬁr 'bf)t?'ia'e?fig‘a% &Y réjg?cfsﬁlbageﬁr%boﬁ%f; Sos“’m‘ Cf’dﬁgﬂ »Conpound T is

f ur t haeetatksppropiewtts diccanohies eapylnts a¢rglates, dbimates dsabofyyatds, captviaeh, i s

subsegue E6katd ulerkie 2 At groups have

Subsefly ;(;&ths gm;syo%(égﬁ %cut geswnwa&fasma;,%m@cgog gy s, L,depdrtéa ﬁ&a}f&gn g ops

pr odu&talepfes, sb“a'é‘fﬂlét eéd‘eé}‘ﬂi}‘ Iot-dipaipt REZOHEaF HIraRenERMSHi el d depr ot ect ed or

modi f inRehyldenddafez, dRitrdBndate R yddoBibeddohted. méthoxyteibohtel, phthaiated R P~ OHRs Z~

23 §~61 ‘gaouz‘g'ﬁ( Oesagpﬁﬁﬁ Siﬁ?_r'\ygfctaacs %xei:?{g\lcl.:p cﬂﬁcs p%enylbul\lyrzaes Citr %SC te dl(F)?) Rs~N~-CH

nmodi f ilaethtds] 2y d8&ybutyrates, glycollates, tartrates, methane-sulfonates, propancsulfonates

naphthalene-1-sulfonates, naphthalene-2-sulfonates, and mandelates.

15 If an inventive compound is a base, a desired salt may be prepared by any suitable
method known to the art, including treatment of the free base with an inorganic acid, such as
hydrochloric acid; hydrobromic acid; suifuric acid; nitric acid; phosphoric acid; and the like, or
with an organic acid, such as acetic acid; maleic acid; succinic acid; mandelic acid; fumaric
acid; malonic acid; pyruvic acid; oxalic acid; glycolic acid; salicylic acid. pyranosidyl acid,
such as glucuronic acid or galacturonic acid; alpha-hydroxy acid, such as 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

25 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.

30
18



In General Method V, useful for synthesis of ketonethyl ene conpounds of

formula 1-B, optically active |lactone AA where P4 is an appridprQatapber 2002

protecting group for nitrogen) and RS and Rg are H (which may be prepared

by the nethod descri bed bel ow and by various literature nethods, including:

(a) Herold et al.. J, Og. Chem t989, 54, 1178; (b) Bradbury et al.,

Tetrahedron Lett. 1989, 30, 3845; (c) Bradbury et al., J. Med. Chem 1990,

33, 2335; (d) Wits et al., J. Org. Chem 1992) 57, 6696; (e) Jones et al.,

J. Og Chem 1993, 58, 2286; (f) Pegorier et al., Tetrahedron Lett. [995,

3G 2753;wapus7¢yp) Dondoni et al., J. Org. Chem 1995, 66CT/Y§PIP260g

transforned by a two-step procedure (basic hydrolysis and subsequent

oxi dati on) I t I 35. P 200 1

car goxyl iC hlégllte% %Sfcqﬂ%ﬁaggrgl a%Q‘?ageS\r(@‘ grlgssgrdjs 15‘5 S%Jr?\{?l S 38%1 ected to an

ani de-skillediimige pe ghat the invaRtive cRpPayads ealts.ad foW%@r%fe)nspntdefquwwwg@l final

pr oducCyrhCall $h@hibKab iRénREd dolbg wWIhBURs scBpUTIhdWrésontamendsilinkiispitedeqPr Ot €Cti ng

gr oups tha}t have been used on any R groups (Rl, R2, R3, R6, and/or R7)

and/ orfPBRY%- and/ or on Z1, is subsequently deprotected and/or further

rmdl fied tdhyiekdidepmpiuads way odist psingld gaed@Omels, Cictnate3, bhd/dR itxfores. . . R6 ~ P
CH St chiEbloblef dRoRTndireo Y ANBRRALA:E5ioPFE cLimdD L0l Rl ke, or modi i ed

Lact one prepared in
opt i ca‘thfyofaf\é? ‘i“%F@d?do‘P B¢ Uyh‘f‘ﬂ&? brepd serme H&‘h@ﬁé?%lnvaﬁoﬁfefﬂfatﬂbee Herol d et al

1. ekdvebheiie inh@8Bie cOmpounds ﬂrgasedﬁfﬁdlbﬂl'yypu&tfo&ﬁ Tet rahedr on Gett. 1989)
30, 3845; apd Bradbury et . al J 1990,..33. 2335). A
y, 8-unsat u Ft%ﬂergﬁjr‘bng%ﬁof%g%l(g?sﬁ SB%?(Q%QF% - A QR Rifre ompps “‘? § °'f ansf or ned
i Nt o tthet ic erangepaivdiingprachousehheasein.dhe lén@fopgmbmyw“ Ehntsmkditcdmczhi oride is

subj ecaog,gmmd &t iding G EAY mmc.&@a&attp nP:‘échBlyaa.:P&!ucﬂly aa,mun@ofqrs@@() chiral
oxdfol | e to provide derivative i's a chiral amne or a

chi r al c3REBA |“lﬂ§‘ﬁ'€)a compaHsd haHngae F?“%%U?ﬁ&if@"?ﬁ‘?‘ RyEpesPerRd fdhe and t he
resul tlnﬂ@htﬁﬁ@btafn&ctéildbt&!ﬁ?/eo‘fae&@leéﬂiﬂeveﬂo% ahktjdnatie dxaskd)ma@a el ectrophile
corres od| o F 0 hIS material is
t hen sgrﬁjcéacp’gaétki /“n@?ol ac t%ﬁ? g\grg%gﬁgrggl W%\A@nﬁg%g\%o}\"neas RS act one GG,
i n whi plefeRBlyandeaRPo%r @8¥egnd "hal" is Br or |I. Halo-lactone GGis
subsequent | pefefa8135h Ble¥BpuAtiPofakd BEndtt (oRBLhnl Bt the T8RRI formfnd)igN converted
into Iactone AA) 25 where P4 is an appropriate protecting group for
ni t1r50gl§ﬁ* 30 32 30 Cctober 2002 WO 99/571 35 PCT/ US99/00~60 1 0 0 0 R~ \
C]—I - "~ R~ \InXhe conipsuds of fonulpD pEefferftity Rsis an infbfit@eDr. subsiR&dO . . . . ~Rg

: sat ur at ed
car boxyﬁgdczag Dﬁ)NT‘rchag;}He ogtlg?aéé%?tggp ggyd}?ﬁe{%%ag%&%%lgﬁééﬁgﬂagﬁu Elt hod VI |
(see: P-I(‘Q/QII“G‘Oé?“SaI J. Og. Chem 1989, 54, 1 i78). An aldehyde Il, which
i ncor por at e§5pR7lauy ;ﬁeﬁ@ﬂﬂinﬂddkﬂeﬁh o¥ ihe yvem@pnasd desirideOvdiche il efegin¢€toal cohol JJ.
Al cohol uIS tp uh b nsformed into y, b-unsaturated carboxylic acid DD by a
t hr ee- ghtegg, PYPBELOFUPB A " fol lows: (i) treatment with diethyl malonate and
cat¥ ytic Ti (OCEt)4 at 1602 f & IR)EC/LE( 2i)2 heating at 190C for 4 hours,
and (iii) hydrolysis W|Rt qu

(I-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, R7, Z1, and Rg are as respectively defined below:

25
(A-l) Rz is CHzCHzC(O)NHz, Rs is CHzPh, R7 is CHzCH(CH});_, Zl is C02CH1CH3,
o-N
=Y 2-
and Rl) is HC
(A-Z) Rz s CH2CH2C(O)NH2, R(. is CH]Ph, R’; is CI‘{Q_CH(CH})L Z] is COzCHzCH:}.
N9
and Ry is L/}z .
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15 OOHOR~HR-~ T~ RT \ CH Il JJ DD Carboxylic acid BB so be
prepared by General Method VIII (see Hoffrman et al., Tetraﬂg%ﬁo ?tﬁﬁ%ﬁ,zgﬁf
71 19). An amino acid KK, which incorporates R7 and where P4 is an 20
appropriate protecting group for nitrogen) is transfornmed into (3-ketoester
LL. Conpound LL is deprotonated and the resulting anion is condensed with
tnflate MM which incorporates R6. 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
hydr ol ysi syo9&sthiss i1 n epinerization, ketoester NN can beptcrarsesterified
(allyl alcohol, Ti(GQ-Pr)4) and 25 subsequently deprotected under neutra
conditions (Pd(PPh3)4, norpholine) to give carboxylic acid BB. Triflate MV
in tdrn, may be prepared fromthe 'cor ndi ng_al cohol by treatnment with
tri f1 uor onet@ahedulis GHELAAPIERI s 8fd 2, 6- RutsitdCHe: Bds 88:CHEBLOct ober
2002 1 5 WO 99/ 5 %5 PCT/ US99/ 00260 R7 R7 O P4 ~ OH ~ P4 ~ OBu -t- Rg N~
N~~ %ﬁ%}c}&oﬁrf KK LL MMR- ORT OPP, ~NOH~4 ~-NOCH | | HO
Rg H O FZg NN Lact ane AA may al so he prepared by CGeneral Method | X (see:
Askin et al., J. Org. Chem 1992) 57) 71; and Wl lianms et al., J. Am
Chems Suc. 1@96, R:1igCHIGZIPINHREFF NG aci- &K (Chhbhch i ROSE ISRt @d R7 and
where P4 is am&%ppropriate protecting group for nitrogen, 10 is transforned
into epﬁxgdgdbﬁk(single di astereoner) by the nethod described in Luly et
al ., J. tfg. Chem 1987, 52) L487. Epoxide 00 is condensed with the anion
derived from conpound® b, whi fatorporates R( and in which X2 is a chira
auxi liary (i@chuding TS, RRIs-FI~am ndind@HCH:0f Zpis €aGHgIHL, andltfior d coupl i ng
product Qs This material is subsequently cyclized under acidic conditions
to provi détdctone AA. Conpound PP may be prepared from 15 the
cor respb¥idi ng- carboxylic acid (not shown) by the nethod outlined in Askin
et al., J Og Chem 1992, 57, 2771. OP4 ~NOH~P4 ~-N.t. 1 ~1 ~0
R6 y X2 H O A-6K 100is PR,CA, QORI RQs.F~ aRy P RRisCHENLY, ¥, KOHCRociHP4 25 AA
Q CGeneral MethogyX) useful in preparation of depsipeptide conpounds of the
formula IC,_ illusPrates a nethod to prepare intermediate TT. Amino acid E
and al c8MblR RR™ where P $ is an appropriate protecting group for oxygen
are subjected to an e r bond W ng reaction to produce internediate SS.

Ml ecul e SS 1@7ﬂqgri@t~ 8q, t-yrel d, {iee@h haxxldoscactd, I ryWi ch may be
utillxzed in lieu of carboxylic acid Kin any of the genera( nethods
descri bed fappve. 30 34

HyC .

H
o] N
rl'
(A-S) Rz is ‘é‘j;J s R& is FO/ . R-, is CH(CH})z, Z| is C01CH2CH3, and R9 is
e

Preferred peptide-like compounds of the formula [-A™ further include Compounds (A~
9} - (A-13) below, wherein R is H, Z is H, Z, is CO;CH,CHj, Ry is CHj, and R;, Rg, Ry, and

20

Ry are as respectively defined below:
o T 2O
(A-9) R, is CH,CH,C(O)NH,, Rgis F yRais A, and Rg is HsC .
25 9
(A-10) R, is CH,CHC(O)NH,, R¢ is CH,Ph, R; is CH;CH(CH3s),, and Ry is HC

T s T
(A-11) R, is CH,CH;C(O)NH,, Rs is Fg , Ryis OO ,and Re is
e
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30 Cctober 2002 WO 99/57135 PCT/US99/00260 R ROR 1 E + S
iP~RO ~N~ O5 OPS ----~ ~PZIRs ~N7 OR5 OCHHR3 11 ~ H ga%§%5%§g? 2302
TT SPECI FI C SYNTHESES The fol |l owi ng specific nmethods may al so be used to
prepare various conpounds according to the invention. Specific Method I
describes the preparation of specific internediate OL, which may be
utilized as internediate Oin the general nmethods described above. Thus,
ester Alwoppsnas ed as described in Chida et al., J. Che@rnusSegeszs0Chem
Commun. 1992, 104) is hydrolyzed to give 10 acid Bl, which) in turn, is
trgnsforned i nto oxazolidi none C1. ound Cl is subsequently

r ot ona i nﬁ?‘g I s. di astereosel ectively alkyl ated
to give a ‘ﬁjl)z) ﬁhfsékggﬁ{gé)ﬁkg Qg‘f‘*rh s ent Rty GeCG Wy e Reta ozonol ysis, and
t he resfu'l‘\ ki ng al dehyde (not shown) is subjected to a reductive anination
reactdn” produci ng I actam El. Acid-catal yzed methanol ysis of El then
affords al cohol F1. This internediate is oxidized via the nethod of Swern
(or other suitable oxidation conditions) to the Fesul ti ng aI dehyde (not
shdwn), which is 15 subsequently s ted mol efin-fo ng reaction to
provi de speaBf ReisiCHeHhe@d)sHe FKls ¢ 25, R0is Oqutgqpe,e 002 10 IS 20 WO

99/ 57135 Q. QCH-.Boc. N.~ OGH3 N Boc. N E1 CH30 O
<~ oo “iﬁoB‘eﬁ?”%g—ipﬁ’“ﬂi"é"c‘i"f‘tﬁéﬁ%é‘&‘gﬁq@f" Qg N Boc. N ~Ph ~O

t{ \)L CO,CH,CH;,

10
(A-14)
O« _NH,
s N =
(_Z/U\g J S ﬁ CO,CH,CH,
s OGN s
O« _NH;
G/‘LN N\;/lkN 2 CO,CH,CH,
i 7o :\EHD\
(A-16)
20
O)LI( i X gmzm
(A-17)
25
\)L
s NS
(A-18)
30
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Cl110, --O NJ Boc.N~Ph D1 CH30 O ~ ~ OCHg N Boc. N/ Ort S C
Met hod |1 describes the preparation of specific internedi at3d_|(§)ft \]/\tfn rp%ofz'
be utilized as internediate Oin the general nethods described above. AI I yI
internediate D1 is subjected to a hydroboration/oxidation sequence to
afford a primary al cohol (not shown). This entity is oxidized via the

nmet hod of Swern (or other suitable oxidation conditions), and the resulting
al dehyde waewsayown) i s subjected to a reductive-am nat iran/usegmidoon)

produci ng | actam GL. Aci d-catal yzed net hanolysis of Gl then affords al cohol
Hl. , This internediate is oxidizgd via the nmethod of Swem (or other suitable
oxi &Iatl on conditions) o the rEsul t i ng al dehyde (not shown), which is

subsequent |y subjeéte lefin-form ng reaction to provide specific
intermedi ate 02¢
~Ph 1 0 O1L CH30 ™

gben, 2002 10 WO 99!57135 O -O NJ Boc, N

c ~ N/ oEt H02 OBo CH30 / OCH~ O°N Boc~N OH
HHL H3 The followng inte di ates P1) P2, and P3 Y,He used in the above
general nethods in place of interne ate O to vary € ‘substituent group

4

in fhe R2 position. 152 HHO 'S 'O hoc ~H ~ COyEt eoc ~H ~ CQOZEI
P1L HP2 ON
/l N CO,CH,CH,4
(6]
(A-20)

O NH;
NYI\” N A A

Y CO,CH,CH,
\<\—-—NH o =_XK

* CF,COOH \©

(A-21)
NH

15 —(\KU\ )6"/\ \/ll\ CO,CH,CHy
\© (A-22)

20 ‘O)‘\ )¢ CO,CH,CHy
\© (A-23)

N
o
e E o
N
©/\o N \;/lLN N C0,CHCHy
H o = H

25
(A-24)
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"Boc~~ ~ COZEt P3 A synthesis of internediate P1 is describgd

nternedi ate Cl (descri bed above) 25 30 is deprotonated, angst%ggéggﬁlg?%é
P-'enol ate is trapped with an appropriate disulfide (symetrical or mixed) to
“give sulfide p 1 (Pis a suitable protecting group for oxygen). The
oxygenprotecting group is then renoved to give al cohol p2. This
internmediate is oxidized via the nethod of Swern (or using other suitable

- oxi dat i on yG@kylstdsons), and the resul ting al dehyde (not spewiiooled2ssubj ected
to a reductive am nation reaction to give |lactam p3. Acid-catalyzed

met hanol ysis of p3 then affords al cohol p4. This internediate is oxidized
via the nmethod of 37 PCTI US99f QQ260 30 Cctober 2002 WO 99157135

PCT/ US99100260 1 Swern (Of usin t her suitable oxidation conditions) to
the resulting al deh dgﬁ( I%tho shown), which is subsequently subjected to
an olefin-form actﬂo to Pprovide"Fht er nedi ate p5. This conpound may be
utilized in placeof internmediafe Oin the above general synthetic nethods;
, alternatively, the lactamp ecting group may be r@amgyed to give
integnediate P 1. --o0s NI N Boc, N Ph 90oc. N S~ Ph Boc.N S~ Ph ~O ~O
OP ~OOHCL p~ ~ p2 1 CHO CH- 010 ~OCHz OCH3 O~ ~OCH3 NL NN S

SJ - Buc.N g- Boc. N/ &Et¢"BacoN HOHOQPpPS5 p4 p3 15 To synt hesi ze

i nternedi ate P2, A at-e godepl,ot onat ed, and the resulting
enolate is trap wi t h"arp appropriate source of electrophilic oxygen
(c.g., an oxaziridine) to gi€§j§lcohol p6. This intermediate is aikylated
with a suitably functionalized al kyl halide or trifl dte2®o give ether p7 (P
is an appropriate protecting groupifor nitrogen). The nitrogenprotecting
grogp i s then renoved, and\ the r&yliting amine (not shown) is subjected to
cyclization conditionsotogQlveol agtam p8. Acid-catal yzed net hanol ysis of p8
t hen affords 20 NTL Jmdiate is oxidized via the nethod of
Swern (or using er suttabl® d&xidation conditions) to the resulting

al dehyde (al so not shown), mhﬁg;%is subsequent |y subjected to an
olefin-formng reaction to provide internediate P2. 28-30 38 30 Cctober
2002 WD 99157135 PCT/ U599/00260 0 0 0 ~~-J 0 ~~J 0 ~~--J Boc.N Ph ~ Boc. N
OH ~ Ph Boc.NO~Ph, ~O~-OONHP C1 p6 p7 1

15 N
<

N
Q o]
u ML
ey e
Q '@

(A-28)
Preferred ketomethylene-type Compounds (B-1) - (B-4) of the invention are described
20 below in reference to the following formula [-B’":
O Ry O R, Z
W N N
H O Rg H Ry (-B™)

o
25 (B-1) R, is CH,CH,C(O)NH,, Rgis F , R7is CH(CH3),, Z is H, Z, is

o-N
\\ 2-

CO,CH;CHj;, and Rg is H:C

30
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OHONNHO~"'"" Boc. O10 BH~ Okt Boc. OH O H P2 p9 P8 ngé]l
specific internediate P3 is now described. Internediate DI 3(Aodtsads/é(;grl edszcmc2
above) is ozonized. and the resulting aldchyde (not shown) is reduced to

t he correspondi ng al cohol (also not shown). This internediate is then
protected to afford conpound pl10 (Pl is an 15 appropriate protecting group
for oxygen). The imde functionality present on pl0 is hydrolyzed to
carboxylic acid p 11, and this internediate is coupled with a suitably
protected, hydroxyl am ne derivative to give amde pl2 (PZchgiséyboadePr OPri ate
protecting group for oxygen that is stable to conditions which wll renove
P1). The Pl protecting group is then renoved) and the resulting al cohol
(p1B) is transformeth-into anpfopriate | eaving group (halide or triflate
not shown) (B-TheR,RR #pTot, BetsiFAQ~gr ofa is SHICGTEN, EéndvAds CancH e, andsul ti ng
hydroxam ¢ 2Q acid is cyclized to give internediate pl4. Acid-catalyzed

met hanol ysis8f pl4 then affords alcohol p 15. This internediate .is

oxi di Bed Vfa the nethod of Swern (or using other suitable oxidation
conditions) to the resulting al dehyde (not shown)) which ig @sulsequently
subjected to an ol ePi-A-form freaction to provide inter rred;?r;:%;PS. 25 30
39 30 Cciwbprr2® RY &/ 5 RAsCHOCHIN] ZBae ZNogdther@eD1 5 ,15 20 25 O
QE 8DBW i Nh; cca)lrlpojﬁfffl g]iOl% i's_lcilyto~19e ﬁ)(l)cﬁ()gléln go_lrrelglp&%glgl:t)g{ Hqgr%'lm 29 lz,gr(l)d 199—”150 NJ Boc. N

D

HyC

o M y
10 (B-4) R,is ~ép, Rs is FD/ » Ry is CH(CHa)s, Z 15 H, Z; is CO;CH,CH3, and
O'\N\ 5-
Rg is HiC .
Preferred depsipeptide-type Compounds (C-1) and (C-2) of the invention are described

below in reference to the following formuia I-C*’. where R, is H:

0O Ry 0O R, Z
O =
s NP PN S S
H H

O Rg Rj (1-C*)

g
(C-1) Z1sH, R;is CH,CHC(O)NH,, Rgis 7 , Ryis CH(CH3)3, Z, is
O'\N\ 5

CO,;CH,;CHj, and Rg i5 H:© .

(C-2) ZisH, Ryis ,RgisF , R7 is CH(CH,),, Z, 1s CO,CH,CHj;, and

Lot
Rg is thC

Additional compounds may be prepared in reference to formula [ by selecting the
variables from the following substituents:
25 R,=H or CHy;

Ry = H or CHjs;

H
O

Os_N
R, = ;.rI) -éj/\J.
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e>O H N.OP2 Boc.N OH p13 ON .OBoc.N/ OBt HO O OH Boc. N O_QPT pi11 Bac. N

t. ~OP~ pl2 P3 Specific Method 11 describes the preparation d Pﬁtté’lbﬁﬁdﬁgloés
QL, @@ and @B, which may be utilized in the general nethods descri bed
above. The known conpound I1 is transformed into the literature nolecule J1
by a nodification of a published procedure (lkuta et al., J. Med Chem
1987, vol. 30) p. 1995). Independently, the amno acid ester Kl is
protected to afford silyl ether L1. The ether is reduced with DI BAL (or

usi ng otwerssuBs abl e reduction conditions), and the reddTysayo@éldehyde ( not
shown) is subjected to an olefin-formng reaction with internediate J1,
pr?duci ng ML.. Silyl deprotgction of ML then affords al cohol Nl1. This
internediate is su?i ecteq tp» a variety of hydrogenation conditions to

provi de i nt er redi S , ) and @. These internmedi ates nmay be
transformgg< nto gr fedi at p& pasiglmgiou .o . Gent) priedinabg @buf e Specific

Met hod .| ove). axi dation and eqguent, .ol eft ion. 40 - 30 Cct ober
2002 %%2’3‘19@7‘1%%‘9%’ Nelio e ‘q'ﬁﬁejfgﬁ]‘§‘§§%fi°*’$“‘!’~e8~‘?‘e‘alﬁy~%%§§§g"ﬁ‘ Boc, N/ OMe -
Boc, NeafdigensPmethoy-and methyli O O K1 L1 PC i'/US991 0O 60 O O N Boc~N H MLOTBS O
NH510 / " BocN OH N1 O NH 1$ Boc. N H OH 41 O O NH s 2 c.NBoc. NHOH~H
OH N1 @ O NH Boc~N 2% OH The artisan will recogn t hat vari ous
conpounds Rdf%‘ﬁég‘rhv&???ﬂo%prr?ﬁ ';E)'Empi‘é{i%’pw?]f BiPYuPng t he abd¥®- descri bed
general and spssific methods asywel k_as temngscj nt art, including the
references cife rej he Scl osfr ps ic re, eby i ncorporated
by refered®& Additi'dnally, *the artisan may prepare-vafious conpounds of
the i nvewi on acorg)rdi ng 30 41

@] N =N cl =
o Ty W0 D e Tt Spv To—
CF4 .
Cob Tt
N ,Or TN .

The present invention is also directed to a method of inhibiting picomaviral 3C protease
activity, comprising contacting the protease with an effective amount of a compound of
I5 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.
“Treating" or "treatment" is intended to mean at least the mitigation of a disease
20 condition 1n 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
95 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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gé!o Oct ober 2002 WD 99/5713S PCT/ US99100260 1 to the exanple described bel o
or through routine nodifications to the syntheses descri bed e r@s ober 2002
EXAMPLES Exanpl es of various preferred conpounds of fornula | are set forth
bel ow. The structures of the conpounds of the follow ng exanples were
confirmed by one or nore of the follow ng proton nagnetic resonance s
ectcosco g: p gn p py) infrared spectroscopy, elenental mcroanal ysis, mass
spectronetry, thin layer chromatography, nelting-point determ nation, and
boi | i ng- paiowy/sadiss er mi nati on. Where there is any di screpai@d@yjussepaeen t he
gi ven structural fornula shown for a corrpound and its chem cal nane
proyi ded, t ctural formula ) P ne resonance (1H
NVR) spect r‘gfmm%“rs‘geg(?et ét‘%ﬁ]c%ne\ uﬂ%ﬁoﬁm% a?t%‘tﬁ‘ “ij‘f{ﬂ“%ﬁ)ul Y300 spect r onet er
oper at pageptattle prodquey, elaltstqcevﬂjtlﬁattﬂlte?;@od praypadsanay be pRifrned Elverdingatb ashi fts are

repor t gdnd fbcHRAYEmARS omdlrdtmaattettJMIatﬁa mdme@tméoqntﬂe%m sttt Ry nal
tetranet hyl sil ane standard, Alternat ectra were referenced

vel
to resPiTRies Of BitERle DRSS pdrainyigiea ! i“ F“Ié‘ﬁiﬁl p(“;I—I@F'f?PmPWa b6 ppm DMVSO =
2. 49 ppasdémbdDandredtall Intppamal Jetiedty inekieciplly piefeired ar e desi gnat ed as foll ows:
s =35singl et AII;PHJ?' plet; g =
quartet; brAigvenéggH%@gh%ﬁﬁgm a%ﬂafém%g%&a‘gglc Salnﬁr Sifstants are
gi ven pativmetapolite of Pﬁ‘Yaaf'r‘éﬁ“%ﬂ%@rbﬁtaﬁ‘@wsﬂfﬂ)a%méwwweotomsatone'd using a
Per ki nagfsl zﬂs@tﬁ@al&‘&ﬁd RSoghikhtie &RE&ikﬁlQ:HﬂHﬂﬁn astcREBMtaBle. FugivRanal yses were
perfor | ab ] ave results for the

ic Mcr and
el enenPlémé‘?%t‘ lgﬁ"t‘h’Inﬁlufl"O” %585‘“5? i l‘%‘ﬁg SF &°F§3¥°§3§ dations FUEh RS ¢ o] ym
chr omatabgrsapiwdewasappdest appesionissi sugpeSiidnsclipogatesGDdfablosdk Art 9385) .
Anal yt p a(l,:eml&l Layop%emsttr&tmttmam%y(aﬂo%memw atlgttﬂtsuatu g Pr ecoat ed

sheldt s o 'l ca ol nts (abbreviated as
np) wervewdet i FRAisE. srivell aue hewrénﬁméﬁlﬁa?lé}t%gveawentardévﬁna@wee d. All

react i Qidnd¥eise. Dﬂfrf:t@frétﬁéﬂnﬂoﬂmﬁeﬁﬁltutmnS&ﬁtlveﬂhafrrhﬂ‘,ikt&all&lﬂﬁfomﬁorﬁ;'a|r€ght positive
pressure. gxfed?r{t on. . mtﬁso Selgvgnnsse noted. Al conmercial reagents were
used aS”1'&Ce'VE ]by helt re pec?lve suppliers with the follow ng

except i ons: Atweptrbihydthofinfareppritdsyitaldsphdinscedticddofmsafieptimmrbeindophenone

ketyl  pghSsitloRs 448 Rnovil &mag;memtlnapeeté%@bglhot\@auwd%t ik ldﬁdpe‘nf om cal ci um
hydri de prior to use; or.i de was. prepare 25 heating

rous i um ch
at lﬁloe‘amvérephwemmabefé?%t‘@m ma’rI*FePfqund W%“%‘EPSI’%\I‘P&"(‘ ttsheq‘aﬁse¥used
herein thel{:haﬁmmihedl shdngistdine@l iy steph beh as DMing, efagiistidgOary, cbkn@ltcﬁﬁ:tgﬂwhd‘nor mam de

DMVSO re Ul tert- bult nethyl

et her %ﬁ Sgr h%ir’lge\ef% %%{SI’ ?)hléfxl Cﬁﬂﬁ%%ﬁﬁg ?'ﬁg%dlfgé}s asl':ztpaﬂpfe hanol )) EtCAc
(et hyI gaeéteatee)ed perdECts & [ial Prenglal depical intavasial, drtrpesspl, inebropehétly | ), Me

( met hy kptraodilar (iRfRRM, )and/Ixrreé)tQ aAdinistrd@orOct ober 2002 WO 991 57135

PCT/ US99100 t ri hen be rbon Boc
(tert-but oxé‘gﬁir‘ﬁe‘ X‘/‘Ij)p ﬁ’%“r(“ta ?’%‘I%%ta%&%{“?rigéé ¥e (eﬁg iRfents

di i ¥bpmoepypk ethiplakin tie)phabBLeuidal Sompaaitiahs. dyuﬁtra(lﬁa sdlut)i:amdememdemr):h HOBt
(l- hydﬁ&%&é@%&%ﬁ}r{ §uﬁ'§t9h %'Jﬂ')ﬁgrt@ttrz?alba E%ﬁg) talc, gelatin, pectm acac ]?1 magnesium

(benzotriazol el -yl -ox ris-pyrrolidi ngphosphoni um hexafl uor ophosphat e),

HATU ( ecef?waartsﬁeﬁ%w dﬁbﬁtfativewqyldrﬂwen nqlpde Sy BRELNY PilrabiNg pitnsaline

hexaf | yeluagt) asphaee)The EDEer(or dilede aymatingd Dt AP ORYEd-rdlee material,

et hyI cay, arb dlﬁl gll%sth ratreO(r: I oerrllgl }eame a0§eor I ohex§IJ ar hpdt i mde), DDQ
3-di'ch Igd’g ‘5- 'éI T 8% ’hzo ur none net hﬁflam nopyri di ne),

GI n %glcetﬂamsmefad, thEEWP{fPWGP%é))‘:)m thhéor(nptﬁenypmeanlr,weylsw gft gelagihi ne)) Hi s

( hi & ;I'J'k@)e; stér‘ll!:\lﬁ{igaable(hq&id@@@ hiomti‘éﬁd @er rﬂﬁlauegtw B&d@o&gﬁgﬂ@&h&d&mt&l ani ne),
a- t-Buty

d tep% lI(&%/cme ol -Al a
' S) - 2ani no- §‘ PR fomp %‘}I")“ Cﬁ?tﬁ'ﬂf ?)‘n?aé‘ aa‘tf?raﬁc““%ﬁlnlét effegtivei per - Al a
(( 25, 3'anfSpntdf g aatveIomPounti@i. e(('h-th'@aiﬂddif fordiuta)l by a piadpadeaballpci d) .
Addit! QRElble satt. prd AR, ERRE HRaBAkL LA AGGUI LG AR @RS, &b S1 P11 ed
nam ng syg n'p?lr gn am no 'ONs ifdent i fy sone
i nt er me@E At @Qma’hﬁ“‘fﬁFW&Fal S?%%‘é’tﬁﬁ TWFGI@“‘H‘&FI%H@IW@P{WB‘RGWCWW al i ci zed am no
amg abbrevi ati ons represent nodifications at the C-term nus of that
resfdue where the fol | owi ng apply: g 1) acrylic acid esters are reported
as "E" (traps) propenoates; (2) subStituted 3 15
nmet hyl ene- di hydr of uran-2-ones are reported as "E" (traps)
2-(a-vinyl-y-butyrolactones); and (3) 5-vinyli soxazol es are reported as "E"
(traps) propenisoxazoles. In addition) the term nology "AAl | [ COCH2] - AA2"
indicates that, for any peptide sequence, two anuno acids (AA | and AA2)
usual ly linked by an am de bond are repl aced by a ketonethl yene di peptide
i sostere noiety. The termi nol ogy "AAl -NCH3- AA2" indicates that, for any
pepti de sequence, 20 the am de bond that usual I y connects the two am no

A A /SN o



sequence, the am de bond that usually connects the two amno_acids (AA 1
and AA2) is replaced by an ester |inkage. Exanples of enbodi R€nPstpRer 2002
accordance with the invention are described below. Exanple 1 - Preparation
of Conpari son Conpound #1: 5-(3'-(Cbz-L-Leu-L-Phe-L-d nl25
E Pronene)-isoxazole ONN'h O" Ho ~OONN-LN~i I1J_/ 1 /| Vi O~ ON" /
(Conmpari son Conmpound #l) 30 43 30 Cctober 2002 WD 99157135 1 Preparation
of Internediate Cbz-L-(Tr-d n)-0Ove PCT/US99100260 Cbz-L-(Tr-dn) (0.26 g,
0.50 mmlwolgg,@qugv.) was added to a solution of acetyl aolarassoaan2¢d0. 25 ni)
3.52 mol, 7.0 equiv.) in CH30H (5 nL), and stirring was continued at 23C
for 1 h (hour The sol vent was renpved under reduced pressure, and the
r esil duBeHEal. fir S&asRle @ hpmapetoin aeoff trratinent medigiedthydntipition elat er (| 00 L),
sat ur aﬂil&dnmprbtehsca&mﬁy)by AN tndi dt@uitable thetldl dflaiminidi@in@igatdss | ayer was
dried over. h e was ified by flash
col unﬂm':l %Qﬁ ?ﬁ%x?{@g% thﬁg&feﬁg §g§e§%;é§aﬁf§ecq %’3’? @‘fiﬁ_as(al'r- d n) Ove
(0.23 g:))pmwwaemgral sbyanmﬁmeorgemweuskw I&tre}vaegahlm@@asal,R (cm1 ) 1742,
IJ-|)207£3 %gkﬁr%a( RAYRGhEDdr iftrabedir ibfusiod H J = 7.0), 3277 (5r5n (L H)ZOH)l 9; (Gg] 1
5 Sy - m

(d) 1H) J= 4" %fggegu?é}yfﬁéﬂiﬁ’m RA f'me(‘eﬁ%ﬁgf%ﬂ%)am@,‘mff irenve pr epar at i on
of | nt emyedndithet, @har ddmirlistere wwtagmanmod] Jn hdet! Hicreof, chduffidiaheto(ddea4d g, 5.66 mmol ,
2.0 eqeféavmém%@%m@g@@&dmn@alfeoiaghIb?umqsih.&han &QQJ{]%.@O%O.(&O%O g, 2.79

equi v 2: m xture was stirred at
230 unmmmwal pﬁoaéseﬁéacfm@%ﬁwwoemfes et eedipvingokHmam bor ohydri de (0. 21

g, 5. S&xdfekiehirusés, Qn&g&mam)ocms aﬂc&eﬁ)ncaa@dwm&naaa&hhm vifuXt1Hee was stirred
. overnight at_23C. The oun%o¥ nt.s

r“Vw«ere reng tgl l gfuced pressure, t he

¢ esioduEM O TERER SEPPI Rl R e PRR B TR ol 5510 5. 5 i t
LO% HOllepEirbngwod fetorsash e&xttw mwr\ﬁpmmuﬁd Wléd@@r qmc)l)lmami thdeveitgani c | ayer
was wagedr, \Mc ,&nvx@t&&hc(n%mn 208 dRfeb N h{cRAmElde RS TREQuEyI Ng over MySO4.

The organl ¢ layer was concentrated, and the residue was purified by flash
col um ‘i’f‘FfF“b‘?Fﬁt éf@F‘%iHﬁy (gradient elution. 20- Q0% Et OAc i n benzene) to give
Cbz- L- ( Tr - ghwivaydfrithbsiratdth, 4 fotmOIRtich, for'i2i¥%al Yieleledl) ofalse 1avenﬁi/é &nﬁio&ﬁ(&&fo:sm id:

nmp
(_m66i 7 cz:itm?nt oggun;zovlral) n%t%&%dagé@?%}aa%%s fog vis]ialggrg 61:1' rcenéag DNLBI,OéS,G% t, F~ 11H40 ]
5.50) yveﬁhmelgly aniiy suspergpn s prepagsd)in pgHhed V@te%A(f@rmu!La lHomJ»ormces 5), 8. 54 (s,

1 H) ; Mnlzéd@z k&@@é& iclesizElsuch! thaPDPaI0Ath OR sQJpeJxJHnQE
L-(Tr-d utam.n

enS| on | ut am n 1.93 g, 3.79
mrol ) FIERRH qf?’%“ﬁ’f‘)“"aﬂ TRl OQI}%“’ °sz(J §°“§f f?’?%%i‘“émder a hydr ogen
at nos p pefegabipatobofber) 0281 to 2% o8n spprcbdmm p\merﬁtNetsaBthi frdmn doghkmwwnay er  of
Cel i tegr\etn%nafyden@}d%d B GAPE AL Al toﬁﬁmtum{de/.t:?%cadap&ro gadal © gi ve

L-(Tr-glutamnol) as a am)rg ous sol g 8%yield): nmp =
191- | 9SWECHRIOE FANGT: %a’abos'd’ ‘@c’t/%e - HGOPIEPDHERY 1sE as muxture 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 HCI 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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PCT/ US99/ 00260 1 1) 3255 (br), 1642, 1527; | H NWR (DMBSO Io_léa) %C%oggr(mog.
H) 1.53 (m 1 H, 2.29 (m 2H, 3.08 (m 1H), 3.18 (m 2H), 3.38 (s, br,
2H), 4.43 (s, br, 1H)) 7.14-7.28 (m 15H)) 8.62 (s, IH . Preparation of

I nt er nedi at e Cbz-L-Leu-L-Phe-L-(Tr-d utam nol) Carbonyl diim dazole (0 17 g,
1.05 tnnol) 1.0 equiv.) was added to a solution of Cbz-LLeu-L-Phe-OH (0.41
g 1.0 mol, 0.95 equiv.) in THF ( 10 nl), and the reaction m xture was
stirred at 23C for 1 hour. L-(Tr-Gutamnol) (0.39 g, I .05 nmol, t equiv.)
was t henwaddsd3s and the resulting solution was stirred rowersap/gizsa The

vol atil es were renoved under reduced pressure, and the residue was purified
by .fl ash col unmm chromat ography {gradi ent elution, 2-->4% CH30H in CHC13) to
gi Ve Cbz-L-Leu-L-Phe-L-(Tr-glutaninol) (0.47 g, 62%yield) as a white

anor phous §\th,gc(,,mum 92-&55; IR (cm1) 3302f{,b65%, 1520y 1238; |IH NVR 10

( DVBO- d6) 6H (0 27.0), L .30 (n 2H, 1.44 (m 2 H) 1.75 (m

1 H, 227 .87 2797 - ] . 3.25
tl)b, 3. 63 nzwi“‘)ﬁ) 9‘%‘%%"'&“?}% 4. 4gmw°@ﬂb’?°'%./65 # o

( 1
1 (t, 1 H J=5.0)),
4.96 (d) 1 H J = 13. 0) Gl@Ee/EPTA H) J = 1B.0), 7.07-7)3 3 (m 25H), 7.42
(d51H J=80))766%d | H 1=85_ 7185 (d_1H{J =28.0), 852 (s,
1 H; Anal -Sué;@ﬂcﬁh@RM6 OMﬁi'i?c@staﬂineH:lldN)se/i\@- Preparatian ¢f Internediate
Cbz- L- Leu-|L- Phe-L-(Tr-d@d % 1. 9200 cﬁ%ognzm cjacid (0.63 gj Z.25 mmol, 3.0
equiv.) wgs added to a sp u‘i on o T Leu L- Phe-L-(Tr4glutam nol) (0.58
g, 0.75 mpot——tTequiv:) DVBO (75 T1t) p3C—After irring for 2
hours, thd OB YWas renoy %‘dysﬂf?(ﬂ@rgor educed pr p84dPe. The fesidue was twice
di | uted wilth—CHGO 2 —andlthe—solvent ev-apor-al ed-to cenmpve any remai ni ng

ToO— T O G oY

DVSO. The |resictdystodéisr di | DbessaM th Et OAc (30| sk) and fil tfered, and the
fildkrate ias washed with| 5% 20 Na2S203/ 5% NaHQ03 sol ution (30 nL), water
(30 m), dndr RELAGeA30 nMao@Rft hen dried o ﬁ[r[4l\lz@;2804 The sol vent was
renmoved under reduced prgssure to give Cbz-LilLeu-L-Phe-L{(Tr-dn)-H (0.53
g, 92%yield) as a white glassy solid, which was used I mmedi atel y w t hout
furth i fi Welek HNIVR(DNBOd6) S0.79 (m 6H), 1.00-L .98 (m SH),
2. 27 %%LSWI&%%SIM—D 3.02 (m 1H), 3.98 (m 2H)) 4.58 (m 1H), 4.99
(s 2H), T7TledaTengge (ompolsip) fotm@e (I2@ay b advadtpgegusty @epdred by the 97 (d, | H, J =

’ ngtt%dgof(tﬁie prl:scl?{vmv]end‘org 1rQ)udm% tl@oge(léil x&ett@ds d&cglgtd(tépowl hlﬁ):ach drepar at i on of
I nt rmedi ate 5-{3'- rPhe- L- ( %%{Pro pene} - | soxazol e A

sol ut ¥ @F‘“Fb&f‘t“&e‘}ta&% %3’(‘%:5 56 ‘HL%F‘*&‘ FBhrs Bl e F‘Efﬁ‘eii AberEFRnd0. 477 mmol

1.0 eqyiiyused WaS sRGHIRRH fepre@nbtispenmban of
i soxazol - 5-yl met hyl -tri phenyl phosphoni um brom de (0.222 g) 0.525 nmmol, 1.1

equiv) in THF (20 nL) at 0OC, andjthg¢’ reaction was stirred at 0C for 30

m nutes. A solution of Cbz-L- -lN- - (Tr-A n)-H (0. 366 g) 0.477 mol, 1
equiv.) 30 45 30 Cctober 2002 wd 93 57135 PCT/ US99100260 in THF ( L O m_)
was added, a.‘? reacc{?g xture was then stirred overni ght at 23 C. The
sot¥ enfPefdl: Foabt Rt §P9%nhd the residue was diluted with Et OAc (30
m.), washeth Ggretal Mthedl(uwulrfbt)s,ynmm QfIwemxddﬂlﬂcedormmndd\@&iﬁ)mulanhe aol vent was
renov g NAeRs A al RS Fifie SRkl e b &P fol o P! Isisliiebbiobh @Sh silica gel
chr omat 6gr aphy’ (g%qfi‘l éntﬁgﬁﬁtll 8?’ Cl&egr S\éo olé—)# ° t":J‘CIEI f%) to give

5-{3' z(xv@t?zfonnlnecpatuopmﬂmr(mal@hﬁb(yt Elth@rib}anr@mamideC( CoBoqung, 70%

yi el d)c ﬁSh&me&mw@ veSf@Jelaﬂnnel(E% Jaﬁmeﬂeoh 1)?4)21%1& ﬂanﬁll&mola‘éﬁ&a Yo ) 1043,

711 HNI\/RQ g{?\ 1.(m g}rp %140155
r‘rg 1 FAY 1COmRPrALe B 2 up 02 agzpt%ua%grem °2H)“}’g°2‘ (§? ye gipIelit
3loﬁdl—fc(mng]re&d)1)n @m&&lr{g @bhpptnd Kl GolinpouhdAlis dxidled w]mﬂembé)i;ateflGSB 4.60 (m 1

J = 15.0,

N 0), %“ngég %ﬁf“sl}—ﬂrS“gdig‘ids““ga‘%”& %{"d%‘ﬁﬁ l\l‘?"’f%é’lgb’g“"f‘”ﬂ%% &g'gbseé o e 763

(m Swnmora%l‘?(cu on anyR gpup(R1-Rp @yd/orsmd'a apid{or on Aandfos Zg,myduceﬂsi (s, 1 H),

8. 58 (d% 0 cmmmm&ﬂc&%rylﬁdépr&gém%%%eg% 3050 (MGs), found

964. 30I§ Preparation of Produc

5-(3' -(Cbz-L-Leu-L-Phe-L-dn)- E—Propenc)-lsoxazole Trifluoroacetic acid (1

rrL)3 was added to a solution of 5-{3 -(Cbz-L-Leu-L-Phe-L-(Trd n))-E-propene
Psoxazol e (0.214 g, 0.257 mmol),in CH2C12 ( 10 nL), and the reaction 15

m xture was stirred at 23C overni gﬁt The sol vent was renoved in vacuo and

the residue purified by flash silica gel chromatography (gradient elution,

0~1% CH30H in CHCl 3) to give

5- (3" -(Cbz-L-Leu-L-Phe-L-dn)-E-propene)-isoxazole as a white solid (0.054

g, 36%




yield): I'HNW (DMSO-d6) 8 0.77-0.83 (m 6H), 1.26-1.46 (m s H)O[S])t al- L%
(m 1H), 1.69-1.79 (m 2H), 2.04-2.29 (m 2H)) 2.83-2.88 (m 'l

2.97-3.10 (m 111), 3.99-4.12 (m 1H)) 4.37-4.43 (m |IH), 4.48-4.57 (m
H, 5.01 (g, 2H, J=6.0), 6 20 (d) LH, J= 15.0), 6.36 20 (dd, t H J =1
5.0, 6.0), 6.45 (d, 1 H J =3.0), 6.75 (s, 1 H, 7.24-7.29 (m 6 H, 7.3 I
-7.40 (m 5H), 7.45 (d, 1H, J=9.0}) 8.04 (d, LH J=9.0), 8.07 (d) LH J=
9 0), 85I (d, tH, J=3.0); Anal. (C32H39N5®6) C, H, N. Exanple 2 -

Prepar at i wo ®fs7@npound A-1: Et hyl-3-((5' - Met hvl i soxazol Bc13ussgigszeonv| )

L- Leu-L-Phe-L-Ad n)-E-Propenoate NHZ 25 0 OHO ONvVv _H ~ COozCH=CH (A-1)
30 4? 30 Cct QbRer 2002 WO 99/ 57135 PCT/ USQQ]DOOZGO 1 Preparation of

I nt er nedi at e PI_%téQFL‘gTr-(';‘I n) ANCedve) Me | Isobutl 1 ob@f ormate (4.77 nL, 36.8
mol, | .0 equiv,) was addécfo a Solutidh df fB@c L-(Tr-an)-OH (18.7 g,
36.7 nnDI 1 equiv.) and 4- nethyInDrphollne 8. 08" 'm,, 73.5 . nmol, 2.0
equiv.) in CH2CI?2 (250 nmL) &t OC. The reactlorfmxture was stlrred at 0C
for 20 mn. (mnutes), then N, O dinethyl hydroxyl am ne hydrochl oride (3.60
g, 36.7 mml 1.0 5 equiv.) was added. The resulting solution was stirred

at O€ for & and t 23 f 2 hours & ) aﬁd; h was partitioned
bet ween \Aﬁ't\h’lu 2022 X ’5 ftbined. or gani ¢
u

| ayers wer etedri B aver Na2804’ and were conceh@ra‘ts rification of the
resi due by flagh col um cl ugmat ography (gradi ent eI ut| on, 40-->20% hexanes
in Et OAc) provided Boc-L-(Tr-An)-N(Ove)Me (16.1 g¥ 82%yield) as a white
foam IR (cm1 ) 3411 10 3329 3062, I 701 1659; 1 HNWR (CDCI3 ) b 1.42
(s, 9H) 163 , 2.06-2.17 (M. 1. H, 2.29-2.43 (m 2H)) 3. 17

(s, 3 H.g, c??i A?B(s,,b 14 8-5 .41 (m. L, H, 7.207.31
(m 1PSH) ; (P%\na o Ij!ﬂ@ “F 5@%ﬁ of Tt g:?ﬂ'mﬁiuate
Boc-L-(Tr-dn) - ﬁ[flsobutylalumnumhydrlde( 0.5 nmL of a ¥.5 Msolution in

toluene) 75.8 mmol ,¢2.5 15 equiv.) was added to a solution of

Boc- L- (Tr-G;u)axMﬁQ\,&)xM&hc{cﬂxB paepgg m'i&hn3dxmﬁ1!‘| 1s déscmuiayfollow Klﬂﬁmaat:id-ﬂ%) and
t he reactlon m AL e nas, 3) rredoat - or 0{1t I\/ﬁt anol (4 nL) and
1.0 M HS dgo\r/\ft'are Added " eEGUA RS 5 'I’roprl T FRES R PP WD t&r med t o
23C. Thﬁxbyeeﬁulkda g d ForsEy rsaddinn weBodlict imtee:dedmém HoRBule J15&1:pfdu)c;edamd was

washed wi and

vat s (b tet sl K Nt ThbuelRy Lo R LSRR A 0T,
concent W&bé‘él!‘?@lcgh@éoféﬁhﬁ’éfq!ﬁ@tESG“FFaI‘G“WPUfH eH3.8 g, 97%yield) as 20 a
white solid: o= 114- 116C;, #R l{vgm 1) 3313) 1697, 4e4; IH NIVR (CcbA 3) 8
1.44 (s, gk%w 5, L 156m BN 24 ger -2 28 o, 31254 (m 2H),
4.11 (s, 53852150q Meal H), 7.11 (5,% 16736(m 15H),
9.45 (s) 1 H). Preparatlon of I )nternediate

Et hyl - 3- (Boc- L- {Tr-G n)) - E—Propenoate Sodi um bi s(trl met hyl silyl)am de (22.9
mL of a 1.0 IMGsotakMethod W, Wik is 2kso gsefihfiir syrehagizg pepfidieiky compouadded to a

sol A% op,fiatifd, ah BlnoRBRINNARE 26 6F AlaBprb5riBOpBiectiiy: sloUpT Ol nitrbgenOs €QUI V. ) i N
THF (200 nL) at -78C, and the resulting solution was stirred for 20 m nutes
at t hat cnasyia e grrEonybiervatiBM. wherg iLvyisA leayinemmow. Gompaund Mol | 1 equi v. )
in THF Gafectilo Wasciadda@dreivis EpRodd 1)R 20 Give Reriv.8a6 N DRritdixt NiemeRs stirred
for 2 hours at -78C, warnmed to OC for 10 mnute% and then partitioned

bet ween fAnsEormEdinte yrsaigratp prodiet Oy Ynsptuptsdicgmaowd Qrisamprorigd Westuifse (2 x t 50
m.) . Themberix sak thetogd bcmbdifier 8 Zwe Z¢ fiekt toegdveoD ednd Na:d J6ghortred wer.e 30 47

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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- 30 Cct ober 2002 WO 99/57i 35 PCT/ US99/ 00260 | concentrated. Puyjfication _of
the residue by flash colum chronmat ography (40% Et QAc i n hex es%cﬁﬂkt?\ﬂ Fd 2
et hyl -3-[Hoc-L-(Tr-A n)]-E-propenocate ( 10.9 g) 88%yietd) as a white foam
IR (cm 1) 3321) 1710; 1H NMR (CDCI 3) 8 1.27 (t, 3H, J=7.2), 1.42 (s, 9H),
1.70-1.78. (m IH), 1.80-1.96 (m 1H), 2.3S (t, 2H, J=7.0), 4.18 (q, 2H,
J=7.2)) 4.29 (s, br IH), 4.825 4.84 (m 1 H), 5.88 (dd, | H J = 15.7,
1.6), 6.79 (dd, 1 H J =15.7, 5.3), 6.92 (s, 1 H, 7.19-7.34 (m 15H);
Anal . (C33kB3802aks) C, H, N Preparation of Internediate PCT/US99/00260

Et hyl - 3- (Boc- L-Phe-L-(Tr-d n))-E-Propenoate A solution of HO in

1, 4-di oxane (4,0 M 15 nL), wasj added to a solution of

et hy 3(BocHLRn Tr-Gn)) E—prq oate(3 26 Q) ca mmol, | equiv.) in the
sane sol Vet HL ) —at—2367 Aft e¥ 2—h—the ol g8s were—removed under
reduced pressmre to afford et h‘yl -3-(H2N-L 10 (Trrd n)) - E- pr openoat eHCl .
This material, was dissolved iny,CHCO 2 (60 nl) and Boc-L-Phe OH (1.59 g)
6.01 nmol, 1.0 equiv.)) HOBt (1.22 g, 9.02 mol, N. 5 equiv.))

4met hyl nor pholine (1.98 niL) 18.03 mol, 3 equiv.). and EDC (1.73 g, 9.02
mml 5 1.5 equiv.) were added sequentially. The reaction mxture was stirred
at 23C over ni ght and then was partitioned between water ( 100 ni) and
CH2A 2 (2 X 1Q ) , The corrbl ned“or ani c |ayers were dried over Na2S04,
concentr at ed;” apfdSthe residue i fied hy Il gsh. col wprredid

chr omat ogr aphy 240 Et OQAc in hexcqn to afford 6

et hyl - 3- (Boc- L (Tr-GI n)) E'p\)}lgopenoate (3.55 g, 859 "X&%hite foam IR
(cm1 ) 3306. 166l (CDC13) h 1.29 (t, 3H, J=7.2), 1.38 (s,
9H),165176(216?|)‘ 199(m 1H), 2.25-2.27 (m 21-i)) 2.94-3.01
g_m JmH)15 g %ﬁteé@h(%etﬁwm jAfpé{% 1rﬁcx§édn€1{9N ryd):scnéedg'cé fglﬁywsbéom%%d}l%l\’p 64 (d
(s, br, ‘Sf“EH)Cted?O 146a7fl°31zvf(efﬁ 8 H)feduzed B&FO‘C%WPWWBWC‘“‘W“CNMCQ

Pr epar ais is@te@ientiynéedipaadto aérevative N.

Et hyl - 3- (Boc- L-Leu-L-Phe-L-(Tr-d n)); fk,Propenoate A solution of HCl in
1, 4-di oxane (4.0pM 15 nl) was ad e lépxx’i '§0I ution of ethyl-3
(Boc-L-Phe-L-{Tr-dn)) - E—propenoaté ( 40° , 9.28 mol, equiv.) in the
sane solvent ( 15 nL) at 23C. After 291%ours t he vol atl | es were renoved
unddb reduced pressure. The resi due WQ? di ssol ved in CH2d 2 (100 m)) and
Boc-L-Leu-OH (2.58 ¢, 11.1 mmol , 1.2 equiv.), HOBt 25 (1.88 g, 13.9 mml,
1.5 equiv.) ,Infieppre\ethed Bhafeif%ém(szmb@mrﬂfPepzlﬁeﬁkwpou s rpuiz I-And  EDC
(2. 67 Qgan élrr?mgammbvheré}’ﬁ15%&bﬁrobndﬂ€;ﬁrﬁte&d@%€’o@@6}ﬂﬂﬁgeﬁ,hk Yonvdiktd tb gact i on

m xture was stirred at 23C overnight) and then was partitioned between
“water (FEPPIH Jeriypgredptiese (17 ks al‘ﬁf)""i‘ﬁ.%“’“”l’ﬁé’“t?ﬁh‘ﬁﬂ Mt i Yeriddo BYSer s were
dri ed oWwes arhia &b 4alatherec) RC @hich attaehue@yds fdb@ctee & dienitd o rping irdacesh by fl ash

ggl go%&&g%wgggﬂ t&_ﬁ{§g}%%$}ih%9§g]%gﬁ)8% ({§IS 1cfn%l;tger lreédy com(elxzfogto 30 48

Leu- L- Phasbenyl inter@¢ity GEopfupgsanrdy wdyasd talepholdly sy wbich )is erddipdite &.f oam 1R

gﬁm 3—)_ &3 ourfh&')'_’ J&sul;jécjtéf tohirtdNdR t()mt\ﬁ& uba@raB8 fres prghlnct H= Ilq:)rgt):etln@ 89 (d,

t,
1.62-1. 9@’“{’%‘;“&"?1)“ séd ‘é‘?“yi‘g‘%ﬁ“ %r\ E‘?J ﬂj‘&f?“gggfé"%“%ﬁf‘d’ﬁﬁl P“’de‘“‘oa 3.08
(m 2H H@d&ﬂm@ct&ﬂar{dﬁr frttler médifidd !bq'lelcgdﬂ.prdccﬁdlr dbdifidd 8- 4. 51 (m 2H)) 4.67
(m 1 H, 566 (d, 1 H J=15.9), 6.51-6. (m 2H), b.69 (dd) 1 H J=
15.b, 5. 1 ), 7.10-7.33 (m 21 H); AnaHN 8H58N4070.33H20) C H N
Prepdt ation of | nTermeds at O g Lv
Et hyl -3-((S' -Methyli soxazol e-3' - carbonyl ) r}-- Leu- L Phe-L(Tr-d n)) - E- Propenoa
te A solution of HCl in 1,4-dioxane (4.0 M 3 nm)) was added to a sol ution
of ethyl-3-(BocL-Leu-L-Phe-L-(Tr-An))-E-popenoate (0.216 g, 0.27 mmol, 1
equiv.) in the sanme solvent (3 10 nL) at 23C. After 2 hours, the vol atiles
were renoved under reduced pressure. The residue was dissolved in CH2C12
(!5 m)) cooled to OC, and triethylamne (0.112 n, 0.81 nmol, 3.0 equiv.)
and 5-net hyl i soxazol e- 3-carbonyl chloride (0.0S8 g, 0.40 mml, 1.5 equiv.)
wer e3%dded sequentially. The reactign m xture was stirred at OC for 30
m nutes, and then was partitioned béP ween wat er (50 nmL) and CH2Cl12 (2 x 50
m.) . The conbi ned organic layers 15 were dried over Na2S04 and
concentrated, and the residue was purified by hash col um chromat ogr aphy
(2% CH30H in CH2C12) to afford ethyl-3-((5" -nmethylisoxazol e-3' -carbonyl)
L- Leu-L-Phe-L-(Tr-dn))-E-propenoate {0.199 g, 91%vyield) as a white foam
IR (cm1) 3286, 1650, 1541; | HNWR (CDO3) s 0.86 (d, 3H, J=5.4)) 0.89
(d, 3H J=5.7), L.28 (t, 3H

. 80




J=7.2), 1.43-1.59 2H), 1.67-1.75 1H), 1.95-1.99 2 ,
2H, J:)7.2 )) 2.41 E;n 3E)|), 2.97-3. 04 Enmq 1E)|), 3.06-3. 13 { (% ?S%tob%ff?‘)?’%

2H, J=7.2), 4.31-4.33 (m 1H), 4.4820 4.52 (m 2H), 5. 72 (d 1H J-=
15.9), 6. L9 (s, 1 H, 6.41 (d, 1 H J=7.5), 6.59(d) 1 H J=28.1),
6.71 (dd, 1 H J =15.3, 6.0), 6.95(d, 1 H J =6.6), 7.09-7.21 (m 2 I
H; Anal. (C48H53N507H20) C, H, N. Preparation of Product

Et hyl - 3- ((5' - Met hyl i soxazol e-3' -carbonyl ) -L-Leu-L-Phc-L-d n) E-Propenoate
25 TriisQryérylsi | ane (0.077 nlL, 0.376 mmol, 1.8 equi V. pcEishe00260
trifluoroacetic acid (3 nmL) were added sequentially to a solution of

et hyl - 3- ((5 rret hyI i soxazol e-3' -carbonyl)-L-Leu-LPhe-L-{Tr-d n)) - E-propenoa

te l(0. 185 , 1 equiv.) in CH2Cl2 (3 nmL) at 23C, producing a
bri ght §&i2 /%gm Ly The reaetion Gi xt-ure WAS -St--mr efPrrelected ni nut es at
23C, during WhReh t me |t becane col orl ess. The vol atiles V\ﬂe renoved
under reduced pressufe awes ting white solid V\%sm? '*drated with
Et20 ( 10 m.)) filgered, and al ed to give 30 49 détober 2002 WO
99/ 571 35 PCT/ US99/ 00260 1
et hyl -3 ((ﬁlGén%ﬁahmeth%@x‘azl@éf@rfarsyaaqeéwmﬂe}mde 118 Worhpdt8s & eSnlbla ﬁAgr openoat e
(0.87 g, 81% Cpfepﬁ = 223- 225Cp IR (cm1 98. 1662,
1544, f‘le%“?‘“ei 7‘8“ ﬁl\/?ie(’ %8)‘6‘@@63‘89 P flescgiped in GﬂﬂefaW)*‘ opligs (d, 3 H)
J = GJS?no)weribdZ(Ba:(ﬁﬁs‘. Tdylkacormwith 8)ipo dciB8; Whet2P ( Man hpgdppriale f8tedting7 (M 4H),
2 04 00 (m 5
%&)uﬁi‘or ndtrogfﬁ Cﬂr)\[))_ou.?d 3‘)15 gjﬁthg{élegpogﬁtc% rﬁfregﬁnlneén%s‘?gi(t@eo@%ﬁ wlh\eh_ 15. 6),
G 56 (ssubseqidntly @oB8ri¢cdid H withunihe adig FQ I groutgting@rot@s fiave blen usdd ¢4) dny7. 19 (m
roduct-H 1 ec H J=7.5);
Amad %%glé&l_gilhskgz)md;orﬁn& gu.\cpjoroﬁr%pleﬂ\d/oﬁiljpﬁ 1 sd%pn%) tegar?cﬁor(ﬁrth A o

|l e 3 - Preparation of Conpoun
Et hvl m®d{ffesoxigtdsleprogtted ar beohii¢dH] - Leu- LPhe- L- d nl - E- Pronenoate NHZ O 10 o

O NO ~ H N~k|n§ COzCH2CH3 O (A-2) Preparati on, of I nt er medi at e

Et hyl - 3- (N gbkazol e-5' - car hggy): L-Acu- L- Phg #e{ Tr- G n)) E- Propenoate 15
This cofpoud Was prepared tz m erhyl - 3t (BoC}< Cen- L- Phe-t—{(Fr-A n))-E
propenoat e &nd 4'soxazol e- 5- carfBonsl chl ori de ®sing the procedure descri bed
above (Exanple 2) for the prepa‘gatl on of

et hyl - 3-((5' =t net hyl i soxazol e- 3" - car bonyl )-L-ﬁeu- L- Phe-L-(Tr-d n)) E- propeno
ates IR (cm 1) 3282, 1643) 1530; 1H NMR (CDC13) b 0.87 (t, 6H, J= 6.6),
1.29 (t) 3HRrRJ= 7. &) 1. 49 1.64 (m 3:H) 1;69 .80 (m 1H)) 1.90-1.96 (m
1H), 2.38,. Rfeg % ) . - 3% | H), 4. |
7 (g, 2H, 2))442448(m 569-f(d) L H Jiz 53) 6. 65 (s,
br, 1 H), Vseo(dd’ ' 3= 59)’5 6-6.79 (nt, 219, 7.00-7.31 (m
22H), 8.24 (s, 1¥); Anal (C47H51N5070 15 H20) C. H N. Peeparation of

Et hyl - 3- ((1 soxazol e-5' -carbonyl ) - L-Leu-L-Phc-L-d n)-E-Propenoate The title
conpound was prepared from

et gl - 3- ((i soxazol e-5' - car bonp(l )~ L- Legsgeat&degl- (Tr- A n) ) - E- propenoat e usi ng
a procedure anal ogous to that described above (Exanple 2) for 25 the
preparation of or modified

et hyl -3-((5' - et hyl i soxazol e- 3' - car bonyl )H L- Leu- L- Phe-L-d n) - Epr openoat e:
np = 217- 220GendrR Matimdly, uSFaXor sy6HhEsis dfkddomethlebt ddfRo(iVBOfGGnlag-K). 81 (d,
3H, J5 4 5{m SH,
5 04 tpﬁcamy acgveslgct&g A.ﬁsld)hel]e'P4QSQr)app;lUpa%b %Potecm% %rtl 0;7 fof)u’tro en ,dl%f; 11 (g, 2H
J =17. 32151 Rs@f%ﬁ ((Vmch !E\aH))e pypatd by, thomethpd Joshribed bggw @nd byl vadpugliterajurg, 6) , 6. 68
(d@> Lyknodl mclhdnﬁé Jta) B 1d et Gt 360»%&:}:9#,1969 B 1178: 46y Bradttirs Ba,/H) ) 30 50 30

COct ober 2002 135 PCT/'US99/ 00260
Tetrahedron Lett. 1989, 30, 3845; (c) Bradbury et al., J Med. Chem. 1990, 33, 2335; (d) Wuts

etal., J. Org. Chem. 1992, 57, 6696; (¢) Jones et al., J. Org Chem. 1993, 58, 2286; (f) Pégorier
etal., 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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1802¢(d 1H J=81), 820(d, 1 H J=8.1), 8.74 (d3010!5| obeF 2082
), 8.94 (d, 1 H J =7.8); Anal. (028H37N507) C, H N Exanple ﬁ
Preparati on of Conmpound A-3: Ethyl-3-((S -Mthvlisoxazol e-3"'-carbonyl |- |
L-a-(t-Butyl-dvl-L-(4-Me-Phe)-L-An)-E-Pronenoate N\HF 5 H- ~ON N _rl ~
CQZCHZCH~ O NH On~ (A-3) Preparation of Internediate

Et hyl - 3- (Boc- L- (4- Me-Phe)-L-(Tr-d n)) - E- Propenoat e

Et hyl - 3- (H2ZN-L-(Tr-dA n)) - E- pr openoat eHCl (prepared as described in Exanple
2 10 aboveyob¥913sg, 3.10 mmol) was di ssolved in DVF (10 RCY/USY/REC,

Di i sopropyl ethylamne (1.08 nL, 6.20 mml) was added, followed by

|3OC L c‘a%g%wpag%)l}%? §[Zrl£ lﬁl(ﬁggml%‘l‘l 1stn$e&§ﬁ8t&h%ldl\é@§rm%?ﬁ0{e§c 10}10 OC

HATU(I was ad t he reaction warmto
room te\ﬁlﬁe%maf% saltthereqf £ tprevide il 8@dny Gfaclhs P+ Pratectiag erdwe 2lmag di ssol ved

i n Et OAGit 3y ddliYional Pbtelctigy @61Ga HaChdvh 8BS usEBor s RegtoSRQREMGI, A IR, Wi th 10%
HC 15 solution (25 npl), saturated NaHCO3 solution (25 nL)) H20 (25 nl),
and br i ¥d/of Bg) gpdior °fri4ém§{8‘i p SIECHEPRY ?Pﬂ?dﬁﬁé)anﬂ{ﬁaﬁ*r‘mrt@déf&d tand t he

resi dueylggrdbgrbt@ge(by”mcmgaml um chr omat ogr aphy (gradient elution, 0-Q).75%
CH30B in CHO 3) to give ethy|l-3-(Boc-L-(4 Me-Phe)-L-(Tr-d n))-E-propenoate

(1.48 g, 68%yield) as a whife am)gbphous S I|d IR(cml) 713, 1655, 1491,
175; 1HN|\/R() Od()blZO(W 130&@? ,16216620

|

(m2H), 2.23 (9, Re 2-32 (P2 od |H,*2 B), 4.07-4.09
(m 1 H, % , 2H,J = 7(0),/4.358 (g0 1 Hf, 5.64 (d)}{1 J= 15.5),
6.72 (dd, 1 HeJ= 15.5, S.5)b 6.88 (d, 1 H J %8 .0), 7.04 4, 2H, J =

77))710(d42kk\J:77),7147%(n)I5H) 8U2(pdtHJ 8.0))
8.53 (s, 1H); Anal. (C43H49N3%) C, H N Preparation of Internedi ate

Et hyP- 3- (Boc-L-a- (t-Butyl -3 y)-L-(4-Me-Phe)-L-(Tr- bn)) E- Propenoat e 25

Et hyl - 3- (Boc-L-(4- Me-Phe)-L-(Tr-A n)) - E-propenoate ( .45 g, 2.06 mol)

was di ssolved in 1,4-dioxane (27 nL)) and aRsolutio ofRZHCIZu n 1, 4-di oxane
(4.0 M 14 n(}_é was, ag\,\gg The reaction /El{\(ﬁ,ug/@t rrperature for
4 hours. The™8FYE! % enoved by evapornatl and mhvea esi‘due taken up
in EtOAc (50 nl). e organi c phase was wnf*@h sat urfit ed NaHC03
solution (50 m) and then brine (50 ni), dr| ed (MgSQ4), and the solvent 30
51 30 Cctober 2002 WO 991 57135 PCT/ US99/ OOZ60 1 r &ffoved under reduced
predsure to Igicwes AAXBaypeqieparsd of dptinkliytagtianionphyis fallovwing GeRiasMember i al  was
coupl edyytlh &9 falet 4 otorQU&wm Fhap) sﬂewsslsz bageet §v AEFIMLGAd8R Clogped Tor the

synt heS| s of et ﬁ 3- (Bo¢- L- (4- Me- propenoat e above to
afford &, ﬁ?ﬁ_ gn(( byry at_a“.l ed Chem. 1990, 33. 2335). Ay unsaturatedcarboxyllc

But yl - Giyd pb; (ticViicBi8lares RO TS 11 storhedEimB PENRBE Mg A ¥hislidh (@S 2 Whi te
anorphous solid: IR (cml) 1655) 1507, 1248, 117|; 1H NMR (DVsO-d6) 8 0.81

(s, OH) shownp1Thi acidehlorile ispupjpetedtogn apnide-fgy)ing fEacsmn Withg: chisgl azme org, 22 (s,
3H),. 2. aﬂral?m?ﬁol(c%hc Mévn& dzaszWQEE((m wlﬂH)X] &a&@nrﬁl@muﬂe dda cicad 9. 6),

4.08%. 14 ( 4.31-4. 3 % 11-i)) 5.54 (d, 1 H, J
= 15. 4) ?x%P‘ng‘“f)d ConPPndJEEmgul@fqueBtl% p(odcalatefi alqd ttlj:_resiultgg eaolats I5), 7.01 (d,
2H) J =dBstdredselcétiely z(llcb)laté}i-imttﬂarﬁzla:trabhlleZo&éspn?nd&% 16 By td polyife Sofpdubdl) | H, J=
a' 1N) ' 18'1%?9\%%%?{33'5' %{hﬂg}f r_nfater{l %T%lalf% ggted to ahl_uqdlactomzatxon(rgzzilc%l(;lrexs tool\plzll'g\-/l; e 4H20) G,
Et hyt - 3h£l()5acfd¥fbm|1ﬁﬁlﬁkﬂmg|a@dﬁg are 3T Hdr iyl islBrar (.t HBUatkdak GG s- (4- Me- Phe) - L- (
Tr-Adn))-E-Pro enoaft

Et hy] - 3Stbe6°dle11t AR M @Fids HEL por this msfrcipl i thegrorgerigd infe g5 dibat e was
deprot esthedt Pugs agappivprige poedungegrogsior nilvegenf or t he deprotecti on of

et hyl - 3- (Boc- L-{4- MePhe) L- (Tr-d n)) - E- propenoat e above, and the resulting
amne (0.22 g, 0.30 mol) was dissolved in CH2CL2 (3 nmL). Pyridine (0.025
m., 0.32 nmol) was added, and the reaction was cooled to 15 OC.

5- Met hyl i soxazol e- 3-carbonyl chloride (0.046 g, 0.32 mmol) was added. The
reaction was allowed to warmto roomtenperature, and was stirred for one
hour. The sol vent was renoved in vacuo, and the residue subjected to flash
col u?a] chromat ography (gradient elution, 0-->1% CH30H in CH2CI2) to afford
et hyT-3-( (5" -net hyl i soxazol e- 3' -car§1?nyl )-L-a-(t-Butyl
Ay)-L-(4-Me-Phe)-L-(Tr-An))-E-propencate (0.19 g, 77%vyield) as a white
anor phous solid: 20 IR (cm1 ) 1651, 1518; 1 H NWR (DMSO-d6) S 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 OH), 2.45 (s, 3H), 2.70-2 1
2!4)86-2.93 ﬁ; 1E)|), 4.074. 14 (gnm 2H)H? 4. 46 (él,S 1 E') J= 9. 6))J(Zl cg‘g‘}‘%lb% 19821

H, 5.54 (d, 1 H .1=15.8), 6.59 (s, 1 H), 6.65 (dd, 1H, J= 15.8) 5.5,
15.8), 6.9S (d) 2H, J=8.1)) 7.05 (d, 2H,J=8.1)) 7.13-7.28 (m I5H), 7.60
(d, 1 H J=9.6), 813 (d, 1 H J=8.1), 841 (d 1 H J=8.1), 851
(s, 1 H; Anal. 25 (C49H55N5~7) C~ H, N. Preparation of Product

Et hyl - 3- ((5' - Met hyl i soxazol e-3' -carbonyl )-L-a-(t-Butyl-dy)-L(4-Me-Phe)-L-G
| n) - E- Pr QREPBI:E PCT/US99/00260

Et hyl - 3- ((5' - net hyl i soxazol e-3' -carbonyl )-L-a-(t-Butyl-Qdy)-L-(4-M-Phe)-L-
(Tr_dn))-E proopeghoate (0.17 g, 0.20 gmol) was dissol ved i%CHZCIZ (4 m)
at P3C. Trifluorogcetic acid (0.4 nl) s added, and the regction was
stirred Wﬁw@%mar atef e ﬁwﬁo easobera,é*m/ng&@?l%

PCT/ US99/ 00260 1 six hours. The solvents were renoved in acuo, and the
resi due was s®® ected to flash col &m chronat ogr aphy (gF‘é ent el ution)
0-~2% CH30H in CH2A 2) to afford ethyl-3-((5

met hyl i soxazol e-3' -carbonyl )-L-a-(t-Butyl-Ady)-L-(4-Me- I#he) -L-d n)-E-propen
oatge (0.085 g,. 73%yield) as a white anorphous solid: I'R (cm1l) 1661.

1541, 1206; 1 H NMR {{DMBO-d6) 8 0.88 (s7 9H), 1.21 {t, J=7.0),
1.60-1.73 (m 2H),o 14.(s, 3H), 2.86s,. 3H), 2 70-2.77
(m | H, 2.862. 9 . (m 32 (M 1 H, 4.45
(d, 1 H J=9.Q9Y 4.50-4.55 (m L 5.57 (d, 1 H, 5.8)) 6. 60 (s) (
Hy, 6.66 (dd, 1 wrsJ= 15.8, 5.5), 375 (s, br, | H))hﬁ 96 (d 2H J = 8 1
), 7.06 (d, 2H, J = 7.7)) 7.17 (s, br , 7.65 (d, 1@% .14
(d, L H J=8.1), * 40 (d, 1 H J= 7. '7) Anal (C3pH41 70. 5TFAO SH20) C,
H, 10l. Exanpdd/iBaurardepdppilic @pid&‘l) @@mm;q:p@re/i_bg the following General Method

Et hyl \3[[(5(35 Hg{%tdm(hll @05%2@1‘1311 398@@5’ QQW)' )An]anei-ryd% II, whlch mco orates
-(t-Butyl-Av)-L-(4-F-Phe)-L-d n)-E-Pronenoate N N~

002 CHyME QQFPlél vaqa_-w(n)g\lnlﬂgnefgmbl?rgrﬂgf: i sigrelennol eﬁ’l%‘m Hrig the“
Et hyl t?hngfggﬁedkm(ﬁ'ﬁFunEQﬁ‘T)arc&u(rﬂxx%@ i DE‘bBraQ!E}@é’lQ@ﬁ &o&&ﬁrelas tolsRe) - OH (1. 41

g, 5.0 mmol) was. dissolved in
( H2N- Ltreetppentvil flietby gl pratoapd e plely tie gp'ﬁ(gﬁ‘é‘f ad 6%§3 %é‘sbﬁ“irﬂébh‘iaﬂnﬁéanpl e 2 above,
1.0 g,199°® Vb hrs VR (.ﬂﬁﬂﬁﬂmyg‘l@&/hmMob&/K&ﬁNe@Qx 70 mL, 5.0 mol).

Cafbonyl di i mi dagole (0.8l g, 5,0 mvl) was added, and ghe reaction was
stirred at roomjt enperature r 20 hours. The soI vent PO was renoved in
vacuo, and tr& |dU‘e"sub ee*?‘sd&fo hadh cok graphy (gradi ent
elution) O-~ [ % CH30H i 2012) to afford

et hyl - 3- (Boc- L-4- F- Phe) - L (T43dn))-E propenocate B0.13 g) 32%yield) as a
white am)rphous solid: IR (cm1l) 1712, 1666, 1510, 1169; 1 H NVR (DMSO d6)
b 1.20 (t, CFpoxghc ariyB mpy pigo pepremppyd by Geapral Methed VHH (spfyffparpiab, 34 ()
2H) .  27ebdin2d4rdR 1697, s1H)I119 .B8mdn PR id RXK, dhikh méorgﬁaés k%m(m/hcféé-w 1s4m36 4.40 (m
1HRO 5.58 (d) | H J =1 5.6), 6,71 (dd, HéJ—I 5.6, S.5), 6.98 (d) 1
H, J =2pgropfiatp propecting groegtc)(rmtrogq.q) is trpnsfmdzgo gctemerirh_bgongmgrgi %H

1H) J=8is h}pmamﬁ&j 4, theL'eBumdgakﬁn GMWsezi&ch Rnap s wath REorhsthel Redi at e

Et hyl - 3- (Boc- L- t-Buty )-L-(4-F-Phe)-L-(Tr-An))-E Propcnoate

Et hyl - §h°(°eaehfL&P(r “F"H‘r‘é)b‘ai_“(‘ﬁ““Gfeﬁ)“‘)“hlé"fﬁlo&ﬁé%ﬁéf‘é twgv'd%b?tw@wé‘d and
coupl eghdwhis maBsiat ik subséquedBlyt iytiroGlzy) to @Ffordibexitiia acip BAC dfibasehyd@deisi bed above

Lo prepah& e g;n%lefiz%tigﬁ,?(&ogs%r% can be transesterified (allyl alcohol, Ti(Qi-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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30 Cctober 2002 WO 99/57135 PCT/ L1S99100260 1
L-a-(t-Butyl-dy)-L-(4-Me-Phe)-L-(Tr-d n))-E-propenoat e, tg’oppc?\ﬁo(?éar 2002
et hyl -3-(Boc-L-a-(tButyl-dy)-L-(4-F-Phe)-L-(Tr-d n))-E-propenoate (54%
yield) as a white anorphous solid: IR (cml) 1720, 1651, 1506, 1168; | H
NVR (DMSO-d6) 8 0.80 (s, 9H), i.20 (t, 3H, J=7.0), 1.36 (s, 9H), 1.53-1.67
(m 2H), 2.23-2.28 (m 2H), 2.79-2.94 (m 2H), 3.85 (d, 1H, J=9.9), 4.09
(g, 2H J =7.0), 4.31-4.3 S(m1H, 4.5 3-455(m 1 H, 546 (d, 1 H J
= 15.8), .6.3 d 1 H J=19.2), 6.64 (dd, IH J= 15.8, 7-7.03 (m
2H) | 7_|§/_079_9§213%m 17H), 8.08 (d, | 1-1) J=8. | ), 8.1 (‘Z%”’Tﬁﬂ? J=81
), 8.49 (s, 1 H; Anal. (48H57N407fi) C, H, N Preparation of Interntdiate
Et hyl - 3- ((5' Rivet hyl i soxazol e-3' -Garbonyl )-L-a-(t-Bufyi @

Ay)-L- (- OH - (F=Q n) ) Pl + Rg OCH

Et hyl - 3- (Hoc- L oc-(t-ButyI-GIy)l;L- 4- c)Phe)-L-(Tr-GI n) )= E- propenoate was 10
depr ot ect ed an coupled with 5-nethylisoxazol e-?-car borﬂﬂ chl ori de using

t he procedur es descri bed above to i epare MM

et hyl -3-((5' - nmet hyhi soxaz@l e-3' -carbonyl )-L&ee-(t-Batyl-Ay)-L-(4
Me-Phe) - L- (Tr e @ n).- E~pr obenoat e g o af f ey d /\/\(ﬂ\

et Ryl - 3- ((5' - methyl fsoxdzol ¥ 3' - carbonyl } -\L- aJj(t - But yPS'® y) - L- (4- F- Phe) - L- (
Tr-Ad n)) - E- propéhoatoe (1% yield) as a whitte &nor Bhous solid: IR (cm1l)
1659, t 535, 1510; 1ghl NVR (DVBO-d6) 8 0.88 (s,@H), 1.20 (t, 3 H J =
7.4), 1.52 15 1.67 (m 2H), 2.23-2.28 (»3] 2% .45 (s, 3H), 2.75-2.82 (m
1 H), 2.89Lgrtag AAgnay alsq)be prepgyd by Gepgrgl MethoddX(fyee: Askipenalad @rg | i), 4.45
(d, 1 OHem. 992,%57637714an3 VAV Tiiabns 0L, X Ad). CHomAhe (139611 18, 119763. AR afilno 6. 58 (s,

1 6.. dd, JH J= 156, 5.5 5.6 6. 93-6. 99. 2H), 7.13-7.28
1714 , SR it Y ot Vg s i avp S Botiguig o Bifesh 1y ' T g g

), 8. IltrdnSforthedHhto eﬁ@&cﬂc 00 GAtEAMMIddmer(by. thdtnethbd Rsafied at Lan eofl., J.
£t gﬂ;&g A WYL 1 807 @p04iG Sori6 RO ik 18 G5ibh abHbY hold Bhiphanks?- F- Phe) 20
Et hy| P®, phigh ineprphiptes 86 rad 9l vaudr Xig uishirf ryxiliarg (ipgluddpg 5280y - L- ( 4- F- Phe) - L- (
Tr G !a{;.k%,'ﬁ:dgﬁ.%@g@%ﬁﬁ%%fgﬁ%mﬁg5{%%&%1@9% RERARINEBsAN&QIoUs to that
descri bed above tor the preparation of

et hy| <gclizebundspadifi¢ readitigop eroyide lagtoge Ay \Compaurd RIapay be pepared fgm- Ve- Phe)

L- g n)h&oﬂ%ﬁj@ﬁﬂ@@-&zﬂb&x?h@d’cw&d&hmm) by the method outlined in Askinetal.,J Org

et hyl - 3- (( 59- n%tg %i soxazol e-3' -carbonyl )-L-a-(t-Butyl-dy) 25

L- (4- F-'Phie 2. -E-propenoate (80%yield) as a white anorphous solid: IR
(cm1 ) 1653, 43, 1223; 1H NVR (DVsS®»d6) S 0.88 (s, 9H), 1.21 (t, 3H, J=
7.0), 1.59”{ H2H) , 2. 01-2.0’6‘\%J , 2.46 (s, 3H),]]2.75-2.82 (m
1H)) 2.89-2.95'6( 11-1), 4.09 (q, 4H, J*07.0), 4.33Bar m 1 H, 4.44
(d, 1 H J =%.6° 4.50-4.58 (m 1 H), 5.47 (d, 1 H J = 15.8), 6.59 {s, 1
H, 6.64 (dd, 1KK) J = 15.8, 5.5), 6.79s, br) 1 H, 6.98£7.00 (m 2H),
7.3 (s, br, 1 H, 7.18-7.23 30 54 30 Cctober }2002 WD 99/57135
1 2
I

c

PCT/ US99/ COZ60 H, 7.69 (d, 1 H J =29.6), 816 (d, 1 H J =8.1),
8.44 (d) 1 H J = 8. d: Anal _ (C29H38N507F) C) H, N. Exanple 6 -
Preparation of Compoungf A-5: Ethvl-3-((S -Mathvlisogazol e-3" -carbonyl) L-V
al - L- (4- F- Phc) - L- (( Sp=Pyrsm! - Al a) )-E—Pis.‘o\pe/rl\o/at\e/ﬂLN 5 OH O CO=CH CH O
| F (A 5) Prepar@tj | nt er iedi at e N YT TR
(4S)-4-(2'-Carboxyqt hyl) -2, 2-di net hyl oxazael i didre- Bear boxylic Acid
tert-Butyl Ester NHP4

25 AA Qa

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 P35 is

an appropriate protecting group for oxygen, are subjected to an ester bond-forming reaction to
praduce 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.
30
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10 Sodi um hydroxide (27 nL of a 4.0 Msolution in H20, 108 @%Dbctob%r 2002
equi v.) was added to a solution of
(4S) - 4- (2- met hoxycar bonyl et hyl ) - 2. 2- di net hyl - oxazol i di ne- 3-carboxylic acid
tort-butyl ester (prepared as described in Chida et al.) J. Chem Soc.,
Chern. Conmun 1992, 1064) (10.S g, 36.5 nmml 1 equiv.) in CH30H (150 nli),
and the resulting cloudy reaction mxture was stirred at 23C for 3.5 h. The
m xture was concentrated under reduced 1 ~ pressure to ~30 nL vol une, and

t hen was &gc?tg} %lggned between 0.5 MHO ( 150 nL) and Et %q.ﬂgsgg/&zg‘po m.) .

The conbin nic layers were dried over MgS04 and were gravi

filtered. The filtrate was concentr at ed under reduced pressure and t he
resildue dried pnoer vacuum tofaff org Ry Rso

(4S~-4-(2 - o gt hyl) F2R2 i dj re’r8~g Heid
tert-but§l *est f 0.0 g, cr e vi eI d) Thi SHma,t was used

w t hout furtherpurlflcatlon (CDC13) m xture o‘? rofamers) 8 1.49

(s), 1.S7 (s)) ’kr60 (s), 1.84- 2.055(n)) 2.39-2.41 (m) 3.720 3.74 (m,
3.91-4.0S (m. Preparatlon of I nt er nedi at e

(4S,s4" SPEGIRIC SYMTHEBRS y| - 2" - ox0- oxazol i di n-3"-yl ) - 3" oxopropyl } - 2, 2- di met hy
| oxazol 1 di nﬁe&bW@@?ﬁ%&ﬁ@m@&bﬂ thf disoBetu¥dd tEpteBire TaddRb b&hm&e (8.87 ni)
63. 6 nmol uiv.) and pivaloyl chloride (2.61 ni, nmmol, 1.0

equi v. ?Ccﬂ}éll"@tﬁddg‘d"egté entially to a sol ution of

(4S) - 4- (2" -fmrilfiodegttold y yscbe? tRpreparmsdbnyf sprafiointethhaikat3O0¢ awliicixynhy Be aci d

tert - Dfifled 85k REmddRubO e fdnefut HlBHbs deofitbl Yooke! PhubHiee A3 Qe il OC. ThE

cloudy reaction mxture was stirred Lh then TiEh um chl ori de

(0. 988dggerited imChidppt 2l-9/. fhérqui’oe ?hea'h@’("sym(l9f2,4L06@n29xdr<2wa<zgw di none (3.57

0, R0 heid®®] Whibh, @brufif) ititnsforRE et Eichesli Rt @11 iCalpyundAf L @Eu%@i@htﬁg to 23C
rtition etween 0.5 M

d st f h, .th ti
arC]] ? ?L%{ﬁéﬁ%edg%dﬁ% rfﬂ'ém(g%nglg%c ?ﬁ_‘cﬁreoséﬁé{weldﬁ@ H‘g DEYRANE | ayers were
was hed innrinkdilta X1L. Jatsenidty ecbxNa2608: qzoddrisyin)d thareswtngaldahy @A n&showi®0 Oct ober
2002 V\Qsﬁﬁkéz&%% rE’&IAM%ﬁAanQ@@QaJon%%ng &@MﬁVA&MQMeﬁr ed. The filtrate

was concentrate under reduced pressure and he residue’ was purl fied by
f | ash ewffﬂﬁ%wad%iﬁwgﬁf@mwlce%%lﬁif El&éf“?rﬁ‘eﬁ‘é%é%@%‘j*7ﬁdd”4;‘ih%‘e(*‘&$Oﬂ 'S) - 4-{
-(4" sbeﬂﬁztyd otRér s Gixable@xRAGIH @hditid's) 1ol the BsuteOddepds (ndt sh@wd, which is

d| t hyl,oxazaol i di ne- 3- carboxyl | I rt-hutyl .ester g, 83% as a
colnigrl éus S Or ﬁ%ly Slq‘bée((g%drgﬁoaﬁogg’?g{)mﬁn@%&%gﬁmﬁyﬁ l ctn%ﬂf'}%atc élxt ure of
rotaners) 8 1.49 (s), 1.59 (s), 1.63 (s), 2.01-2.10 (m, 2.76 (dd, J =
13.5, 9.8), 2.82-3.13 (n), 3.30-3.41 (M, 3.76-3.82 (m, 3.90 (s, br)) 3.97
(dd, J = 9.0, S.6), 4.10-4. i 9 (m, 4.63-4.7i (m, ?2.22-7.36 (m; Anal.
(C23 H32N206) C, H, N. Preparation of Internediate

(2'S,4S,4"S)-4-{2' -(4"-Benzyl - 2" - oxo- oxazol i di ne- 3" car bonyl ) - pent-4'-cnyl }-
2, 2-di met hyf oxazol i di ne-3-carboxylic Acid tent-Butyl Ester 10 A solution of
(454" S)-4-{3" -(4"-benzyl -2"-o0x0-oxazol idin-3"-yl)-3"-oxopropyl }-2, 2di net hy
| oxazol i di ne-3-carboxylic acid tert-butyl ester (7.17 g, 16.6 mol, 1
equiv.) in THF (SO nm.) was added to a solution of sodium
bis(trinmethylsilyl)amde ( 16.6 nmL of a 1.0 Msolution in THF, 16.6 mmol,
1.0 equiv.) in the sane solvent ( 150 mL) at -78C. The reaction m xture was
stirred for 20 mn. at -78C, and then ally! iodide (4.55 nL, 49.8 mvol, 3.0
i 5 equiv.) was added. After stirring an additional 3 h at -78C, the
reaction m xture was maintained at -45C for 2 h, and then was partitioned
betagen a 2:1 mixture of half saturated NHACA and 5% Na2S203 (300 nL) and a
1:1 mxture of EtOQAc and hexanes (2 x 200 nL). The conbi ned organic |ayers
were washed with H20 (200 nlL), dried over MyS04, and gravity filtered. The
filtrate was concentrated under reduced pressure and the residue was
purified by flash colum chromatography ( 1 S% Et OAc i n hexanes) to provide
(2'S,4S,4"S)-4 20

{2'-(4"-benzyl - 2" - oxo- oxazol i di ne-3' ' -carbonyl)-gent-4'-enyl }-2,2-di nethylo
xazol i dine-3 carboxylic acid tert-butyl ester (4.29 g, 55% as a colorless
oil30IR (cm1) 2978, 1780, 1695; 1 H NVWR (CDC13, m xture of rotanmers) 8

.45 (s), 1.49 (s), t .68- 1 .80 (nps 2.13-2.47 (m) 2.49 2.67 (m, 3.32
(dd, J = 13.4, 3.1 ), 3.69-3.97 (m, 4,11-4.21 (m, 4.66-4.74 (m, S .0OGS
.13 (m, 5.74-5.88 (m), 7.20-7.36 (m; Anal. (C26H36N206) C- H, N. 25 :
preparation of Internedi ate

(1S,39)-{3-(1'"-(2",4"-D nmet hoxybenzyl )-2'-oxa-pyrrolidin3 -yl)-1-hydroxynet
hyl propyl }-carbam c Acid tert-Butyl Ester Ozone was bubbl ed through a

sol ution of

(2 S 4S 4 S) 4 (2 (4"-benzy|- -oxooxazolldlne 3 -carbonyl) - pent - 4 -eny!) -

o o I ~ I y . P~ NS



30 56 30 Cct ober 2002 WO 99! 5713S PCT/ US99/ OOzZ6U | ar gomarnddtotdr EETE
colorless. Methyl sulfide (6.67 nL. 90.8 mmol, 10 equiv.) was added, the
m xture was stirred at -78C for 3.5 h, and was naintained at OC for an
additional 1 h. After partitioning the reaction m xture between H20 (200
m) and a 1: | mxture of EtOAc and , hexanes (2 x 200 nlL), the conbined
organic |layers were dried over MgS04 and gravity filtered. The filtrate was
concentrated under reduced pressure and the residue was i medi ately
utilizedwdbdpapds further purification. The above resi dugchasyomvisol ved in a
2:1 mxture of THF and EtOH (240 nL) at 23C, and 2, 4-di net hoxybenzyl am ne
hydrochlorlde (7 40 g, 36.3 nmmol, 4.0 equiv.), sodlunlacetate (2.98 g, 36.2
, 4.0 equiv.), and sodlun1cyanoborohydr|de ( 1. 14 8.1 nmmol, 2.0

eqU|v ) were a8 dcsequential ly Hwesul ting suspe s stlrred for
18 h at 230 t hen was 10 part 1 tioned between O. (400 m.) and
Et CAc (23&;20 m.). The conhbne organi c Iayersmme mashedhmnth hal f
sat ur at ed H 3 (300-Hl), over Naz2S04, and centrated under
reduced pr re. The reS|du s passed throug %hort silica gel colum
(elytlng with 50% Et CAc in hexanes) to give (3'S,4 S~ { 1

-(2", 4" - di f¥t hoxybenzyl )-2' - oBdpyrrolidin-3 -yl met hyl §- 2, 2- di et hyl - oxazo
i di ne- 3-carboxyliccagid tert-butyl ester contan nated i th
(S)-(-)-4-benzyl -2-o0x | i dinone. 15 This materi al mas*ﬁkssolved in CH30H
(100 ni), and T§O : 3g, 1.81 mmol, 0.20 equif% )vwas added. The
reacti on m xtur s héated to 50C) and was nmintaingd at that tenperature
for 2.5 g Affer>cooling to 23C, the reaction ggixt ssmoncent r at ed
under reduc®eddpressure to ~20 niL vol une and was ned between hal f
sagor at ed 3 (1% nL) and a 9:1 mixture of 2 and CH30H (2 x 150
m.). The conbi ned 20,organic | ayers were dried over Np2S04 and concentrated
under reduced pressu‘e. Purification of the residue by flash colum
chromat ogr aphy (3%&H30H in CH2C 2) afforded (15, 3" §)-4 2

(1'- (2", 4" - di met hoxybepayl ) - 2' - oxo- pyrrolidin-3' -yl )-1-Sagdr oxynet hyl et hyl } -
carbamc acid tert- g (1.62 g, 449% as afo ©C€m 1) 3328,

1669; | H NWR ( ) 1.44 (s, 9H), 1.50-1.75 (Qy"gH), 1.90-2.00 (m 1
H, 2.17-2.27 ( H, 2.52-2.62 (m,1 H) 3.1 ~4 (m 2H), 3.51-3.65
(mi53H), 3830-3.L78o¢m 1H), 3.80 (s, 6H), 4835 ~Ad.0el= 14.3), 4.48 (d,
25 I H J= 14. ﬁ)) 5.51-5.54 (m 1H), 6.42-6.46 tm 2Hf 7.09-7.12 (m 1H);
Anal . (C21H32N206) CF'H, N. 30 57 ~'---- ~ - ~ - 30 Qctober 2002 w0

99/ S7135 PCT/ US99/ 00260 1 Preparation of I|nternedi abe

Ethy| -3 { Bagadad (M, frBLIRXDERAL L (SIrPYL Akaibk B wEPrapgpoal e DIVEO

(0.270 nT No equi v. was add pw se -78C sol ution of
oxal yl utiREhAs 1atém(q§'aif-‘c% “ME‘C 8%*8%%115)“1“@%%% Ayt Hﬂmzérl? Rlllaﬂfﬂf)ctchhe
r eact i @n hytocbotagonNBSdasibh sdq@chc? (b amoru 3 prin@y aldol®0{ndt $hoRm P FThsldnsi 8/ iSpxidized

1' 202", .4" - di pet.h e . .

oy r o tiatis AT SHBRIEY s Bl D icmon condiponsleand e el P9IES b st er
(0. 518shgwnlis 2¢bj¢pm§| toa Iedequm)mamn GRACh pr¢di@ingilactaypG 1 aﬂeﬁéd'atalyaccb annul a

al ong ;nb@la@l}@% &bltthﬁ\ Jfﬁﬁﬁtalcgﬁbl‘fﬂs s[@lhs mtétfnxc%fatcsi; bfxﬁlh%:gﬁe Ime’ﬂtor:l of Swem
triethylam ne 06 dropwi se, and the

react i 0%&%'&%‘&6 §at@ﬂ F?'I‘ié‘tj’“f)d? “‘f r%'-*“wﬂs A‘é*é*tyri&“a&?haweb whieh 'wbwﬂ%ﬂﬂymm

6. 6 eqsibjecied was dcfiefdrmap tkatdum t6 p@eide specifictierrediaaavar ned to 0C for 5
mn., then diluted with MIBE (200 10 nL) and washed with water, saturated
NaH303, and brine (25 nL each). The organic phase was dried over Na2S04 and
concentrated to provide the crude al dehyde as a foam (0.516 g, quart.),

whi ch was used without further purification. Sodium
bis(trinethylsilyl)arnide (1.23 nL of a 1.0 Msolution in THF, 1.23 mmol, 1
equiv.) was added to a solution of nmethyl phosphonoacetate (0.244 nL, 1.23
nmmol, 1 equiv.) in THF ( 15 nl) at -78C. and the resulting solution was
stirred for 20 min. at that tenperature.
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| 5 The crude al dehyde (prepared above, 0.500 g, | .23 mMmok) Geeguéy. 200n
THF ( 13 nlL) was added via cannula along the side of the reaction vessel,
and the reaction mxture was stirred for 45 mn. at -78C, warned to OC for
7 mn., and partitioned between 0.5 MHO (20 nL.) and MIBE (2 x 50 nL). The
conbi ned organic |layers were dried over MgSO4 and were concentr at ed.
Purification of the residue by flash colum chronmat ography (60% Et OAc in 20
hexanes) provi ded et hyl -3-{Boc-L-((N-2 4- d~nmet hoxybenzyl ) - (S)
pyrrol - Al a)}-E-propenoate (0.356 g, 61% as a white foam R~ = 0.43 (60%
Et OAc in We®RHAH3Y: IR (cm 1) 3307) 1708, 1678; | H NVR FEBEEFY002601 28 (1t
3H. J- 7.2), 1.43 (s, 9H), 1.52-1.70 (m 2H), | .98-2.09 (m IH, 2.21-2.34
(n) 2.48-2.59 (m 1H), 3.16-3.24 (m 2H), 6H)) 4.18 (q, 2H,
]72))427440(g11H) 4.41 (s, 2H), 5. J=81)) 5.95
(dd) 1 H J =15 6O 156}) 6.416.48 (m 2H), 6. oCh= 15.6, 5.3),
7.08-7.13 (m |IH; ( C25H36MN207' 0. 25H20) . Preparation of
| nt er mredi at e Et hyl -{B'QC L- (4- F- Phe) - L ((N 'rrethoxybenzyl) (S) Pyrrol
Al a)}-E-Properogtg THis fiterial was pi
et hyl - 3-{Boc- ,,ﬂj, 2 di net hoxybenzyl) - gpyrrol Al a) } - E-propenoate and
Boc2 L- (4- F- Phe) uB1 ng a procedure simlar to t®at described for 30 58
30 Cct ober 2002 WO 99/ 571 35 PCTI US99/ 00Z60 1 the dreparation of
et hyl - 3- (Boc- L- (4- Me-Phe) -L-(Tr-Q n) }- E-propenoat § (Exanple 4) above: Rf=
.34 (60% Et OAc in hexanes); IR (cm1 ) 3258, 1709, 1666; 1 H NMR (CDCl13) b

.28 (t, 3H) J= 9 A% s, 9H}) t.51-1. 6@3%@;0“”1 78-1.90 (m 1 H),
‘ 2

.06-2.23(m 2H) , (dd, ' IH, J=13.7, 6 11 (dd, 1H, J= 13.7,

3.17-3.23 ( , 3.80 (s, 3H), 381(s 54.18 (q, 2H, J =

.22) 4.3 5 (sP 4.3 8-4.51 (m 2H), S. 37 (m 1H, 576 (d, 1 H,
15.8), 6.43- 47 (m 2H)w«—6—~2-(dd, |IH, 5.8, 5.3), 6.83-6.91 (m

2H), 7.09-7.17(m>"3H), 7.92 (br, IH); Analf 4HA4FN30g) C, H, N

Prepar at i d\cqf fate Ethyl- 3-{E§t9&~,¢ 41 (4-F-Phe)-L-[(N

2, 4- Di met hoxyh ﬁjzyl -(S)Pyrro! ,91a]}- E-*ropeno ,6 Thi s conpound was

preparedfrome 3-{Boc-L-(4-F-Phe)-L-((N 2,4

di met hoxybéfrhzwlyon(il&)lnqu@lmﬂlalﬁﬂﬂb}@ﬂlem{f?@i“dhﬁa@mgq_mwhmmsusi ng a

SI mi | 845 pRicO6EflidFRedife bh@tvagﬁﬁé?{ubhmneé}@ﬁﬁﬁnftlQrthﬁaﬁtl@ﬁ epar atl on of

?1){ (Boc L- Phe-L-(Tr-@n))-E propenoate (Exama 0.24 (60%
c in hexanes); |Ro :i 3284, 1713, 1678 43 1 H NI\/R (CDd 3) 8

0.91(d 3H, J=6.8), d, 3H .1=6.8), 1.28 (t}, 3H, J=7.2), 1.45 (s,
9H)) 1.50-1.62 (m 2 1.82 (m 1 H, 1. 2(m 1 H, 2.08-2.21
(m 2H), 2.94 15 (dd, 1/I-LJ—135 5.8koc 3. W-3.27 (m 3H), 3.80 (s, 3H),
3.82 (s) 3H), 3.97-B705(mcCaE)) 4.1 7 (q, 'QQH = c’25‘)427(d 1H J=
14.3), 4.29-4.38 (m 1 iy, 4.40 (d, 1 H J = 14p?p), 4.86-4.93 (m 1 H))
5.10 (d, 1 H J =8.7), 5.76 (dd, N\]o—156 1.2), 6.45-6.52 (m 2H))
6. éta(dd 1 H J=156, 5.4), 6.79-b. (m 3H, 7.12-7.22 (m 3H), 8.30
(d,”"1H, J= 5.9); Anal. (C39H53FN ~"H, N. Preparation of Internediate
Et hyi -3-{(5' - Met hyl i soxazol egg&.-C | )-L-Val -L-(4-F20

Phe) - L- ((N- 2, 4- Di et hoxybenzyl ) - NS) r r’12F%Al a) } - E- Propenoat e This conpound
was prepared from ethyl -3-{Boc-L-Val -L-(4-F-Phe)-L-((N

2, 4di et hoxybenzyl ) - (S)-Pyrrol - Al a))*- 2E- propenoat e and i soxazol e-5-carbonyl
chl ori de usinrgthdiz of inbemeldiste P8l &siesdribetibeddyo Viate(rhediagCe (dcribed atiohe)

repar gt
p P §R>% d{t?{%to%ued an Ithé: Cx;(;,(sglzugig €no ate is trB%p lvsxth E%pdopf_nashdtsull_ﬁd(:_fsyrrgmt 13 E- pr openoa
oegked)o (zzs%seiﬁs@# {Pris e:ﬂzeblz)orotchszgomw axygem2 8he oyBe, 1650; 1 H NMVR
(7C5))CI 3))ro&:cﬁn@zro(q§ms ti¥rerdove® t@lve ateofidl [(2d ,Thfsl"hterlnedﬁteag 0x1alze°c8v1£ the 3H, J =
2 112 Fihoraf Sypy (e3bigg e e Sian Ppgiorpy ey Syt s 5 o (i
3H), 3sBHw)ds suBjelpted @.aBidyclye Biifpatiod rebtionge gRH)acmp37 Ajd-cafal@dd (d, 1 H, J =
14.3), néetl%gxoié'snégf |_%Jm\en:l'afi'éj)‘()s af]mqucq ﬁdThx;L 1ern‘Jd15te JsAbx‘?t%zed%lazltée éeégd tgfm 1H,

4.88-4.96 3H),
6. 740 (dd, lH J:156 3059
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30 Cctober 2002 WO 99! 571 35 PCT/ US99/ 00260 1 5.3), 6.80-6.88( 2

(d, 1H,J=9.3), 7.11-7.17 (n) 3H)) 7.29 (d, 1H,J= 8.7), 8.33%{’d6]°fﬁg)55:90%

6.2); Anal. (C39H48~509' O. SH20) C, H, N. Preparation of Product

Et hyl -3-{(5' - Met hyl i soxazol e-3' -carbonyl )-L-Val -L-(4-F-Phe)-L-. ((S)-Pyrrol

Al a)} - E- Propenoat e A suspension of

et hyl -3-{ (5" - net hyl i soxazol e-3' -carbonyl )-L-Val -L-(4-F-Phe)-L-((N 5

2, 4- d~met hoxybenzyl )-(S) pyrrol Al a)}-E-propenoate (0.263 g, 0.351 nmmol, 1

equiVv.), wa®rs7{32 drops), and DDQ (0.i04 g, 0.458 mmol, dcBuddMdbie) Was

refluxed for 9 h and then allowed to cool to roomtenperature over 8 h. The

reaction mxture was diluted with CH2Cl 2 (200 nL) and washed with a 2:1

mi xt br Y6 Q&HHPSRBE SREANSPFAHYP PItiRROI t}‘?{‘?s‘ﬁl‘)g aldghgdef2lsanptshpimse was

dri ed omeéh iMegSR4quaitty svjaped @tae dlefiRdriviigoraidtion tmm\tdfeemfeaﬁécﬁuwpby'rmé ash

g?lh;{m flgné)(é\mdonrlra%ltbe% 1?8:*&3{11 Elgéeaoqluﬁg;negi tlétd Mne abo§ O/gcgc_g syn henc metgogs) gave

met hy| ialtesaticsilse G lactant-piotepline- groupgnay| he(rgmevepiegive infefrgydigy PEol - Al a) } - E- pr open

oate (0.117 g) 5 o,aS a white solldo\\,_n(; = 219-220C, R>'oz 0.23 (5% CH30H

in Ck2Cl2); IR @ \9)3401 br, 32 n1855 br; 1HNNRQCI§@3)8094(d

3H, J 6.8), 0 7{d 3H, J=6.5 1-29(t,3H J=74),:1.54- 1 .65 (m

1 H, 1. 72-8:.9 2H) ,—2-07- 2 (PrTLZ’H) 2.28- 2889 A m® TR, 2.49 (d, 15

3H, J=0.9),—}~3.01(dd, 1 H J= .8, &1 ), 3. i d, ToM, J = 13.8,
3

6.4), 3.26-3.38dim 2H), 4.18 (q, 2ptl, J = 7. 2), 4. 4(;£id) 1H J=28.7
7.2)) 4.43-4.54 (m 1 H, 4.90 (dt, 1 H J=09.0; 6.2),S76 (dd, | H J =
| 5.6, 1.6), 6.00 {s) 1 H, 6.42 (q, 1 H J 09), 6.73(dd, 1H J=
15.6, 5.4), 6.866.94 (m 2El), 7.01 (d, 1H J =9.0), *1i -7.18 (m 2H),
7.2%0(d, 1 H .T"%-8 %)) 7.76 (d, C'hao = 2); Anal . c€3pH38FN507) C, H)

N. Exanple 7 o P ation of Corrpo Q OCH,

Et hyl -3-[ (5" - vl i soxazol e-3' -C yI ) L20 N
Val - L- ( 4- E- Phes#- G nl <E-Br openo NH2~©_I=I Osle. | [NSNEN ~ COyCHYCHB ~H ©
H F (A_6) 525 ation of |t iate +

Et hyl - 3- {Boc L- (2-F)-Phe-L- (Tr n) } - E- Propenoat e Thi s conpound was
prepared from etpyl - 3-(Boc-L-(Tr-A ny)) - E-propenoate and Boc-L(4-F)-Phe-COH
using a procedure |ike that described above (Exanple 2) for the preparation
of athyl - 3- (st%ntbewemem(eﬁmcﬁln)f*)efﬁedﬁ%taﬁér‘ﬁa%fp@*onmﬁw he3spling1707, 1506)
1168 | dIM: i6 €hYepla it aﬂaﬁﬁo;(rfate sdince Jf e'l-'ecﬁo[ﬁ))l,lc dlx.y@&x (€.§., a@bfapirilicRProl. 78 (M 1

PC 11 708061y gl hapyBbla i it P B gL gL L) P70

(q, ZH, triflate @ gigy ether AP fiyan appidpriatg protEeting graup-fpy nitregeg)) Thdyittogeh- J = 15. 6)

6. 56 (d}otke o i8 thkn YomoedFand @6l resditi ine (ns wnPis ac 0 (s, br, i ,
6. 56 (Ot o B domf Cind @dcalt bt andne(rdBaBun i oot 80 (5, BT 171

TRt L NIV LN N At N G P
Et hy0- 3alfBotpl.- Vs mt.en(léldiz@ isflRiglized {(hntheGhaihdd-dESReoEencGaigatier flitaBleconpound was
pr epare i oS ki r X e and

Boc- L- g’f E{ﬂ%mcgﬁ%e ﬁﬁ&dr?ce}g h égrrd| l%)yqlg}(.E’G%‘S*tg)(L)n\?egzl;l E)gj %I h%{ug%(é{}&tﬁke preparation
of et hypubgelegdean elefiyfopming graptiqniy providy jutEmg B‘ﬁé’ﬁoate IR (cm1 ) 3319,
1657, | S 1 1.) 1172; 1 HNWR (CDC13) 8 0.78 (d, 3 H) J = 6.9), 0.87 (d) 3
H J =6.9), 1 (29 (t, 3 H J=72), 1.37 (s, 9H, 1.&®-i .79 (m 1 H),
1.93-2.06 (m 2H), 2.33 (t, 2H, J=7.2), 2.97-3.04 (m 1 H, 3.73-3.77 1 0
(m-1H, 4.18 (q) 2H, J = 7.2), 4.42-4.54 {m 2H), 4.80 (d, 1 H) .I =

G 9)255.61 (dd, 1 H, J = 15.6,
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1. 5)) 6.44 (d, I H J =7. 8, 6. 69 (dd, 1 H J =15 9305oéiob§r7i-06§)

br, 1 H, 6.92-6.98 (m 2 H), 7.07-7.13 (m 2H), 7.18-7. 31 (m 16H

(s, 1 H; Anal. (C47H55FN407) C, H, N. Preparation of |ntermnedi ate

Et byl - 3-{(5' - Mct hyl i soxazol e-3' -carbonyl )-L-Val -L-(4-F)

Phe-L-(Tr-&tt)}-E-Propenoate This conpound was prepared from

et hyl - 3-{Boc-L-Val -L-(4-F)-Phe-L-(Tr-Ar~)}-E15 propenoate and

5- met hyl i soxazol e- 3-carbonyl chloride in a manner |ike that described above

(Exanpl e %é)gfgg;‘ he preparation of PCT/US9I9/00260

et hyl - 3-{ met hyl i soxazol e-3' -carbonyl ) - L- Leu-L-Phe-L(Tr-G n)}- E-propenoa

te: IR (cm1) 3319, 1657, 1511, 1172; | H NI\/R(CDC13) b 0.84 (d) 3H, J=

6.9)1 0.89 {d, 8 oJ:6.9), 1.30(t,°§.|:g,J:7. , 1.68-1980,(m 1 H),

1.95-2.06 (m W2082 17 (m IH B4 (t) 2H) J=7. N2 4 (s) 3H),

2.87-2.94(m H) = 301308(n)| 418 (g, 20 2H) J = 72 4.48-4.56

(m 2H) (dd, ' H, —3—= 155, 87" 23 L5 -1 Hpe., d"“lH J =

7.8), 70—}@ 1H J=125.9, , 6.84-6.90 (m \S‘r«ﬁPOS(mm—l)

7.17-7. 30 (m 16H) Anal . (CG47H50N507) C, H, N Preparatlon of Product

Et hyd - 3-{ (S - Mt hyl i soxazol e-3' - car bB®¥nyl ) - L- Val - L- (4-F) - Phe- L

A n} - E-Propenoate Ethyl-3- { (5 -Methylisoxazol e-3'-carbonyl)-L-V
-L-(4-F)-Phe-L-(Tr-d n)}-E25 propenoate was deprotectedl{using the

procedure descri bed above (Exanple 2) far the preparation jof

et hyl - 3-{{5' - net hyl i soxazol e-3' - carbonyl ) -L-Leu-L-Phe-L-d n}-E-propenoate:

IR (cm 1) 3284, ol6%2, 1542; 1H NWR (Dijq}dG) 8 0.76 {d, 3H,QJ= 6.9), 0.79

(d, 3H, J-69) 1.}0 {t, 3H, J—72) J57176(m 2H)) 6'206(3H))

2.46 (s, 3 283 (Mm—T H, 2 (296(<m—-1 , 8. 09 ( 2H. J =

7_2)g 4.13- AW IH), 4.35 (e K)yoH 4. 49- 4 56 (m LH) 30 61 30

Oct ober 2002 WO 991%7135 PCT/ US99100260 1 S.53 (d 1 H J=15.6), 6.57 (s)

1 H, 6.66 (dd) gb H J= 15.6, 5.4), 8,75 (s, br, 1 H), 69@703(m 2H) ,

7.17-7.24 (m 3H), 8. 1 5(d, 1 H J=7.8)) 8.24 (d, 1 H™1 =8.7)) 8.32

(d, | H, J = gnthesisof spepific inferpginspRbie pywdrschipedy Intermgdigted) Igdescpbeshar at i on of

Conpoun@owy) Ts ozonized, and the tesultmg aldchydc {not shown) is reduced to the correspondm

Et hvl 5' -Met h b tyl-d F- Ph L-

S O AT T I R e

F (4\57)ap{?;ro@ﬁaé ;aidmanng)gro\hmﬁoemy@dl)atme Bade iﬁ.mc(tl@ﬂﬂrt?h@éttﬂ@lfbﬂﬂs DCC (0 765 g, )
9S equi v.

3.71 UIV b nz al cohol

and Dlr\T/K]%dtoby zﬁgl} G lic)f °‘an§|1 %8 RS emed”{ts lsvc\/%?péedavgdl u“ab Brr?f FI y to a

sol uti drydwbcme@tede(matWe mya@ﬂde( 1120Pg is a3 aB@oprintd protﬁct@qurqnp)fonqu@@(j 2 (IS
m}. Af ; [ ) ion, and
the fil t%\fga %LH\}\%{SO CQ&f‘t}ngi‘sh’)hw%ht ulli\)){]_n%éé,'el? gaﬁh‘g P%\f.\ﬁiﬁggd%\%g% By E%} r{\<§—§84 and brine
(10 mlandgletrpsultihei abaghel\(pi3) Ndzlssmmeaddmevamm@@ leaping igfqup dlialidnonf 15 t he
resi duetnh)ftefrlo@-m“ﬁl?l vngd%t@m%gg;uam){en(mé&éa%@ﬁg rlagmthl%za%%am,gave

Hoc<b- (4- F- Phe) OHn (0..99 g as a white solid. 1 spectral data
mat chesacid is eydigedt e g(\see@ter;ar& 1@?&14eﬁu&rcatalyaed mpthpnolgsia pf plighen affprds. 57, 3397).

Pr epar afitdda1 pfs. Imtsaﬁmshd&tcas Bﬂalz&d Aa {he nRtHod bf §hdbh (deubifty FrnB@katidBN
BocL(4 was stlrredfor 1 hina

i xt ur SRRt T S e FRsTEE ot S Vil Wi By Byt ) s
added ambltfiveforraimg tr¢agtior20 pewidgtintgmedias PSti rred an addi ti onal hour. The

vol atil es were evaporated and the residue was dissolved in DM {30 nL).
Boc-L-a-(t-butyl-Ay)-OH ( 1.24 g, 5.36 nmol, 1 equiv.) was added, and the
sol usi on was cooled to OC. N, N-diisopropylethylamne (2.80 nL, 1b.1 muol 3
equiv.) and HATU (2.04 g, 5.37 mmol, | equiv.) were added sequentially.
After stirring 20 mn., the reaction mxture was allowed to warmto room
tenperature over 1 h, then diluted 25 Wth MIBE (500 nL) and washed with 5%
KHS04 (100 nli), saturated NaHCO3 (50 mL), and brine (50 nmiL). The organic
phase was dried and evaporated. Purification of the residue by flash col um
chromat ography (20% Et OAc i n hexanes) gave Boc-L-a-(t-butyl-dy)-L-(4-F

30
39



- Phe)-OBn (2.04 g, 78% as a white foam Rf= 0.49 (25% El QAc i@ )5
(cm 1) 3307, 1737, 1655 br; I HNWR (CDCI3) 8 0.94 (s, 9H), ﬁ @8{%@%4965
3.04 (dd, 1 H J = 14.2, 5.8), 30 62 30 Cctober 2002 fVO 99/ 57135

PCT/ US99/ 00260 1 3.11 (dd) 1H, J=14.2, 6.1), 3.79 (d, I H J=9.3), 4.88

(dt, I 1i, .1 =7.8, 5.8), 5.08 (d) ( H J=12.0), 5.16-5.23 (m 1 H), 5.19
(d, 1 H J=120), 6.08(d, 1 H J=17.8), 6.83-G97 (m 4H), 7.287.40
(m 5H) Anal . (C27H35FN2C6) C, H, N. Preparation of Internediate

Et hyl - 3-{ BReobafiad{ t - Butyl - A y) - L- (4-F- Phe) - L- ((N PCT(USI900260

2, 4Di rret hoxybenzyl) (S)-Pyrrol Ala)}-E-Propeuocate 5 A solution of HCl in
1,4-dioxane (4.0 M 8 nL) was added to a solution of ethyl-3{Boc-L-((N

2, 4- Hi et hoxyber?&yb) (S) pyrrol - ag}oﬁaa propenoate (0.309 g, 0.648 mmol, 1
equw) in 1,4 r‘sa%ane(8 m). Afte t/PI‘I‘InngI‘ | .5 h) theowol atil es
wer e evapor at t o~gi ve the crude egalt as a foam P di um on car bon
( 10% 206° s added to a sor‘ﬁgﬁl of Boc-L-oc-(t “Bu ) 10

L-(4-F- Pheﬁ‘(&Bn (2.04 g, 4.19 r’rﬁé‘[ in Et OAc (200 ni). ’I’E‘@atr‘%Sphere was
replaced with drogen via baIIoon ifffter stirring 3 h, th atm)sphere was
repl gced with argon, and the reactlon m xture was flltered’through #3 and
#5 Whatman filter papers. The filtrate was evaporated to gllve a white foam
This foam was conmbined with the crude am ne salt (preparedyabove) in DVF (5
m.) and cool ed P9 QC. N, N diisoprop | am ne (0.339 ni, %ES mml 3
equi v.) and Hégbz(;@ 247 15 g) 0.65 , 1 equiv.) were ed

sequent i al®yn-Rfter stiering 28° t he reastion m%"furﬁs allowed to
warmto roonytenperature over ‘F;LOthe‘W diluted with MFI?Eo(lO’(?f'nL) and
washed with 5%, CHS04, saturat ed Nal4#603 and brine (15 nL e@&h) The organic
phage was dried and evaporated. Purification of the residue by flash colum
chr omat ogr aphyci( 60% Et QAc i n hexanes) gave

et hyl - 3-{Boc- L a-‘gt butyl -Avy)-L-(4 F,the) L- ((N-2, 4-di met hoxybenzyl ) -(S)
pyrrol A la) }/gbz;:@ropenoate (0. 364 074% as a white foamR f= 0.34 (60%
Et OAc i n hexan 20 IR (cm | SZ 1713, 1655; 1H NWR (CDC13) 8 1.01 (s,
9H)) |.28 fok;-3HCHI= 7. 2) 9¥'1.50-1. &3 (m 2H), | .68- | .81
(m 1 H, 1.8‘8—199(m 1H, 209 220 (m 1 H, 2.94 (dd, 1H) J :13.5,
5.4), 3.15-3.265(m 3H), 3.80 (s, 3H)) 3.82 (s) 3 H) 397(d 1 H J=

9. 3)5 4. 17 2 = 14.3
4. 4)21\5(d 1 l(fl‘q’b‘j‘?‘mfgi‘ oy ‘?d‘ifl‘?;zfs E{‘eé’éep?‘n?mi‘gﬁ‘em‘sek%s?ld 3! ‘ﬂz"é t"r}]‘a) =
(dd, 1 ®gy be uilizsd r@)thejgeegral reetiasgs dessiibed pbovaHfThe 305G compdourti s J = 15. 6) 5. 4)

6. 76 25tr§wsﬂ>¥xnédTht03th9 111ter%mile0mglec.2& .fery aelkad)iﬁétlgx@of(aq)ubﬁéﬂed Brocéiu?e) (Ikml
(CApHS5F r nmedi a

N4CO)
Et hyl - 32l¢ (’BME‘{\/Q"F{W ‘i9§6>2’ak 8{5)@ g995bdflg“é’ﬁ'§ﬂeyt % the. W“OB%R%S@'W ig protected phe) - L- ( (
N 2, 4- Dormifd)s)ﬂybamwl) TaS)thdryy reddecdivad PIEA P @psing ather shitatle faa@oHNd Was
prepar ego {ti% e::;nlax r§s E QQTdEEﬁf Q&ot %WL:S%Q‘Z&J‘J tg gn oleP h?()rmm r(:a tion

2, 429 rre enzy‘} pyrro enoat & and | soxazol e: 5- car bonyl
chl ori dyttmmt%@e@e& 3 pro m@bﬂo@elwl @@cmecmn V1L e affprdTAISERI NO2Bhis 1 t he

pr ocedufn@relesst idaasealnne V&Eé(ﬁﬂm{yaro%énafl&{ cdnBRio B B%vﬁfe'xﬂ@m&thaeers leml, - 3-{ (5’

t hyl b u- L. Phe: L- (Tr - t =
0. 60" ( 10 GRRH THeCRET A sy B Hapos b scinanedibdsamaiBihio 1 1

(CcDdl 3) in@erthedite @H)(s@l-Specnﬂ_c IQL@thod (abova bifpxidationan@ pybsdqubidt-olefiadtiqnm 2H) , |
.71-1.83 (m 1 H), 1.96-2.07 (m 1 H, 2.11-2.21 (m 1 H, 2.49 (s) 3H,
2.99 (dd, IH J=13.7, 5.9)) 3.13-3.26 (m 3H), 3.80 (s, 3H), 3.81 (s, 3H),
4.185q, 2H) J =7.2), 4.23-4.48 (m 4H), 4.85-4.93 (m 1 H), 5.76 (dd, 1
H J=15.6, 1.4), 6.40-6.52 (m 3H), 6.71 (dd, IH) J= 15.6, 5,3),
6.79-6.88 (m 2H), 6.92 (d, IH J=9.0), 7.09-7.22 (m 3H), 7.37 (d, 1 H J
= 9.0}, 8.27 (d, 1H, J = 6.2); Anal. (C40H50FN5090.25H20) C, H, N.
Preparation of Product

Et hyl -3-{(5' - Met hyl i soxazol e-3' -carbonyl )-L-oc-(t-Butyl-Avy)-L(4-F-Phe)-L-(
(S)-Pyrro! Ala)}-E-Propenoate 10 This conpound was prepared from

et hyl -3-{(5' - et hyl i soxazol e-3' -carbonyl )-L-a.-(tButyl-Gy)-L-(4-F-Phe)-L-(
(N 23%-di net hoxybenzyl )-(S)-Pyrrol -Ala)}-E-propenoate using a procedure as
descri bed above (Exanple 6) for thet®hreparation of

et hyl -3-{(5' - met hyl i soxazol e3' -carbonyl )-L-Val -L-(4-F-Phe)-L-((S)-Pyrrol-Al
a)}-E-propenoate: Ri= 0.30 (5% CH30H in CH2C12); IR (cml ) 3307 br, 1684,
1660; I HNWR (CDC13) 8 I .02 (s, 9H), 1.29 (t, 3H, J=7.2), | S1.51- 1 .G
1 (m 1H, 1L.7S t .97 (m 2H), 2.14-2.25 (m 1 H, 2.28-2.40 (m 1 H),
2.5Q (s, 3 H, 3.03(d, 2H J=6.5), 3.27-3.42 (m 2H), 4.18 (q, 2H, J=
7.2), 4.36 (d, 1H, J=9.8), 4.52-4.63 (m 1 H), 4.86-4.95 (m 1 H), 5 7 |
(dd, 1 H J = 15.6, | 4) 6.44 (s, 1 H, 657664(m 1H, 673(dd, 1

)
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Exanple 9 - Preparation of Conpound A-8: 0 October 20

Et hyl - 3-1(5' - Met hvl i soxazol e-3' -carbonvl) 20 L _Val -L-(4-F-Phc)-L-((S)- Plner
Al n) 1- E- Propenoate HONOHO/ ~ HNH~ COZCHCH- p-N OI/ F (A 8) 25
Preparation of Internediate

(2'S,4S,4"Sr4-{Z -(4"-Benzyl - Z"- oxo- oxazoC&di ne- 3" - car bonyl } - 5" hydr oxypent yl
}-Z, 2-di net hyl oxazol i di ne-3-carbox3fic Acid tent Butyl Ester A solution of
bor ane-tetrahydrofuran conplex (0.96 nmL of a 1.0 Msolution in THF, 0.96
mml, 1 equiv.) was added to a OC sol ution of

(2'S,4S,4 ﬁ%f -(4"-benzyl - 2" - oxooxazol i di ne- 3"-carbdﬁ?”fmwmn‘)4'-enyl}
2, 2-di met hyl oxazol i di ne-3-carboxylic acid tert-butyl 30 64 30 Cct ober
2002 WD 99/57135 PCTI Y599/ 00260 1 ester (prepapedpas described in Exanple
6, 0.455 g, 0.98 ~nh, €qQUiV.) in THFE §35 MHAfter stirring 30 mn.
water (3 nmL) and sodeun1perbefa%e—%etrahydrat . 148 g, 0.962 mmol, 1
equiv.) were added, gnd the ice bath was rempved. After an additi.onal hour,
the reaction , m xtive was diluted with MIBE (125 nL), washed with water
(15 m.) and brine (2 x 15 nL), dried over Na2S04, ~ and conceftrat ed.
Purification of the residue by flash colum $ chronatogrqphy>§50%)EtOAc in
hexanes) prOVId&d -0TBS

(2'S,4S, 4"S~f4- - (4" - benzyde- 2“-o&g@xazoh5g%ﬁe 3"-carbo - hydr oxypent
yl}-2,2-% nﬁfhy1oxazolla ne- 3 Rarloxylic_actd tert hytyl ester (0.339 g,
729 as a col ofl ess gl ass: = 0.91 (50% Et OAc in hexamgs)y IR (cm 1) 3486,

1780, 1693; 1%*H NWVR (CDd 3) b 1.42-1 .85 (m 21 H), 2.134L™3 (m 1 H),
2.70 (dd, 1 H J= 13.1, 10.0)) 3.29-3.38 (m IH) 3.61-4.22 (m 8H),
4 63-4.76 (m 1H), 7.19-7.38 (m SH); 10}ANdl. (C26H38N2070. SH20) C, H) N
gl;bar ation of Internedi ate =
3'S)-{2-(1"-(2",4"-D et hoxybeggzyl )l 2' - oxo- pi peri din3' -yl )-1I-hydroxynet
hylethyl} carbam ¢ Aci d-tent=Butyl Es}er
(2'S, 4S,4"S)-4-{2' - (4"-Benzyl - 2" - oxo- oxa20l i di ne- 3" - car bonyl ) - 5' - hydr oxypen
tyl ?2, 2-di net hyl oxazol i di ne-3-carboxylic acid tert-butyl ester (3.88 g,
7.92 mol, 1 equiv.) was 15 dissolved in Et3N (3.97 nm., 28.51 nmmol, 3.6
equiv.). The nixture was cool ed to -12C, &ndna sol ution of sul fur
trioxide pyridi ne conplex (5.04 g, 31.67 , 4 equiv.) in DVMBO ( 150 ni)
was;added at a rate to maintain the t@ap ature between 8-17C. The solution
was stirred at 23C for 3 h. The reacti oM éture was cooled in an ice water
bat h and quenched by the addltlo of H20q(150 nlL). The resulting solution
was extracted with EtOQAc (2 X 0 nL). The conbined organic |ayers were
washed with 5%citric acid (100 nL), brine (100 nL), dried 20 over Na2S04
and filtered. The sol veng was renoved under redused Jpressure and the
resi due was dried under v mto give a white fo \(3.53 g). To a solution
of this material (3.53 722 mol) 1 equiv.) i 2:1 mxture of THF and
Et G {120 nL) was addeg 4 di met hoxybenzyl &pf~ hydrochlorlde (5.88 g,
28.89 mmol ) 4 equiv.), ”hb c {2.3? g, 28.B9 m®l ot equiv.), and NaBH3CN
(0.908 g, t4.45 nmol) 2 eqU|v ). The reaction nfture was stirred overnight
(20 h) and then diluted with MIBE (200 25 nlL). The organic |ayer was washed
with 10%1CHS04 ( I 00 nmL), turated NaHCO3 ( |, 00 ni)) and brine ( 100
m.), and dried over Na2SO4, an oncentrated to a pate yellow foam To
a solution of this foam (3.34 g, #/.) in CH30H (50 nL) was
added p-tol uenesul fonic acid (0. 275 g 0.2 equiv.). The
reaggi on mxture was stirred at 30 65 30 Cctiob 2002 WO 99/ 571 35

The artisan will recognize that various compounds of the invention may be made by
foliowing 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
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. PCT/ U5991 ©Oz60 | 50C for 2.5 h and then was diluted wth CH2@L2d¢cH mloh2
The organic | ayer was washed with saturated NaHCO3 (100 nli), dried over

Na2S04, and concentrated. The residue was purified by flash colum

chr omat ogr aphy (3% CH30H in CH2Cl12) to give (15,3 ' S)-(2-(1'-

(2", 4" -di met hoxybenzyl ) -2' - oxo- pi peridi n-3"'-yl)-1-hydroxynet hyl -ethyl }-carb

amc acid tert5 butyl ester as a white foam (1.33 g, 44% over three steps):

IHNWR (CDCI3): 8 1.44 (s, 9H), 1.71-1.8S (m 2H), 1.92-1.98 (m 2H),

2.40- 2. 48 wowedds, 2.71-2.78 (m IH), 3.19-3.32 (m 2H), 3’C¢5183Q/®960(m 4H) ,

411420(m 2H}, 4.68 (m IH), 5.47 (m 1H), 6.44 (s) 1H), 7.20-7.33 (m

Pr ratio
Et h I - 3%? %¢x?'ﬂ}§{éﬁﬂ%cin§%°g%z§+ e tgxou%harro Btme T‘}dlftca%t}s t?_thf iyl]fhﬁ)‘l (3es‘i_"(bf" %) Pi per
Al a)} EhdPeinpenoat e 10
(15, 3" Spxharkdis (2", 4" - D et hoxybenzyl )-2'-oxo0-piperidin-3"-yl)-I-hydroxyne
thylethyl}-carbamc_acid tert sconv ted to the product
oty L~ 3 { {5 ETRYE LU e G o) RrTORs S Ao ey 104 (&) - Prper - Al a
)}-E-pr sxp@nmatoé themoapmdndfthefoﬂb‘&gg eganiptestweee @ofiugrddiyane of more of the
(15, 3 Sattogrire! pididn mdenz A BREABR0EKAy, TarraR APRELSY, Brerherast | - 1- My dr oxymet
hylethycﬂ carbidmc acid terl -butyl esteéer to pro
et hyl - 3mgt(r@nﬁwﬁlﬁyms§&eaﬂﬂe@ysﬂhmd@febe}ﬁwﬁweaw| mE‘"(‘&P‘PﬂF‘I?@)'mEIa’(lT‘S) Pyrrol - Al
B2 R e oma b |11 ol e e g e . 64
; m r

(d, 3H, f%’éaé.(sg‘i",”“%’ ©§°"(‘%"“"%ﬁ‘d ity hertid °PT‘”2‘§‘P(‘%'° S“ﬁﬁ“'aglﬁ "%“ E)’“’fﬁ% 43-1. 56
Em 2H), 1. 6frotbn Gaghdtic rdsoldnce d HASMR) Qﬁclﬁﬂﬂvcréﬁbt}mmx?cdlﬁmgaa&nﬁxm | H) 5 29)49 2

S . 9),

S 91- @ 3 'Fr?plzw sge%@htet]er o;éeﬂi?fmg 'ataf.}e%% tren%fthggii gga%lerﬁtz (Ml—dzy é 88 (m |
H) , S. 76hiftglge repoitid id partsiger Giillidn @pm, 5)(96111(1@151 frbml-d)\ mt&ndl&ct(metﬂyls&l)mc 20 6, 70

dd, 1 H, = 15.6,.
(7 09-7. i‘é""(lifﬂ- éﬁ)",‘a"’?‘a %N%gl S(PFfi“(“ %9 5°F°|8€“6@f‘ ® a"s“gfz“ﬁm‘f salvgn ‘ES‘)g“a‘Eﬁ%l?pl) e 10 -
Pr epar atfalbmoﬁHgbjmdaﬁdprB; DMSBE=hy/#9 Bpnh,(GeHIMEL Y psexBab inedtdiliciias mony| )
L- val °

4- F- Phel- CO~-CHZCH3 ON O F
(B-1) 3 eségé’at%%éf)fo Fobergﬂ%mg}v@%@%t (Ef%p%u%@rﬂﬁgﬁgk%ﬁ%‘ﬂp lf Igrepar ation of
| nt er mediratets br = prad Geshaanpyy landm st mutiplpo iGoupliniedonstantsairigivemin dlertz.

i soblit Y AR plh (B9 sPectrh 3R rd BBRMined LisiBfl W P¥kin-Eifher 400 ks BFIR Was added

dropwi se via addition funnel to a soluti of vinyl| ma nesi um brom de (133
mL of aSHeCEOmeRy FAFHTR MIgRRnges VP e%bmaéwr a4 e fNertos0 i) at
0C.  UpoAanketeirasnitofor thaeleadois staed withine-Or¢@cftthothearttichlivatuenaBlagt i rred for

, 30 mn. M%gﬁgggtapﬁpwggmm@'uw%llﬁbgagbgﬁe&%&s% p&{égumm 1.0

equ) V\B.S ter stirrin for 1 e reactl m Xt ure was
partiti éwew%w%w@é?h%wwew uping prepRajed shegtsof Silipa f9 RaasrMestk Bt OAc and

hexanes Arfs7920Qeitthy pox;ﬁb@angceme@@ymgy\g@%&eme@roa awlﬁre F)asparawndNaZ S04
and #®re concentrat ed Purification of the resid tration through

silica @& vieersstsdngl \fFacHousowER RSATRSH ‘ﬁé%‘é‘ﬁ’éé?alﬁéfqaﬁ?sd’éﬁertaﬁlégl}‘ RPHfYfedi at e
mal onat eprces.trebf drdch, bnless 0diBfwiyH reted) Allddintheridl edapaits was uftdias ddeiedar act eri zed,

but wa soera
ot was FRTRLARALLIE80bol Tl Siihhaloxckpdhe TtuaByrbu B brdegd PA0T )
and 6. 0 diatikeifromgoding- Wéb@ﬂm%Bﬁ‘ﬁféﬁt‘?eaﬂlﬂ}‘omaﬁ@meﬁélmpmﬂvap onct i on

m xture daded ﬁaﬁll&n@ﬁnimnée s}mrms@rm&aﬂ&dsmqnm c@lé&‘ae WA pgx%ﬁfbyorl m xture
Wééltered through a nediumfrit) and the filtrate s partitioned

bet w&en %?W‘GIOLCW‘HL"?CU&H‘CP"EF‘@WZ x 150 nL). The aqueous |ayer was then

acidified tOTﬁHfGﬂon(g&‘BbﬂcﬁdﬂldhahﬁdlserEHIﬁ PEP® lrdferdid dletﬁyamﬂmr eéterHCI and

was extraﬁ}e&_ with a 15 | | ture, of 5t06\c and hexanes

The cont? “é‘?a?’ﬁf"ﬁ‘“?‘%’%@’[%@f‘ erg fo ety foxjsloand M%fféeﬁi 'Péf’éﬂ“‘y'and t he

resi due Mﬂﬁyldtt&t Idth@dblﬁév:itﬁdumelddep rE&$-30H enétkmnaf)fmodl (Ethas); BtOAc (ethyl

t hyl id . S8 79 107-112C
(0 Tor ) Bond, 1A L BGu g ey PRedy SRl 5. trhem. BY &)
2.18-2.45 (m 5H), 5.31-5.S0 (m 2H); Anal. (OBH 14Q2) C, H. 20 preparation
of I nPernedi at e traps- 6- Met hyl - kept-4-cnoic Acid (2R-hydroxy-1R- et hyl -



phenyl -et hyl ) -nmethyl Am de. Oxalyl chloride (2.25 nL, 25.8
equiv.) was added to a solution of traps-6 nethyl- kept 4- er%m C atéllb(?r ?Og&
g, 24.6 mol, 1 equiv.) and N, N-di net hyl formam de (0.03 ni, 0.39 mml
0.016 equiv.) in benzene (60 nmL) at 23C. The reaction m xture was sti rred
at 23C for 2 h, and then was concentrated under reduced pressure. The
resulting oil was 2% dissolved in THF (20 nlL) and was added via cannula to
a solution of (1R 2R)-(-)pseudoephedrine (3.87 g, 23.4 mvol, 1 equiv.) and
triethyl g ss7(33. 92 nL, 28.1 mmol, 1.2 equi v.) in THF (prdbOsslop2éat OC. The
reaction m xture was stirred at 0C for 30 m'n then was partitioned
bet ween hal f-saturated NH4ACL ( 150 ni) and X 150 m.). The conbi ned
or dan{teiPheaylathvhle (B> Grazstexsipetony i Beo 4o d’&f’i’éé“ﬁf‘i"&i" d" FAgitaflorpacetiss i due
puri f acd), DJEA |(H$4hd|&6||>rupimet8ﬂatﬁﬁc), DBU3I 0,8 OiizatieiclaP0D 2@ 98K Y, 1858t

- - 0,
DTN P RS8R ed oL AT RALAPHO @&%tn%g&eﬁ% uquas gy()m@(m EtOAc in hexanes)

to af ra s- - olc acid

R- et Il?WSPQOIp'hE hepafluerpgtiosphgisy, Ff%“éfﬁ’ (fleazaBengqurigzol %%N éfsN ‘@'vi scous oil: R~
Of 35 Qé%ﬁ@@%nmw@ﬂa&q%s hhi®), Ggm(h)(saﬁ&%yldzﬁ&?p Dtb- NI\/R (C(DOCIJ 3J mi )ét g; e
or 5. =

2.18- 2“‘%&?"“("%‘”3‘2‘“'@?h’(dé‘jcg‘ﬁl’?déz')géég % CI‘%"’@‘@“%*’%‘H“‘ %3 &wh‘?f"(m)

4. 44- 4 648 cxanmp )l 4dbebEoqding i) (DYIAPT4 3Enﬂlyll@x(wgypdxmﬂmrﬂ(gm?an(m@), Leénal . (C
18H27%c? Pl-{é’(%lu lg)lax?lnér @Ll'(@zﬂm@f Hls%t@t‘iml laltlgphth(l ngphthlyalanme) 2-

traas-6- | Uor obenzy t-4-enolc

(2%%&@@1@% qnirg), m@%lg}ﬂe@mcmé%glwmm %PylﬁolBMFWFﬂthm (32 5 nL of
a 1.6 aMigPd w 1R BpyrfdliBia X2y 9 proprehidacilyind (J-FlpL Al §(29,3 WRS- aﬁﬂ@eﬂgt

suspensi on Qqf gaﬁdrous ll%‘f{ R%Chlaﬁﬁﬂﬁﬁ E%? 18 g, 169 mmp% equiv.) and
Lonali PESBRERYr A N PR SRR QoROFRE P80 )
-78C. adidg reaction m xture was stirred for 30 mn_ at -78C) was nuintai ned
at 0C for

traps- 6- I\/E?‘h{q’l hﬁcd%gﬁmgﬁgﬁegzgggﬁgy %5 lﬁ!) ggd m&t&)& 1SZ§e§to identify

R- net fgme zumeﬁyqe%m;ﬂllylmqﬁw “ﬁﬁﬂa@meaprcgmdwal@xmﬁsmmorc@quu v) in THF
(50 maiabeeaﬁuﬁgql@@esyﬁmdam&wnam tRN0-téchighuk 85 tahd rbdidhe SHe kL thOR IWRMeSt I rred at
-78C for tai ned OQf 5for 5 mn.

and t RBRY Wé@ %’B"B'I‘:@gaag 8 AT @aSA s tfang) pé?"PCB?Qt% #2 ﬁ‘%%’?%%?h? bromi de 15
(61384 ndthyl&E-dhyanfbran-3- oemwze):orted ay " ((rans$2+titk)vuwa$-badﬂb®dtoam 4nHe reaction

t 3 tit d bet
e 1 Pl o lfed e gl bron MG E S MBHLBEL L' hoxanes. (200
m., 2 tm@mmmﬂﬁoéfﬁabmédméwgtaﬁﬁh@ for gt repligar sequtnf e Bvaneino RS04 and
wer e f(gggrap ?qsuan.meaﬁ M%dgaom?e sldys al?(xmﬁ.e@,amn&?b%igvi ded

chroma gra Ient elution 20- >40 Et OAC 1 n hexanes
t r aps-i®swet rhylletyZ $h€ ¢2f@1nf>lbgmf’e‘beﬁ,€yﬂ3)% pndxw@nmt dozany gheptide sequence,

7, Bt B MR AN 1 e T, >

(CDOl 3nethybatoidedinkiger d’tnamm logy MBOE)MSS" matesomgﬁfo( thy péptide6. 8) | 2. |

8 00- 3oiFhpeyfic i iy *ﬁ%mﬁﬁ%ﬁ‘%*ﬁw@ e G U,
6. 89- Trefldcefiiy an ést@finkaded (n), 7.19-7.38 (n); Anal. (c2 5H32FN02) C, H, N.
2% Prepar at £o dtié?x*b%ﬁ:%ﬁ!s?ﬁ &c%m&l%tﬁﬁ%@veﬁn&?&rgx&xré&ﬂ%kl)é)w?’R'(‘l

uran-2-one. N Bronosuccinim de 16.5 mml 1.05
equ|v h.xample 1 4 Rxoparafion pd 2, A P iy ._ gu-a.- o _lg B of

t r 3ps- Brwehdg)-isdazoi- f | uor obenzyl) hept 4-enoi ¢ aci d (2R— hydroxy1

R- et hyl - 2- phenyl et hyl ) met hyl amjge (6.24 g, 15.7 nmol, 1 equiv.) and

glacial acetic acid (4.49 ni, .4 mrnol, 5 equiv.) ina4: 1 mxture of THF
and H20 (165 nL) at O£ ¢The 80 $8 30 Cctober 2002 WO 99/571 35

PCT/ US99/ OOz60 % Yoty sation was stirred for I 5 nin. at 0C
and then was d to"23C 3 ub§équent|y refluxed for 45 mn. After

cooling to 23C, the reaction ture was p ed. bet al f saturated
NaHC03 (200 nL) and a 1:1 m xture of Et MC%gsﬂ%%ggéa%e"?p((’gESQ% . m., 100

mL)30 The conbined organic layers were dried over Na2S04 and were
concent r at ed. 43



- 5 Flash chromatographic purification of the residue (gradie
4- QL0% Et OAc i n hexanes) gave SS ( 1 o %Cl{ b%r} 2002
R- br ono- 2- et hyl propyl ) - 3R- (4-fl uor obenzyl ) di hydr of uran-2-one (4.14 g, 80%
as a pale yellow oil (containing approximately 5-10% uni dentified
inmpurities by 1HNVR): R>' = 0.56 (25% Et OAc in hexanes); IR (cml ) 1772; 1
H NVR (CDA 3, nmajor isonmer) S 0.94 (d, 3H J =6.5), 1.00 (d, 3H J = 6.8),
2.05-2.35 (m 3 H), 2.83 (dd, I H J =13.6, 8.4), 2.92-3.03 (m 1 H, 3.11
(dd, 1 H) wobwstss. 6, 4.7), 3.90 (dd, 1 H J = 9.0, 3.7), rdr/BsBwdeed0 (M 1
H, 6.98-7.06 10 (m 2H) 7.14-7.20 (m 2H); Anal. (C1 SH 1 gBrF02) C, H.
Prepar ation of ternme
(1 SPIAZ? s e t(ﬁq terme 2:315 -Q'r ?h%robenzyl ) di hydr of uran2-one. A
suspensi on ©bz- édB!l Ghn) é{)z? 050 mma )l guiv)ovas agdedIto a solBioggtinaety) clmddeSS- (1
R-br 0”?0 %Lhykpmyh)w%ﬁtv(ﬂn éhﬁ@ﬁQbﬁ@})ﬁh& @ttrhu {VQJd&Bﬁ‘xﬂxegameC(fér 8S g, 11.7
equi v. N, di met hyl for mam de (4 was heated at -50C for
67 hou héhounh a hF é‘dt“tqt @hs thﬁrl@dmsd%ebweﬁmteomz@e ra%\‘éjle\m disealvedtip oned

bet weerHyal{ (19@ 1)) adEwlashiedGlit waEr (100 mBY)datdraikd Naﬂ-{Cﬂh)(t o RLREndl(HRC, hexanes
and Jacet one The_ conbi ned or[ganl c_layers were dried

over N&Y8@aL) (J&ﬁeaﬂm éﬁyé‘d”asé‘ﬁ‘g} PHeNRRY 4 VIS FPTCPREN Sy Th ESHU WAL M

chr onatpegﬁe%rtwta(sxgeadh@atro@tm@ram (20% Eman%m t RN €62-LI(Pr- @tn\ye SS-( |
S- azi do- 2- et hy I ) - 3R- (4f | uor obenz di h drof uran-2-one (2.10 g) 62%
as a WMe(Os?éla a t#ft)afﬁwh gAY xt Csl OEm1097 il a0 HNMB | npuriti es

by 1 HBMEb- 19136 @84, J B79),Q. A 2159/01 Eb@ﬁcut)m bﬁ(&aj}?ﬁ)tw m 1) 2097,

1772; 1H NVR (CDO 3, mmj or |soner%( 1. d 3H, J =
6.8), B5.095s.2107 - @ni-53)., 20121) 789%d.d ( m7- A %—é9 (821P§4A'thﬂdC31HHNz@53cC7 0, 4.2),
SOBJSPH\,(m 2H), 4.37-4.43 (m 1 , 6.97-7.09 (m 2H), 7. 14-7.2 (m

2H). Préparsetion of Intermnediate
{ 2- Vet Ryeraratem et I(‘WPF'&‘&P&%HZ‘W') GS“HRB‘PBt rahy drof uran25
2S-yl ') pr opy LithiasrchRaie (04 gl 5 56 hﬁndBLﬂ'.Q/équE'S)t\Q{s adddd $415 AR Eoin @A CBE-L-(Tr-

SS- (15 f 2- 2.02 g,
605 m-ogieg L SF LY IAARY L boutgh (e BRI EOUD LE! lagalae TOF (552 O
equi v. )Stlattidatpdﬂ(}"("i@‘l/éd@s bl di3solved QPBOR1LES).0Podinny b‘walSYdSlti? OHE 6ider a

hydr ogefmat M0sphes Gad Lakd, afithe fe@ktichtni kALY Was stth&i JveATdht A3PE Xt € Was vacuum

filt®red through Whatnmap # er and concentrated. Purifi on of the
51 GOl P RS B Gy iy P eayy Bk e teiss gnL 35 0ot oner

2002 WhesH 574 35usRETNSIiGORGOHT! Hik areis)t vos extiaded with EtOAc (50 mL),

2- met | } car bam
‘({: o d*}%{lé Itlle_ B%aﬁB 1£y‘£r RLW%RQ@MWLC%Q&% qhd %ﬂt\é%&%w l?e@orgR?erxl&)(R/ P(mé %})’ RO
CH2C12)Me§G- (Bmorsanesgfr Wweecentrm aﬂfihe F;mue wpo1sifieg by flagh colpmnz J— 6. 8)
0.95 u -y c e ve L n
0 ( o%dmfé (pﬁy@glé& nt & &Jnotzéd 38%)FOHA ?nlb ;tze%% tS'gt JethL (rlgﬁtﬁmg &2)6 m
3. 0@ (c{(ﬂ 02, B% Jiekd) 45 @uezgm))) soBd3mp3: 645970(’m IR](crIn{)l)) 3311842699 180( m4o,2|-|)

000 BPVR Ao b g eh A ks o SRRSO, G, Wt

Pr epar
Et hyl - 3tH,Be<cs.b); Mab (sympv:lelﬁy.«m{(néfzdﬁ)mee 1K U= 86nRk4 &, PAppaaoat e. Lit hi um

hydr oxi . f,a 1 Maqueous solution, 9.62 mml, 5 equiv.) was
added t 35‘(‘2%‘%%?1%9‘0’?" {2- met hy! -

(4R- ( 4-Pileganatioe 0 Litdrned DXOL €T r-Gytdmbfol)r an- 2S-yl ) propyl } 10 carbam c acid

tert butyI € , joV. i gt 23C. The

res#Pting su@%‘g{’tsnlggtnzaggzg%t(ﬁé&a at l)ég% ?’glr”g%‘)l ?TL?H‘ }g&%h&?

partit i BdHédl3et0Ndan) whds6ricHI80der o hdmien aan@tp@fﬁ(bmocv(niifoxﬂnﬁﬁrs mle)rthiﬁhe conbi ned

or gani Cl QY fhdHuleh eydrdfedh@vm ffa2e=0s c&taaﬁetttj t:ﬁt&%w@é&%&hﬁ& gg%edue

di ssolved in CH2C12 m.). Powdered 4A nol ecul ar sieves

4- met hyl+¢br-ghiemined aNawb!tdemQ!@h% 3olgl (138 85%8Hhrpield): ZIHBC[UPV-I?3°C&II’N(C!!5

t et rapr opyl ammoni um pei rut henate (0.068 g) 0.19 mmol, 0.10 equiv.) were

added sequentially. The resulting dark reaction m xture was stirred for
ﬁiohours at 23C, then was vacuum filtered through Watman #3 paper and

the t hrough What man #5 paper. The filtrate was concentrated under reduced

pressure to provide a dark residue, 4\/\,h| ch was dissolved in CH20 2 (30 rrL)

Crude ethyl-3-(H2N-L-(Tr-Adrr))-E-propenoateHd (2.30 mml, 1.2 equiv.

prepared as described in Exanple 2 for the preparation of

et hyl - 3-{ (5" - net hyl i soxazol e-3" 20

carbonyl )-L-Leu-L-Phe-L-drr}-E-propenoate), 4-nethylnorpholine (0.846 ni,

7.69 mmol, 4 equiv.), HOBt (0.390 g, 2.89 nmol, 1.5 equiv.), and EDC (0.553

g, 2.88 mmol, 1.5 equiv.) were added sequentially, and the reaction mxture

was stl rred f or 19 hour s at 23C and then was partltloned between br| ne (100

~ s ~N N 7 - A NN o - o s —_ —_— 7




- 30 Cctober 2002 WO 99!57f35 PC f1US99100260 1 7.2)) 4.40-4. ?0 ((g@ %—Q 0
4.84 (d, 1 H J =8.4), 538 (d, I H J=1S87), 6.01 (d, 1 % ?6
(dd, i H J = 15.7) 5.0), 6.92-6.99 (m 2H), 7.03-7.12 (m 3H), 7.17-

(m 1 SH); Anal. (C48H56FN307) C~ H, N. Preparation of Product

Et hyl - 3-{ (5" - Met hyl i soxazol e-3' -car bonyl ) - L- Val ~( COCH2) - L

(4- F-Phe)-L-d n}-E-Propenoat e

Et hyl - 3-{Hoc-L-Val " 1' (COCH2) - L- (4- F-Phe)-L-(Tr-d n) }- E- propenoat e was

converted wo opsasict PCT/US99/00260

et hyl -3-{(5' - nmet hyl i soxazol e-3' - car bonyl) L- Vat Y( COCHZ) L (4 F- Phe) - L- d n}
E- pr p%oate in a manner anal %%/(I)us to at scrib npl e 2 above for
t he 8731 GR- Hriat hgr 31 NS OMYQdons 'P?f)e@‘l_ 1E{Tr‘ %(ﬁ‘)}HEzﬁPé‘ﬁ‘eﬁ@ate to

product; gg m, 1H),3 18 (m, 2H), 3. 38(s br, 2H),443 (s, br 1H), 7.14-7.28 (m, 15H), 862és 1H). )
propenoa e:

et hyI 3-{ Ilsoxazo %3 -carb Lcéﬁu - Phe L-

= 22‘6@)‘(@8&‘)" Intermegiafy 1% (T’ﬁ aEinsf) | R (cml) 3277, 1715,
1G43 | H Nl\/lEafHBh@&xdﬁi)xzo&(@léZk (.05 mBidl, 1 D=qbivywas ﬁhdStho(acholdBlbhoﬂGbyﬁLQ) 1.2t
t, 3 4D9- r m 1
b 1463 oiFpredastigo ol Bosthlv, o i0h) spadhdoagpeifaslal TL ¢ )
4. 30- 4. Bigred py 232G for 1doyy. LI ¢rl|qtam+n°i)5(0§?¥ BOSmmeL § eqyiv.) yas exsadde@d 1H, . 1=
g—g 5, San@khe x@su?t%xg(s&utdm Wils gtlﬁe@&;lﬁzu 07’(‘1’48 goﬂ{ﬂSes Iﬁ%rﬁlmgd ulldé'lyredillce'd 7.8)) 8.69
b epar ST B R PO T S TR A GO S,
car Eo nyd-»44- (I:MINCHZHCBPtm@Nz—Gﬁer-LcEl—lP-IPhds}EﬂﬂS&@e%fﬁnoﬂﬂOﬂ? 2, €@%yidySHy CH~ 20

(A-10) Preparation of Internedi ate Boc-L-Leu- NCH3- L- Phe- OCH3
NCH3- L - Phbitampsplons solidz mp)= K25 6 BRe6mi/e 342, &% 1520. (238 IH NMEnd poured into

a_cdfibi gahsOsPE 0 aaHeaUY (B6)) 1.30 Hh, me 4477y, 208 (x%atpcx?r abeenagyeous NaHCO3

(25 nm.). After mxing, the organic ; ase was separ at and t he ‘aqueous
phase vv'é§2(nasllﬁ§d’-%(1"h1§5 36%2@121{)(32 (3,0l H{ 363 Whé“bér?él(ﬁ’eélf{bﬂéérﬁme phases

were drimgdaey el 11Na2S04), a0 (&Y apD+ a8.ex s bo Qi MEs £ N0y, Toe-7a%i(he29%), a cl ear

(7 13 ri @ b k) S e f18 s e dibradat s 8RS 6Csol utl on of

Boc L L&l N40&0.5H206C A9, Mol ) and HOBt (0.877 g, 6.49 mol) in DVF (10

action m xture was stirred
at 0@ foreg’i”ﬁm" of “’"“e%'”frnwﬁ%% R %gg%%c yf}g?ﬁgooz VO 991 57135
PCT/ US99/ OOZBE’dQX)@FfiZPICé‘Gldé? 638 -F5gnpmaig3.A equinbwid added te agalytién ofiChzdd t o

r emo\ée LaxleLmsuLL(m G%g.@:&np@)ss anel73 Renof it Iealmas ﬁ‘ mtsoe(vamr)at £rC. mﬁ;rH (eJS |3 d?io
was | SSol.ve | sat u gqueous

T e e s A oy Tbiva SRt Bt edAgeous, faricos, (40
col um dibnahwittogHaghyand26)4oFe@keapvrayaita meg)ve try gine@inBduMEO0 | Ee NCH3 5

L- Phe- C%c;g%ue was dly\@edtv?uhs}ﬂbAg (%19)4 4 ’ﬁltgrgd/()and R ﬁl'tra%‘ez\gasjvgasg:dd \1/181 f( ol T ) 3401)

331920 Na23203/5% NaHCO3 solution (30 mL), water (30 mL), and brine (30 mL), and then dried
over Na2S804. The solvent was removled 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: THNMR (DMSO0O-dg) 6 0.79 (m, 6H), 1.00-1.98 (m, SH), 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

25 (d, 1H,J=8.1),7.97 (d, I1H, J=8.5), 8.38 (d, 1H, J = 8.0), 8.60 (s, 1H), 9.20 (s, 1 H).
Preparation of Intermediate 5-{3'(Chz-L-Leu-L-Phe-L{Tr-G/n))-E-Propene}-Isoxazole
A solution of KN((CH3)3Si1)2 (0.95 mL of 2 0.5 M solution in THF, 0.477 mmol, 1.0
equiv.) was added to a suspension of isoxazol-5-yimethyl-triphenylphosphonium bromide

(0.222 g, 0.525 mumol, 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.)
30
45



. 1708, 1649; | H NWR (CDC13) (major isoner) 8 0.92 (d, 3H, J = %l

(d) 34 J =6.5), 1.32-1.48 (m 2H), 1.41 (s, 9H)) 1.61-1. 773‘2n?c ﬁlﬁer

(s, 3H, 3.04 (dd, IH J=14.5 10.5), 3.37 (dd, 1 H J= 14.5, 5.5)) 3. 72
(s, 3H), 4.48-4.57 (m | H), 4.98-5.04 (m 1 H) S. 20 (dd, 1 H .l= 10.5,
5.5), 7.16-7.32 (m5H}; Anal. (C22H34N205) C, H, N. Preparation of

I nt er medi at e Boc- L- Leu- NCH3- L- Phe- OH 10 Boc- L- Leu- NCH3- L- Phe- OCH3 (0. 625 g,
1.54 mmol) was dissolved in CH30H (20 nmL.) and cooled to 0C. Agueous NaCOH
(6.15 L solution, 12.3 mml) was added dropw s tion

m xture M/ggogng?gFed for 3 h at 23C, and then poured int g"cfgg/?%;&ﬁ’g‘gus KHS04
(150 m.). This mxture was extracted with CH2C12 (3 x 100 nL), and the
conbi ned@H amlo wakadred, ape the repclierdmigines wiNAREOMimgh dveenialmat 21°€d The gi ve

Boc- L- éomnmexlno@h@n Qﬂué@n@&nc@csl@fﬂé@v@sénﬁ?&m»‘(l@ LQ&)Z\CQE)O HE?‘ tas})ed \Mﬂ' ch was

used w t hout purificati.on. Prc fﬂ!lon of Internediate
Et hy| - 32tPH3R ML g “N@ng‘i_‘“fsh@'ﬂ PRy ILVES BBYEN YBdeE refhsed PISSEWF nedi at e

was prﬁmﬁ@f&&iﬁ@ﬁmﬁ@@b}—ﬂisﬁ@ﬂlwC&Dtﬁﬁ@g@ﬁﬂ@ﬁdﬁﬁth%hfoa d 529y CH30H
L-(Tr-GAn)}-E-propenoat eHd Ere pared as described in Exanple 2) in a

manner i Bg@@vq%{wtﬂﬂabﬂu ’é’é?‘Ftié‘Eth'd)‘EtPﬁﬁ’cber}e‘ﬁaﬁaéi‘? ©r30gfe. 70%

Chy! - L-Le Tr 2 ab
Com 1) ValsS gy ol G IR bt BRGPERATIES 11 DGRRE © B00VE' 1 6
(d, J=(BMSD;deDs OGTOR] (3618), P 1-1068a, zr@, 1.96:165 %, 1D, 880-1 B0 ($:216), 5) ,

() 235285, 1y 2eb2dd rllim. Sot30p B nly $is-0 By udegeisf3qaily 15°05%5 ]
(m, 31&545331760(@ 1HB 4399 ({.0H, J 36.016.16, (A3 1y = 1:5042&:36(54 ity = 5004, 22 (1)

g gé_ gség 648 s, 1ﬁ%8;2r§‘7 §39(n( r2“b1,{) 54§§ 7 P- 6'2‘)) 7.9 79633 M@H)%%(&ﬁﬁb 1. Z%d y

O B S innd bt ot T 586 (or B U e s oo
Et hyl - 35{16‘50-@@69;(5@@@@42@@ 3' - carbonyl ) - L- Leu- NCH3- L- Phe

\k/as QOE{I}E@T&% eng_%%?%ghhg (3 %C{) BECLeu IIIBILmle hl%) LI lejgane) GS-D;(azglen) }- B propenoate
et hyl - 3- { ( STrifletduptticsoiddt il w8s added oarvplujiord oflse (B-NMH3--LelPhehk-1QTh} - E- pr openo
ate i N PR ngene)3Qo,QE$19§ﬁ114%06)257\/}1{2“819'{ 1—;%‘5\2 ?@AL&SQQJ & 8Rich manner

anal ogous to that descri le 2 for the conversion of

et hyy - BiftuBoyes simed 4t 2 Peavemieht @eﬁ?l}’ﬂE—Wﬁ? sperehireatue apd dguesidue

et hyl - ﬁurﬁﬁéﬁ rfﬁglhﬁlléasg@f(é\;&hﬁo%?aph?grm&‘{lel)lﬁ&l—ﬁuyll}" Bhgoh iRl 5" openoat e:
R~'= 0.23 (5A)CHSOH|n CH2d cm 1) 3295, 1713, 1666, 1637: | H NMR
(CDClspw(srsr(it@’oéLoﬁeurlthfbkﬁln)a? orogge)- aoxaa&lces 5)"5'“‘050?11 (QWQ&G% 5) 0.93 5

(d % y&ﬁ 5‘%’%&4@%5]?6)%05@0 B ‘(n‘i 12%19% (%) ?H;éagfls(zs(% sty 142(%2
41 5 8. 1(79)(,m 3HAR. Q49 (il 2H12.80-2.88.(8) |HY 2.99-3(1§ (I HIV 399:4.12.@0 (q. J=7. 2),

g ggo 4ng§ 4\(]{9-4 434%n52m‘} 4)7291 45‘99% ?5{7% - (§]9.H(D‘)=6 3 6520(2 6t J(ms 0)(56 3356725( ( )

6. 39 (§§4 1§, 40-18:0460% ﬁ«iﬁ (d6”7‘7’639116(7ﬁf5 T 12‘4(7d1§9 (ot 2)31 TG '(d, J=7.8).
Exanpl eH},27.45 @ Bpar-a4.008.00{d, Canpoany 867 d, 1H, /=9 0), 8.51 (d, 1H, J = 3.0);

Et hyl - 3- I | e-3' -carbon~L 10
L- Val - ?(i %%33&3{3615_8@? E- Pronenoate ONH= O~ A' / NO-N/ HOH
C02CH, (Eianﬁlc( L Brepadafiop b ECanpsundA-0f Ekhivi-3r((fedMabdisdkdfzote-3' tathody Xy - 3-

4f|uor,9_ RER P LS olindatt~ Y Y ( PY)P P In a flask fitted with a
t he nskermﬁ?—r%@m"gvn&e ser was dissol ved net hyl

(S~2ihydr oxy- 3-(4-fluorophenyl )Er opiggate (pr epared from

L- H2N- (4- F- Phe) - OCH3 by theome d fJegtribed in Hof Fman et al ., Tetrahedron
1992, vol. 48, 3007) (0.9 N AR ally( alcohol (50 ni). Titanium
tetrai sopropoxi de (1.53 8! 0o |4 _was added, and the reaction 20
brought to 90C for 3.5 h. The react was cool ed to r?&)q}terrperature and
poured into 250 nL of | :1 EtQAcl saturated NH4AC solution? The organic
phase was separated and washed
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-wth water ( 100 nmL), brine { 100 nmL), dried (MySO4), and the so (vent
renmoved. The residue was subjected to flash col um chronat og? ApP§tePes i #}02
with a gradient of 5-10% Et QAc/ hexanes to afford 0.77 g (68% of allyl

(S) ~- 1- hydroxy-3-(4-fl uorophenyl)propionate as a clear liquid: Ri= 0.21
(15% Et OAc/ hexanes); IR (neat) 3470 (broad), 1734, 1510, 1221 cn25 1 ~ 1 H
NVR {DMBO-d6) 8 | .24-1.27 (m 1 H), 2.92-2.99 (m 1 H, 3.09-3.15 (m 1
H, 4.43-4. 47 (m 1 H, 4.65(d, 2H J =5.9), 5.28-5.37 (m 2H), 5.86-5.95
(m 1 H), 95701(m 2H) , 716721(m 2H). 30 73 30 _Cctober 2002 WO
991 57135 PFRPYEITIO260 1 Preparation of Intermediate  FCT/US99/00260

Boc- L- Val - O L- (4- F- Phe) - OCH2CH=CH2 Al | yI

( S~ 1L- InedpiioBol(IterinddiaBre I DG RpNeOatesMe 0. 070 g, 0.31 mml) was

di ssol ved i Val Qas added,
fol | owed by e e #%%"6‘%%“ '%’g “B%d“‘(s%)iﬁ%f és‘gpg‘? fomol ) The
react i chcvlaéTrsﬁrln) -OHA 1 &1 gr36dmmelib equat. ).Ffﬂé mehﬂngmhohra:r(& 08hd., §dbvent was
removedy i, YBCHAY) TJ@;{@;@ tzcéu Sraco-ey BiihE Fela @bl x e W AT &P 8B for 20

chr omat ogr aphy utin gradi ent of 3-5% Et OAc/ hexanes. The

Boc- $V@mdmnwtw,ﬁh%?) Wé@ﬂmzlapmdwé@cmagdﬂﬁtﬁaugn&ﬁ mgod 12 g (90% of a

ﬁ' Ef\i/R ( %}Rfasa&heasmell@%tﬁ{g@ﬁﬁ&ﬁw&%ﬁﬁ}d atIothgatn)m Jazézt,zsl& %Jr 21512 ﬁl)n;l ;1
3. D7- 3.7PU8 t"nf‘}dz‘ﬁﬁ nWag p “‘%““é‘z?n}(’?ﬁ“%“ﬁﬁ(‘?‘g é‘i*‘%‘ ‘g%ic(‘%]( mB) ‘gﬂ% 30 (m

3H), 5. c?)ﬁrbﬁxegérg(aﬂfb lal(H)s wetk.ddied dvel NafSD4, 3 weré c&%cx?tra’&ﬁ (’Mﬁcth)m offial . 10
(C22H30NQ6F) . Preparati on of. I nternedi a
Et hy! - ge{l%@&ﬁav@rolmdma@my gradiept chason, }*Oezwdﬁmw@t%c)

B L- @M% 0 | ved THF
((ig égt\ilwllé%tdﬁ({cﬂ% tr@ﬁ%llgn | phos gﬁ?néﬁ/@ﬁelgﬁ?stjf ‘g}gtem 2)1%@& q6§8§ \r/rreml I) rlwas
a

add 8, 30na 1761, rléﬁbt‘Hé‘fMgt(ﬁ:DCb&iEE) 4%1(329Hht1 62307 (Nbllﬂh@l%r?eW((@x 16 m., 1.83
rrm)l) rgeac t t4if 00m, erature for
2. | PSP as Cal SEL6E00, DRPe BCk0h. Lol Sep i Ratth TR n 50 e of

4: 1 hexbhieet, BEUD Arth €1 HoaNz 5 \Wa sl Bxtracted into sat. NaHOO03 sol ution (50

a e« AT é}m‘lﬁﬁé SisepL e The aqueous phase was acidified to pH
:123mﬂeh S(t)lil;g ¢ 4, and tﬁglr ﬁg(ﬂj re-extracted into Et OAc (50 nL).

The organic %H%@@‘%\‘ﬁ@“\%@éﬁéﬂde\@? ﬁ"’&r‘ifﬁé Y Mgoltiyn indelpeng. (80w 2-5and
conqgntdfqatve;dwasad@d\t@a QxlﬁQm@fBB@%(TGGInI)MO%)I\ﬁE aé.1a;8al3 &ﬁncﬂ cdqaryigi | . This

materl S i.n .50 | et 43rrL 2.50
) R SR e in g e bR [ e VB S i

( pr epar bel NhlsICd@Q@rh)M 4dde®€almptlélyzaraibbﬂ/@lxu@ ’5/58 yarmed 2523r‘fﬁrolf}le The reaction

was Coolleﬁﬁtlrtgosu%nmmg &Qteﬂ'&llgaEtéb (2150 mmla}\d \Vas wadee dith Q—'@d«[t}i@ d gaction

allowed to warmto roomtenperature. The DMF was renoved i n vacuo. The

r esi due! QfaslhaSewaed NR ROE( GRS L) Fd 23ter{ 00 mfd Thheregtigansrevas ek washed

consecud ey ff EOW ttilr&re']dof@dﬁgnceﬁ@tég tb%n/ec:grie Bbd-L - (%ﬁhk{{)ﬁi ﬁg sl\@b'%%ue‘ﬁ lytion (25
) HoH20 ( Zf and brine . The organic l'ayer was dried (MS04),

filfer edwhmﬁhdompenltmatle‘m Ilamih H‘[BIB el§91il_ue9=wél§ NMRI(€EDets) by .4al(gsh col um
Boc. L VA BP0 18 G BRef 13t o 241 23 Peysinond Bl BB B8 phous
solid: RAx70125 1HR%180.364m, 1 30+%ahést 112002

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

Sodium bis(trimethylsilyl)amide (22.9 mL of a 1.0 M solution in THF, 22.9 mmol, 1.0
725 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-Gln)-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 Na2S04 and were
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- WD 99/ 57135 PCT/ US991 OQz60 | MeOH CHC13); IR(KBr) 1691 , 15 11 S9 cm1;

| H NMR (DVMBO-d6) b 0.78-0.83 (m 6H)) 1.20 (t, 3H, J= 7.0),°% OsFqRer ¢iG02
1.58-1.66 (m 2H), 1.96-2.02 (m 1H), 2.19-2.33 (m 2H), 2.99- 3 02 (m 2H))
3.82-3.87 (m |H), 4.09 (g, 2H, J= 7.0), 4.33-4.37 (m 1H), 5.03-5.08 (m 1
H) 5.60 (d, 1 H J =1 5.8)) 6.67 (dd, 1 H J =15.8, S.5), 7.02-7.08 (m
2H), 7.14-7.28 (m 18H), 8.12 (d, 1 H J =8.1), 859 (s, 1 H; Anal.
(CA7HS54N308F) C, H, N. Preparation of Product

Et hyl - 5' - Met hyl-i soxazol e-3' -carbonyl )-L-Val -O L-(4-F-Phe)lL-d n}-E-Prope
noat e Et% 9%‘57{1500 L-Val - O L- (4- F-Phe)-L-(Tr-d n) } - E- prBﬁyHB (%82 as
converted to product

et hy| <3ndeh®@atedratubiyibdt®e ¥ 8o kedidde byt A4sh 0slying chroMaloglapiky @d%EtBAe)n L- G n} - E- prop

T e e e U R T e

pr OdUCfbam IR (cm-l) 3321, 1710; lHNMR(CDCI3)5 1.27 (¢, 3H, J=17.2), 1.42 (s, 9H), 1.70-1.78.

t hyl - 5 t hyl L-d t

o e B PR Ry B S BT

( om)(nsm) 8B8((dd, 18, H-13.77.6, @79 (d8, B2 J(=d|5.B 5H), 6D2¢,8 Hp)7, 1917. 2% (t, 3H J=
01 2 2.1 S 2.22 1H), 2.46 ,

3H)) 3‘"108%%)16\&41 {%ﬁgﬁg&g%}@@rﬁ’ 2H(mJ 2, 0), 427-4. 32(?]m T)H), 2 0355u 38

{mM 1Hrep&at6n mntexn(ematellahyl HBocd-BRe-LeTr-Ti4)-EPropea), 6.54 (s, | H),

6.68 (dd, slj’luti‘!mofﬂlél in84-Boxane 4016[ Y§m£§ wapﬁddea-td_gsollﬁlt)g%FctQ)q 3(-m 2H),

7.20-7.24 (m 7) Anal .
( C28HIBREBEET- G@O F’rP’N"“‘é@@ﬁﬁé %1 mmpkéﬁa %9 f"dhe Weeewﬁ&&’rﬁfnhl 3
Et hyl -B=C( AfreiMeh,ind drcﬁﬂﬁoaml'tﬁcﬁofhﬂrubwy&ducdd ;(réésd\dapmhlrdé\@ﬂa:«’(ﬂgfqm- F- Phel -L-G

:DPEBE;&; 2 gﬁ?%?;}r(?q?étéa}ﬁégf a’[}gs mate H?was dlSSOlVC ml\!',‘ll—iizCQ') (A_A mL)%%g;t%he( A-11) 25

Et hyl6 QH{BQ@gW'ﬂamho( 4ﬂeqF?h§i)HCLBt((-I|_22 & 902} mioIPL .S peuiaz e BOIC (4-F-Phe) - CH
4.4 i iv.) were
(it 5ol Db PRRe[Fohes Pioat b R Saan® FRE T kT 0 s A5 305 ool 3
equi v. \)rerwa@eelddﬁldntta@ytﬁh@cwbmm@wcww5 $#ired god30U overnighy nrrdghanf/aSer stirring
at 23%amron241bé?weéﬁtv@€&((o% rﬁ'ﬂ?)an@-@dlzt%cb 3 o0taL) WeK Lo oRBHRE o GakiE lykisy tO the

m xture, and the resultin 0 suspension was evaporated to dryness. After
di §§o| \Y¢rﬁngF%OWQUazs%BOW?E‘)“aw?W@dl“@dﬁ%“?"@hvaﬁPbkftfth‘é‘yﬂBSh cobgnoct ober 2002 WO

99/ 71%%;5%4%{:%?%@%@%&“%%@Qﬁs&d\e&h&h) R0 -bRe- tsdcp@msstﬁ . The aqueous

| ayer was aci ied H=3 wth 10%cCitric acid solution, and t hen
ext r actrepknnhtt (3. 5 ©BE%) 2 whlle(f@am9R (T 33eMH7 Mo B6GE HANMK(GREB3 wer e washed

SuceeSELYEl ol oo S MK (7450 ey 53 BRRRCR,( 190 ). and

drr e concéntra

Boc- NCH34-p 41 Fmplf@)454{%}'46él§ HDphitetyelmoDf &his(g. B, o4 S’O%{ J%hi ch was used
WlthOUEs ustzb&r uquyhfsncy%te@@d mHJNIVRs(szso (sMheXtray, €195 shg@nE0ry) & 1.35
(s)0 (&Z(Qf g(g%N .75 (s)) 2.96-3 13(n) 3.23 3.33 (m, 4.54-4.58

4499- (43 4(‘%%‘36 7.01 () 7.15-7.17 (n). A solution of HJ in
1 f{ fll gi(@%aeat(oﬁ o_?m&mléhm):tms -(BOEEA - BhS-QL([l"i--IGIﬁl))-Qf-Propenoate ol o 2
et hy ocC r n epar anpl e
above, 3.57%§° 1£‘ 15119%&%:?38?5%%%%5 &gdz& ‘tO“(’E%E’ﬁL%] at 23C.
Af t er mdu)L-PheLx(?ﬁt €tn))-Bpropencgte( @AD gL 8umael; | EQiv. pidulwedmpsdssti(ld. The
residu %L\j\@tslidts %@ttaxv fgndrsn lhgdggll%s (vgrg remn)ved gmr gg&e&j u(e4 'I'l_'le ll?&ﬁi)ue
(prepared as in_the ecedi ng paragr qtu
ey ( rapdsived G a 00T Sa Gy LouOHAR A Bridr TP 8 cvd AR 15, 16
nol t@lm 1i19, 9)mm@lnd55«?@v§kﬂé?ﬂmor%h&&emrﬂ(im[,hﬁ!! ﬁgﬂgnc 9. e){ulmrae?]ad’dxedd .
sequen Y, eaction, m x S overn an en
equent i gl dﬁé% SabE o plsf sl fuReto B o B R e 0
conbi n@él"Cbm‘g:anglc, dndyl@nszvaﬂmretlcdlcd bdwwwatmmOﬂL) @d fEteflx @xddp ndid t he
residu dlied by flas Q % ELEAG AN hexane)
to aff(;err ‘IE")I %ggan{d °‘SN“éﬁB oinr zga)ré) ﬁé&,@l %‘g% pro&n@éte (4.07 g,
84% aS’UKAﬁmﬂﬁ' ﬁa@lamlul’chi(ertigr)pHYQ% CHF®I0in AHABI);to afford ethyl-3-(Boc-L-
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1H NWMR (CDCI 3, m xture of isoners) b 1.29 (t, J=17.2), 1.373é éé
(m, 1.95-2.06 (m, 2.29-23 3 (M, 2.66 (s), 2.91-2.99 (M)

4.18 (q, J =7.2), 4.52-4.58 (m, 5.68 (d, J = 15.9), 6.45 (d, J
6.74 (dd, J = 15.6, 5.4), 6.91-6.99 (m), 7.11-7.33 (m; 20 . Anal.
(CA3HAgFN30®6) C, H, N. Preparation of Internediate

Et hyl - 3-{Boc- L- (2- Napht h) - NCH3- L- (4- F-Phe)-L-(Tr-d@ n)} E-Propenoate A
solution of HO in 1,4-dioxane (4.0 M 3 n.), was added to a sol ution of
et hyl -3 {Boc- NCH3- L- (4-F-Phe)-L-(Tr-d n)}-E-propenoate 0. 54 mol ,
1 equiv. )w?ﬁwﬂg 25 sane solvent (3 nL) at 23C. After ZQgT%?%&%’I atiles
were renoved under reduced pressure. The residue was dissolved in DVF (10
m) 1§ melmmeam (ﬁcz;lnamipdab&eaté @. 41{8@3 SM‘%,yzeld)QS witii®foam? 1R Qrh\t) 3284,

335 ¢9d7
= 8.4))

4

Boc- L- E 1.0 equi_v.é)aan HATU (0. 205 g,

008 b R ERshE S a5t T g Tl o G S 6 0 B2 ikt o 2 v

sti rreﬂz)ai 3:2§C9ﬁ)0[ 3@1*30 (Jhﬁ{)vpbﬁi BY @8, 1\mr1e9sr.eo°¢&§olmnﬂ%z 5@@&4 pr essure,
resj due was ta en.intao 30 76 Oct ober 200

th [
50! 57 BP0 BB o LA SO PT t SShie AP ACbs RO (50 L)
satyr a&mgsgﬂﬁoe&s(saoé mgg\ éa(ml ﬂaqmtff]\@ ((iémﬂélru)= 15‘5hmpng$m33 (}gayﬁ{) Wﬁ.S dlrl ed
over [_? 90r ) e resi| aue was pUI’I | e y as col um
AR LA

chromat ogra I'h hexane) to afford

et hyI &eéB@neﬁ_e(Eumuhh)Em—B«ﬁ’rwﬂﬁhﬁxe@old} (chrbq@lyh)-LewprPipehoat e (0. 437

g, @E n%i;ﬁ) IR 5 (cm1) 1656, 1509 1162 | H NMR (CDCl 3, mixture
of isOners) 88 t,J—72) 127%° (s), 1.48-1.58 (m),

1.64-1. 67A(%?i“)“°i° Chin { f-digyane ¢.0M, Hm b%ﬂﬁfdde?%%@t%(‘(?thym@062 2.69 (M,

2.80 (IS-L}u-ZP@:GL(G) G1®))-BDrdheddatd (0J216 8, (ﬂﬂxamam(:qx)w)&t%saaﬁ%ol(vam(34 18 (q, J=

7.4y, 4. 4 46 5.94-5.00
( n;i?) 8% C. Aéen)Z Iguré,)ﬁ%: wéolaiges(\\ér?re rjmo'ﬁe]fémgsr rechn%bprfsalax)e élhc glgiég, 5. 4))
b. 75- awagils(swi’?d 0 CFoch 0 “(Lrﬁcooer 1090°¢ @@‘(‘WY‘W‘“‘N"*WE‘@L ("”‘9‘ ‘“‘7“’170 7.82 (m,

L

L- ( 4 Fadpmeq‘x_cn@ h} “The pyag iraripi g was stirred at 0 C for 30 mlnutcs and then was
Et hyl - SedBaed M&nmtﬂ)mm%@z(ﬁx@o%L}L Thd EorfBilddorEmRy19REN0at € was

converted to produc

et hyl - %€ (15" ‘ﬁ@f H?qui%&kﬁf‘a}céntﬁ“edcaé‘fi%ﬁ“iuclyaf?“‘I\%’:ﬂrhyﬁ}as‘hkﬁlﬂ“‘}_ (4-F

Phe) - Lt o deaghly QP8 ROBI0R! iinTHY OFD R &iford BB I00@SSmétAyiisbalzodSSGhbbgah)-i N Exanpl e
2 above for the 15 conversion of

et hKI lwwm-méﬁ-@nmrﬁpwrate@lﬁ?p - B riolde arrawlsitet foarpr Bti(sot et hyl - 3- {(5
1
oo ME RIS ARG e I I CRIS I AR ST
1. g% %138 2? JM43-25D@s, 2H1,5 .677.75 (ﬁxd:BB) (19)5)155@ (225 P28 2, 712[ 2—79);(112)1)4 528?% s),
4 3. o0 TG pedadichiyy e b By Pt B985 10 T a2
(s) 64123(1(192}1) $7%6@- BLIT [ 1)), 6-B° G8LID, 941 (daj IL, J7~ B 1) $.5064.(1H) /=B.113-7. 17 (),

7. 24- 76 36 (damu, J= £33, 6036 BAd( M, s =%6.567 45 21 o, PAHT, A1 (M), 8.08 (d, J =
7.8), é’ﬁ 9.01 (d, J = 7.2): Anal. (C37HApFN5070.75H20) C,

. N Igs(ﬂl}{zog?e ation of Conpound A-9:

Et hyl - Brdpabatiol®if BYdduSOR M P3-65 BMreadlibsxaydig-3'-carbonyl)-L-Leu-L-Phe-L-Gln)-

L-Hi s- F- Phe)-L-d nl - E-Prooencoate HONHZ 25 0 ~ 0 ONvV ' H ~
GOz CHzEF '°Ee'é"ﬂ"9) 30 77

25 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-Gin))-E-propenoate (0.185 g, 0.21 mmol, 1 equiv.) in CH2Cl2 (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 Et2O (10 mL), filtered, and air-dried to give
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30 Cctober 2002 WO 99/57135 PC1' | US99100260 r 2002
Et hyl - 3-{ Boc- NCH3- L- (4-F-Phe)-L-(Tr-d n)}- E- propenoate (descrl% tcf’k?%

Exanpl e 13 above) was converted to product

et hyl -3-{(S' -nethylisoxazol e-3' -carbonyl)-L-Hi s- NCH3-L

(4-F-Phe)-L-d n}-E-propenoate in a manner anal ogous to the preparation of
product WO 99/57135 PCT/US99/00260

et hyl -3{(S -net hylisoxazol e-3' -carbonyl)-L-(2-Napht h) - NCH3-L-(4-F-Phe)-L-G3d

Bod | APARERE By ey Rt 0 S PP AL RP g S B0 99802, 1665,

1202; yxam}rhsmme(smmcamezzmwarm(om li)smmnsez 8s4u, PAs7( 1278 ) WMV , 1. 70- 1. 78

(m) =2 A1 .(S) - 3.1246 1 , J=17.2),

4, 38-&?@50'(”9? ?Og%"ﬁ étjll96'§0§r)986 i ?r)g?(‘e?’%n’ g(gsr}), ‘é?ié”}@), "6.63- 6. 86

(m) 6B 9481077 (GurED), zo@g-zzﬁwzmzw(szmyzzvx 2(86)(m, 8HP2.96d,00dm, 8. 7), 8.15

S9-¢ 1 ( ! /| 9): Anal .

T R A T e AL R e T L S TE o P P

Et hyI~13-15€55 4)|vét7ﬁ(ﬂp P“sb‘ihi’d?ém:%@%)a? Bd t”ﬂ JL" EébBNl@% I ¢ # 7R FhE8L- L- A nl - E- Pr

openogf, eHQ Arfs); Qmal. (@oHGHREDIHEH, NS (A-12)

Et hyl - 3- {Boc NCH3- L- (4 E- Phe) L (Tr A n)}-E-propenoate (described in

ExanpEx af SO0 ncl /£ fIsoxazole-5'-carbonvl)-L-Leu-L-

et hyl PBe-L(@n)-EHhhwnos&xazol e-3' -car bonyl) L- Leu- NCH3- L

(4-F-Phe)-L-A n}-E-propenoate in a npgner anal ogous to the preparation of

product ethyl-3{ (S -nethyli oxazwi:\-carbonyl)-L-(Z-N

api®t h) - NCH3- L- (4- F- Phe) - (l, - E-pr gpenoat e 20 descri bed in Exanple 13
above (utilizing Hoc-4- f Boc-L-(2-Naphth)-OH): IR (cm1l)
3325, 1663, 1 i71; I NRH( QEdel m xt k&Yt i soners) b 0.64-0.67 (m,

0.86 0.88 (m), 1.17-1.23 (m), 1.@ 40 (M) 1.S9-1.7S (n), 1.98-2.07 (m),
2.42 (s), 2.4S (s), 2.08 (s), 2.8 93 (n) 2.99 (s)a-B. 12-3.20 (r’r))

4.05-4.1 S 4. 41-4. S 4. 82 5. 86 (d.
305, PPl el Phuo 28BN P8R gl L 292 o5,
(r?sézmpawagc(n) 8.03 (d, J—78) 8.08 (d, J = 7.8), 8.41 (d, J %81

94 (dypid &d eddranf LRATABESD A ch 128 R 2ty p-H N 30 78 VO
99I 57135 30 lOccotnz)b;r "’2“%’2@5& T/ US%?OOZ%O 1 eExarrp 16 - S;!Pr epar ation of

Conp ofiegenRatgand } BP¥FP le-3- cia( ny H9‘f psing the ppgedyre dcscnbed above (Example

car bonyfoy the-ptdpatiaghd flr)hyNOIESE-4rethy FsoRi@)e- 1 -cadbohyl EE Peanereat-erc@Ghi O ~ O N~~

~ CO-CH CH~ O-N. O (A-l

it hy) EP TSR RORGE D A2 D 11207 H DR (GG BBR oSt THBsER Bed |

E?ﬁrf})bﬁ A3 7abave)1.88gn, qu\dast)tlemb(tnmals QCb}@)Clt9Ls (m, 1H), 2hso<t 2H, J=7.2), EPhe}-L-@

e Q e)-L-
9?%5%”2{“% Og% &ﬁner %e{l" %§9¥8 Rt he‘gzpaf ‘é’%@f é?’% g%’élifﬂ-ﬁ g}duct 10

et hyl -1331 @s?smm,hwnmamm-ls lseafs B0 AY6-T-((22INaphe-a 1 NEHRED; ( 4- F- Phe) - L- G

| n}- Eggrl,qpqp@q&,gl ('é@;?ﬁ_fsll &0y s g &3 above, but utilizing Boc-L-(
1- Naphth)-OH"in lieu ocL- (2-Naphth)-OH IR (cm1) 3308, 1659, 1169; 1H

NVR ( mvg@rg@m qﬁ&bﬂrk((bpxnglg%cy)bogyl) -L-Leu-L-Phe-L-Gln)-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
the preparation of ethyl-3-((5°-methylisoxazole-3’-carbonyl)-L-Leu-L-Phe-L-GIn)-E-
propenoate: mp = 217-220°C; IR (cm-1) 3302, 1655, 1541; |H NMR (DMSO-dg) 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, SH), 2.04 (t, 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, lH,J=15.9, 5.4), 6.76 (s, br, 1H), 7.12-7.19 (m, 7H),

25
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©1.16-1.23 (M), 1.61-1.78 (m), 1.98-2.02 (m), 2.07-2.12 (m)) go %a} 8
(s), 2.77 (s), 2.78 (s), 2.84-2.87 (n), 2.93-3.03 (n), 3.08-3019cfpper 2002
3.31-3.38 (n), 4.00-4.15 (m)) 4.27-4.32 (n), 4.404.46 (n), 4.58-4.64 (M),
5.07-5.17 (m), 5.57-5.73 (n); 6.45 (s), 6.57-6.61 (m), 6.71-6.88 (m, 15
6.89-6.91 (m, 7.11-7.19 (m), 7.31-7.38 (m)) 7.50-7.58 (n), 7.73-7.78 (m),
7.83-7.94 (m), 8.08 (d, J =8.1), 8.13(d, J =8.7), 8.62(d, J =8.1),
9.14 (d, J =8.1); Anai. (C37H4pFN 507) C, H N Exanple 17 - Preparation

of Conpound B-2: Ethyl-3-((5 -Methylisoxazol e-3'-carbonyll L-V a
17 Y( COCI—lZ?vdss(sm-sF Ph e~-L-((S)-Pyrrol-Ala) )-E-P ro p aPeT@sayen2¢0 " O N O
OH'" " =H/ COCFi=CH- ONOF (B 2) Preparation of Internedi ate

o b £ REONT BRI o BNl S P e v

pr eparé@8HpMQD Nyl -1S- (4R-(4-fl uorobenzyl)-5

oxot etg _@{M EQW R R e hd A@aréqﬂms:(@cmmwﬁ;o&aﬂ,\@.y»tﬁaﬁgg}s@)-(deSCf' bed
in Ex € 10) € - 3-{ Boc- L- . 4-d1 net hoxybenzyt) - yfrol

Al a)}- L -ELropencats) i n a nanner anal ogous to the
preparation of ethyl-3-{Boc-L- (4 Me g )-L-(Tr 30 79 30 Cct ober 2002 WO
991 57135 PCT/ US991 00260 1 GI fopenoat e (Exanple 4) above: R-'= 0.24
(60% Et OAc i n hexanes); Ja 3393, 1717, 1668; 1H NMR (CDd 3) b 0. 82
(d, 3H, J=6.8)) 1.01 JJ\ ScqoRms (t, 3H, J= 7.2), 1.S1-1.65
(m 2H)) 1.84-1.96 (m 19—15‘, 2. (m) 2H)) 2.47 (s, 3H), 2.49-2.55 (m
3H), 285301(m 2H) 312325 3.77 (s, 3kh)3)3.78 (s, 3H), 4.18

, 2 3 3 (dd, | H J=
¥ Wi“ﬂf‘”“%% g“"E 'mé‘.”égg( Hﬁ* ﬁ‘i""ﬁf&? é’mi‘?gpd"é“%% 6095 7. o (m
2H)) 7. 05- 7Ethg- 3(-(,!;{2N1L -Gip))4l 1pprppepgate ClMpare]zl aggles(:ﬁbed]n Exangple28.7), 7. 47

10 5‘1': 91 k<) '\,?gb 106{}941)we(&%%l'@e‘%r%}%?«tﬁ(lé'ﬁ'&%t£§°CHDuN>5nﬁI ?e%ﬁa@&nhé’” of Product

Et hyI | | soxazol e- 3" -carb é Y( ])

(4-F- Pﬂ rLL (6(2§)mw99 Wt addpdyfollomebpy fagibyt &le-Phe)-OH (0.87 g 3.10 mmol).

Et hyl - ’3116{ rBﬁlQroth@-booYe(dW)ka(f 4r.ls hﬂ))'n’un((lf Whs added, and the reaction

2 0 TR UYL S UL A e G PLTEnoR eriiaganigy tod to
Val " | JQl@@@dQ)ﬂ EtQAe-(B0 mhé)an@th(e EBpniPphase Wagvashtd qumnaﬁmm 0% HCA manner

anal 09531'&1&1(225 Be. %Qtﬂééeeﬁwa@{@(ﬁfsoluuon (25 mL) H0 (25 mL), and brine (25 mL).
et Hyl - 3- { Boc- L- Val- L- (4- F- Phé) - L- - i et hoxybenzyl ) - (S) Pyrrol Al a)}E

- pr Opem‘ﬁ’t“éwﬁﬁrﬁfiémﬁ 4) and filtered, and the resxdue purified by flash column

t hyl i Io v -L= S |
) E %Fé‘é‘%ﬁ%‘q?‘eﬂé*eaé’%?ﬁ*ﬁ%%ﬁg%zﬁﬁm%@%‘ hcdp e B IRk D Y0 Lo

15 CH3Md- mia)QrIﬂ&)n)) EJBrc(pemaﬂe)(l3QQ,568°/o].ﬁ318) hrawm:ehknbwl?m(semlm@mel)% (d) 3H)
J—68 ‘;H .21) 1.51-1.62 (m 1 H)
17" Dhaig 1655, b PSRV SRy 120 oA 4 by ol B 48 1o sty

3;22022(11982%4)”123?@31{)32 33t dm2A7d @, 1d), )84 (3, %304208@1 al) 4.16 (4.8 (%5 421;4 J
5. 88 (3“ 1= - 46’%3@‘"?@} '3)4#54*‘6;63# 8(75'71(14{{1&%) ‘E’&g 4“§) 8%()“ %457 03 (m
2H), 7808-7043d, H ~H)); 7.Mnal, 2H20- (031 14H3BRA0IBH) R .0Hd, N, JExROpBS3 18 -

Prepar g i g [SFp Q? @y | hvl-3-((5 - Methvlisoxazol e-3' - car bonyl |
L- Val - g P4 F-gge -AI%- -Pvrrol -Al a)1- E-Pronenoate HON O 0 O /

CO CI—IZ(Ek'bpa@ltNuOfZEteﬁnéﬂa@)ﬁ‘,tm-S&Boc-L—a-(t Butyl-Gly)-L-(4-Me-Phe)-L-(Tr-Gin))-
E-Propenoate
25 Ethyl-3-(Boc-L-(4-Me-Phe)-L-(Tr-Gln))-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 NaHCOQ3 solution (50 mL) and then brine (50 mL), dried (MgS04), and the solvent

30
51



30 Cctober 2002 WO 99/57135 PCT/ US99100264 1 Preparation ofyd M Jmdi aigd 2
(5" - Met hyl i soxazol e-3' -car bonyl )-L-Val - O L- (4-F-Phe) OCH2CH=CHZ

Boc-L-Val - O L- (4- F-Phe) - OCH2CH=CH2 (prepared as described in Exanple 12
above, 0.91 g, 2.15 mml) was dissolved in 1, 4-dioxane (28 nL), and a
solution of HCl in 1,4dioxane (4.0 M 14 nlL) was added. The reaction was
stirred at roomtenperature for 14 h. The solvent was renoved by
evaporation, and the residue taken up in EtOAc (50 nL). The organi c phase
was washe turated NaHCO3 solution (50 nL) and th 50 nl),
dried (I\/gg&&n)gglgénsg the sol vent renpoved to give 0.66 g ( Eeﬁ@% o%&a cl ear
oil. This material was dissolved in CHzZC12 {20 nl). Pyr|d| ne (0.17 nm., 2.08
mol )} wesoaddeder reduded iressyre tecdiveoin2 st awobtheld tetamof®ous solid. This material

5- Vet Ml s 3BAEk G BoCBIARMly1 YA Bad e BlcBur i Fined P TRJnllensol ved in 2

mL of was added, an reaction warne roomtenperature over 1
h. The dethybht{Bewb-(4 Mﬁ@bh(ﬁf G@»c%yroamat@ Akoveds affard eyl 3-(Basel-oy(t£. | ash

col unMm gl 1068} Qqamm@iﬁr -B%;) Fbp@mﬁfcetd‘b‘}@melcﬁfas §wﬁlte1-zgr{ o%%daexanes The

(5" nethylisoxazol e-3'-ca -L-Val - O L- (4-F-Phe) - product was
obt ai nel® @m~10.19%5, §5Q73 5248 blfﬂa Ré%ﬁ%@ﬁm%b(%w» uzl RfH{Q"ZDO)( 30%

S I GRS 0 g AR Ry U (550 00
4.37- 4. B?J(Tr? 60 fps-444 9. ADeh3 |- 6QP+)‘)H>54‘1764§5931(1%}15%H)<1 18, JH15985 (nm) 1

gl),1 ;3 63t &, 14, H96)76Q$(<|7:d O, £=5.81)s), 7012@: mz:scmvaﬁ: 213({?;/29' 1H J=
Et hyl - ﬁ??kﬂﬁy@@%ﬁ%&@g 3‘H)Ca %@n&pj%bap“%(i ‘? e)-L- ((N-2, 4-Di e

t hoxybeﬁ@yﬂ);ebqﬁ)?@yﬂn@] CALAY.} - E- Propenoate 20

(s _lwbmg llaaal)(()g'él nqermed d!q %}(?Jigl\é lyili.soo-xlﬁio e—3 -car er?yl)CE}'Z-?l—ECl_F (0.b7 g,

1.55 ssol ve
Tetrakls(ybm @deyPhphb<PiriGiro)-Beirbpabioate( 0) (0. 036 g, 0.03 ntnol) was added,
and the reagijgn. d@&uaqt BAILGH-LIRR Pl . (LR R ARALne (0. 16 i

1.86 mmol) was a dr opw Se, the reaction’stir at roomtenperature
for 6 hdepTHesctasising e md%ﬁmféﬁdm theedenrgtectigrdofieHe! -3 €Boluét-Maklig)-up i n 50

rﬂal OI EL 2W-GlIHeEP m%&{e AWEN, 2 rt]w%guag‘tggdlgtevmqgglmm%ﬁxgt);vaaaﬁglmaigng -
S ut i | ueous S S
Sof et OBeR TR, Bl B A B AR Gt hEE R el coer oSt B oo e

Et OAc (d@. m.meth;mxmowtﬁbqahmarmm waghesh umton »blrslaﬂkﬁ:d( Qe fthationdr i ed
(MyS04) centra 0. whi ch crystallized
upon staﬁaaqg wamm%)or?gn tfg'rgf’%wr% dwas e%g Ioéle f)somn}‘jv Wwas  di ssol ved
in DVF (eammcy in v@ruoswrthmywé{eﬁylmmdﬁe ﬂef@l cswnmhmrw@gmpby Jeradhent eldted,

f ol | owegLay, Elrsosiiidciib@h loratbithcth Bty iR P08 FooRAR Y BAY67135

har b Sl ﬁe?%%'iy benzyl Yﬂ%@ oyrrol - A -E—bsrggen%\ge

( pr epar €th)ds@cdsthe et ¢inEEaprpreagate (0 d. G”éb@iﬁé aS Owhite gmorphoB@saidpl ). The
reaciy o St X¢] \) ) ). d and t he
reacti Ot;]k%ls )Clgﬁkaag’élé gqu\gﬁ b%\'{os'e’r‘(l")J (r%Q)téggp égurﬁg(t@ﬁé gl(ﬁsl\i\%ggggﬂvved in
vacuo. 7THR 2ridgs,dtie 2nEs2.28 (s @Hy @d 5\, BH), Bt 70Re77((30 1HL R 862213 (mheHprgdni ¢ phase

washed QQ?;&%&'{X@& %, gﬁtﬂ é@)"/%;*@a, sganUanggségdlﬁt =1§ A S S

sol ution )
( MyS04) (dnbHef T 1 28.S¢P- l&ﬁh@ﬁéi 2o 1) BOPi(di 26l 5yF- 1f)-l7ab3h7 St

f ? &rsonat PEOMINIL (oo I b =(gﬁ;‘3CﬂL21)\/((1}; mognﬁlﬂ)elg:%g ?H )I_A(n?lN
car bonyl ) -L-Val - -(4-F-Phe)-L-

2, 4-7h r’r&?%?dﬁﬁéﬁi)y‘#q{?\é) Pyrrol - Al a)}-E-propenoate (0.27 g) 72% as a white
anor pho Psem@htick of Riradude tﬂny(&%shl?gatﬁy@k{(iaaale-s* B(rKﬁi}h)—L-@z(LBd(tydlEGW) -L151 0, 1)209
cml; 1 8 3H, J 10 = 7_0), p,93 , 3H, J=17.0
1. 20 (t(hégl\ﬁb"sm%%%“’ﬂ“%%s (m 2H), 1.79-1.98 (m 2H), 2.072.24 (m 2
H. 2.44 (s E@yi--((5 3mbthy B0 t@olesd] -cakblny) I —03(+-Boty1- BN -(BMERPhESL(B-H) , 4. 09
(q 2H, £ 45-4.48 (m 1

' 510 I’('? Ep7r°&)mjt & 6%6&0%‘5‘)50}9) ‘?aa%gsé‘%d i chhep (5)'“1)?24’56(dd 1H J=
8 5, 2. Z)lﬂuﬁomﬂe‘)a@@(ﬂ(‘}mLms added7@nd(thigkeactiopjwag stirred Bt t9omAer@perat@e §9- 6. 95 (m
3H),3%w.20 (d) IH J=8.5), 7.22 (d, 1H J= 8.5), 8.08 (d, 1H, J= 8.8), 8.89
(d, 1H, J=7.4). 15 Preparation of #roduct
Et hyl - 3-{ (5" - Met hyl i soxazol e-3' -carbonyl )-L-Val-O L-(4-F-Phe)L-((S)-Pyrrol
Al a) } - E- Propenoat e
Et hyl - 3-{(5' - nmet hyl i soxazol e-3' -carbony!)-L-Val -O L-(4-F-Phe)-L-((N 2,4
di met hoxybenzyl )-(S)-Pyrrol -Al a)}-E-propenocate (Q 25 g, 0 33 nmmol) was
di ssol ved in CHC13



(6 nL). Two drops of water were added, followed by DDQ (0.10.9
The reaction was heated to 50-55C for 8 h. Upon cool i ng, go é?ﬁ??%ﬁny%%

m xture was poured into EtOAc (30 20 nlL). The organic phase was washed with
30 nL of 2:1 NaHCO3l 1IN NaOH sol ution and then brine (30 nlL), dried (MyS04))
and concentrated. The residue was subjected to flash col um chromat ogr aphy
eluting with 0-~2% MeOH CH2A 2. The et hyl -3-{(5' - met hyl i soxazol e- 3’

carbonyl)-L-Val -O L-(4-F-Phe)-L-((S)-Pyrrol-Ala)}-E-propenoate product was

obt ai ned 90% of a white anorphous solid: Rf 00

MeOH/ mc1‘g§;98f’éz?ﬁ<%r§ 16/%0 1549 25 cm 1 - 1H NVR ( DVBO- dg?’”gggé‘{"g“f (d, 3H

J=6.6)) 0.9S (d) 3H, J= 6.6), 1.20 (t, 3H, J= 7.0), 1.36-1.44 (m |H),

1 56- |sn611m(rmTh2|sblvertts Fere ter@Ped ymvadud) dnd ThegdsiducOgas snhjecdd)tp flashl®U@25 (m 1
1 r eftion, id o 443k 2 4.28-4.32 (m

1 13 j\? ﬁﬁ%rﬁzg%% Rtid 6—(2'% cﬁ'}l}m cﬁgcl(gg: aﬁfé dehll_;(T J((ﬁ'i | (

5.8), 6.56 (s,
1 H), GetEispgicpleD’ -Iehrbohyi:) L}@ (8Bur41 eyy) LEI4£MG Bhfs-l -Gim)-Edipendat@®.q8d g,-1 H) J =

5.9), 7.23 (d, 1 J =5 9) 7.5 , (6 = 8.8)) 8.92
(d, )3077"ILIY“%’E’%‘I‘S?“‘‘21‘;‘2 “ﬂﬁ'a?‘w“s(s)éﬂ kﬂ%ﬁ%ﬂ‘(o@#f&b;gﬂ ? ééq\ﬂ”“% ‘g}ﬁﬂ‘sééi’f%ger))zooz VO
292 g|@§8 BCW[)LJS%W@& ‘ﬂ.O)EKamF]DhE(rElQQH), Poepai(sawzm nf4 CormopBa ﬁl-_ s

e
byt o 24 &2 G (o e 2 R, B AT Bt md%%@ﬁ%&? Bl (5%
Pr epara‘fpém‘l@4$ﬂ(m rkﬁ&iﬁéﬂéd B E-L§ BN6.60 (s, 1H), 6.6 (dd, 1H, J= 15.8, 5.5),
2, 4-Di ggl &%ybﬁm»kﬁd ef) JPxn;eIos/&@hE (vaz)\é s of mt’/a@tda@hOﬁE) ( 1

oxybenzyl rro

S, 35S
hydr02< ifwde‘tl‘gyff}g 'éér‘*Béﬂn”é ErlleE Wﬂcwwﬁ&‘%lg”( @)%l@%}jt}'} 881 mml 1

equi v. M_ﬁﬁe@XWéia_%janQ)fUBﬁ\ e@kd sspcmdung(@meh.wﬂﬁ,xmnwecammr descri bed
i n41r0he pr egara I on o 1y|_ Ei Bgc ((N

t8r openoat e (Exanple 6). This

al dehyde was conbi ned W th NH,

3-(triphenyl -~, 5-phosphanyl i dene) -d| h¥dr of uran-2-one (prepared in a manner
anal ogous to that describe Bal net al., J. Og Chem 1971, vol. 36,
1441) (0.320 g, 0.924 Hl U5 iequl VY) CPReE i xt ure of ethyl ene gl ycol

di ret hyl ether ( 10 nL) %hd 15° m.). The reaction m xture was war ned

in a 100C oil bath for 1.5 h) allo 0 cool to 23C gqxenni ght, and then
di st e vashed: W, | (20 and brine (20 ni),
dried g&é’frﬁ\ﬁ’2§ggnt£rm%é%k6h YV?ZQOCII‘ tFrbes gi‘uervva's'»prﬁlﬁr’f d’l?'by flash col um
chr omat ograWPyL(‘QF-S’%)GPB(OI-Hi&5@-12'@Q|2W6§W1V6¢%Eﬂwrvw EHp32) to give

Boc- L- T epdred as desCri X e b ! t
as an O (15885 RBRIA B P B e, B f el Com )

3307, wPEl) wapgdded, ffP"HV Reaihes- &mb 510 gmol)s (-agipyldijmiglgzole @1 Eny02H) )
2. 02- Zn%l)(»UQs adiddd) andzhe']-(%ac%ost/a( m“ea- a“))«)}mzerrﬁérazuréﬁjr @8houks. H}he sglvgl:\lt 3.04 (m
1H), 3.15-3.27 (m) 3H) SH) 5.69 (m 1H),
6. 45y 6 AYrempyedivacyg, g t%e fS%dL(ﬂﬁbemd)‘o ﬁawowwh{qﬂatw‘w r:ar@b%w ation of
Pr oductiudod, 0S kAEHh®HI is CHAZDY €r a¥fordakNoNBod-LL4 YalPhé) L QOEE))-E- (4- F 25
Phe)-L-((S)-Pyrrol Ala)}-E-(a-Vinyl-Y-Butyrol actone)

propenoate (1.13 g, 32% yield) as a white amorphous solid: IR (cm-1) 1712, 1666, 1510,

1169; TH NMR (DMSO0-de) 8 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, 1H); LRMS (M+Na) 730.

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

25

Propcnoate
Ethyl-3-(Boc-L-(4-F-Phe)-L-(Tr-Gln))-E-propenoate was deprotected and coupled with
Boc-L—ou-(t-Butyl-Gly)-OH using the procedures described above to prepare ethyl-3-(Boc-
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- Boc-L-{(N 2, 4-Di met hoxybenzyl)-(S)-Pyrrul -Ala}-E-(oc-vinyl-ygobuiyrgkachgge)

was converted to product

2-{ (5" -net hyl i soxazol e-3' -carbonyl ) -L-Val " Y(COCH2) - L- (4-F-Phe) - L

((S)-Pyrrol Ala)}-E-(a-vinyl-y-butyrolactone) in a nmanner anal ogous to that

descri bed above for the preparation of product

et hyl -3-{(5' - met hyl i soxazol e-3' - carbonyl )-L-Val " Y(COCH2)-L 30 83 30

Oct ober 2002 WD 99157135 PCTI US99100260 |

(4- F- Phe)WpP-99/68Ys Pyrrol - Al a) } - E- propenoat e ( Exanpl e 17) PORUSIGINREY (506 CH3OH

in CH2CA 2); IR (cm 1) 3378 br, 1749, 1678 br; 1H NMR (CDC 3) s o. 84 (d, 3H,
. 8) . (&b - | 'EQt M-

2 2 29440:% %l' lg)lﬁyl ij) §|ﬂ4 Me= P@%@(T‘r \]Ei'lrégl)é‘, prcﬁr‘én((a olprﬁ)lde clhy?% (%0% gxg} m 1 H

2 77 2Buygl- éihs) -LafyE- P@)éﬁﬁg%) rRropspfate (é“‘égl%d)&aa(*mm mmhﬂysaol@ 46 (m
4 Hpt ,1537?1 Rébt)so $4:80-(2 r1 6.

6 94 7(c§§ )41736 1%6\ 1%‘@ 1 b(r& ( z?;) é Gpsf, 1Mo (i“ﬂ){ JB 749,7 > (d I h

J = 6.2p6 (SAﬁIsD 15@@:&17(m2ﬁ}¢ﬂ@©7-)28@1 FH) N79E>?ér@r9|- %14)2@85 ((Prlélpéfétﬁ),on of

Eo\r;p?Uﬁ'@ ? ELh(4 4331(455 nl\/tmwyssps@@phag %%Q@rlbpmé' 1)5t8) 636 A UL
-] - enoat e 0
N ~~~N/= quffbéflfm I4"d5 é% ﬁ? (*f‘h?é\)l 3 lacft?ét("\vvgg{)p? Bpah - 7% anal ogy to
producs. lygtxhyl(d,su{ JEB. L)nmsh(ycl 11oAad aiCagB57NU® 7F) C, H N.
gﬁgbgp g%m#at@w|lnt(3§TEilzﬁe %)thyl[3 (&$ l\)(etEylPsoxazole 9 -carbo yl) e—crlg)(?tB?x Q_Exarrpl e 9)

(5 e Gyl LL-$B K Fhe)- E-(@r-(ﬂ@l)-hDPiy)b)ndateVal ' (COCH2) - L- (4-F-Phe)-L-dn
- E- proopen 0 r = 161-162C = 0. 3Q (5%
CHBOH gl Y%‘B ﬁnjf‘) )’ég’g’é& 49%"3%5%8 IV E: W“{’%’:‘b&ﬁ%) b 0,84 (d 3H
'é) 8)13prbtect@:3ar(dd:ou;8¢¢ wuh:S-@cg\yhsox_a@@: Z((:arb@bll chijoride ﬁstg the prog8dures, 55 (m 2H) ,

1 77 1 7~— . 58
d%sgn%tm abgwct'zt;"px’lep%@ e&yll? (((_'Smnel%ms))xgzol% %al%gn)ﬁ):% og'h)lﬁu’tyl%gﬁ)zfg L&ﬁ 5 ( glr_?) )
4 18 ( &le-Bha)-LXTe=Gin)pE- prczpcs@mtowm@mhywm -mgthglsogazpe-¥ rparbpny)-L-&; 50 (dd 1

H J = r- Q744 y{eM) ada Fhite igl H J =
15. 9, é‘]*ﬁ“% Sy Fsp&?(@ ﬁggla pﬁyggnﬁfzg(‘r}hy( m)ros.l e Enfigndidonal ™ a0
For Exélﬁrtnr@é) 2635936)351% O;f g N W%ﬁ@&ﬂa%ﬂ(%lh}o &t HGH DAL 53) |

r esgjreCtx 6‘#?1#2;1)"@ f2‘§ 2%?9@51@}12% '(é‘gﬂgbf 35 Eektz'(& Ft]!-?f hds 9%3{'# PQKIH%Q%&’ those

destti bed "aboveé for conpounds HONV -H
~ CcO cﬂk‘als@)d ad-3§m.daD), 4.45.(d, 1H, ’1-,9-@ ‘bé‘i 61§é£m 12‘@0%44/@ Ydy-57135
PCTI US99 59 @23Qs, @H}stﬂdhi 18, =156, 5.5, 15.6), 6.93-6.99 (m, 2H), 7.13-7.28 (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, |H); Anal.

(C48H529Ns507F) C. H, N.

Preparation of Ethyl-3-((5’-Methylisoxazole-3’-carbonyl)-L-a-(t-Butyl-Gly)-L-(4-F-Phe)-

L-Glin)-E-Propenoate
Ethyl—3-[(5'-mcthylisoxazolc-3"-carbonyl)-L—a-(t-Butyl-Gly)—L-(4-F-Phe)-L-(Tr—

20

Gin)]-E-propenoate was deprotected using a procedure analogous to that described above for
the preparation of ethyl-3-((5’-methylisoxazole-3’-carbonyl)-L-a-(t-Butyl-Gly)-L-(4-Me-Phe)-
L-Gin)-E-propenoate to provide ethyl-3-((5’-methylisoxazole-3'-carbonyl)-L-o-(t-Butyi-Gly)-
25 L-(4-F-Phe)-L-Gln)-E-propenoate (80% yield) as a white amorphous solid: IR (cm~1) 1653,
1543, 1223; 1H NMR (DMSO-de) & 0.88 (s, SH), 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 (d, |H, 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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H O N~~ ~ COZCHZCH3 (A-is) ONH2 OHON N ~ N ~ COZCHZCN- (A
ONHZ 10 OHONN~N~CO]CHZCH3HOHi F (A-17) O NHy OH%%QOW’TH?#?%
~D~ (A 18) ONNZ 020 NNV 'N/ COZCHZCHa NH H O (A-19) ONH2 OHON N ~ N
~ C02CHZCH3 25 0 ~ HOy (A-20) 30 85 30 October 2002 WD 99/ 57t 35

PCT/ US99100Z60 O NHZ O H O ~N~N N~N ~ COzCHZCH3 L.. NH H O\ cF, coort ~
(A-21) 50N OHO/ t NNY'N ~ COZCHZCH- H'N H Oi (A-za) IO O NHZ O -~
ON~ -H ~ COyCHzCH3 S O (A-23)

WO 99/57135 PCT/US99/00260
1 (m,2H), 7.69 (d, 1H,J=9.6), 8.16 (d, 1H, J=8.1), 8.44 (d, 1H, J = 8.1); Anal.
(C29H38NsO7F) C, H, N.

Example 6 - Preparation of Compound A-5: Ethvi-3-{(5’-Methvlisoxazole-3’-carbonyl)- .
L-Val-L-(4-F-Phe)-L-((S)-Pyrroi-4{a)}-E-Propenoate

O N
5
[o] H [s)
N
\(\,)LN \;)LN PN C0,CH,CHy

f
o-N

F (A-5)
Preparation of Intermediate (45)-4-(2’-Carboxyethyl)-2,2-dimethyloxazolidine-3-
carboxylic Acid fert-Butyl Ester

10 Sodium hydroxide (27 mL of a 4.0 M solution in H20, 108 mmol, 3.0 equiv.) was

added to a solution of (45)-4-(2-methoxycarbonylethyl)-2.2-dimethyl-oxazolidine-3-carboxylic

acid rert-butyl ester (prepared as described in Chida et al., J. Chem. Soc., Chem. Commun

1992, 1064) (10.5 g, 36.5 mmol, I equiv.) in CH30H (150 mL), and the resulting cloudy

reaction mixture was stirred at 23°C for 3.5 h. The mixture was concentrated under reduced

15 Ppressure to ~30 mL volume, and then was partitioned between 0.5 M HCI (150 mL) and EtOAc
(2 x 150 mL). The combined organic layers were dried over MgSOg4 and were gravity filtered.
The filtrate was concentrated under reduced pressure and the residue dried under vacuum, to
afford (45)-4-(2'-carboxyethyl)-2,2-dimethyloxazolidine-3-carboxylic acid ters-butyl ester
(10.0 g, 100% crude yield). This material was used without further purification: |H NMR
(CDCIl3, mixture of rotamers) 8 1.49 (s), 1.57 (s), 1.60 (s), 1.84-2.05 (m), 2.39-2.41 (m), 3.71-

20 3.74 (m), 3.91-4.05 (m).

Preparation of Intermediate (45,4’°5)-4-{3"-(4""-Benzyl-2'’-0x0-0xazolidin-3''-yl)-3’-
axopropyl}-2,2-dimethyloxazolidine-3-carboxylic Acid ferr-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-

75 dimethyloxazolidine-3-carboxylic acid rers-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 HC1 (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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‘Exanpl e. 31 - Preparation of Conparison Conpound #2:
Et hyl - 3- (Cbz- L- Leu- L-Phe-L15 d n)-E-Propenoate O NH= O 1 H O3O-BeibbeN 2002
CO GH=CH~ ,, (Conparison Conpound #2) 20 Preparation of Internediate
[ Boc-L-(Tr-G n)~-N(Owe) M |sobutyl chloroformate (4.77 nL, 36.8 mmol, 1.0
equiv.) was added to a solution of N a-Boc-y-trityl-L-glutamne ( 18.7 g,
36.7 mmol ) 1 equiv.) and 4-net hyl norpholine (8.08 n., 73.5 nrnol) 2.0
equiv.) in CH2Cl12 (250 nlL) at OC. The reaction mxture was stirred at 0C
for 20 m Rup egs7izand then N, O di net hyl hydr oxyl am ne hydr pethusysiodme( 3. 0 g,
36.7 mmol, 1.0 equiv.) was added. The resulting solution was stirred at 0C
for 20 m nut es and at 23C for 2 25 hours, and then was pariitioned between
wat dr MBSO 4 ety ffpred-oThefilgrarg was ??E?‘:““?‘ﬁ%“?ft?ﬁfﬁdﬁ‘é’d PEFF{)%‘F@ hayers were.
glrl eﬁ EBéﬂGeNa@ meaegdﬂmrcﬁmﬁmﬁ@ﬂwo@;aggy (3tewmtb|28@& bc%?/neﬁ tolghR I esi cEll;J(e.)A bg/

as u i on o hexanes in c
pr OVi dz 4{%88& ?‘{Fﬂ{,ﬁgﬂaz}o K’f("d%é‘ﬁ%ﬂ Eﬁldﬁgg jpxagegyth % ‘a white foam IR (cm1)
341| didréeth lm&imlﬁodarboxﬂlmid r&rt-b‘ut%e(' @Dﬁlg? Si%g‘asla%a)r&%mlgjlw(am 1.63-1.77

I—%4 Zv 06- 2. 17 m | , 30 86 30 Cctober 2002 WD 99157135

PCTlsusé WE26763.11 694: 4L HMRICOR!3, mwres’fwam@s)%HO(sBléa(sosl 636, 4.73 (s)
R TAEAL §24’ﬂ6((lﬁnJJ-H)5) 9% 2000, é%xn()g 3 (9363 (R FEBD) © H) N

Prepar ation I'nt er medi at € oc- L- al"um num hydrl de

(50.5 B H¥7 @d1«'5919/| 56k 6967 (), f‘&Pd&dém)? Z i\ Alzal CagldsaN206das” added
to a sl gtivon of {Boc-L-(Tr-Adn)}- N(OVE)IVE (16.1 g, 30.3 nunol, 1 equiv.) 5

in THF at -78C, and th tion.mMxture was stirred at -78C for 4 h.
Met hanSFel’(aEatfﬁ_")° iﬁﬁ"fe a‘nﬁé“s{ 54 ry#_)&me'?eé‘z%{(fde‘a“’s'ﬁ‘&f@ﬂﬂeaﬁ I'y, and the
m Xt ur eankasyvaemed-chgl}-2 2climethy loxealidine 3gcas bioyytin AcidrerwBatyd Bkt ed wi t h Et 20

(15(b i) anﬂ&%ﬁ N\@ﬁ?.gg‘owétt{k l(%_ szl(_tq" g))go 2&991 1{73')’ I’!!a-lo oprgﬁé’lﬂ{ %Ed NaHCO3

(100 m), wat er ani c ayer vvas S04,

filt er dimethyiekapglislinechesshmcylig asi fers-buwylestes ik, {lésécmuol( rrmum ypfHy (13.8 g,

(92/%' %QSOém? ZoﬁyatdeecsteIalsdluumg%ﬁicﬂ.%tilsaxﬂﬁifthyﬁl;(ls‘amu%e)(léglﬁt of3a61907M 14243112H5T|VR
() T . o m

(m zmoluawn‘l“%ﬂﬁg@ﬂoﬁﬁwug 38t 'ég]ﬂbe i"ﬁ%"'“&ar‘—é 5“‘*%‘?“1?8 Ecs ,Thifﬁ%)"'m"? 16-7. 36

(m  15mjixtufd WS s(ised fbr B muPﬁteMCaandanenmﬂlyl indide (et ral.,el9.8 mmol, 3.0

Et hyl %qﬁgggﬁ% Jd%r %r s}lrr Qtﬂgtgb(?lgltﬁh §O?| °'énB\Q|resd(:tﬁJn r{iﬁzupé/\lv%l |yl }am de (22.9

ution’in was added to a
soI ut| @wﬂmmftdrﬁte‘i5h9lf°rp?i'?b§¥fﬁbﬁb‘dése‘taét“@m{d5bewega2 nigtusefhalfatgragedui v. ) in 15

THE (261480 hnd@%% NE8520 Ao Fnﬁ?aﬁcﬁﬁ“iHlﬂ&e%@blﬁA@dﬁdW@e&n&t(&&rﬁd of19r 20 mnutes
at that tenperature. Crude {Boc-L-(Tr-@ n%}% (10.8 g, 22.9 nmol, 1 equiv.)

i n THF Thsgombined piganiiaesds wra“@émﬂm"a H28Hd09 p). rdéva%?vreaﬁﬂg'%f)ﬂtwe was stirred

for 2 £ fiftkred. 7§@ ﬁl‘l’@(@ mgcan@er@&eﬁQﬁdelpedméat&@me aldndRtilid waned bet ween
0.5 M 150 2 x 150 nL). The

1 m xt Et
comnbi né’H“@?cb‘é"n‘il"{ka F%{V‘é‘fl §h“\%‘f“8gr6?tfye(§5°d\ﬁéﬁf)’\f\lﬁ%6%“’§?ﬁﬂl pﬁﬁéﬁa‘ié?bﬁ’g‘gén@e%t rated.
Pur 6 i qat-(mnb@fzyltmEome@daehlﬁuby ’f—daﬂﬁ:hqu:—ﬁétumemr QMrﬂghjamkayol(dm;% EtOAC in

hexanes) provi ded e ) (10.9 8% as a
whi L6 FBRRIFRCCArT BRIP4 TP 5579 1 o FeOR 35 Vv D 7 (R0 St
1.42 (slg be& (deiQ nlmt?& c(m?)tarikhl);))s 11433@) 1.496Gs)( rr&s ilkb (m)22 352(4t7 (m? BL493— 7. 0)
418(%76 %‘ 1H), 4.82-4 I-(? 88 (dd, 1 H,
J = 15.%67 (1n)63) 32 @dv i, 3 li 4—99-?}97-(":054 F1-43189) 4é5§¥274((§‘) 51 13 frﬂ)19 7.34 (m
15H); Asred-5.8§ m)swaqm@@o @G nali(CIH36N206) C, H, N.
25 Preparation of Intermediate (15,35)-{3((1°-(2",4’'-Dimethoxybenzyl)-2’-oxa-pyrrolidin-
3’-yI)-1-hydroxymethylpropyl}-carbamic Acid fert-Butyl Ester
Ozone was bubbled through a solution of (2'5,45,4"'5)-4-(2'-(4""-benzyl-2"'-oxo0-
oxazolidine-3'’-carbonyl)-pent-4’-enyl)-2,2-dimethyloxazolidine-3-carboxylic acid ters-butyl
ester (4.29 g, 9.08 mmol, | equiv.) in CH2Cl2 (200 mL) and CH30H (0.735 ml., 18.1 mmol,

2.0 equiv.) at -78°C uatil a blue color persisted. The reaction mixture was then purged with
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25 Preparatioa of Internediate

Et hyl - 3-{ Cbz- L- Leu- L-Phe-L-(Tr-d n)}-E-Propenoate A sol uti o%0 dPcHigber 2002
1,4-dioxane (4.0 M 20 nL), was added to a sol ution of

et hyl -3{Boc-L-(Tr-G@n)}-E-propenoate (1.00 g, 1.84 mmol, 1 equiv.) in the
sane solvent {20 nL) at 23C. After 3 hours, the volatiles were renoved
under reduced pressure. The residue was dissolved in CHCl12 (50 nL) and
Cbz-L-Leu-L-Phe-OH (0.759 g, 1.84 mmol, 1.0 equiv.), 30 87 30 Cct ober
2002 WO 9 CT/ US99/ 00260 1 HOBt (0.373 g, 2.76 uiv.))
4- et hyl rm%é%%’?‘lﬁng (0.809 nL. 7.36 mtol. 4.0 equiv.), an T/I‘E%%%(OS& 29 g,
2.76 mol, 1.5 equiv.) were added sequentl ally. The reaction m xture was
stir i echrgn WELit beramegoledesss Metmibsuifile (6. 6L pik-& inmpb e equbel wrsaddedat er (1 50

M)  anOnhER§RGre (whs StirkddQit MgYC fof RS mmﬁmlmxg@rm o°d RY & Mdweha 191 i ed over
Na2S04 and we,re co entratedt F] ash o(gﬁ] E%‘%hlc ur|f| t|on gf t he
r esi due{SRPHLUSBIRE I eI ByUEC AT YEP % fire of BXOAC an

Cbz-L- L&btmles ?h;ezhe foly, 1 dﬁ)n}nne&on’@ﬁxﬁ@B.?@ﬁtv&e@n&d a!ar BlgS83%d gavigy Whi te sol i d:

= 192-194C, cm 1) 3295, 1696, ,1678, 1655, 1519 1H NVR (CDCl 3) S
gp 84 (dﬁlteﬁ:‘l '1319. 11 %)vas n%trftad u:glﬂ' rcﬁu;c%prgﬁsurclamﬁﬁle iesg]?e NGl mtrp,ﬁdlate_ly 28 (t,
3H, J Tutilized Withd@n furthE gurificdidp, 1. 91 2. 06 , 2.20-2.38 (m 2H)

2.93-3.02 2H, J =
Ty s dredoileredpdad il 49 m@ngféf@én d Bl falfogh, 20 1
(d, 1 Hendi2,Hdignethoxyi®nzylgnigehydgechlpridg (750 j mynol, @, Oeagm(vdolsodmmee@te— 15 7,

|53 1d) t"éé%h % 16.3 nndia.0 w)mﬁrbaphhmm(c%bﬁgﬁ»gﬁ@zh 1G~,|rk1hLm<JPr2Qp u?\lton of g

r oduc e n)-E-Pro oacetic aci
P el Tht b tresu e sorebor DA § oAt b SLoscet ¢ a

- E- Qipopeemixixined petdeditd. yM HCUG0Gmib) and Et@4u(2x J00anid). {The reopnaipyesid ane (1. 53
m., 7. 44 {W@Jm wasf) mm A/aif)saeurate@#%ﬁc%3((8&> Ah), aflg gé&a%@mdm ng a bright
yeIIows% ut eh reaction mxture was stirred Tor 20 m nutes at 23C,
during vdmwhratqdmedqrtredye@alms'ggl Birel residyie W@s pisond threngheacthbo silideedl 20umh) was

added, ura%bﬁth\é@%aﬁtblA%SmM@( n{@weﬁcuaﬂ&w@due%am@w&ﬂ) 2T|3£‘n reS'due

vvastrl ed with and the resulting white solid

col | ect BATBYing L oimahy % ‘iif“i"ﬁ‘ﬁ‘ -OXRERlEg- 3G e Agid (4 - RUTEIPSISE ) | and a| r-dried
t 0 af f ocdhidihsttd Bith @Ghg-)d-tean D-dRE@lillinGlen) - E- propenoate (0.717 g, 81%: np =

5 526 b T e wad ity BRIy oy HOBMBG RYRS 4164,% ©- 27 10
2H) 1. oL, (52D guiv.twaslpddetl. TB@redciBDmpxtyre Heh heald 025@COMd(rms ndHgain 84 (dd) 1

( q, J‘tﬁgat _}éw%}aturg fc%'a ilgdAﬁe']r ck!)hng To 2133C 21?6 éagl)on m?ixtgx% w%s QJ]SC&mat%4H% d) 4'1 I(-l 1J

= 12. 3 )mdesredncefi@msa"rﬂo ?Omli‘solwc aﬂd “@9%&6"“6‘1 bwew ha‘ffstug*te% 4)) 6.76 (s,
1 H), 7NABEO33750(ML) dnli aH) ) mkuddof Cha(ln H)d GHFOH (B) 15009 The ;::orihbxh’t:d J = 8. t
) 332%039%3@? oS 3 e PSE B S e 0BT ‘(E:%?ﬁ‘bl"é“é‘f Puw?aa? ation of
Conpar i gpihe R1HAO YR HashTolulinhyiomatdy bRy (39Mati3bH RheHACIE MordedRIO8REALt e 5 10

(1'-(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; 1H NMR (CDCl3) & 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. (C21H32N206)

C,H,N.
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1520 25 ONHZ O'" HOO-HN _H ~ COZCHZCH3 O (Conpari son Conpound #3
Preparati on of Internediate Ethyl- *{BOC L- Phe-L- (Tr-d n) } -3 Bopdriat
solution of HO in 1, 4-dioxane (4.0 10 nmL) was added to a solution of
et hyl - 3{ Boc-L-(Tr-G n) } - E- propenoat e (prepared as described in Exanple 31,
3.05 g, 5.62 nmol, 1 equiv.) in the sane solvent (20 nL) at 23C. After 3
hours, the volatiles were renoved under reduced pressure. The residue was
di ssolved in CH2C12 (50 nL}, and Boc-L-Phe-OH (1.49 g, 5.62 nvnol, 1.0
equiv.), { 11 g, 6.74 mol, 1.2 equiv.)) 4-nethyl ' (1.85
m., 16.8 rrrmgg;sg’g equiv.) and EDC (1.29 g, 6.73 mmol, r%&gg%{/@ wer e
added sequentially. The reaction m xture was stirred at 23C for 18 hours)
and whs Rrieparafien of Inteymediatsdithdn{Baaile@V{2,4 Bdnethxybimsey Bt (AL r¢dl-4a]) 50 i) .
The conby. pe&{,egg,g@nl c layers were dried over Na2504 and were concentrated.
Fl ash chromat o C pur| f| catl on of the residue (gradient elution,

40- >50% Et OA(P’Y? EPe& ta]uw was added dropwise toa -78°C solution of .

et hyl - 3-dxB@tcHlorflago. L66(ril't. 1Gbon9u}mlE}peqlpepmauegqli(1ﬂnLg TRd Péactidh ndxtokdi t € f oam

IR (cm 3306, 1706, 1661: |H , 3 ,,8,1..29 3H, J=7.2), 1.38 (s,
d\zéasf“"?‘%d 30ping fthen alsglé%"ffg@%(é’%%c‘mz, b -dimeth 2‘7‘”(‘%?3‘) Zigo- 27 94- 3. 0l
( m 2 )pyﬂmﬁdm4 -2B-1{hydro3}hsthyletdB} 4arb@nif ngid lerdHhutyl&sth50(538 ghir27 rambl, ) 5. 64 (d,

( eﬁﬁﬁ_ﬁ%)m Cﬁz@l% %( jij%wla_!l addéd \ﬁa Jan)nrla QF@%‘E quI%ﬂt}é%_l’e&cllop'vg‘Nel éfé 4), 6.80

reparation
of I nt er etz 20animg hwhmeﬁl@tﬁ—Oﬁm‘VaV 60 mpiob-6leq@iVy wab pdded Bropwopendtdtec A

sol uti Onre&fuomlmtht@ w:]as xr%@&qrfﬂ\ (Acefic Mid & m}nﬂ’\@§7md6 é chu"i’v )Swg%su'[ i on of
et hyl - 3{ Boc- L-Phe-L-(Tr-d n)}-E-propenoate_(Q.296 g 1 equiv.)

in the sfed 'S“i‘ﬂ Q)%FFPC‘(‘TO‘“WEV Vi warped to\pGafor §"H’bu‘|h§“ “FFé‘ With M{BE&200er e
renoygd mDpkei waslihdceth wate Ssatifaged NEBEE (030 sidchitine (@ESmU esay| 'Mﬁd)rgaﬂlc@h&@]-z ( 10

m.), and then Cbz 0.108 0,430 mpl ,, 1.0 HOBt (0.070
g, 0.518"fed °YL°’?L %%/‘ﬁ‘i ?f‘gé"'gc&“‘ﬁ"é‘idﬁgk’??ﬁ}dﬁﬁﬁlcf‘ﬁié atdﬁ‘.‘h”i&zs °am1(2’é§6 frol, 3.0
equi v.) qiagk.)Fvkick Gach@8d githdht hilerPimticatidn.2 equiv.) were added sequentl ally.

The reaction e Cfar r
partitioned bsgfh\}\’/’epetﬁseem"feﬁ’?'? l{léfﬂjéjﬁ_ @23 mg‘(gj %AOCM(SQR’?jmlﬁ&qﬂf) L7g"I“H’é\qlatinbl ned
or gani ¢ daaiveresadded telz $€é'dloovévlcma12$©¢hamcmc@23@rﬂ9 1.233@ndict odver) 2002 WO

991 57135,RGH ( ugsg&g Q026Q I LRORSN Bﬁqon &L@aﬁe@hﬁemqumm&&p&mcfl cation
of the residue a{;iﬁ CH30H in CH2C12) afford

et hyl - 3- Thessude adshyde (pspparqd 2bgye, P4 8. 123 ﬁ?’B‘Heh‘d’é‘t"e) ipdHFA BL) yovpddes 4 white
sol i d: nyia canb 05 ab8E G sidao(mmda;moaxss@el 88 reddiéh mirtide MVRs{(rEBEH3s 8 0. 69 (d,

3H T gt A 530? & ’tog“'é)fgr]'gmgx gﬁé &n@%ﬁjetg@@’o 5315131,481-1(%@FL}N§§1}1 54 (m6)

: | o (M&BEﬁHSOJnIa Fhecambinsd pyganig lagars yrepsiriedpver MgSOagndwerr (g, 2H, J =
g gé (d. &)%cc‘}ﬂét%d(mnﬁ?ckhon &t?ﬁ?csﬁcﬁlxc b}ﬂla_aivh c‘glumn ch%'rrgi)o)graéhj?&O(/dEtOJ&ckh ‘; ;)1 . 0),

1 (d
6. 6329. 7‘?’"6“?1“?) Pzpwdedf‘*ydr-"?(B&eL((Fﬁ’ 226’|qrethma$nzy @a’m&l\é@%}y%wpwoam
Pr epar at {036 @f 612%)0d HQ&hnE?JM \'ﬁ- csd% \éﬁbAé—m@'@f‘anles‘)fith)cmE‘) BE@penat e
Trifl uoroacetic acid (5 S edtoasolutlono
et hyl - 3- {@lemmccu:@me& L2&0, 3(Hrr1r—ca D) b4HEspHYpeivare (hRHEBIZ2.09 (229 Mol .

1 equiv M SOPP i iy.) in
CH2C12 (i%)agq)lt23|4 g{) 9%255 ”éf %f’é)?ﬁﬂ}m 2]"1) dTgD(l,lpr 8(41'%%1 )rl—éactl on
m xture %@k 4§t714r40dd1,11k§) 42@)(31?“) sa@ (<23B,Jdtﬂrlb PP S, d L, ¥ F18.61 1.6)bedbne

col or | esg4s GArMpNes selaaaghlarisdes b 90?17)13 S1a@fdash (&R ghatiides were
r eno\asd undg;? jr;igduceédj pressure. T%e resi e }\?\[fas trgctazgraérg%)‘{/‘mth }Et)ZO (20
m.), andCtHeNresulting white solid was collected by vacuum filtration,

washed wetdpaEltdd omtzrm.mtmyﬁ@qsed L-@lriEg) lQ(ﬁf2f@ﬁﬂn§ﬁMbe&%§: ?d IR
. ec

(Cbz-L-Val -L-P E- propenoate (0.094

(cm1) %’2’6‘5" Pﬁe%&’“*‘fé%': 1 H NVR (DVSO-d6) b 0. 73 (d, 6H J =6.9), 1.21
(t, 3H, J = 7T makrifOval prépar¢difror? Elhyl-3- {BG3E- [(N-m}d(nmthokytlrd)x)y12(59}3yr201€)8 (m
2H), 2.8 ) " (

3 79-3 8%10?}1@ pr(lrpeklaalejanﬁ B%g L6§4 F8Pl§:3 Ol—gus%g %p?&zd%r%_tﬂmdrlo lga"t')'dgcr jd%%lr 51-4. 56
(m I130H), 499(d | H J:125) 5.06 (d, I H J =1 25) 5.61 (d, 1 H,
J =15.5)) 6.67 (dd, 1 H J = 15.5,585.5), 6.76 20 (s) 1 H, 7.13-7.36 (m
12H), 8.06 (d, 2H) J=8.1); Anal. (C31 H4pN40O7) C. H, N Exanple 33 -
Preparati on of Compound (A-24): Ethyl-3-~Cbz-L-Leu-L-Phe-L- ((S)

Pyrrol - Al al |l - E-Propenocate H O N 25 ~ H~ ~



O-H NY "H -~ COZCHzZCH~ O (A-24) 30 90 30 October 2002 WO 99/57135

PCT/ US99/ 00260 1 Preparation of |Internediate Ethyl-3-{Chz- L3PcQCLPBRE- EOPEN
2, 4- Di met hoxybenzyl ~(S) P,~rro Ala)}-E-Propenoate A solution of HOJ in
1,4-dioxane (4.0 M 4 nL) was added to a solution of ethyl-3{Boc-L-((N

2, 4- di met hoxybenzyl )-(S) pyrrol-Ala)}-E-propenoate (prepared as descri bed
in Exanple 6) (0.139 g, 0.292 mml, | equiv.) in 1,4-dioxane (4 nL). After
stirring 1.5 h, the volatiles were evaporated to give the crude am ne salt,
whi ch was u i.thout purification. This amne salt was diSs n
CH2d 2 (7 Y ARt hen Cbz-L- Leu- L- Phe- OH (0. 156 g, O. 578 rrrmlgyl%ﬁd

equi v.), 4-nethylnorpholine (0.128 nm., 1.16 nmmol, 4 equiv.), HOBt (0.067 g,
0. 50 nimothe piepdradoupfetyl-31{HoEDCH-M3- R)@BLgTr—GlnBEE mm#qoatt (Bxagple 4)abover e added

sequenti gl | lrning. 1§ L ured into
bri ne (1§f n1¥_))34gg(}fﬁfb(§ex‘f‘rhagatq e%’qﬂ't?rﬁ ! %%tgcﬁ%ﬁ%g %—EW@ 9\,@?% The
conbi ned 3Hr gami2y, 1ptsds o) vietlel .6l (ne dHH U 18- INOABO 4Hp A @6 \2a oy, 28 d.99 IR, | fication

of the 15 Ut ve £} 83 fiolmon. ol aaRbAaraR, SAPYEOMD sRIRsRACS)

provi ded et

2 4- di ﬁﬁék‘y-ﬁéhiyl@%)syiwvr%ﬁﬁ‘hﬂ(“E-ZHP opénott @ 1H). 558 (&, 1170%) as a foam
H NIVR 1 EBEAB-6847 0B ZHS) 692 (t(dﬂHGHlsﬁ,sZsS d43-6 $Hm, 37), 7.09)7. 173(1146}1') 68 (M

SH) 1 7§9%A§6H§” ?“r%l}%%;“}%z‘@"}g 'I(!n% 3.79 ?s023(ﬁ§ 411 T? Z]q,_ 2H- 3_576)2)

4 2015 4 Pgépatdtion SHinterfhedite £etb3{Bac-I2WAIL-U-BPh§-19QVE A Dilnetdoxybenh-gd) 1 H J
= 12.3), 'QAlé)?ﬁlzleré J =12.3), S.36 (d, 1 H J=7.8)) 582 (dd, 1 H J
= 15.6, 172870745 0PA0*Em 2H), 6.72 (dd, 1 H J = 15.6, 5.3), 6.88 (d,
1H, J= 8.7), Thiggoriphund whi propered foym ethyl-BBpe 24 (FPheBi)((N-2.429- 7. 37 {m ~H),
8.09 (¢, d;]mé'inox}benzﬁ @aPyPﬂbﬁEﬁf R)Be&fitc%ﬁ@g&cﬁ Val-OH usmgasxmllar

Et hyl - 3- { Cbz- L- eu- - E- Propeuoat e

Et hyl - 3- PEs%dure E’ébatﬂ'ssréﬂa"'dﬁb‘( r Pr&?"r‘f’é‘PHBQ)%ﬁz@Pﬁ Ly Lpgfﬁ%w),ﬁra)} E

propenoatg, é:%ale’i@xﬂnpl@#%%'(m%w&uMh):xa@a@sq IRIER BFR4C e isupdARY). nitrate
(0.277 q, 8 , 2,57equiv.) were combined in a mxture of THF/ water
2:1 (3 rrﬂ)343adﬂr$MRr(C@d51328Wcﬁ]r($ 3HTHe 6r83,dc7i (B Hyi/xtad)el . 2aS, Jpuretl)i nto bri ne

r gan o) prade SR £F7 B e eE iR e dps el OB ZY 88501 ¢ e
resi due I69d, iHadh 1361 L83 &FB Sin.GaDab#/(s(BPatisBist 310) HPT-605 (- HHYE.CH3OH 25 i n

CH2C12 vyl i3 y 8 t
(0. 059)9@217409%@2% ¥ r}ﬁQb-Zm 3)%&3&3@@ 1%(@@{& 14%')34)96415%312)(n?ﬁ1en<6)a)e

1.28 (t, ‘%S/Qﬁidﬂ*é)’ ?L7>3§7?L(d85“%rﬁ ‘érﬁé”i%‘é 65248 E'%H 6Jfyfdd, 3Hos=2 20 (m
1H), 2.2153, 38) 6179-6188Hn, 313), 022-3.223m( 3H), 2B (d, BH 2= 398 AnkIMCI3HEIFNyCig) - 4. 20
(m 11-1) 8 (q) 2H, J= 7.2), 4.47-4.58 (m 1H), 4.81-4.89 (m 1 H),
5.0S (d, C1 "J=12.1), 5.12 (d, 1 H J =12.1), S.26 (d, 1 H J =8.1),
5. 78 { dd,Pripsdaticn of InFrinedi3® Biyl-3- 39 -Methpliox 22309 -Wd 089N 3-7Y 85 REFNS99100Z60

1 1.2 1 7.13-7.25 6H)
1L 170 3@*1:%)""14((@\/-234 bbmetlﬁerEenQﬂ S)]Pval-)lITz)} éP?ope%oﬁla o= eR’ar atl(z)nn 01|‘_|)

Conuound (A Zﬁ‘s CEE‘H?H“dSVaiEﬂSE“T_ e‘EYlF%éBQS l(t@rL f—‘" W’PE?TL KV2d4-- E- Pr onenoat e
H O N 5 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 CH2CI2); IR
(cm-1) 3284, 1717, 1650; 1H NMR (CDCI3) § 0.97 (d, 3H, J = 6.8), 1.01 (d, 3H, J = 6.8), 1.28
(t,3H,J=17.2), 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=7.2),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,

25
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O~0O1l \ OH ~~ ~ CO-CH2CH~ p I\ (A-25) Preparation of Internediate

Et hyl - 3-{ Cbz- L- Val - L- Phe- L- (( N 2, 4- Di net hoxybenzyl ) - ( S) Pyr B8] October 2002
Al a)}-E-Propenoate 10 In a manner anal ogous to that used for the conversion
of ethyl-3-{Hoc-L-(Tr-A n)}-Epropenoate to

et hyl - 3-{Cbz- L-Leu-L-Phe-L-(Tr-A n)}-E-propenoate described in Exanple 31,
et hyl - 3-{Boc-L- ((N 2, 4-di net hoxybenzyl)-(S)-Pyrrol -Al a)}-E-propenoate
(prepared as in Exanple 33) was coupled with Cbz-L-Val -L-Phe-OH to afford
et hyl - 3-{ Chzs dorsyds - L- Phe- L PCT/US99/00260

((N-2, 4-di net hoxybenzyl) ( S) Pyrrol Ala)} E—propenoate IR (cm1 ) 3288,

| 699, 1652; 1 H 15 76( 13 8), 95 (d) 3H, J=
6.5),1 1528 6(§06§’Hm521*) 9 (d, 4l 4’8913)eb‘kM7§IH)3H)17WC'1”$4!=(W) $-3@(d,

1. 95- 2. 301, 6. 8HAnal ICOJHL gt 0d4d, SHHOF C3HAN. 5 ) 3.09-3.25 (m 3H), 3.78 (s,
3H), 3.80 = 7.2 d, 1H) J=
12? 2)) A’rgsasratu&;))f Prﬁodlicth)thyjf 3 &53 l\gelF%llSO)iazHe BJ%arblonyl_l) %)-Valsz F Ihgthm 1H)H),
S. 08 (d,((S)-PkroBAta)tR-Propenodtel4 (d, 1 H, J = 12.1), 5.39 (d, 1H J =8.1),
>80 (40, 1hy dipchofor chyPhu S Rt 2, Mgy 15.6,
5.3))56.81 (é‘ga’s‘” ore 32 A fiphacids "yssl‘?\g"i(’“%gs‘wg Pn" 8 11
(d, IH Zﬁ—dlmeglpxmﬁaﬂ) (S)zeyf(@ﬁ% @WO@( ﬂﬁw Prieparlal ponv- bfwarﬂarb?duct

Et hyl - 3- d{régay,ahd tmb(b-lﬁ’lng d,45(x(n$}wu3w ety Al )rdriReProop aRA@INEn Alowiearensi on of

et hyl - 3- . .

2, 4 di ms° ?(?b °§/%’ n‘f"‘lpifa"(“?)“ Byt Y gll‘}&lf%" fonEmixtuge WAL lid ith SR G2 (99 242 mol ) 1
?qw V. ) ,an®D¥ekHe® withk 201 mﬁmﬂa.oﬁwmﬂitc(;l Mam:agﬁmuv NNamg(mher le(hsoegzagia?) |g E:HC13
4 m) s stirre 23C, an S then med. to r ux or

After cdOrEREsgue ‘f?ﬁcéH&g%bﬂﬁ?%ewtf‘gﬁd‘fgcﬁ)‘mW?'(S‘B&CSWHT)PY S‘H‘ hgolugni v. ) was
addedly aRfbniatfrdph wacﬂeﬁe@summ Aoy i d1picidh daivedgh i shesr_evapor at ed.

Purification of the residue fl ash col um chronmat ography (gradi ent

el uti on)m?hyJEQ%Z@FGOFFrP‘?PyQF[PZE‘,P@) (¥ -8YdedSswrmght () -Empreroate0dA &l . whi ch

di ss@h, 12,7 o= 1 2 x 30
My and BrPee" BT PR Pran A oo aven eI AR RO T8

resi due twaamstusss bg lHrNPERZODChlB ol )d, BHY J 20.8iiomat(@esSH, ard. Hhe2se) 3H] was

collected by filtragtion an ri.ed ober 2002 WO 991 57135
P CTNSO0N 050 | S B dAred By b 4228 tm, 21025423503, 15 295
et hyl s 3-3HChz=A9)\Vab} (ddPhig- = (X Bp- lwrnzc(ad AHaY ¥ 1 ESprpepeaste i RH)6A18, 35% as

a an off t I 295 649 1H
a coéf‘%“e’&ﬁ@g ?4(&2’1?3111 ﬂ?% Q%? Bsi?&“ %Hﬁﬂﬂ(ﬁj_ éﬁ Lolgg)lﬂgﬂf
LGt 56 1 | 5,500 (¢ 1RG4 17 {0219 2 (39,05 3= 15.6( 3, 68 ' 2. 26 2. 38
' g m2113|'|}64943(n03516 A0t 4, Hi, JE59.037. gx -7, ?géa 82142)71:% (g?m é{le;))(ﬂ%tdeSH?] _674)23

4. 45- 4. 27 m‘a‘ @CH%%%C%%H(%F’T] 1H) 5.07 (d, 1H)J= 12q1) S.13 (d. 1H,J=
12.1)) SEﬁguﬂé_ij llrdﬂarahoﬁ 0$CBm))pmfd X-6: fdd]-31(5HMedhvtisdaz@p-3Lcadbond)-04 (s, 1

H), ), 6.9S (d, 1H, J=9.0), 7.14-7.27 (m
LH, J— 7. 2) Anal . (C33H42N4~7) C- H) N.

Exanpl e 35 ) Preparat i on of Corrpound (&
Et hyl - 3- ~Cbz- L- Leu- L- Phe- L- (q( 0 P| pe Ata)l E- Propenoate HN OO H O W

O-HN fJ ~ CzCHCH- O 1 A— Preparation of Product

Et hyl - 3-{Cbz-L- Lcu-L-P /L ( ,'$) NAI }CCEC'PP'd)penoate (t S,3'9-{2-(
t'-(2",4"-D et hoxybenzyP)’ 2" - 0X%d i di n-3"' -yl)-1-hydroxy

met hyl et hyl }-carbamc acid tert- buty ter (prepared a%A_%?scri bed in
Exam5e 8) was converted to the product

et hyl - 3- P@pacatiop @f| Intermpgsigte E(hg)]-3 0B pab«(AFaF he-E-([{r d{ieddal wpemoate manner

?2 gl ggg ;Js to Tmoﬁgﬁw&as%p@;fed from cthyl 3 (Boc-L—(Tr—Gln)) E-propenoate and Boc-L-

pyrrol i df‘éﬁé e l%‘ “f‘“%?WSWWQ?‘ﬁi(MM ‘éets%ffih e a‘i?é(? H%ﬁ"?f“e?’ea?é (9 RedBP2BUeY Pl ester to
product ahfyi-cR2Q.- fnGoZ(trdm» H-pliPénke{ ([emPY3nod, 17872) josEt BBONERRAL € as

descrlbe 34 307, 17l 49: 1H N CDd 3) a
0.86-0 &Q@p%ﬁ%’) 31%‘8/( ’;Sg,@{?*s gﬂbl%%l"%('?B“? ?%g r# B 13%%11489 (rr% !
H),]§096 | 1 (m 2H), 3.07 (d, 2H, = 320327(n)2
4.13-4.24 (m 1 H), 4.18 (q, 2H J-6072) 441453(m 1 H), 4.76-4.85
(n) 1H, 506 (d, 11-1, J =12.1), 5.12 (d, | H J =12.1), 5 .34 (d, 1
=7.8), 5.78 (dd, | H, J = 15.6) 5.4), 6.17 (s, 1 H, 25 6.70 (dd) 1
= 15.6, 5.4), 7.00 (d, 1 H J =8.4), 7.13-7.27 (m 6H), 7.30-7.37 (m
5H), 7.83 (d, 1 H J =6.8); Anal. (C3gH46N4070.5H20) C, H, N.



30 93 30 Cctober 2002 WO 99157135 PCTJUS99100260 | Exanpl e

Preparati on of Conpound (A-27): Ethyl-3-1Cbz-L-Leu-L-Phe- @@RPCWPPBI 2002
Al a) ?- E-Propenocate 0 ., onol ~p~HN-~~ ~ GOZCH~CIi~ O (A-27)
Preparation of Internediate

(45,4"R)-4-{3' -(4"-Benzyl - 2"-oxo0-oxazolidin-3"-yl)-3

oxopropyl } -2, 2- di met hyl oxazol i di ne-3-carboxylic Acid tert-Butyl Ester
Tri et hyl am ne (6.43 m, 46.1 mmol, 3.0 equiv.) and pivaloyl chloride ( 1.89
m., 15.3 | 8 ;38- 0 equiv.) were added sequentially to @-sRkétidostia Of
(4S)-4-(2 -car oxyet hyl ) -2, 2di met hyI oxazol i di ne- 3-carboxylic acid
tert-butyl ester (4.20 15 3 mol. 1 eq wv) in THF (300 nL) at OC. The
cloudy riage) 6#57?1%&({5’19 é‘%m&@ét“i“r@‘eﬂ*)aﬁ 19, #8r/ 373). )52 4mdiDh&A6 (Mt hi um

chl ori deg)0s. 40, 8H, 1518061686 (d, ml/=eg1w ¥.65 (RNUH, J =15.6, 5.1), 6.80 (s, br, IH)

é?éeé”se%ﬁ?% D AFELH G e B TR RaSh 't he bt or

m xt we vqa:azlﬂ@am3ﬂso)ﬁeld Between 0.5 M HCA (150 ni) and EtOAc (2 x 150 ni).

The 15 nbi n nic .| S ted Na2C03 ( 150
m), dr ::lgr&p%'v %%Simemageyﬁh Wi °° L PE & %E ad’rlf [ Z}t’}eg' PPt ent r at ed
under reduceél‘hp‘~r¢4981s;eﬁrﬂeij %ﬁdfﬁpﬁ@ ff@BFt!im'é Wél%c fpﬂ"r F¥-PleedL-t5r- Gl sy col urm

chr omat qgrapbye Mcﬁ, QQPOHnn m@mhc&@bﬁby&c  (Example 2) for the preparation
(4S,4"R)-4-{3" -(4"-benzyl -2"-o0x0-o0xazolidin-3 "-yl)-3"-oxopropyl }-2,2

di met hyldxﬁwb%{apﬁé IZud aPhsde (T @i di-propesepteh IR (gm” B§t3é? 1687.1811g11B7%) as a

" soner o) TERMRETENFIY %szﬁj?%ﬁ‘?iﬁ i G0 T P53, i

3. 38 3. 3B nF9- 139'6'4 837 99%-29% (8, BD- 2330@261:@' 742),1219743 25(r, ][m) 3473637774 70 (m,

7. 4 Cé?d—B

(2' R 4618 ZP‘I(!{@ !?gﬁ 49- er‘zz@fv%@ Hg{x“adzgo( I(:g?b@nyH‘ltJS{antﬁdlélaf 2ny| }-
di met-Fy 644 s a1 i ). 3- @éﬁ%éﬁﬂr@ A4 QEHS tBu’clil)la 6.B5688 (M, BY| uti on of

2, 2-

(45, 4" R#01-3'13 (A, 2tDeN 8Ll 3 2 {m, a6, @278 1 1ok B (€} H 55BNz OPaROBY | } 25

2~2_di net hyl oxazol i di ne- 3-carboxyiic acid tort-butyl ester (b.15 g, 14.2
nrol ) | Regapsptipn oflofeymedinge Eghyl-304s°-Methydisexgzele-d sragbery®-TofV ab b dbn

bis(tri nmdaul("sflcypb))m.d@e:{oktd 2 m of a 1.0 Msolution in THF, 14.2 ol )

L P e} g B SR SO SSRA LRI (Bl R0 D05 pheRGHL ARy e s
rnnmol , 3propeaqalt vnd S-wgthykisduerdle- Jagartonylshlorige e rawnarddqetthaoﬁqpnlzd mbae - 78C, the
reacti On(mas{ﬂ!é BefopaR p%{zm%on of%&y@l{@b%{e&%gg)g(am DU%ambiARL Rl USR9100260 1

mai nt ai ned at -45C for , E then was partitioned between a 2:1 m xture
of hal f @atGiratfeproneaE: thfms%JN&%SQ@1%‘20017ﬁL§Hh‘h’éRéZDC13)16(M?&tduf”é of Et QAc

and hexaﬁﬂgé @24, mga Ths—‘o@%rﬁwae;dz)waanh&ﬁm r1395""915@(n¥"4§x5‘%sv‘“h H20

(100 ni) over gravi tered trate was

concent r i LémdiBet 34 éé‘ 7p?r)e7s%ﬂlse“‘ﬁn%8?%84 fedifte0 k88 Byl i%eld By 1 ash
?gll tém&ctqgomv Qgﬁ&fﬁtysd(éﬁﬁﬂﬁs@@d HNeX 89)69)8),L 602 306 ) 839 (d, 1H. J n7t 8)4 Cenyl}
2, 2- di ne?ﬂadgxgéb{ 9?}Migcar oxy@rl gHgéaogo}téeg? gﬂ?irﬁa’r@ F“ybéﬂp; , 469 yas
a vi scou@lmﬂaaNs(DﬂthNl ) 2978, 1782, 1688 ~ HNWR (CDC 3) m xture of
2 4

180 5 b “("n{ﬁ"’?("% ‘Z‘}Zibé?‘&fg G %’Tﬁ?“&%‘?} i‘°n§)’ ‘7%’)’?’6%"’%“]‘1%%5‘” "7), 3.26
(dd, J= Gl I3Prepegpate3 58-3. G4 (), 3.67 (d, J= 8.7), 3.90-3.98 ,
?H)O)Z 247; |2523 (M Ethgi- 31b(54M%Q:y(1§6)caz§fL %ﬁgﬂao@ﬁ) - Vai-L Y4 F&PQ@L&Trlélnﬁmf ? t74 5. 38 t

- aration of Internediate
(LS, 3'R) p??”t"f’w(‘{% dc%mcﬁf 3@6 g@%’fesfng%ﬁg Wh‘ ‘il?i#)rf%" g1y -1- hydr oxyne
t hlyl et hy bkpuamdymﬂemy%{(i Arethylifdubaple- Eshépnﬂzmieumeﬁuﬁbd}éﬂpmMuqh a

uti on

SE)car bony ; ﬁsgq-ég%ﬁ%sfz lié\"g&iepﬁﬁ]@gzol i abégg’r‘ij {/AI ?l%' J3ci d

tert- but y519) |1$oe(sBHI:Jé3 21,2.97-1. % @&f) 2Hy0196-2.068GH), \2 4)5 (3, BHEI2G1 283(@0PHNL) and
CH30H (0,335 d¥kim, 1), %.09TR 1. 7 = 7.2), 4.13-4.25 (m, 1H), 4.35 (m, 1H), 4.49-4.56 (m, 1H),
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2.0 equiv.) at -78C until a blue color persisted. The reaction. m xture 5
then purged with argon until it becane col orl ess. Mt hyl suPfi get ?2‘%842@
66.0 nmol, 10 equiv.) was added, and the mi xture was stirred at -78C for
3.5 h and then was nmintained at OC for an additional 3 h. After
partitioning the reaction m xture between H20 (1 SO nL) and a 1:1 m xture
of Et OAc and hexanes (2 x 150 ni), the conbined organic |ayers were dried
over MgS04 and 20 gravity filtered. The filtrate was concentrated under
reduced prewouysd713aaind t he resi due was i medi ately utili ze®@CRUSHIGROOf urt her
purification. The above residue was dissolved in a 2:1 m xture of THF, and

then Et tho y e rlde(5 38
g, 26I§4O§!Sg ﬂ‘ﬁq%r%lelgh}\%%)?(sa %lﬁ](gdcgﬁa{'e)f%geﬁné g%g’ ﬂ%?&\q £ §m equiv.),
and sodi &, @Jaradddme BkiH 8i1§&d (1@ 829. 3@;32}}3‘1 2AHdol 8. 7)28 @@qw,\llﬁB\mmladded
sequent i atJg¥iaNiE@7YE€ SN I Ng suspension was stirred for 19 h at 23 C) and 25
t hen was partltloned between 0.5 M HCI 150 nm.) and Et OAC (2 x 100 'nL). The
conbi nedExamulsiSc ArepaxatdonefComponnd 4-7; Ethvhi((5'-MethylisexagolpdlyenBodyino nl)
dried ovelg. |4¢;| 40OPRONL- réID4l _pjp.d, g,agtdor essure. The residue was
passed through a short silica gel colum (eluting with 50% EtOAc in
hexanes) to give (3'R 4S~-4-{ 1'-(2",4° nmet hoxybenzyl )-2' 30 95 ~S.~ ~
- - 30 Cctober 2002 WO 99l 5; PCT 100260 1
oxo pyrrolidin-3' -yl net hyl gé} cggoclHl di ne- 3-carboxylic acid
tort-butyl ester contamn Wi th LRp- (+) Z-Behzyl - 2- oxazol i di none. This
mat eri al was dissolved in CH30H (80 and TsOHH20 (0.251 g, 1.32 mol,
0.20 equiv.) was added. The reaction mxture was heated ®5/)50C and was

mai nt ai n@glcl,a}att(}ga{fIﬁ@pma{,ﬂtme.ﬂ@m-ﬂhdy-o[ﬁfter cool i ng to 23 C, the reaction

m xt ukle was c und reduced yr 0 nL vo and was
partitioned bQE%thﬂ%l%% ura 2 %‘“Ré ?H(a% ﬁ@ a359“m?l h':dg?ure of
CH2C12 anghiCH3@HPNIAPX0.0B0g, $i1R miffdi 0. @ﬁmbwr)edrmdg@segudnayibrke awelogordsfi ed over
Na2S04 apd..gqugenis).aied cndes MMW%%&#@HU%U?MUfAﬁéts{u‘?iglg‘?ﬁ nldle residue

by flash col um chromat ography
(15,3'R .p{egn.p(tpte _W@Qnem@'ved by ﬁltratxon and the filtrate was diluted wnth MTBE (75 mL), washed

di met hoxwhenayd RSOz Moy (10GhL édcny driedydvir NaRydaax ywibamh e bl chagipgrbani ¢
acid tert-butyl 10 ester (0.92 34(@2 as a foam IR (cm1 ) 3347 (br),

2937,15 #Bgesiduey fsh @@B&L@yor@%rmy % Igf\c in hexonep) gaye Bre-LagpF-Phe)-94- 2 04
(m (1 H) OB% (65927627@/()ma&hi‘930118 ﬂﬁN&[}@Qpeéthl d:]takl)atch% 1§L§at§re%4ec(199ks&l‘9c g) 56-3
4 45 (d, allJ’HOr&]Che'r* ‘4’9%‘)0‘ 5%3@?3) (d 1 H J = 7. 8 ) 6 42 6 45 (m 2H)
I7 08-7. d!Pera@ﬁﬁor:ﬂof}ﬂlter!ﬁ&ﬁhte l{oWM@ﬁ@lyﬁiﬁ@? -Phe)-GBn N. | S plrepar ?ii on of
nt er nedl ate Et t hox enz ;o a
E— Pr openoat e Fﬂc g (ﬂgrf{r{’éf Bgﬁg ééous eq"é \‘/’%srsgf{rﬁ foéf l‘("%m@“gf

-(2", 4 CIﬂQ]m(Zﬁg@bgdﬁijAXl(Qmemn more TFA (10 mL) was added and the reaction
2 M SR BT 08 etk B <r o
descr i bedisselvéddamMe(393nL)( Boec-B-qrjt-bupr-Gly)-QIR(1.2#'g, 5.36 mmol, 1 equiv.) was
di met hox ¥Rz ¥ldmsonfiR “Qy&ro@éd'tsibd?: %Nxeklgclp§éwi1t}§m(6>(é?%m&1 ndibam c

acid tert-butyl ester was ~go~~ ~t 0
2, 4- di net3rf62vaéﬁ‘i§7‘t‘\fU(®)°4|g~%?7owmm A rquiy) Brigpedrd acauentiady( Afifrisirgm@P) | 713)
1674 1 H nhivVRibe ciaclich) miXxiur? &aq dllowedto whrm 10/rodi, tdmpgbpatdrd bv@ H)h) thdn Bilutdd 82 (m

2 80 2§§)2v§§3)131%2&%00%“%a2ﬁ9‘” ghcc?t)v?g)sﬁf’?&ﬂggg o 6‘]'(]’ Sag%d(Nfgg{@ _ H’L}Q (s, 3H),

J=15. 7, 1.a8) bri: (36 n(ld), Tht; ordani7ptB3e w dfiRd SrdbVarfomted? HrifiGutiBh of welresidit b= | 5. 7,

't o moai aeL LRy P on a0 ok SORRNON By P e R AR T o oy o

Al a))-E- mmpenoazmgusm) auwmtﬂbaddCR r+ 0.49 (BY%IE Osare héxdnd); WR(&nTﬂ.)B(WaS added
to a solution of el % g% 4- di net hoxybenz{x Qé Pyr r ul

Al a)}- E- p‘r%be‘ﬁa%\’f"é CBF‘B@S 8 (). 1-43 (2 §H-3.0f (3dh 1 dﬁéx%ﬁ’?e (6 nL).

Af ter alhlrrlng 1.5 h the vol atil es were evaporated to give the crude am ne
salt, ich was used w thout purifi c%y on. 30 96



30 O~taber 2002 WO 991 57135 PCT/ US99l OOz60 Thi s am ne salt was d sol %‘8‘32' n
DVF (4 nmL.) and cooled to OC. Cbz-L-Leu-L-PheCH (0.202 g, 0.349

equiv.), DIEA (0.255 nL, 1.46 mmol, 3 equiv.) and HATU (0. 186 g, O. 489
mml, 1 equiv.) were added sequentially. After stirring 1.5 h, the reaction
m xture was diluted wth MIBE (100 nlL), washed with 5% KHSO4, saturated
NaHCO03 and brine (10 nL), dried over MyS04> and evaporated. Purification of
the residu sh colum 5 chronat ography (gradi ent el Q75%
EtOAC in h &‘g%ég ;‘Qpr ovi ded et hyl - 3-{ Cbz- L- LeuL- Phe- L- ((|\|'!'E‘l"95"""QQO

2, 4- di met hoxybenzyl)-(R)-Pyrrol Al a)}-E-propenoate (0.208 g, 55% as a

whi t el sallilddd,att &= 1é2ap iy 279 G HHrom?.EL 26% (dund, 7 =178l 5185, 60)8 WRK,om 1 ) 3287

1713, 1 8 :
4216 gw“%%fi@ é%%?sdﬁf“ ‘*a& R o R e P T
H) 2. 33-4.(m5SinAnal &%27*1351@‘1& ) §gH( 3.78 (s, 3H), 3.79 (s) 10 3H,
4.15-4, 2 7 1 = 14.5), 4.40
( d ) H%)?-ﬁxfmtiéln &'};ﬂneffme&:atl F_(tgyl- 2 c#a (L B@%l-«(:ﬁr)i(‘t&dryé ﬁ((N]Zi 5) 11 d)

%, i)lmzthrxybenylsé‘)(mrm&/im %‘Pml&nq_aty 5.76 (dd) 1 H J = 15 6, 1. 6),
g gé = ;-18 (M sdidtion 6f HAHiR 1 A ldidxahe . 0|7{)I,,8|§L75as(a@ﬂed té akbludonfl:ﬁr‘}rﬁz- S. 0))

(m

5.9); AfgPSL (%%Na‘bﬂjyb@zywé)wy"ﬂ%yr e preafiogt (Bl dions
Et hyl - 3-efjlo2 irl_} &-divxhneloR erll)- 66R)suﬁ>ylgrfmll A, dhiejvolatiRs opertgaioratddio give the
Et hyl - 3- { @ arkhektada g L- ((N 2, 4-di met hoxybenzyl ) - (R)-Pyrrol -Al a)}-E

propenoate was converted to the product
et hyl - 3- { Cbz Palladayp ¢n qarhen (1074, 2P0 P‘ﬁ} Va5l adgdgdety p setptiansd Boatleo(trbutyliinner

anal E SREE 4@?%}&3&9@\0& ESJI P meHon gt EK’JA@(Z&O mL). The atmosphere was replaced with
Leu L- Phe- g F lI)E g}ﬁopenoat eto

4di et hgx‘iY_\benz (S)- anr ro
pr oduct hyfegen via {’@9 LA SRR }/phPVr"i‘ repkeed }"“‘E‘“ﬁ?'bﬁé‘i‘l te described
|n Ex anpigtiddmixie pasfillreddAS0gh #ﬂ37a&2[#5 TaZhanlttcNMpeds ODRE Bikrate whs85- 0. 92 (m

1.3 35-1.49 (m IH), 1.52-1.7t (m 20 3H), 1.73-t
94 (m gﬁé"g‘“i‘ﬁ%‘% i‘é"%)f"“J L 2.32-2.43 (m 1 H), 3.02-3.18 (m 2l-~)
3.19-3.29 (mThpfyam wasjmmbineq withhe Frydy amine splt @ropered zlmveanMF Fmlyangs- 4. 74

(m 1 H)c0014d 0o, %N‘GﬁgoPﬂopH):t,hylalez (6.859 il H, 9SJmm0112eq?l)w)5)dmfld 0.447H, 1% ; 20

12 3 (,m . 76-5. 84 . 7.
15 E’%?‘?g‘f‘“% ‘efé‘“(’ ﬁ':d)} %’?d Sﬁ‘ﬁ\“ﬁf“.‘*‘"@t@ﬁ‘ﬁhﬁﬂ&@%" "Ei“ Il?° ‘Tﬁg“%{%? 37 -

Pr epar atwa; rallgedGo vaou frokobrdt@@ieratise buer 1 B, thébdiluted|vath-MTBR éLG_O-rﬂL)faafi 25

~m dazolj,4ene)f $k kEsy0RaRAaE RafcoNAdWin@a s, e, 'The o¥ean WS H O

(A-28) 30 97 30 Cctober 2002 WO 99157135 PCT/ US991002 1 Preparation of

| nt er medirigd andgvapgrategd. { Rsificationef the rejdae by Sesb coltrinn sinjoaiptoBraphyn(§8daPéc

(Car bet hax%amLdh lgm%)ﬂyr.mhsazlopmﬁﬁh@r,ﬁme(ﬁ(ep ﬂheﬁﬂ (@N-23- &ﬁecm(vbm}x)%sﬁqu' v.)

was added to a solution -L-Leu- Boc- am noal ani nal repar ed
as dggcrpeb4{an -wptasroai (0,364, 74%) as yubitccham Rro88? (Y5t B inhopeys 5)(1 60 g,
2. 73 mob) . 1- v i HE t hegihye d { room
t enper at ur(e ()lsg?érﬁ 1%113 -r%e P\I/o?&t{qaeésb)\%frj'?al {1’ne ?g%\%wla? @a!:ﬁ%? al—r??d t he
resi due witsl1 pmtmfZHBdl 68¢1.81 as,H HY,0l. 859 %dny, O Hipy t2digr 238hiyn, @ HY Riddqdd, gHad#=ent

el uti on. 150 5 f.350s- S3HGIsk (EREIR), o168 @sK, A nE oGP thJL ot Fhe- Lo N

Buc- am noAI a}l propenodat € (0.9 % ri hosphi ne
oxi de) . TRk & 27dt8(al DnAeo (fs &l 4iF ¢ Buf““f(ﬂsl”ﬁe% b‘hﬁﬁ‘%’é@?é‘ﬁ ”ﬁﬁ égéﬁdatl on of

| nt er medimte- €654 &d{ (h2r4 14.€U-6),162A386.43 (0 2BRG.B-(dYUHOLEhY6) 2, 670 Al a} - E 10

Cor ut ore 51 CucRor P Talen S b e - S oot atiah 2710, 05"

1.46 nvnmepaaatﬁqurmtérmeﬂnatmEthsmm(ssMe oxaZéle-Bl.darBényd)3L G-(t-Bugylt eact i on

mxture eratu nd then additional HCl

in1,4- d%z Q’%’%E%"%?ngg JSI %}"{gyﬁs)[)ﬁ?l ﬁn%ger ni ght, the

vol atl | es werkhiy ompoundl was pmcugd)fram@ﬂt'h@{BeeLﬂbu@-bm's-G!mu “raPled-DMVh Et 20

(20 ML) - 2 TRgnekRoy Bl '(sag,yﬁg i - WL gea‘ostletas& ﬁ&mgswbsnmm9§& ‘ygtntgh Et20 (3
10 nL) to give'the crude amne sa 713% 0S "nmol white

soI igo This material was dissolved in CHBOH (10 nmL), and then

N- Boc- 2- am noet hanal (prepared as described in Bischofberger et al., J.

Org. Chem 1988, vol. 53, 3457) (0.19 g, 1.16 nmmol, 1.1 equiv.) and NaHH3CN

(0.069 g, 1.05 mmol, 1.0 equiv.) were added sequentially. 20 The reaction

m xture was stirred at 23C overnight, and then the volatiles were renoved

under

H J=



reduced pressure. The residue was dissol-ved in EtOAc (25 an)i and t
organi c | ayer was washed with water (25 nL) and brine (25 n9, O‘éh@lb?ﬁe?\ooz -
dried over MJS04 and concentrated. The residue was purified by flash col um
chromat ography (gradient elution, 0--~3% CH30H in CH2CI 2) to provide

et hyl - 3-{Cbz- L- Leu- L- Phe- L- (2-Boc- 2-am oet hy!)am noAl a}- E propenoate (0. 32

, 449 as a white anorphous solid: R'=0.20 (5% CH30H in CHO 3); IR 25
(cm1) 1712, 1649, 1537, 1252, 1175; 1 H NVR (DMSO-d6) 8 0.79 (d, 3H, J=
6.6), 0.82WQ9/3H5 J= 6. 6), 1.21 (t, 3H, J= 7.0), 1.26-1. B7/YHp/0R8Y)
1.46-1.54 {m 1 H), 2.56-2.60 (m 2H), 2.82-2.97 (m 4H), 3 98-4.04 (m 1
H . 4 16, cc&l?lt dc]s,crrbez aQ()Vse (éx 1642 4&' tﬁJBre;?ﬁlFQu’onéf &ﬁyl-(:&ng 1 =12.5),

5.04 (d, H, = 15. 8) 6.7 5 m 1 H, 6.77
(dd, H*ethyhsf’xi@l%3 °§6°°9¥§)“§B 656‘?’ %ﬁzﬂwwws?%gs%@f 991 00260 1
4.8), Ifﬂ%) 1 Ji J =7.0),
8.07 (dc%f%oﬁ, it QR@ )ﬁﬁunigl)l—%%NgaﬁO %(IJ\JEAZ%@%CG}—?YO& gPr%) zlarQ?atl on of
Product (B8R = BZI O3 -11641(wwi2 D), PAE-118B (m( PH), hPE 23 I(inddhe3-Al-aR1 EnPer)penoate TFA

(0.8 nL) 4‘9@§ 3?{9@% (EléP 1@1 §9|1B“7'53§) 9“13-@&@)(&: 331){3 B0 (5, 3H). 3.81 (5, 3HD. Zéséq, 0. 42

Cbz- 12 Leu- L- Phé- L (2-Bo thyl QAl a} - = pr open §
nol , Sqﬂr\ﬂy 43 "d—?z@lé“@é%'_“)% (é{h&IH? R049% dHef T 6?76’rﬁ %t@l E65A&Mstirred at

23C for 38),16.71 106, W{)U&tlslsess);vene-srsemfamu 6.02 Y CHOI = any 7I0beg. e/, SNE was
dISSO|V [ ) he ' solution (25

waf’g? (?2‘? 96‘096)28%'}7{??}1?}3‘1( ?Z(wfh‘gs%ﬁ%ar?l o L&yHZH(ﬁglg dried over
I\/gSO4 ar]’deIWQStndH)ff(I’EMJoﬁE&dwl-BQ(SQ-IMahj‘zlhexﬁbldde-cdlbaﬁymﬂ o-Q-BidyoGly$2Y% 0. 39
nmol ) a§ E}L' I 5 L:Pdo Tm“% mat erial was dissolved in THF (4 nli),
car bony '&FTMYAZ ((5’ 68'8 0788 Mol ) 10 0.92 equiv.) was added, and the
react on ni xtrhns eommméwar prewpregitfropBh IS {(3'- 15ethyhs¢mo!sdl’-vahtbny%dsar(ermved [
vacuo, g, Td?f)l I 88k @u& et dwme;h%séyd@xz&ﬁ)l a5 *Ilym' M- ERLAIBLOALAPLY

(gradient elu

et hyl - -P{‘IEB‘%‘H‘L@%_‘@EPHP?WV{(EX@TE‘F@ %%IW“(H’G@)‘N %f}cﬂzl pricperdulicoxaple? g, 549
as a Whist-garBsMIPN VUL $4FiFke)- DR SFP8d- MBI C.-plBpenolle: 20 £ 650 GBOH;0m ikHA 3) ; IR
(cm 1) 1701, 1647, 1535, 1277; 1H NMR (DMBO d6) 8 15 0-=9 (d) "3H) J= 6.6),
0. 82 (d)Cquilz)JIPc(cel"G)330?Lb12168(4116GQHHUMW(C®C13)15 RO2 (5. 8D, ([P W3H. /=17.98- 1. 52

(n”)] %{DD 11% b@lﬁbgﬁ (s, l]‘%(’m iﬂ% 13 2%2(&0”11;3?502?- 3301(44 P96 5 ‘(2‘};23)013| 2?)5@ 30

4.59-4. 6@%}/—1651-)9327439?052@*2 "(l(ﬁ(qz'%‘} J =57 7R4-pel(d, 1HH = 38),#-58-48) (m6. 37 (s, 1

g')l G 74 d@lss 3-91§‘km31¥[)§55|(%d 19, 3)-115 6, iLEy 6.43%, 61’“13 650H)64 (b, i), g(i}%N&Sd'l? JE: "
AU S A ORI s S L

Boc NBD@@@N(IGDHNFGSOHDCHH@L Q@ D3 Preparation of Internediate

1'Acetyl
2,4-Dbr em 1987,
vol . 0,L-Vabba¥-FcRig)1.-(S)-Ripa-HaynkaPyopepodfe- (1 L) was cool ed to OC and

treated with a solution of lithiumbis(tyinmethylsilylamde) (40.9 g, 244.6
mmol) in THF (2D0 nL). The solution w& %1 |d at OC for 2.5 h, and then
poured into brine (800 ni), act ed ethyl acetate (2 L), and dried
(MgS04) . Evaporation yi el\?ﬁp)é:igNg)’e,t ERupyrrolidin-2-one as a brown
oil. 30 99 o~ o~ =" 30 ber 2002 WO 99/ 57135 PCT/ US99/ 00260
1 This material was treated with Ac2 76 m.) and refluxe g 5 hours.
Evapgration fol | owed by purification (si l'ica gel fil traf‘?’ }1) Et OAc el utant)
yi el déd BPx@payativin of Intermiedihte @2 SASHTE)-p{2/-(401 Bedzyh2 2-0xveoxamlidingd3i-bariginyl)-5THF (272
M) and o BYEAKAPDRERR b Adind s darbblifl Al BBtk added and the

resul ting sof ution was refluxed hour s, E ool i ng a
precipitate df Soi‘é{@éP\‘}PO‘S“e(‘Fﬁ“ihﬁﬁéﬂW‘m‘fﬁ’?}ﬁﬁé‘?&? Loy 11 t‘)ll‘fl &‘?]H“"E "i’ﬂngr oni de
formed amgs maml Cl&hhl@i)fv\&dadﬂyd o A 0°CtsblatiorDsT (§'BASH )-4-( Ca@TtaRidybli*@Ro-0f t he

her | ) by .cogl d, an, additional 6.6 g. Th
conti nedeniral - RUERp A L [ S el B RO P ) ana

thenghrine (2 x 100 nL) Evaporatlon of the organic |layer yielded 26.9 g
(3796overall) of 1-acetyl-3-(triphenyl phosphanylidine)-pyrrolidin-2-one as
atan oil. 1 HNW (CDCI3) b 7.76-7.32 (15H, m, 3.90-3.85 (2H, m, 2.50
(3H, s), 2.56-2.30 (2H, m. 10 preparation of Internedi ate

2-t - But oxycar bonyl - 3- (t - but yl di net hyl si | anoxy) - propi onic acid nethyl ester
Boc-D-serine nethyl ester (20.0 g, 9L.2 nmol) in DMF (300 nL) was treated
with imdazole (18.6 g) 273.7 mmol) and then TBSCI (13.0 g, 86.7 mmol ). The
solution was held at roomtenperature (rt) for 8 h, and then washed with
sat urat ed aqueous anmmoni um chl ori de

N



(300 nL)) and extracted with ethyl acetate (800 niL). The or %ag 8 @gegowgs
washed with brine 15 300 nL and then dried M SO to yleld3 0% of
2-t-butox carbon 1-3- t () (g 4)~9g( ) Y Y(

but yl di net hyl si | anoxy)-propionic acid nethyl ester as a colorless oil. 1 H
NVR (CDC13) b 5.32 ( 1 H d, J =8.3), 433 ( 1H dt, J =28.8, 2.7))
4.02 ( 1 H dd, J = 10.1, 2.6), 3.80 ( 1 H dd, J=9.8, 3.1 ), 3.72 (3 H,
s), 1.43 (9H, s), 0.85 (9H, s), 0.0 (6H) s). Preparation of Internediate
(1- (1- Acet ywo29sm3s pyrrol i di n-3-yiidenenmethyi)-2-(t 20 PCT/US99/00260

but yl di net hyl si | anyl oxy)-ethyl-carbam c acid t-butyl ester

2-1 - Byt Oé%gﬁ%ﬁ}%%'%sﬁeﬁxséa% ELQA,J{? W45§%|@%%olp[9‘ﬁji\pﬂin%}-§%5 Tt hyl ester

(12.7 I'n tol uene was coo treated
with a sﬁﬂeftsitgwgép min; wasUe yila apddadive m‘aﬂrwﬂ@tremsra@ @148 80.952mmmpl 1 j n

tol uene {Juind) Wet addEBinti iHe@EdMath B VRESVAY UA Rer'Wa Sddi@dHal IR, QNY redc@bn The
sol ution was hel n_nethanol (7.7

dd
A L T O S IR W o AT
pyrr O|I$I ddmnd2>|vm1éa2@0211anﬁ. cgnee@@atagl. ernuﬁ()atleotth@:Que(lﬂmaﬁiLéolm added at a?ﬁcl |
and t e resul tin e ature an e
for 30 nf nuuzétggm&‘ys(gol ltJE![{Q%?]X 0 x%%%%ﬁ%c%&a%?né)t a{ ?at e "(rl‘lj)l in water
(600 ) omsh%%dcarm')si 1hv¢re’€VP9¢‘U'chZé=\1‘§W'hﬁ"@FﬂZBOdlm hﬂﬂégx)’hfl'h@d mrb(t ure was

extracte o 4 evapor at ed.
puri 11 captire ey Teibpie, TOBLA Epbte gl bt AR D e 11, EYS
(1-(1-acsdgy 1'&03135%001NNBO(C(MI@tEruZD@Q(nV\@\ﬁQbﬂm (RCTNSQ%@QGQ 1
oxo-pyrrolidin-3-ylideneneth % ét but | di rret tsilanyl ox%z et hyl }-car bam
ic acid {=Hdtlyl0-®st-21-348 (a3, 1¥ht vo1-4 %(‘Blgl ‘W%*‘N "(éﬁézf39 sGHWAH, dt, J=
8.7) Y 9nnald(QBHEEMLOB0.SHZOBCAY,N.4. 37-4. 25 (1H, , 3.77 (2H, t, J=T7. 3)
3.70-3.58 (2H, S-2. 60 3 (3H s), 1.41
(ort, <. Peppama e OSsT- g r-af 4papmtwafnzrwepmpaér@n— )

(2- Hydr oxyyll-i(h&dmx@nmhyleui)il}eléaibani;IAcderammﬂﬁyﬂs)eret hyl } carbam ¢ acid t-butyl

ester { . r

1-(1-Acetyl - (2on%'5:4 “Spr oﬁ %}'12. dgﬁoeoxa%(f'luld '36 32 %a{bolgﬂll) I }c]iyd O)iyﬁyqu ?I anyl oxy)
- et hyl }cér2bhti!?ﬁbyla¥:4281“imft)%r'€w°"ef§? aid fegbpgyl gStcr 238de, rﬁ?@lﬂ)f"Plnl FEV- VB0 L) was
treat ed WskdivelBE:3N23.92 mil, 2051 Aindol, Ml6akivl)l Ohe infktubivhs dled 1d0MR4G, add 2 OC, and
hel d ¥or 1 hour. A solution of saturated aqueous armonj um.chl ori de was
added an&°lefqnqf syt foxids-pyridine compiex (A ey Heb Tsnmeh F sdrivie DMSQ £ Mact ed wi t h
et hyl acailgtas éc&lea a20@tertd mainfEitethO teghperiatrd t&wenm3°@rTmO(uNgSG)és)st1&ed t hen
evapor at & 308L§I‘ | cﬁlflrga%ugxy?uxlture (& c%eﬂeg Charxxcgc zgg' %%éle%%;kge?%ééx 82 g (73%

of a col 8riess 0| en up

treat ed widitiorpaftHs(160medr Blemaftuémg2rzlsucrrg~asrxr®@tq¢m1h)ﬁt0éné|2 héfoianr 1 h at
rt. The [ 62
ol ) aﬁ“amﬂgré’“i%%%‘%que 53 A bl 37 g1l 649 [ ot ik b0 ik 00
thro sv¢riNagSgé pnd filieagsor éEF Ffdhenwéﬁ rd@evea! %@ergedevesiW%fW? and the gepidue
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t-butyl ester_as a colarless 8 7.03 ( I H br s), 6.35
(1 H dt, J ogstéutuz\ %')thxsgxatgr-,al@ §_3 q,.ﬂ?&mxgol l%qusv ))x)\ a 4:14pixgureef (HFlang'
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est er $ meg(nuq)e’rbff reghitign rextougIVas g)rre(i @vgmizht (20 h) and then diluted with MTBE (200

{2- HY8 O The o&’éﬁlc Ea\,(réxr @Js'v@sﬂlad?m%' 1'09'9@1‘?@@3 {06b )nL‘?tsQé(xlra}edC%@ardt%H o@ci d

t-butyl ester (4. % in ethyl acetate éwas treated

W th 5% pelk %m‘itlmf-éw cralr)b@;ﬁd(nr:d%ryy;S%de‘rcog@mowwa elletit pressure
for 1 h. gIhe m xture was filtered and then evaporated to yield 3.92 g (91
% of {2- hydroxy I-(2 oX pyrrolldln 3-yl rrethyl eth)()o{i car bamni ¢ acid
t-butyl ester Ta salutien fithis femdp34 g47-22 ming}, *Fﬂl‘f“é BCHAQR (0mdlonms afided) 1 VR
(CDA 3) %'l@lu%ges(xlfamé'hcx@@()z27§ 4941(m1110H0 ’J(iquwl) 'Fhé?ircéamn mixbie %aﬁgm(egw n,
338§ ,260228 m, 2.00-1.70 (2H) m, 1.65-1.45 (IH,
n, %7 (9H s) Preparation of Int%grredl ate

(2- Hydroxy 1- (R Z-oxy-pyrrolidin-3-yl'irethyl)-ethyl }carbam c acid t-butyl
ester (@) {2-Hydroxy-1-(2-oxo-pyrrolidin-3-ylidenenethyl)-ethyl}-carbamc
acid t-butyl ester (98 ng, 0.39 mol) in nethanol (5 nL) was treated with
(R -BI NAP-RuCl (19 ng, 0.02 30 101 30 Cctober 2002



WO 99/ 571 35 PCT/ US99/ ©0Z60 1 nmmol ), and then put under a h§§r g)ge_n er 200
at mosphere (1200 psi ) at 50C for 48 h. The solution was ev né tﬁen
filtered through silica gel ( | 0% MeOH Et CAc el utant). Evaporation yiel ded
75 mg (75% of

{2- hydroxy-1-(R-2-oxy-pyrrolidin-3-ylnmethyl)-ethyl}-carbarnic acid t-.

butyl ester as a colorless oil (9:1 mxture of diastereoners): 1H NWR
(CcbC13) 8 6.32 (1H) br s), 5.40(M d, J=7.5), 3.82 (1H br sg 3.71-3.63
(2H, m)) 3.WQIWSTE (2H 1), 2.45-2.30 (2H n), 2.09-1.86 PSHUSIHO] 70.1 63
(1H, m, 1.42 (9H, s). Preparation of Internediate
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br s), Sypl 6 d4H 4.T1-3.-23} )/ 268 1), 537 m, M), 63438 ( m,

2 52 2. 33 g%&ﬁn)bb(m Z)('])-1.86 R A R 0 1%“0 i %rﬁ‘,]ﬁl%o 72ﬁ50 (1H,

, . 40y GH- 15 Results of biochem cal and bi oI ogi cal tests conducted
USI ng variegu&tﬁerappwada EthyltHhg5%-Mé thiylis o izodd- B - esdily ) 16 ¥ aDE! (9W. P1R) DCHEM CAL
AND BI C]_ n%\r/ﬁLFI:J%TI N nh| bition of Rhinovirus 3C Protease Stock
solutlon & various conpounds were prepared; dilutions 20
ver e 1Pn the s{a&%&& (/léﬁl"‘*RQ;mntwaémzylﬁ-ﬁl Aoy pipurEliBE-P)-bthedrems (see Birch et

al . P%t&ﬂ%&t}osarbetucraefaqsmbmgesmhumntémmw H%ddc-tlmﬁ pgcgt ease expressed
in Escherichia ¢ ) from

ser ot ypeethylisoxgrolezyigarsonyly-ls Vgl %tséf ddenly @héwwfa&ﬁwwwﬁdaﬁd
chr omat ogmmahmlq@bmedmrcemers(dn)of(m Bxehange MS&tﬂ@th@(ﬁeﬁiy@ﬁD&ﬁoFaSt Fl ow

f Ph A
Bi o ad: - BRGEE-UF Al G RARL A AR Al bl B0
sanpl g c@h‘b&h’ﬁ‘?é@oif% DWBQ))Y‘BQV 1 FF LR -AE)-Tyrgol-AayNi- Bpimoaty dessgbedc onpound

at tH C @.Rgg e nd 50-100 nM
pr ot ease. Cﬁﬁ%&bﬁgsbag}?{k %ﬁ@d%re tgﬁtﬁ? ?)r‘ g{m&ﬁ; ??%ﬁéliﬁr?r |5§t ed by

addi t i onia3f7 berﬂzynmmajdta_f,)ammdslmsztaraz)eo 9RAP3L1CI=|= (mt y.29qS3HERSUREd in the
fl uorescence resonance en substrat e was

C(N-termi &ty -SPABCHD: {-6f+)- 7X\r(‘§ ‘/S:F)a‘ %Fﬁﬁ@nd‘ﬂ ewzﬁsnvamawn%meo In the
uncl eave@dpeiptJ=€E3.7,t6ip), FEDARES 1H, marlegcﬁm)cezmsmmﬁlﬁ)heds Ly 2Hhe= pepXxi mal

DABCYL Y s

Ort obgrt T2035 N80, SAE R0 69,195 (B B UG o I eI A 08 iy
was aséﬂ%éﬁdaéﬂah— Eherses®dl . tH-oor & Yee e 98 (gD, 7.0k é%te.r?é{)ahél yzed

usi ng st apdandimofo? (dears£e55.i ng program; (Enzfit), and are shown in

Tables 1 and bel ow. | n .o e 1 ]1 daj a for rhinovirus 3C protease

f r om HRVES2pgle e Fropary fong 2 EMMWM%W&WNM

by Dr. Rn.bte-tltf'ﬁo -(4-H-REé¢ ut- -E-Bl"o st€ul ar Virol ogy, University of

W sconsin, Madi son,” Wsconsin). Table 2 shﬁy\/s protease-inhibiting activity
h

of corrpounds agai nst proteases from sev i novi rus of serotype other
than RVP serotype-14. The dataol t he £olam deS|gnat ed kb~J(I] were

measured from progress curv r| ments. Antirhinoviral
Hl-HelLa Cell Culture Assay3} |s(;.c'lH rotectlon assay, the ability of
conpounds to protect cells agal nst Hgﬁ@\l nfection was neasured by the XTT
dye reduction nmethod) which is described ifn Weislow €B-1al ., J. Nall. Cancer

Inst. 1989, vol. 81, 577-586. Hl-HelLa cells were infected wwth HRV-14 at a
multiplicity of infection (mo.i.) of 0.13 (virus particles/cell) or
nock-infected with mediumonly. Infected or nock-infected cells were
resuspgnded at 8 x 105 cells per nl) and incubated with appropriate
concentrations of the conpounds to bgstested. Two days later, XTTIPM5 was
added to test plates and the anount of 15 forrnazan produced was quantified
spectrophotonetrically at 450/ 650 nm The EC50 val ue was cal cul ated as the
concentration of conpound that increased the percentage of fornazan
production in conpound-treated, virus-infected cells to 50% of that
produced by conpoundfree, nock-infected cells. The 50% cyt ot oxi c dose
(CC50) was cal cul ated as the concentration of compound that decreased the
per cent age of formazan produced in conmpound-treated, nockinfected cells to
5096of that produced by conpound free nDck |nfected ceIIs The therapeutlc

N 1 o NN N - N .



American Type Culture Collection (ATCC)) except for HRV serotype-14

(produced fromthe infectious cDNA cl one constructed by Dr?olég‘é?]?er 2002

Rueckert, Institute for Ml ecular Virology, University of Wsconsin,

Madi son) W sconsin). HRV stocks were propagated and viral assays 25 were

performed in Hl-HeLa cells (ATCC). Cells were grown in mninml essential

mediumwi th 10% fetal bovine serum available fromLife Technol ogi es

(Gai thersburg, MD). The conmpounds were tested agai nst control conpounds WLN

S1711) W Nyvb29873s and W N 54954 (obtai ned from Sterling- WenuBsmo260

Phar maceuti cal s), Pirodavir (obtained fromlanssen Pharnmaceutical s), and

Pl econaril|l (prepaced acgordin net hod described in Diana et al., J.

Med é:heﬁfefggg',""\%F'.“eﬁ%e,d“f%gg)’&'&ﬁ?‘f"gﬁﬂgﬁﬁ's'a'é‘f"égﬁ'at ained for the test

conpounds ar& sd6tic(d isob@Praldebycle €7.5P£)023 mod /equit 3 i RCH 8II)PER60 shown in

Tabl es o3 froduisthl b sl & Alcfudoflor RMmSGL-ALARTsd, HAS BRSorAl flpr Wi se
heses e de n "N c? th

noted in pare t €s. S| gnat.l 0 | hdl cat es at a val ué was not

det er m NMesohvtiop in RHF. 133 mgein'd0 eaby-Jin THE (389 mbp) & 0%, sYronromplagien efithg/ys . HI t ' ~T

Iger ;)t yltomao_ n;the -reaéﬁ'on_mixmnle G&HEHSlﬁbmdPB@ﬁxﬂﬁS@Trdﬂxhlﬂi&micle '“?E’Wés‘é‘?*%‘ﬁ g(éx 1) Olel I
roteacti ~ . 1 sSon u ). a e

55° (i 2B OB B OED BT L R Do AR B0 b raeagg miire

( A- 27} 18p9P01t 3OO Bxtwagl setuBPed(NEE) 415030 a@d Apd umidtut3Y ER0 5080 1880EX anpl e 34
A-25)5 00, 03QExanm! . |

E A7) 298gz,o’bg@o‘gbbi‘%‘fé%gp‘é‘gdi‘??&‘?%@%%%g 88%4%8%@§%§’ﬁf§3°§6‘&‘%0 NDExanpl e

?c( 9) 2)7 tuamﬁﬁ&ogxghmsﬁumleatm n;_r@xgh)saag 46 QOutiROHHSYHE® ABn hexanes)

(5 4) 500000 y HmhRmR Fuldhy Byl £60p JaOEuHEP BB e tasnct o, e son

Conpiau n ghagacyasized boovaFomkigehingat pwith I QBN 10§ @, 3 S myeghl- E0 Guiv.) and

(A-2)46 %Qg&tegqg%ﬁ%ﬁeé b3 33000009y HBEXRITPLSS i and ZO MKOHSE o0 104

( A- 10) 108, 0000. anpl e 13" (A-11) 108, 0000. 03Exanpl e 14 (A-9)6
30 Oct oBYy Werusidadsequrntigllys andihe Ripyvo srdepauxprewyardhgebogh After - — Tapl e

1. - Aef E&Glifnﬁ 1$23°C; the reaction mixture was filtered through a medium frit, and the filtrate was

partitioned between water (150 mL) and Et20 (2 x 150 mL). The aqueous layer was then
acidified to pH = 2 (as indicated by pH paper) with concentrated HC] and was extracted witha *
15 1:1 mixture of EtOAc and hexanes (2 x 150 mL). The combined organic layers were dried

over NapSO4, concentrated, and the residue was distilled at reduced pressure to afford trans-6-
methyl-hcpt-4-énoic acid (3.58 g, 47%) as a colorless liquid: bp 107-112°C (1 Torr); IR (cm~
1y2960, 1711; 1H NMR (CDCI3) 6 0.96 (d, 6H, J = 6.5), 2.18-2.45 (m, 5H), 5.31-5.50 (m,
2H); Anal. (CgH1402) C, H.

20 Preparation of Intermediate trans-6-Methyl-hept-4-enoic Acid (2ZR-hydroxy-1R-methyl-2-
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 Na2SQ4, concentrated, and the residue purified by flash column

30
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HRV Serotyperl4 -: | .. ConmpoundPr ot ease | nhi biti g@ ?ggg{)gk] 2002
(M ~sec' ~) Cel | Protectlon ECso (! “%)Bxanpl e 15 (A-12)59, 30 anple 16
(A-13)95, 8000. 20Exanmpl e 19 (B-3) 465, 0000. 18Exanpl e 21
(A-14) 54, S000. 48Exampl e 22 ( A-15)237,1000. Z2Exanpl e 23
(A-16) 172, 8000. 4SExanmpl e 24 (A-17)167,0000. O6Exanmpl e 25
(A-18) 292, 0001. 50Exanpl e 26 (A-19}27, 75025. 10Exanpl e 27
(A-20)1,02012. 60Exanmpl e 28 (A-21 )17,8002. 50Exanmpl e 29 (A-22)2, 400NDExanpl e
30 (A-23) 26wal0MNM3s Table 2. Activity vs. O her HRV Ser ot yuIgus99/00260
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SOO"(89)3 400" (2).2, 000Co on_Conpound #3(2) 8, 000"(16) 16, 900( A-24)(2)3 |
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~ ' Tab~4-encikc aclmmhyafuxmmmmmqﬂmwl.emyummenﬂﬂw&m% Om/o)/ﬂs)mus
pl VnTI Conpari son

(1>320 00953 9\3§L§5(9‘V°2"5‘99f0'03°456'696)2)“6(°ﬂ!1b‘r\15§%4!§22 3( HAYMRAEBKES> 1S ef 0. 220ND>4
50(A-2) 1,4 %@M?(ﬁ%%@ ), 0993, J=6.5), 1.11 (d, /= 69) 2. 18-2 59 (m} 2.82 (5), 2.92

10>200( A- 4) 0. 00>100>100%)@®0%70 005>10>2%%86% 010ND> %6?

16) 0. 320833V ot AH84Y mdia @")’(5136)%4961%@%42 {mA) 0. 030~ND
>333"{3) ﬁnaammzﬂm;osn o1, ®I40ND>280" {12)0. 060ND>16b"

13) 0. 020ND>S00( 17) 0. 020ND>500" S" 060ND>

105" ( 35, Brepatation 7k Dt s BRps-h HoreH o8 p By %gfmt-mmeow CR-

10>2S00" Hdfbx@ABNDABPE2-p D6y letliyd) nieBhy2 Anidde. 30 V\D 99/ 57135 30 Cct ober 2002
PCTNS99I 00260

(1\/\110050( TI"?&‘%I@‘E)%(S?&SQ%O%SSS)Mo@ﬁwﬁi *? ggm’ﬁéﬁgoh‘{%) .(r)gg\l\/l[E)SigG(

added to a suspension of anhydrous lithium chloride (7. 18 g 1 ol, 10 equiv.) and
30%00218% DNEE%O gﬁﬂ;&%ﬂ%&gﬂﬂh&oﬂggﬁ%%ﬂ{mﬁ 250 AN 4R 1) QeAd88ND>333" (17
111°(38) W"ﬁ?’%mﬁé %3 Oéﬁ\én?%;%e{gAwﬁmﬂ\ﬁﬂfﬂ(%O?ﬁ B 1 5% 2pg gubsequently
1000( 1 A) GOOIB@WE}D&S@(WQO')@Sé%W%Q%%@&) 401d1(3 By droQy> VR-de By L3-Phenlyl-00> 10>

1-88( 2\5 élgﬂi@m@g%ﬁlp& %l)% 18@%1(;}010&;%% ﬁ\ ﬁ%) 804&99 was added via cannula, and

1oo>2oooé1=(f?ybme Q@WG“K‘?&)‘ 6786@ é‘N[bedta peinggied b 6Npy-2039ig o etirqg At

23°C for 5 min., and then was cooled again to 0°C. A solution of 4-fluorobenzyl bromide

15 (6.34 mL, 50.9 mmol, 3 equiv.) in THF (15 ml.) was added and the reaction mixture was

stirred at 0°C for 30 min., which was then partitioned between half-saturated NH4Cl1 (230 mL)
and a 1:1 mixture of EtOAc and hexanes (200 mL, 2 x 150 mL). The combined organic layers

were dried over NaSO4 and were concentrated. Purification of the residue by flash column

chromatography (gradient elution 20—540% EtOAc in hexanes) provided trans-6-methyl-25-(4-
20 fluorobenzyl)-hept-4-enoic acid (2R-hydroxy-1R-methyl-2-phenylethyl)methyl amide (6.33 g,
94%) as a viscous oil: Rf=0.38 (40% EtOAc in hexanes); IR (cm1) 3378, 1614; lHNMR
(CDCl3, mixture of rotamers) & 0.85-0.95 (m), 0.96 (d, J = 6.8), 2.10-2.32 (m), 2.34-2.46 (m),
2.58 (5), 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. (C2sH32FNO2) C, H, N.
55 Preparation of Intermediate 55-(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-25-(4-fluorobenzy!)-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
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99I 57135 PCTNS99/ 002 , . Anti=Rhinovirus Activit

' " NBHbET FIRVEOS @, (—"HlvF)ﬁ@QB@S(%ﬂ (o1, PHI. I8N (& 7H1.0= 78568)&)7291-&03
520870, Ofx 10n 14 RN IR495A4%, 4356 30 40PV OAAY D! D7 0833038 00F 0098 gk 0. 01> 10>

100Q wnt | coxsacl ueV| ral Coxsacki evirus types A-

a

(CAV-21 5"‘:%#8 Z ﬁ{)v@iz‘é (ﬁtﬁ]@ﬁgél:é@)dﬁm Anerican 10 Type Culture

Col | ect i pRrepbAlithof IRREIYiAtE 89-(1MAzido bt BylFEop Rk SRAE NS0 B LAy 8 Fb @ f-
antiviral ,assays were performed in Hl-Hela cells (ATCC). Cells were grown
in mni nﬁ'l "&ssential nmediumwith 10% fetal bovine serum (Life Technol ogi es,
Gai t her sbur g, AMBpensitnef sdsiiun tzpdedl .9¢ eA9Amuls!, 26 epuind ewt STtERHsoragai nst  ei t her
CAV-21 Orne&yﬁr&yi)@ﬁee@tﬂu%bm& &mﬂ zmﬁetm NT?%ﬁolr?g&bW lqtr,vastthod

This nethod i's déscrib n al Cancer 1989,
vol . ©1, digethyifggnamide @@ ml) wap F?f%f%’ Fﬁ?fé&h@ers waceswﬂﬂxw Y3B-3 at a
mul tipli eddied 003 IMErGhds partifithed betwhenHal(Gafl2iedlaCd (W0IL )68 POt MBkye OF

mock-i nf gP lr.‘:(%(i\c, hexanes and acetone (2 x 200 mL, 100 mL). The combined organic layers were

dried over NapS04, concentrated, and the residue purified by flash column chromatography
(gradient elution 9—17% EtOAc in hexanes) to give 5S-(1S-azido-2-methylpropyt)-3R-(4-

fluorobenzyl)dihydrofuran-2-one (2.10 g, 62%) as a white solid (containing approximately 5-

20 10% unidentified impurities by |H NMR): mp 91-96°C; Rf=0.44 (25% EtOAc in hexanes);

IR (cm-1) 2097, 1772; 1H NMR (CDCl3, major isomer) & 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=17.0, 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-yl)propyl}-carbamic Acid tert-Butyl Ester.

A suspension of 5S5-(1S-azido-2-methylpropyl)-3R-(4-flucrobenzyl)dihydrofuran-2-one
(2.02 g, 6.93 mmol, 1 equiv.), di-rert-butyl dicarbonate (2.12 g, 9.71 mmol, 1.4 equiv.) and
Pd/C (10%, 0.20 g) in CH30H (100 mL) 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
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with mediumonly. Hl-HeLa cells were plated at 4 x 104 cells per well in a
96-wel | plate and incubated with appropriate concentrations3®fO¢#ebersi002
conpound. One day (CVB-3) or two days (CAV-21 ) later, XTT /PM5 was added
to test plates and the anobunt of formazan produced was quantified
spectrophotonetrically at 450/ 650 nm The EC50 was cal cul ated as 20 ~e
concentration of conpound that increased the formazan production in
conmpound-treated, virus-infected cells to 50% of that produced by
conmpound- fweedsmds nf ected cells. The 50% cyt ot oxi ¢ dose PCUDSY9/0ARES

cal cuI ated as the concentratl on of conpound that decreased for mazan

pr od I 2 eslg r;])ro(%rg) 50 C!:tl;é'i Hqid ()4 #%}o%ffrre_lzgr)%doxo rlzxéydgogurSO é%.P/;)p produced in

compou uni nf a eu Icrn caI cul at ed
by di vwdnbhlgwtah@ 1e5baghGteh (1. 18 CPEO 2 Wilie fwnp‘btﬁmw (¥ MeOBShed agai nst

e roca i RIS BGERH R B RER GO Sl EA B o, anc
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o b B ek fatr dig 180l 3. S S SEb LA W Bt e T

PCTI US%{DO@%ﬂol(m, 2H); 7.H-7.18 (m, 2Hy; Anab|(€20H28FNAM) CAdR$acki evirus Activity, -~

(ol viiteser PO R RO KR -t v g

100>62 3GWperdatel SND>555W N

54954CAV- 21 0. Q0 > DPi r odayi 00. 00>
| OONDL0" w1§1‘8“5‘88dé’6ﬁg@;{;3e28%g?3‘? %‘ﬁ% “b‘ﬁ’ﬁgf% %%"é\‘?’é %50 0ONDND
Ant i - Ecidded tp alsolytien of{@treatilil 44 R-Geliyorabanzylir eoxntesraludrafulanStylipropylpe 1 1 (EV

(1lg )?< a&ﬁxlbsﬂ.ﬁ@frcwwtmﬁtyt pYASTE ((7ﬂ)3(gEv 97 RnotV8l GuiRY i BRESES L M 5 ATRE
OCKVI

I rus sto rop ed and antiviral assays wer e
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I . A conpound of the formulal: R~ ROR2 Z s Rs H-Y~H-Zi &ség%&%/:z&ég
wherein: Y is -N(Ry)-) -C(Ry)(Ry)-, or -O, where each Ry is independently
Hor lower alkyl; R is H F, an aI kyl group, OH, SH, or an O al kyl group;
0~ ~ 0 jAY)~ ~~~C A~ 1A 10 Rz and R3 are each i ndependently H, ~~NHz; or
(R~)(R~) Z, where nis an inieger fromO to 5, A is CHor N, Az and each
A; are independently selected fromC(R4~)(R V), N(R4~), S S(O, S(Oz, and
O and Aa %, §H,pc NR4i, where each R4i is independently gdQfsobmores al kyl,
provided that no nore than 2 heteroatons occur consecutively in the ring
formed by A~, Az. (A3)~~ Aa and C=0O, and provided that at |east one of Rz
and R~ 72) 4404 S8 MELH), A8 (d, 1HZ/ Ai8-4), 5.38 (4, B, /=NHZ)g1.01«(d( RE~)( F#) 6.60Rs and R6
are eacfygl meﬁﬁnﬂserstd)ysws%(@@mIMHgmuen?]ey GYLIAR], iy, AnQup. @

het er ocyc Oa”élﬁ tIJP an aryl group, or a heteroaryl group; R~ and RR are
each mg‘%@% '8 §n al kyl group. a cycloal kyl group, a 20 .

het erocxfpépq@hmommt Eﬁi}l@f{(ﬂ’ MidtRHiRoxa2otb8t- @Jr@aﬁ%j-me ;ocH)-L: ~SR
-NR, ~Ri a, -NR-9NRR, B, or -NR ~ORis) where R ~) R and 9 are each

i ndegenﬁ%ﬁtﬂhy) HGlahEa‘fﬂanOg?eoup, a cycl oal kyl group, a heterocycl oal kyl
group, an ariyhyiod-Puiek-L-& afececeny Y.L 4 0L BHERL-(PF-GB)) -B DY dpeBb 8diRas BRvertsd &
five-menbered heterocycle having fromone to three heteroatons sel ected

f r om 25 to-produict ethyl-35{(5 amethPisaratolzi3’ gubonyldh ValiHEPENAEht(#-F-Ble)-F:Glax al kyl

ﬂ;?gf’oar yqupenga% *ﬁya %?@alo&%ﬁz Odgyc?bﬁfll %rgﬁ&%gdvls?or L %p&r OUE,OQ?Z ,

- C(S) Rzt eth)@@SﬁBQRZJ RowL- PhN@zQTr-GQMrprommwodUS@MRi Rz,
- S NRz n')c{lgm)u 1e- S QNRBh7) -1 I3 RZ Phe-£-BHX) ropénoatePHpRZ2206 ) =
- PO{ NRzi Re2) ( ORz3) ~ O ) (NS ) QB&%) NRz ~ Q[rgzzszsd%czfr) &=

- C( S) NR23NRAZRELH3OB0N CHRER); H({@méf)ﬁbﬂeﬂlzotﬁzmhiaNMR@MSM)S R8b(d,and Rza
are eac d t - 1
het er oc?cr?)al%%%rbdﬁﬂguﬁ{ U 68@? %’r Uaos)h i?gjé Iﬁé’r oup th‘r?PgCyl group,
or a thi2@adya4 (gv dtp 2461, éh‘y ’tiii('/c?- Qﬁ(“RiH) 2@p2. 95R2!3?Hhﬁ&9m4H Jogedher with
the at oggh.49 (mjm:m st4hew mg h@@@l%cbs (iqnsnsaslh@a qaowq*s@ai K)?;k 79(QUP,
provi ded._t hat not bot FQ 8 er with the
at ons t d%%"ﬁ {fh(é‘y 55’? & %dﬁd‘éﬁ)’ “F’o‘Prﬁ 59 @yl:*r' T W Aa?‘ ‘ﬁ-‘e’l BN A& Kyl
gr oups Q{‘NZ and Zt) together with the atoms to which they are bonded) form
a cycl og] k aceutically

acti ve AEREBY e SRS LA-T0: Bk : JZ%Stvate thereof. 2.

A comomgwawmme met abol i te phar maceutical ly
acceptabl e salt, or solvate according tQHC| aiml ) wherein Rz and R~ are
each independently H % O N ( I I){J ‘Y)n C(R')(R') NH2~ or ~Rt)(R t)
where n is an integer from Ootia\ggc Rat is

4 u Z CO,CH,CHy

&
o-N (o]

20
(A-10)

Preparation of Intermediate Boc-L-Leu-NCH3-L-Phe-OCH3
NCH3-L-Phe-OCH3+HCI (1.4 g) was dissolved in CH2Cl» (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 CH2Cl2 (3 x 50 mL). The combined organic phases were dried over NapSQO4 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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i ndependently H or |ower alkyl, and the stereochem stry at

denoted with an asterisk O (*) may be R or S; provided that!'3 to'ﬁgﬁg‘?ro?ﬁ%o
Rz and R3 is ~~NHz or % N ~C(Rt)(Rat))n ° CCIRt)(R) (RW(RTf) A
canpound, prqdrug, pharnmaceutically active netabot ite) pharnmaceutically
acceptabl e salt) or solvate according to claim1) wherein Y is -N(Ry)-
where Ry is Hor lower alkyl. ' 4. A conpound, prodrug, pharnmaceutically
active netabolite) pharnaceutically acceptable salt) or solvate according
to claim3) WAYEIH¥: Z and Zi are each independently sel ectedUIPERH, F)

| ower al kyl, -CO2R2 i, and -C(g NR2 ~ Ru, where Rz, and Rzz are each

i ndepeﬁdeméd/atlztwcamra:t Ky TheGhiRthgs, wad el aaxlelﬁysbe ©E fﬁéﬁipﬂﬁe phanreayc! oal kyl

o oup, o akyarbysd BELEIRR i H-PRR RSP F vl o o bonded

form a hehereayghdat KyHCQOS GOmmL)pdrizd ode (Nabbal and aagbritd. e respfue b H 1 14
SUBSTI TUTE _SHEET 30é(§)ct ober 200 ether_with the atons to

whioh € heyBs LB HETRn GRS Gk BRI hErBr S BT T NGH: or 7
and Zt B @éﬁ?ﬁ%&@hﬂ&%h@gﬂﬁ% bSepheh 15018370 érﬁ{@%ﬂ%‘%l 5 3CyC' oal kyl

or het%r ocyc group. conpound, prodrug, rmaceu ry active
met abol i t1908,nbay; riﬂaaukj(cabby(mamemb)laeo gn(dt 3H,0F= &68), 0.5 @i, aas:.medlsmg to claim

3, wherein R~ is H 0 thyl._6 c Qu rodqrug, .pharnaceuticall
active nmét3pbft %Z%Ha'irlr%@gig'tli'ﬁééll'7%“‘&@3@&%&’39@3&4,(9‘5199’56]9\}étSe 10 or di ngy
to cl ai m337 ahate Vs 1415, 5.8r3.02 GneHNH.4R3.56 (mRBT), 49054 OnNH), H20 (ddNHE,. 7. A
conpound, 1 P[P qug 7 fhhﬁ?m?#)t Aﬁﬁ' ) %ﬁf{ﬂz\%) E:eha,gol ite, pharmaceutically

't | gto

accept abl e sa or sol vate ‘accor wherein one of RS and R6
IS Hng(gd erammtxheoi‘rmgermledhytelme Iabsi-NC8I3-IxPbo@Fbund, prodrug,

har euti cal] t t ar,nsc cal | cge

gol vat e ;clcor al?olﬁééﬂ?%}% H\S{]ﬁe}ﬁgl‘sgy rlle%o'? ﬂgwangﬁg' i “péﬁ%%’]lg(ftﬁe ot her
is alkyl k) zarly.bolecﬂm 02C c Agou kO (COldrrnilg pf P sate@utd. Takdoy) vas bddea

met abol i t&, pha @@&gu&aﬂ u}’e\@a%gﬁr%o?mﬁhﬁtabt’c Bel1 tﬁghm aem%%w'u@ sto claim
3, V\,hereln on her 1s u

subst i t utleSQheA) et By mixtere was edmrpelnih Cheekr @y, 10p rds. r?aé éxqtcpvea!aqnptgl active

met abol i tg anm;x@%yetamuey Nﬁ%@mmﬁo%d&o g0k BRI MRLNEELLP Ry Lo claim
3, wh?g ein R~ are each 1 ndependent|ly H,
as a whne foam (0 617 g, quant.), which was used without purification.

Preparation of Intermediate Ethyl-3-{Boc-L-Leu-NCH3-L-Phe-L-(Tr-Gln)}-E-
Propenoate

This intermediate was prepared from Boc-L-Leu-NCH3-L-Phe-OH and ethyl-3-{HoN-
L-(Tr-Gin)}-E-propenoate*HCI (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-Gin)}-E-propenoate in

Example 2 above: IR (cm‘l) 3295, 1713, 1672, 1649; 1H NMR (CDCl3) (mixture of isomers)
5 0.65 (d,J=6.2), 0.66 (d,J=6.5),0.84 (d,J=6.5), 0.88 (d, J=6.5), 1.02-1.22 (m), 1.23-
1.38 (m), 1.33 (s), 1.41 (s), 1.55-1.82 (i), 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, J=15.9, 1.2), 6.23-6.28 (m),
6.66-6.75 (m), 6.79-6.89 (m), 7.09-7.34 (m), 8.14 (d,.J= 8.7); Anal. (C49HsON407) C, H, N.
Preparation of Product Ethyl-3-{(5’-Methylisoxazole-3’-carbonyl)-L-Leun-NCH3-L-Phe-
L-Gin}-E-Propenoate

Ethyl-3-{Boc-L-Leu-NCH3-L-Phe-L-(Tr-Gin) }-E-propenoate was converted to product

25

ethyl-3-{(5’-methylisoxazole-3’-carbony!)-L-Leu-NCH3-1L-Phe-1.-GIn}-E-propenoate in a
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an al kyl group, a cycloal kyl group, a heterocycloal kyl group, 2R.Rk¥ 2002
group, or a heteroaryl group. 1 I. A conpound, prodrug, pharmaceutically
active nmetabolite, pharnaceutically acceptable salt, or solvate according
to claim3, wherein one of R7 and Ra is H and the other is alkyl or aryl.
12. A compound, prodrug, pharmaceutically active netabolite,
pharmaceutically acceptable salt, or solvate according to claim 3, wherein
one of R~ and Rg is H and the other is 2-propyl, 2-nethyl-2-propyl,
2-nethy|-1395%9%h35phenylnethyl, or naphthylnethyl. 115 o8tgSebiéhE SHEET
- 30 October 2002 13. A conpound, prodrug, pharnmaceutically active

met abolite, pharmaceutically acceptable salt, or solvate according to claim
3, whdr emanrRoanalogguy tophat fesriiRed dEFampla 20w0p¥s o g wprvgrsion of ethyl3-6Bes-ki t r ogen

het er oat ped-BIMGe QAT G1)P PR bt RiyRsluctlethyl A (CO TRAMYNEL xRS Q8. UiBbonyl)-L-
pharmaceutically active nmetabolite &t\ar maceuti cal | g acceqt able salt, or
sol vat e hetbrdrtgCidEcprapsapate: Rad &1 $ /oHpQH R CHRERY IR (e 53895t 1 Hdt-ed and

unsubst i e . 253 3 g 21 i,azo0 nokd. A
conpound?&%fggﬁugg pﬁaB#%@ghéyggﬁ%§é§%¥%b%&ﬁgg%éoPi%g?ﬂgﬁﬁﬁﬁ%éggf%calIy
acceptsableJsa.1), 0.94 (dsH+6e),d.38C dr=di.2)gl.2401.23 @i .81-2 22 ene A5 RY, .48 (s),

3-1i soxazglyl, Lar,. S a j t S A i 4\h or two
substi tug'r% 2 '%éfni’cjf%gé)f %g?nys 3;{%;/# 9‘3‘%'*& #a]?'géfe){%) y?%&d’,&}%?rjf%\(l)gu&ﬁd“'g%@or ding to
cl ai m 3 4f %Net2blandit d-2)--488-4.9 (R, A2- T FoZ4-R-ARLMRNS-22-5147OnRS. 13- R~ (1 - A")
Whe(rj ein Bh?] (B 5.8RGdd, R= 15R91.613%.99 4d, ﬁﬂd5.|3;1.®r, 6.088.09¢kh), G?_@J (d'),lr\:?_fd &,m 3i glr a
prodrug, pharimceutic e n olite, pharmaceutically acceptable
salt, or 6?8%\'/4538816:1@@%4&")%%5 é‘égﬁéggﬁa(‘rjp’r—oﬁ%g phar maceutically active
met abol i Eeampled? rPeensiration d{\Co ple (8 phMeliviisaatdle-3’odarbaivat e
accorg ng vQ.& i iRe ' nbie©O ., -, HONor 18. A conpound,

pr odr ug, utically active ne bol&%e, phar maceutical |y acceptabl e
salt, or solvate according to claim 169 erein: Ry is Hor nmethyl; R-is
H F, or nethyl; Z and Z, arecﬁéfghgﬁgéégpdently selected fromH, F,

-CQZRZ,, -CN, and 'C(O)NRZ?\E%Z" s gy RZZ are each independently
H, an al kyl group, a cycloat-Ryl" grolp,” a heterocycl oal kyl group, an aryl
group, a heteroaryl group, an acyl @up, or a thioacyl group, or RZ i and

RZZ, together with the atons) to which:they are bonded, {ofyma

het ergrycl oal kyl group, provided that Z and Zi are not both H, 116
Preparation of Intermediate Allyl (5)-1-Hydroxy-3-(4-fluorophenyl)propionate

In a flask fitted with a thermometer and a reflux condenser was dissolved methyl (S)-1-
hydroxy-3-(4-fluoropheny!)propionate (prepared from L-H2N-(4-F-Phe)-OCH3 by the method
described in Hoffman et al., Tetrahedron 1992, vol. 48, 3007) (0.99 g, 5.0 mmol) in allyl
alcohol (50 mL). Titanium tetraisopropoxide (1.53 mL, 5.0 mmol) was added, and the reaction

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 NH4Cl solution. The organic phase was separated and washed
with water (100 mL), brine (100 mL), dried (MgSQ4), and the soivent removed. The restdue
was subjected to flash column chromatography eluting wit(h a gradient of 5-10%

EtOAc/hexanes to afford 0.77 g (68%) of allyl (S)-1-hydroxy-3-(4-fluorophenyl)propionate as
a clear liquid: Rf=0.21 (15% EtOAc/hexanes); IR (neat) 3470 (broad), 1734, 1510, 1221 cm~

25
1, TH 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).

30

73



SUBSTI TUTE SHEET 30 COct ober 2002 or Z1 and R~, together wt quﬁggo

whi ch they are bonded, form a cycl oal kyl or heterocycl oal k

and Z, ,

or

together with the atons to which they are bonded, form a cycl oal kyl
het er ocycl oal kyl group; ONONNH2 Rz is O, ~ or ~~; R6is

unsubstituted or substituted phenylnmethyl; R7 is alkyl or aryl; and RO is
3-isoxazolyl or S-isoxazolyl unsubstituted or substituted with one or two

substituents selected fromnethyl and hal ogens. 19. A conpound Prodru

phar maceut i ¥ %78t i ve netabol ite, pharnmaceutically accep‘f%\’%’”
solvate according to claim18, wherein R7 is selected from 2-propyl,

met hyl ZPP&QM.OII hﬂﬁm&.aéﬂ% qpvhuo&h@rwbnawmcﬂn@;ﬂapht hyl met hyl .

conpound

I’O ru armaceuti cal

or
2
20. A

ive netabolite pharnaceutlcally

accept abl e salel (6}4@mrvmé(‘h&%w!lm@vtﬂ@w@?ta(Q{Q'}P& O%EMIWWISSWed and Z

are each teysag: (2%&5862:2-%269@) Nsiig, 086 mxﬁolwﬂdgﬁrowo&eWW) z,

C02CHZCH3, and NHz, R6 1s CHZPh,

Z~ is
R~ is

CHzC( O
CHz CH( CH$9-904 g210- P gnraelyeyd e 0.0 . 1’@3 Tswhz The reggtporrpppestoyediaprooms i s H3c R7
' S C( G'B)léncha"furb Svéchighi{dite sodRehk Wi réhdVedinh@ciy. Rahe kedid b iKadible QHNW R6 is F

E TR e iy o doerhihy RATEAG Rarn i s T e OA S 1%R?B°c

SHEET 30 Vat-Dob€4- F%@BOGHQCHQCHS POHIKCWECHD)iMdZs ORB 2i(30%) ofa cleafRvil:i Ry CH( CH3) Z,

Z,

s COZCHZCH3, and R9 N1S "

10

15

20

25

30

0.18 (10% EtOAc/hexanes) IR (neat) 1752, 1717 1510 em-!; 1H NMR (DMSO-dg) & 0.80-
0.85 (m, 6H), 1.36 (s, 9H), 1.97-2.04 (n, 1H), 3.07-3.15 (m, 2H), 3.89-3.94 (m, 1H), 4.51-4.55
(m, 2H), 5.17-5.30 (m, 3H), 5.75-5.84 (m, 1H), 7.06-7.17 (m, 3H), 7.27-7.32 (m, 2H); Anal.
(C22H30NOgF) C, H, N.
Preparation of Intermediate Ethyl-3-{Boc-L-Val-O-L-(4-F-Phe)-L-(Tr-Gin)}-E-
Propcnoate

Boc-L-Val-O-L-(4-F-Phe)-OCH2CH=CH? (0.65 g, 1.52 mmol) was dissolved in THF
(15 mL). Tetrakis(triphenylphosphine)palladium(0) (0.035 g, 0.03 mmol) was added, and the
reaction stirred 5 min. at 23°C. Morpholine (0.16 mL, 1.83 mmol) was added dropwise, and
the reaction stirred at room temperature for 2 h. The solvent was removed in vacuo, and the
residue taken up in 50 mL of 4:1 hexanes/Et2O. The product was extracted into sat. NaHCO3
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 (MgS0O4), and concentrated to give 0.50 g (86%) of the
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-G/n)}-E-propenoate<HC]
(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
NaHCO3 solution (25 mL), H20 (25 mL), and brine (25 mL). The organic layer was dried
{(MgS04), filtered, and concentrated, and the residue was purified by flash column
chromatography (0—1.0% MeOH/CH2Cl2) 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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|\ ~_RZis~, RBis F' , RTis C(CH3)3, Z is CD2CH2CH3, and R9 is " c
. HON-~l RRis'~~, ROisF v, Rl is CHCH)Z Z~is é@Z&QZ@Q@F&??SzRg‘
is",c\ ~; or" ~(\ Ris'"~~isF v2~R HCwWR-is C(CH3)3, Z1 is

CQZCHzCH3, and RO is 21. A conpound, prodrug, pharmaceutically active
nmet abolite, pharmaceutically acceptable salt, or solvate according to claim
16, wherein Ry is CH3, R~ and Z are each H and: N RZ is CHzCH2C(O NHZ, R6

isFIl ', Ris ~H, Z~is COzCHZCH3, and RO is HC ONRZ is
CHZCHZC(O)WP29/sRas i s CHZPh, R~ is CH2CH(CH3) Z, and R9 i sPCT@s9oageqy | \ f |
\'\' ~ R is CHZCH2ZC(ONH2, R6is F' , R~is ~~, and ROis ",c NI\ Rz

\

5 o1 e g 1oty vp TS RO n0%i s gl Gooiy ™ ¢\ 11
SUBSTI THAGSHEETF B0, (8% abs), 260.2.682n, 2M)CRO®208 th, PHOHI910.33 phafigRceut i cal |y
o ol ai PSP Tt o troch o i ASET AR 38 toen D, BB 1 N 10
COZCHZCHB), S60(& 18, KiFZ5.6), 6D, N/ = 19\8,/5. SCAN@HZ GG, ). B-7.280mHy O H Ol |
SN Nigene T8 8112859 (s, TH AN, ;025 kN $dgF) C, B, N.

Preparation of Product Ethyl-3-{(5’-Methylisoxazole-3’-carbonyl)-L-Val-O-L-(4-F-Phe)-

L-Glin}-E-Propenoate

Ethyl-3-{Boc-L-Val-O-L-(4-F-Phe)-L-(Tr-Gin) }-E-propenoate was converted to
product ethyl-3-{(5’-methylisoxazole-3’-carbonyl)-L-Val-O-L-(4-F-Phe)-L-GIn}-E-propenoate

8

in a manner analogous to that described in Example 2 above for the conversion of ethyl-3-
10 {Boc-L-Leu-L-Phe-L-(Tr-Gin)}-E-propenoate to product ethyl-3-{(5’-methylisoxazole-3-
carbonyl)-L-Leu-L-Phe-L-Gln}-E-propenoate: Ry=0.05 (3% MeOH/CHCI3); IR (KBr) 1746.
1719, 1661, 1549 cm-1; IH NMR (DMSO-dg) § 0.87 (d, 3H, J = 6.6), 0.92 (d, 3H, J = 6.6),
1.20 (t, 3H,J=17.0), 1.61-1.74 (m, 2H), 1.96-2.01 (m, 2H), 2.15-2.22 (m, 1H), 2.46 (s, 3H),
3.00-3.03 (m, 2H), 4.10 (q, 2H, J = 7.0), 4.27-4.32 (m, 1H), 4.33-4.38 (m, 1H), 5.06-5.11 (m,
1H), 5.63 (d, 1H, J=15.6), 6.54 (s, 1H), 6.68 (dd, 1H, J=15.6, 5.5), 6.78 (s, br, 1H), 6.95-
7.00 (m, 2H), 7.20-7.24 (m, 3H), 8.06 (d, 1H, J=8.1), 8.87 (d, 1H, J=7.7); Anal.
(C28H35N408F) C, H, N.

15

Example 13 - Preparation of Compound A-11: Ethv]-3-{(5’-Methvlisoxazole-3’-
carbonvl)-L~(2-Naphth)-NCH3-L-(4-F-Phe)-L-Gin}-E-Propenoate

NH;

20 Q )
\(\,,/lﬁ N\_)kﬁ #C0,CH,CHy
£ (A-11)

95 Preparation of Intermediate Ethyl-3-{Boc-NCH3-L-(4-F-Phe)-L-(Tr-Gln)}-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. Afier stirring at 23°C for 24 h,
EtOAc (3 mL) and HO (3 mL) were added carefully to the mixture, and the resulting

suspension was evaporated to dryness. After dissolving in H20 (100 mL), the reaction mixture
30
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H~H~ C0z0H2CH3 S O\ ON\z OH OO N-H~ COZGHCOH3 '\ / F QO NHZ O %
Nv ' 'N/ COZCHZCH3 ~NH HOON#Z OHOQ | HONV "H/ oo%?:l%‘dl%b%fw

HON-NN N/ COoyCHzCH3 ~NH HO CF3COOH ONHz ONHZ OHOOH O _ ~ NN v
"H/ COzCH2CH3 ~ \ HH COzCHZCH NN O S O\ \ | / . ~d, / s 23. A

conpound, prodrug, pharnmaceutically active netabolite, pharmaceut ically

acceptabl e salt, or solvate according to claim1, V\/nerel nyYis -CHz-. 24. A
conmpound, prodru pharmaceutically active netabolite, al |y
accept abl e Y% 9'8? sol vate according to clai m23, wherei 3’%&%&’%& are
each independently selected fromH, F, |lower alkyl, -COZR2,, and

-C(O :‘NRZTVaksRZaEhed/m Bt2842 xa0mRR 2T taraeueeas:laydrwdepe'diaemtolp}l +13 with la?gkyl gr oulp,
a cycl oa r ou ter C 0 ) et er oar
gr oﬁp, éé’&?ﬁ S ll”;(iﬁlﬁ']t)amP .y rfafl}/‘?)dac;i}]L E‘Hﬁogﬁ ,quo "%2 ﬂéé'can%ﬁh'ﬂ Odget her wit K
the 119 emﬁUB@fteWE@HEESEI\@U V@lhtl@lfsptu@@@ﬂaéic‘@m()lm wLwibciiaaShey (e bonded,
forma hey g SREUEOQPINL), B Rer 10-88h A8 cblBlirdecd0fié Bg é&&%}g%-ﬂ@ﬂ% H or Z~

and R-, at ons whi'ch they are orm a cycl oal kyl
or hetser o% Iacp,allelyylhovgfoamm 3D, 83%@,“:0111&), wastuegpWifteit fitthd plfifca@bMBHt 0 Whi ch

ey o enRATSSta SR AYBAT £ Ly ARG BBV oRRATaL A cal 1y

accept abb 83 &aj, a.,smrsssmb vidllses AR, EH6I0 L @n)EY.85-M128&n). wherein R is H F, or

ohar maceut | ¢ P ue ol Bl £ aineREAMIRS Sl S adek B sg oM Rl 255" wner ei
at | east (Bmed.- Wr-ﬂa))ﬁﬂﬂomoats(pﬁmcwe@:ﬁbeg noExampNI-ZZabove 3.57 g, 6.73 mmol,

1 equiv.) in the same solvent (15 mL) at 23°C. After 2 h, the volatiles were removed under

10 reduced pressure. The residue was dissolved in CH3Clp (50 mL), and Boc-NCH3-(4-F-Phe)-

OH (prepared as in the preceding paragraph, 2.0 g, 6.73 mmol, 1.0 equiv.), HOBt (1.23 g, 9.09
mmol, 1.5 equiv), 4-methylmorpholine (2.0 mL, 18.19 mmol, 3 equiv.), and EDC (1.74 g, 9.09
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 CH2CI (2 x 100 mL). The
15 combined organic layers were dried over Na2SQO4, concentrated, and the residue was purified

by flash column chromatography (30% EtOAc in hexane) to afford ethyl-3-{Boc-NCH3-L-(4-
F-Phe)-L-(Tr-Gin)}-E-propenoate (4.07 g, 84%) as white foam: IR (cm']) 1666, 1510, 1167,
lH NMR (CDCI3, mixture of isomers) 6 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),
5.68(d,J=159),6.45(d, /=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.

20

Preparation of Intermediate Ethyl-3-{Boc-L-(2-Naphth)-NCH3-L-(4-F-Phe)-L-(Tr-GIn)}-
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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27. A conpound, prodrug, pharnmaceutically active netabolite

phar maceutically acceptable salt, or solvate according to c?%i(ﬁ?fz%t,’e’f/m%(?%% n
one of RS and Rb is H and the other is alkyl or aryl. 28. A compound,
prodrug, pharmaceutically active netabolite, pharnmaceutically acceptable
salt, or solvate according to claim23, wherein one of RS and R6 is H and
the other is alkyl or aryl. 29. A conpound, prodrug, pharmaceutically
active netabolite, pharnaceutically acceptable salt, or solvate according
to claim2¥OWr88in one of RS and R6 is H and the ot her TSTUMAHEi t ut ed
or substituted phenyl nmethyl. 30. A conmpound, prodrug, pharmaceutically

act i ?/e ROAD Q30 hE), aﬂh&isﬁ&b\ghﬁ 0.S NI H® (acmepkaghlaedza#rcloﬂso &Qby,mlttginlaccor di ng
to claim?23 erein R~ an are ea i ndependent H, an al kyl group, a
cycl oal Ky9 ™ol o8 ’@f&’éﬁ/‘?ﬁf}&i"ﬁf‘ﬁ'z%ﬁﬁﬁ?ceg%'% 14 157 Bgue WS a” het er oar yl
group. Fhrifiéd 60NF2R d6ldmn PHrERlatdgrapt3 (A0 BOTAL inGakdny) 13 aifbMeHTES FBEL I 1(8..

phar maceyt | I t r sol va ccording to claim23, wherein
bne. of _AerhiNQHTE VP IR T B PP PR YF R ] By Sandy ey e
SHEET . 3Qe,f1h 9bsy, 186302163211 ﬁmmmsl,dmmmﬁmgmp@@.@msz@utv!z?ﬁ'.ﬁé@ﬁct' ve
met abdl i te, pharmaceutically acceptable salt, or solvate according to claim
23, wherlei(shh&8df58km).difd-1RY (M3, 1P7ah bl me2.d1-Rek (m)s 2223156 6D, 2.62-2.69

i— met hyl w3 DEOR), k.90 %) B8d1Y b7 (Jm)Pi_f.Dililho (@bf._ﬁ&bﬁ@hfl}{ h,lsti,J'l&ﬂ%bt, bth%[‘y' X |33-
conmpound, r.oac PY ol.ite rmaceuti ca
accept atrd 516 R (B9 EPRREdze e S A Gk F e R R TRETE
fi ve- mentses) at6thi@t ef oty6.5e) 1akb-hep @), 6. €ut08 Gme7.h9-730 geh 7Het7esoaatom and one
oxygen f‘lﬁf(ﬁf_g%Em_ggfa’_Jé ggglgmgdmésq}g%pgw%,c’gf}g{ maceutically active

met al? lite, armaceutical I'y accep | e salt, or solvate according to claim
33, erBricparkbon gf Predutsdithyled €3 -Methglidoxazoterd’ edrbbngh-dx@zNdphith)-NCB3oxazol yl ,

or 1,2, ﬁ_gggg.q;h%f_gl_g)nb_gﬁirgpéoggnpound, prodrug, pharnmaceutically active

nmet abol phar mace K acceptable salt, or solvate according to claim

34, wherei n Rehyl3- BopdoRNaphih)-NEH3IS-(4sloRbe) dH(Ik-Qing Forrppangateanr substi t ut ed
with on b i nies . 10 |_~3 | 18.4.86. A
Ccoflerfey Sl EhHONE S -RAEhAGEEDOIES @axﬁ,@p%t ggﬁe%h%@k%ﬂ%ﬁ f‘% A -

conpound according to claim23 of the fornu -B' _
N~Z~ H CIRyLIGR-E(iromnpatijpayednperRnalogens topfgat dReribeddn Efampie g above fgrahes

defined doRvérbigh BF lidl-30(Bod-LPLQAL-Pkk-L PTG AR CE YldpGiithic Yo Aol BihiES-9Bal i t e,
pharmaceutical ly acceptable salt, or solvate thereof. 37. A conpound,
pr odr ug, mpphelisarazelsty cabpiyDdelpwb-Phet (Hs) -Etrsorcpenis MecmiDided 19544 et abl e

gﬂ'h or 1 s RMRHSMIE R BixdFe LA sSHhedl) 31361 INEH S 3-8 (D, Pod Ps W30+ ~

(s), 2.42 (s), 2.71-2.79 (m), 2.84 (s), 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
(m), 7.56 (s), 7.76-7.84 (m), 8.08 (d, J = 7.8), 8.60 (d, J = 8.4), 9.01 (d, J = 7.2); Anal.
(C37H40FN507+0.75H20) C, H, N.

20

Example 14 - Preparation of Compound A-9: Ethyl-3-{(5’-Methvlisoxazole-3’-carbonyl)-

L-His-NCH_3-L— 4-F-Phe)-L-GIn}-E-Propenoate

N
\ 2 o NH2
25 N
(o] i (o]
\(/\"/‘LN N\___)\ﬁ # CO,CH,CH,

o-N (o]

F (A-9)
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38. A conpound, prodrug, pharmaceutically active netabolit
phar maceutically acceptable salt, or solvate according to ?%lon%%%ber 2002
wherein: R~-is H F, or nethyl; Z and Z, are each independently sel ected
fromH F, -COZR2~, -CN, and -C(ONR2 ~ Rzz, where RZ ~ and RZZ are each

i ndependently H, an al kyl group, a cycloal kyl group, a heterocycl oal kyl
group, an aryl group, a heteroaryl group, an acyl group, or a thioacyl
group, or R2~ and RZZ, together with the atons) to which t are bonded,
form a het eWOXNEI3al kyl group, provided that Z and Z, are"ﬁS%i’SB%‘l"ﬁ‘“H | 21
SUBSTI TUTE SHEET 30 Oct ober 2002 or Z1 and R~, toget her with the atons to
whi ch 1t hey arm&m@%&«éﬁg m@pcwe; qukwn)pﬁ-ph%ﬁaawsécﬁﬁédwbxgﬁ;ﬁyPa or Z

and Zi, together with the atons ey are bonded, forma cycl oal kyl

or het er 8koye) s dyYertgd tupsoducs WY@N@WW’E@‘%‘& ewehosd) LrimNSH3-L- . and ~ ~
, R6 is uppuphsiy, w}e@.pmpe@uésﬁahuﬁ&gmm@m@ tamefe,yépm&naf%r@&u&yek iy P5. 31 yl; and

Rg 1S 3-i1soxazolyl or 5-isoxazo stituted or sub with one or

AR itstte RABRATE i s a8 Qe MR8 Tl

prodrug, ipbabding exihgetl yboagmluﬁngrs&@b@mtm) oRhalLipsrasd:iicaliprageept abl e
sal t, r sol vat e ccor di n? o6 ﬁrﬂal m 38, wherein R~ is selected from

2-propy| OFmiR k] )23319?0‘199 VIR (PMSOofy mixtye eRispmersiy) 21 dnk
napht hyl g8t Ryjo. ﬂ@(ng/*z 69%? 24% gmqs) pﬁ@s %gﬁga{ ng{ glaﬁ%tu

met abol i t e,” phar nacel ordi?ng to claim

e b b SRE A1 (s 1 6 &qzemm( 36 (ME6FETBL (), ROITSIOCH CrB) 7,
é—ll( SCH|3_|) 4h), l7@36Q&QhBC§-&(d§.nd8RQ8ns (dlre 81);8. 59%?3 76~8|_3£R@ 964&%9}/14 R~ :?S
T S ~ s , is' , R-
is cH CHY § ‘39)aﬁ852@39%%i5ﬁ§ %Hﬁﬁgﬁ?eﬁt he O N carbonyl group is cis to
t he hyRaagRNLS - a’liﬁ)ﬂgtmlﬁoﬂﬂionmound)h 122 X thviSLUBST] MHHVES(S&EEB’SO Cct ober 2002

gqol [S\I EZ c!lr}fnvl!-’lrm NE‘}{;-L-

~ COzCH2CH3 O ¢

fo) 2
i l i L
\(\,HLN N\{lLN & CO,CH,CH,y
H = H
o-N 0 ~ :

F (A-12)
Ethyl-3-{Boc-NCH3-L-(4-F-Phe)-L-(Tr-Gin)} -E-propenoate (described in Example 13

15

above) was converted to product ethyl-3-{(5’-methylisoxazole-3’-carbonyl)-L-Leu-NCH3-L-

(4-F-Phe)-L-GIn}-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
(cm-1) 3325, 1663, 1171; 1H 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
(s), 2.86-2.93 (m), 2.99 (5), 3.12-3.20 (1), 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=17.8), 8.08 (d, /= 17.8), 8.4 (d,J=8.1), 8.94 (d, J=7.2); Anal.
(C30H40FN50O7+1.25CH2Cl2) C, H, N.

25
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or a prodrug, pharmaceutically active nmetabolite, pharnnaceuytical :
acceptabl e salt, or sofvaté thereof. 42. A conpound, prodrﬁé,o‘%%olblér 2002
pharmaceutically active nmetabolite, pharnaceutically acceptable salt, or
sol vate according to claim1, wherein Yis -O. 43. A conpound, prodrug,
pharmaceutically active nmetabolite, pharnmaceutically acceptable salt, or
sol vate according to claim42, wherein Z and Z~ are each independently
selected fromH, F, lower alkyl, -COZR21, and -C(O NR2, RzZ, where R2, and
Rzz are eaW® 993@88pendent|ly H, an al kyl group, a cycl oal kyICTG{S3pp260,

het er ocycl oal kyl group, an aryl group, a heteroaryl group, an acyl group,

or a lt hi elgr-(i# aerriom:bOMu&%LBt: Ciﬂr?i'lhs‘?f(s"!‘iblteﬂwﬁi}ea%ﬁ? —) to which they
are bon%%nrag‘?mm, Cycloal Kyl group, provraed Lﬁﬂﬁ'—%nd Z~ are not
both H; MM&MWM%%@MMi ch they are bonded,

forma cycl oal kyl o1r1 het er cI oal kyl group; or Z and Z,, together with the
atons to which they are bo e%ﬂ» fo%;EE;cycloalkyl or heterocycl oal kyl

group. 44. A conpound, prodrygy pharhaceutically active netabolite,
pharmaceutical ly accept abl aILt\})Lo | vate according to claim42, wherein
Rt isSH F, or methyl .\(fzﬁ‘eﬂ £U TUTE SHEET 30 October 2002 45. A
conpound, prodrug, pharmceuti cal active netabolite, pharnmaceutically
acceptabl e salt, or solvate according to clai m4AA-Aherein at | east one of
Rz and R3 i sgefyls-@abt-QCH3 L-¢4-PPhe)-INTE-GIAP-E-RoscabNOURLib& i BiMEple 13
phar maceut i cal Iyy active nmetabolite, pharmaceutically acceptable salt, or
sol vat e heXHPAT FgVETtsd &9 RPfch ehyIgn (P amethy)isexagple35carbrpyRd--(1sNamh#d t he ot her
is aLkly!N@ﬂ3-aﬁyJFrPléY-L-(ﬁonWﬁuhe iﬁaadl hmbgarlxau&ganmctmﬂrl é;ﬁﬁkibr}/oﬁﬁ%@u\ée i
met abol i te. pharmaceutically accepta t. or solvate according to claim
T2 Wneretm D R ok 1 BB L G B R G Byl a8, A
CONPOUNGyropRAEHY déSeribed By EXAGBIL 113 GBeYbra Giili ey WERLIARONAfhey)-ahanRBeeBsd-cal |y
acceptable salt, or sol vate ac i claim42, wherein one of RS and Rb
S

d

o H and-Critanbiii B Ema) 408 el B LG (IR G SRRy 549 A

COWPOUnq’.l6plr.?}j{n591.6ﬂha§ (RE €9k ixqa (Y, 2%15.1\5%6,%@1?{9, b.w(s),@rﬁr(g?ﬁwtsb,c al l'y
al 0 laim4 wherein R~ and

acceptable s ,. Or_solvate accaordi ng3 to c R8 are
each i ndelfchbiet 93304 mhPR§13- 131U 3 13- BYEP SRl |5 GPotip/-4-32 (m), 4.40-

het eggcymtsqai),kws-gézou@), 5.aM5a7 yih), §I56873 (@), 63t5He; €5 BabY (my6.0146.88%4), A

conpédn 07 1P ical i hold t e, 1 edt.Lcal |y
accept a%,'segpég {"B ?)} ngf’@ggzgtégg’?r‘%‘%r?gﬁ t,dyngrgﬁmﬁgg%é é\‘ﬁé—'r"el 2’55(;%@’ (H)\bk R7 and R8
i s H anddtfie8 &k RdP (.4 < Ry$-6Bd. Ar $il). Sip. (A THp dard(CIpHeaiNsg7) C. H,
pharmacqgtical ly active netabolite, pharmaceutically acceptable salt, or

sol vat e accordi n%to claim42, wherein _one of R- and Rg is H and the other
Example 17 - Preparation of Compound B-2: Ethvl-3-{(5’-Methvlisoxazole-3’-carbonyl)-

L-Val¥(COCH?)-L-(4-F-Phe)-L-((S)-Pyrrol-Ala)}-E-Propenoate

Y
o
\(/\‘(u\u TN 27 C0,CH,CHy
T L

20

o-N
F (B-2)

Preparation of Intermediate Ethyl-3-{Boc-L-Val¥V(COCH3)-L-(4-F-Phe)-L-{{N-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 tert-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 2 manner analogous to the preparation of ethyl-3-{Boc-L-(4-Me-Phe)-L-(Tr-
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is 2-propyl, 2-nethyl-2-propyl, 2-nmethyl-1-propyl, phenylnethyl, or
napht hyl met hyl . 52. A conpound, prodrug, pharnaceutlcally a39|98t°ber 2002
net abolite, pharmaceutically acceptable salt, or solvate according to claim
42, wherein RO is a five-nmenbered heterocycle Y having at | east one

ni trogen heteroatom and one oxygen heteroatom 53. A conpound, prodrug,
phar maceutically active netabolite, pharnmaceutically acceptable salt, or
sol vate according to claim42, wherein RO is selected from substitut ed and
unsubst i t ut %P W/SP8xazol yl, 1, 3-oxazolyl, and 1,2, 4- oxadi FEIIYA/00RY
SUBSTI TUTE SHEET 30 Cct ober 2002 54. A corrpound prodrug, phar maceutical ly
active Iy ; cordi ng
to cl ai %%@p%m%g&gfﬁg%@gﬁgg%@iaz@f@?ﬁgb%bétgggyag% t"Irs)'u g ﬁ%ﬁt ed or
subst it uttery, Mamlﬂwm(cnm)sujsztd,t;nen%ssyseloeaza adl, .1'71&(6(&) netdyyl3rpmd hal ogens.

PN-OoN 2B S R (e B4 54 G T g a7 2 2 A 318 T 45235 S
defined R23sal.@im,28), 3d2-325mpdHN 3,77 (hakyace , BHRklg (acH, ve 7mytadol it e,

h I I 5
phar Ce‘zit4'9;% b @%9%%%{% F‘H)S%i gidofﬂsﬁj 1"534 § 45, h996014( ?H%% qﬁgg%qumz \

pr odr hnaéeu cal araceu
accept abVe Kal. £,4), &9331391\/@1 Bﬂbé@éf’d@r{@‘ i, (7,41&17#1355 2iph2re(h IR/ ¥8.7D H O N or

S7. A Comoqadx,ﬂ,pms)ugnalRba@m@muob-@emzm) achjine netabolite,
pharmaceutically acceptable salt, or solvate according to claimb55,
wher ei n: Preparatien offProdyct %‘!W’r{(f” N‘ah!d»zxazalfé’ -earbAnY HHEYRHICAEHD) el ect ed

fromH Ty lgggggzd(s) P)g,)],,_ , RZ2, where Rzl and RZZ are each
|ndependentl

al ky l?rougg cI oal I;yl group, a heterocycl oal kyl
group an ar yﬁ“’@ﬂ‘é’dﬁ“ b \ﬁ’é %HL‘@TFOW) -LAN-2 dydimethortyhenzgh-(§-Eimtabacy
gr oup, * Ol ¢ BBEknBAL wol 8H6ENR 1o Whdde &gﬁ-sa@mﬁém)hg %ﬁ&gh 6%y A bonded,

forma heteéeroc ﬁe/ grou& rovid t hat are not oth H or Z,
and R, tVo4¥ H%‘t‘ -F-RB) - t¥sD el L B-pronsyoass i amsners analsgsnioghe y cl oal kyl

or_het er QGYRLAA drilny S QHBeL Var L @M@L (RS LR g}/i’aéazﬁﬁ‘?s) ARl whi ch

they are forma CXC oal erocyclo %; up, N'O N NH2
RZ is seIEe?fP%‘H‘OF‘F Wr@iuct et yl 3- gﬁdnethyhsoxazole-.; -carbonyl)-L-Val- L (4-F-Phe)-L-((S)-

Pyrrol-Ala)}-E-propenoate dcscnbcd in Example 6 above: mp = 178-181°C; Ry= 0.49 (10%

15 CH3OH in CHCI3); IR (cm-1) 3295, 1678 br; |H NMR (CDCI3) 5 0.85 (d, 3H, J = 6.8), 1.03
(d, 3H,J=46.5), 1.30 (t, 3H, /= 7.2), 1.51-1.62 (m, 1H), 1.71-1.93 (m, 2H), 2.27-2.40 (m, 2H),
2.47 (s, 3H), 2.51-2.75 (m, 3H), 2.82-2.98 (m, 2H), 3.11-3.24 (m, 1H), 3.26-3.42 (m, 2H), 4.18
(q, 2H, J=7.2), 4.41-4.53 (m, 1 H), 4.63-4.72 (m, 1H), 5.50 (4, 1H, J = 15.4), 5.88 (s, 1H),
6.39 (s, 1H), 6.63 (dd, 1H, J=15.4, 5.3), 6.92-7.03 (m, 2H), 7.08-7.31 (m, 4H); Anal.
20 (C31H39FN4O7) C, H, N.
Example 18 - Preparation of Compound C-2: Ethvyl-3-{(5’-Methvlisoxazole-3’-carbonvl)-
L-Val-O-L-(4-F-Phe)-L-((S)-Pyrrol-Ala)}-E-Propenoate

H
N

Q

CO;CH;CHy
o-N

F (C-2)
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| 25 ~ SUBSTI TUTE SHEET 30 Cctober 2002 R6 is unsubstitutedgop-sybstitoozd
phenyl methyl; R~ is alkyl or aryl; and RO is 3-isoxazolyl or 5-isoxazolyl
unsubstituted or substituted with one or two substituents selected from

met hyl and hal ogens. 58. A conpound, prodrug, pharmaceutically active

nmet abolite, pharmaceutically acceptable salt, or solvate according to claim
57, wherein R~ is selected from 2-propyl, 2 nethyl-2-propyl,

2-met hyl - 1- propyl, phenyl net hyl, and naphthylinethyl. 59. A conpound,
prodrug, phaygsmegstically active netabolite, pharnaceuti cargsonaeeapt abl e
salt, or solvate accordi ng to claim55 wherein R-is H Zis H and: ~rr
R2|sCHzCHZC( NH2, R6 is FE CH( CH3 Z~ i s C02CH2CH3, and R9
is rrlc PﬂP?”"‘H‘r"‘|‘W°FE“?'§“f(5 ‘MFééY\"g’“r—“l‘-"3 '°Petb°i"§‘)MéF%‘)l2(4-12th)s CD2CHZCHS,
and RO ieCcHhCH6QH2A conpound sel ected fromthe group consisting of HN O O H

Corcrcrs anlt= VBRSO caly

accept akbgvesabl g, 2isaniiel eds dxﬁbﬁlvhc}'uﬂ()‘t-dl\éﬁmﬂﬂml)j hridea sonmosem@t iq 1{4her eof .
i 26 SYBST! T%FMSHEEIT \g’aosa tdo%ercaqgnéﬁgf Stirr d%PrrgBm'{ har g‘iﬁg.”t i cal | y

acceps alffE%A prodrug. “phar maceu Tact Ve o\“e I sol vate
accor di fige s@vmt a:pmn@v«zs#bmaporpaw rpgd the @M“F Eﬂkelb\ﬂmla\ﬁ@a'ls (5Qatk)y iThy

COVreSpQ%ﬁQﬁh&& vl “Esm\;Jnﬁs&u&taamagtzogq&ahm;(@o 109 addVhid b0 (ddlmbgLa cel |
cul ture assay nPound pr odr ug(i (P armaceutically act I ve netabolite,
phar mac aeied EMgSFQA) and the solvent removed to give 0.66 g (quant.) of a clear oil.

This material was dissolved in CH2Cl3 (20 mL). Pyridine (0.17 mL, 2.08 mmol) was
added, and the reaction was cooled to 0°C. 5-Methylisoxazole-3-carbonyl chloride (0.33 g,

10 2.27 mmol) dissolved in 2 mL of CHCl2 was added, and the reaction warmed to room
temperature over 1 h. The solvent was removed in vacuo, and the residue purified by flash
column chromatography eluting with a gradient of 5—10% EtOAc/hexanes. The (5°-
methylisoxazole-3’-carbonyl)-L-Val-O-L-(4-F-Phe)-OCH3 CH=CH? product was obtained as
0.70 g (82%) of a white crystalline solid: Ry=0.20 (30% EtOAc/hexanes); IR (KBr) 1745,

15 1661,1553,1186 cm™!; lH NMR (DMSO-dg) 8 0.85-0.92 (m, 6H), 2.14-2.21 (m, 1H), 2.46 (s,

3H), 3.05-3.19 (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 Ethy)l-3-{(5’-Methylisoxazole-3*-carbonyl)-L-Val-O-L-(4-F-
Phe)-L-((/N-2,4-Dimethoxybenzyl)-(S)-Pyrrol-Ala)}-E-FPropenoate
20 (5’-Methylisoxazole-3’-carbonyl)-L-Val-O-L-(4-F-Phe)-OCH2CH=CH?2 (0.67 g, 1.55
mmol) was dissolved in THF (15 mL). Tetrakis(tripheny!phosphine)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
75 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 (MgS0O4), 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-{H2N-L-((N-2,4-
30
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acceptable salt, or solvate according to clains 1 or '60, hayjn n
antirhinoviral activity corresponding to an ECSO | ess t han %b gaﬁ(é?efozq(bz
uMin an H -HelLa cell culture assay. 63. A conpound having a fornul a
selected fromthe group consisting of. o NH (CHz)n OR~- Ry O R ~N-N~N R~ H
ORs HZ Z~ ONH (CHz)n ORT OR~NNR HORs Nz z, ~and 0 NH (CHz)n O
R~ O RS~N~O~-N R~ H . ORs HZ Z~ wherein: R, R2, Z and Z~ are as defined in

claiml, nis 1 or 2; HRy is Hor lower alkyl, R6 is alkyl | kyl ,
het er ocycl o&’ﬂ?ﬁsméryl or heteroaryl; R~ is alkyl, cycl oa{’qwfs\é%og&

het erocycl oal kyl , aryl, heteroaryl, -OR -SR -NR~~R~g, -NR, 9i\|R ~R~ 8, or
- NR|OQ| lI Edll x@bdﬂzyl) - pB?oBAlaﬁ@pBﬁer%at?leﬁ@{hrém%Q&Hﬂ&ﬂh hi)(axﬁislcsa‘i k%:)

CycCl oal Ky er o C etero

St obar - Sobe Bt e Bttt st 0 B 058 having one
to three rdnﬂdl)awmatdm aigkthe chawnfwag pllded b wamtto Soondtemperamued rithg DMF was .

Phar MBCe il 63l vRfis e dhdtie Sk lissoR8 WIRERYAL BB, A8ke apalite, or

\Y} t
sol vat e t ereof i rTBoun rodrug, phafmaceuti cal CF%/M% ceptabl e salt,
phar rracemais'afwcpgse%ﬂtvrlv(éw % sphution25 %)v%t“éa‘%c@wh{ﬂen €53k 62,

wher ei h: B0 (2 nlth, &id bRke @ lﬁm, THY solRntWRldrBRYEG6 1) Bl m&raﬁaﬁldsy | group
optional I'y substituted with one or nore substituents selected from al kyl

and ary| ;resRiueipyrifiddidy] flasicgaliramn¢hikgrhatogenhy G0y OV EREHMCH263) Ito giwe ethetler oar yl ;
RO is a fiu Q%q;g e L e.havi t oatoms
sel ected {F rom ﬁ{a%ie g %ﬂog %i §alr@Fég§tgﬁegm(@§?rﬁi§“% rgeor%?l

ni trogen ,Pquéﬁlap}szmmq P37 8d7%3p) as a white amorphous solid: Rf—— 0.18 3%

MeQH/CHCI3); IR(KBr) 1671, 1547, 1510, 1209 cm-!; 1H NMR (DMSO-dg) § 0.88 (d,3H,J
=7.0), 0.93 (d, 3H, J=17.0), 1.20 (1, 3H, J =7.0), 1.41-1.58 (m, 2H), 1.79-1.98 (m, 2H), 2.07-
2.24 (m, 2H). 2.44 (s, 3H), 3.01-3.13 (m, 4H), 3.73 (s, 3H), 3.76 (s, 3H), 4.09 (q, 2H, ./ = 7.0),
4.24 (s, 2H), 430 (t, 1H, J=7.4),4.45-4.48 (m, 1H), 512 (¢, I1H,J=6.3),5.59(d, 1H,J=
15.8), 6.45 (dd, 1H, J= 8.5, 2.2), 6.54-6.56 (m, 2H), 6.73 (dd, 1H, /= 15.5, 4.8), 6.89-6.95 (m,
3H), 7.20 (d, 1H, /= 8.5), 7.22 (d, 1H, J = 8.5), 8.08 (d, 1H, J = 8.8), 8.89 (d, 1H, J = 7.4).
Preparation of Product Ethyl-3-{(5’-Methylisoxazole-3’-carbonyl)-L-Val-O-L-(4-F-Phe)-
L-((S)-Pyrrol-Ala)}-E-Propenoate
Ethyl-3-{(5’-methylisoxazole-3’-carbonyl)-L-Val-O-L-(4-F-Phe)-L-((N-2,4-
dimethoxybenzyl)-(S)-Pyrrol-Ala)}-E-propenoate (0.25 g, 0 33 mmol) was dissolved in CHCl3

10

15

(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 NaHCQO3/1N NaOH solution and then
brine (30 mL), dried (MgS04), and concentrated. The residue was subjected to flash column
chromatography eluting with 0—2% MeOH/CH2Clp. 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: Ry=0.09 (3%. MeOH/CHCI3); IR(XBr) 1680, 1549
55 cm-l; LHNMR (DMSO-dg) 6 0.91 (4, 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=5.9), 7.23 (d, 1H, J = 5.9), 7.59 (s, 1H), 8.06 (d, 1H, J = 8.8), 8.92 (d,

1H, J=17.4); Anal. (C30H37N408F) C, H, N.
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substituted with one or two substituents selected froml owey, al ke/ Jrayns,
and hal ogens; or a prodrug, pharmaceutically acceptable sal 0 ob
pharmaceutically active netabolite, or solvate thereof. 65. A conpound,
prodrug, pharmaceutically acceptable salt, pharnaceutically active
met abolite, or solvate according to claim®63, wherein: R6 is arylnethyl or
arylthionethyl; R~ is an alkyl group; R9 is 3-isoxazolyl or 5-isoxazolyl
unsubstituted or substituted with one or two substituents selected from
met hyl andweeddsgehns; and Z is Hand Z, is -COZRZ~, -CN, ACTSSTIRIYi Rz2,
where R21 and RZZ are each |ndependently H, an al kyl group, a cycl oal kyl
grouB E he r19C¥C|(%"ri;|;t¥<o¥|of%ro J 0&a h t | ngroup, an acyl
grou O v om;) to

: fert yrBngyrols - t oget her
forma cycl I C ester or am de p 66 A Gprrpound prodrug, pharmaceutical ly
acceptabl e salt, pharmaceutically acti met abolite, or solvate according
to cl ai m 65, wherein: Ri is Fi;o s arylnethyl or arylthionethyl; and
R~ is selected from 2-pr Y 2-propyl, 2-methyl-1-propyl, and
aryl reethyl . 128 30 Ccto eNr 002 %7. npound, prodrug, pharmaceutically
acceptabl e salt, pharmaceutically Zzz;i e nmetabolite, or solvate according
to claim66, wherein Rd is phenyl nethyl, where hryg phenyl noiety optionally
has one to three substituents sel ected from hal o% | ower al kyl, and | ower
al koxy. PSB’”%“E’O?%BEHB“&%‘E&PETM’@NIZ& Rimgthgxghenzyli(Yebyser G E{tre gr oup
ConSiSt'c‘:’ln_%’lf__lfB ,lthtdﬂepH ON "H ~ COZCHzCH~ O~ F OOH O ~H O N~H ~
COxzCli z angl? HQ CHZCH~ F s J\lg)g)N\~~~N~CDZCt|ZCHS
~H O H (15,3°8)-{2-(1'-(2"*,4" -Dimet oxybenzyl)-2 -oxo-pyrroh in-3’-yl)-1

10 hydroxymethylethyl}-carbamic acid fert-butyl ester (0.360 g, 0.881 mmol, 1 equiv.) was

|\;:z

oxidized to the corresponding aldehyde in the manner described in the preparation of ethyl-3-

{Boc-L-((N-2,4-dimethoxybenzyl)-(5)-Pyrrol-Ala)}-E-propenoate (Example 6). This aldehyde

was combined with 3-(triphenyl-A5-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 overmnight, and then diluted with MTBE (200 mL), washed with water (20 mL) and
brine (20 mL), dried over Na2SO4 and evaporated. The residue was purified by flash column
chromatography (2.5% CH30H in CH2Cl12, then 67% EtOAc in CH2C12) to give Boc-L-{(N-
2 4-dimethoxybenzyl)-(S)-Pyrrol-Ala}-E-(o-vinyl-y-butyrolactone) as an oil (0.250 g, 60%):

20 Rf=0.50 (67% EtOAc in CH2Cl2); IR (em-1) 3307, 1754, 1678; 'H NMR (CDCI3) 5 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-Butyrelactone)

Boc-L-{(N-2,4-Dimethoxybenzyl)-(S)-Pyrrol-Ala} -E-(o.-vinyl-y-butyrolactone) was
converted to product 2-{(5’-methylisoxazole-3’-carbonyl)-L-Val'W(COCH?)-L-(4-F-Phe)-L-
{(S)-Pyrroi-Ala)}-E-(a-vinyl-y-butyrolactone) in a manner analogous to that described above
for the preparation of product ethy!-3-{(5’-methylisoxazole-3’-carbonyl)-L-Val\W(COCH?)-L-
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F or a prodrug, pharnmaceutically acceptable salt, pharmaceujically acty
netabolite, or solvate thereof. 69 A pharnmaceuti cal conpos#%?éﬁ‘%%ﬁ%ffgﬁﬁb:
(a) a therapeutically effective anount of at |east one antipicornaviral
agent that is a conpound, prodrug, pharmaceutically active netabolite,
pharmaceutically acceptable salt, or solvate as defined in clains 1 or 60;
and (b) a pharnmaceutically acceptable carrier, diluent, vehicle, or
excipient. 70. A use of at |east one conpound, prodrug, pharnaceutically
active netabol | pharmaceutically acceptable salt, or s defi ned
inclains ™ 8?9’%8 n the preparation of a nedicanent for t?gpgﬁmﬁo
manmmal i an di sease condition nedi ated by picornaviral protease activity. |29
30 CctioberF-PaOA - v(x)-Pﬁcrus«ﬂa)mE—;abpdnem(Examgleammnpa 028 (§2 @30 in
pharmaceutical |l y active netaboli har maceutically acceptable salt, or

sol vate S5261i Reemilp 38T8hrnkg49, 1678’€I®P‘i*ﬁ“‘ﬂﬁéc%‘?'éb§9§ﬂ%iﬁﬁ = §.8hddcanent for

i nhi bi ti Elfbhh? a%5l1V4st 1y5§)(fm @Hpncv@rmw %),Qesarﬁt(ﬁla% 2232 8 (3SR def i ned
inclaim71) wh otease 1S hi nOVI ral” protease.

3¢
73. A co%ﬁééﬁaé“b? 6r3o?r7r?dr*a1“b\2 72&”"(@&»%‘)‘)99%13526 (%2'@R§'?%13eﬁ)4 D~ ~ CR
(Rsz) (5 S#8R46 (RSSHWABE@IM (mP1H5 5.0 (s, HTEGAA-600 (fnf T, 6.40 s, Bi), Aoa-7i02 CH or N,

A, 2, il 1 CROASPERFENT g, S5NEFOR, A0 Bl kbR, S,

H, al kylp Hcyl, or aryl, provided that no nore than two heteroatons occur
CoNsecut iyeh Y tphe,drhd Jully pi Iafnds- 40RO each

Rlat is
i ndependénys d i - Hipercs : eyl , and aryl, or any two
of Rsz, R53, and R54 toget her form ~O or H-C( R5 )(R58) where R57 and RS$

are egch independently sel ect ed from Hp C02( 0- Cs) al kyl,
C(ONC =Cs) al ky7, arid COz(ar and and R56 are each |ndependently H
or a suitable protecti ng gro p nPtr gen; or a pharmaceutical ly
acceptabl e salt of sai , CO,CH,CHy

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-Gin}-E-propenoate

(Example 10) described above: mp = 161-162°C; Rf= 0.30 (5% CH30H in CH2CI2); IR (cm~
1y 3295, 1713, 1649; 1H NMR (CDCl3) § 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
(q, 2H, J = 7.2), 4.39-4.49 (m, 1H), 4.65-4.72 (m, 1H), 5.50 (dd, 1H, /= 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:
Oy NH,
©/KN N\;/lkN ZNCO,CHLCHy
s o =\©
(A-14)

30



SUBSTI TUTE SHEET 30 Cctober 2002 74. A conpound of formula: R51 O N (CH2)P
RSS. N C(Ft52) (R5s) (R54) R55 wherein: p is an integer of #rom0 @ot&SHeR52003
H, al kyl, acyl, or aryl; R52, RS~, and R54 are each independently sel ected
fromH, hydroxy, alkyl, acyl, and aryl, or any two of RSZ, R53, and R54
together form =0 or =C(RS?) (R58), where R5~ and R58 are each independently
selected fromH, alkyl, COz(d -C6)al kyl, C(ONC, -C6)al kyl, and COz(aryl);
and RSS and R56 are each independently H or a suitable protecting group for
ni trogen; ory@opiigysmaceutically acceptable salt of said conpound. 75. A
conpound or pharnmaceutically acceptable salt according to ECHUR9DR60Wher ei n
pis 1 or 2. 76. A conpound or pharmaceutically acceptable salt according

to claim 75, wherein RSZ, Rss, and R e each independently selected from
H, al koxy, hydroxy, and cag . 77. conpound according to claim 74,
selected fromthe groupscohsiJst kn of PN 131 ONH (CHz)a Et02C ~ NH p |
PN SUBSTI TUTE SHEEt H & (_%‘—\m)q (CRpe:Me0 NH OHC NH Ove PN ~v~ ~ |
PN Owe \©\ ’
(A-15)
5 O« _NH,
Y s
QH)L N Y N\i)\ﬁ Z CO,CH,CH,
: ~ (A-16)
10 o NH,
o o]
H
S
tZ)L”IO(Né NP cocryc,
: F (A-17)
Oy NH,
15 s M xrﬁ\)?\
RO
F (A-18)
Ox L NH,
20 ka N "y oo
: (A-19)
O NH,
o] ¢‘l (o] g\
25 \gfﬁ T N\é/u\ﬁ > C0,CHyCH,
: (A-20)
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2)Q EEOzC ~ NHPN MO\ / O ON (CHz)q Et2C ~ NHz HC ~ |.e 0
Ove ON (CHz)g OHC NH PN wherein PN is a suitable protecti ngpEgbrCott?pbl\éf‘i}[or2\0d2

nitrogen and q is 1 or 2; or a pharnaceutically acceptable salt of said
conpound. 78. A conpound according to claim 74, selected fromthe group
consisting of O NH HOOC NH2 MeO ON (CH v O NH MO NH Ove BOC O NH HOOC NH
i BOC O NH Et OZC ~ NH BOC M0 Ove O NH O N OHC NH HO NH i BOC BCC 30

Cct ober 2002 132 SUBSTI TUTE SHEET MeO ! Ov O N Et ®2C ~~ ~ NH 80C MeO
Ove O N OHGAHby,B8Rs 30 Cctober 2002 MeO OVe O N Et 02C ~ NHgcr/ikdomoz60

1 Os_ NH;
Ny N =
\&BH)L” ¥ __i__ n CO,CH,CH;,
* CF,COOH \© (A-21)

Os_NH3
N
_ﬁ/‘ku \;)LN ZNC0,CHCHy
H = H
HN-N o

o )

O NH;
__G,)LN N\;)LN N C0,CH,CH,
N\ g H & & H
\© (A-23)

Example 31 - Preparation of Comparison Compound #2: Ethvl-3-(Cbz-1.-Leu-L-Phe-1.-

10

15 Gin)-E-Propenoate

o0 MNHz
i R i z/\
©/\O’ILN N\;)LN ZC0,CH,CHy
I
D {(Comparison Compound #2)

Preparation of Intermediate {Boc-L-(Tr-Gln)]-N(OMe)Me

20
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 mmo}, 2.0 equiv.) in CH2Cly (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 CH2Cl2 (2 x 150 mL). The
combined organic layers were dried over NapS04 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-1) 3411, 3329,
3062, 1701, 1659; 1H NMR (CDCl3) 8 1.42 (s, 9H), 1.63-1.77 (m, 1H), 2.06-2.17 (m, 1H),
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where BOC is t-butyl oxycarbonyl; or a pharmaceutically acc t @
sai d conpound. 79. A conpound haV| ng the formul a: where BCXE‘Sth ot od

t - but yl oxycarbonyl. O NH BOC ~N H OH 133
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] yt nhc] XSni dU] ] ca] cal] a] ca cal caU] ca] caU] ca] ca] c"a] ca] caj cal ca
U calc a.‘] %’U]"@ U]OCCQ]"(‘fé]Ié %n(eg %ﬂd %lav) 4-méthylmorpholine'(1.85 mL
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cal call eatl ool sal caloal.oal sablisahsahcal. s ke al e aleal, % sbsalealsaloa) ool call ca

U ca] cal m ngnno pppppppppqq toj e z9]
Ul cjaU| k) @d]li’s@]\eé%] x &0} daekeralived]| cedpicdbersayaads a>]vera‘]’a2§9]4@a®] ca] c”a] c”a]
ca] caj C@J&@A&@Jta%celagﬁhf @ V;pq.iac Mhyﬁanuf s UL Yution,

yOy2y= y’7y yyy yyyy}w caj caU] ca] caU| ca] caU] ca] ca U] c”a
U c*a] c40> ﬁéﬁ@a@f@af%auré %ﬂ‘éaﬂ&?a]%%]eijkaﬁlcﬁtﬁ -prapeaple & te] ca

U AP A s e R el g o

U] c”a] ca}s:a] d) t-83-d &P Cav DA B7-p Bk IBHXBRT-2 ZT]re, 2lb])U] e} @h(riLJP(H)a] cha

U ca] cal a\ﬂs & %\4 E@h%@hﬁaﬂﬁ_}c@}ﬁé] &aﬂmayls@ ﬁajsasv& cgbsaVigalcavl cal cajc
aUl gy c j Vé a] ca%&gfc ca] caV] ca] ca]
calU ca] &4 éé]"é élév] T4 &aﬁ]‘ﬁaﬁ 0Py ‘éﬁﬁb‘tﬂ 3 c”a]abé BPeh] cal] ca] ca

JQ'zuoj g, fiMi Ul ] ca] ca] ca] ca] caV] ca] caV] ca] caV] ca] ca] ca] ca] ca] ca] cal] ca] caV] ca

%/C ?]qvgﬁégﬁ?’\@ﬂﬁgl?‘]&ﬁ’z}q é‘}%‘%“églh@!@@@\q g%qia%%ﬁ](cé‘%@VFc%’TB&ﬂ°@m cal] caU] ca]c

aU] ca] cal] caa lsl]lct’\mwﬂif!} & U]-dfbaadd](t:() M, @'nal) was added toa solunon of ethyl-3-

U cral egtd be,’n 5ak pg Phgabheahnal] call cal cta
U] c”a] c ca ca | ca c
95 (10 m ) at 2 C Aﬁer 3 hours the vo atxles 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 mmo}, 1.2 equiv.), 4-methylmorpholine (0.142 mL, 1.29 mmol,
3.0 equiv.) and EDC (0.099 g, 0.516 mmo), 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 Nap804 and were
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al cal calc

syt ni cAXS %’ gl(}?g%i]qga%gg )c a]lg féa#lc(’ga%"a?hgal 16\1]5' ]“Ca%lya] ca] ca] cay

ca] ca] c"@]«bdﬂ?jﬂﬁéﬁ]@h@ybﬁ] ca] caV] ca] calca s~

&A@ T (5,7 {Pﬁ%}:ﬁaﬁ JLC@Ml aHUE %ﬂ&.@éﬂ CaU] cal ca

UV] cal] ca caU| ca] ca cajc c’\a] c"a

U cra-1 nﬂuoroaceuc acid ( mL) was ad ed to a soluuon of ethyl-3-{Cbz-L. al L- Phe
'Uf#/]SU?B] HIQr-JGvgHEeprépdnbatt @ DE8lech.clhamall ¢ addie paddaaishradflsiiand (o: \a)]b& ﬁljal Qiﬁm cg
caU ca al.ca cal caV].ca] caV] ca
")+5: AM m%ﬁﬁb Ul’g %gﬁi%laﬁcaa%yaz\/?loiﬁfq@g‘] Lﬂ%ﬁ ‘a%fl%a]%%ﬁrba ca] cal] ca] c™a
V] cMa] cNejtiahjniaie adae aiffed dbd] 20aio adtp 18] daldgcaficaldicCiabeanl capmdat WKN' DM wCFY|
wWr mgb\ WE §] %}J%%}(l gvkﬁgkﬂa&??zld%i’i‘]aﬁgh%%ﬁﬁ&?@z&ﬂa?&l&%&’h&&l &ayd.gal cavl caj caV]

(L:J?/} gg]/]c aprvawmml}iwwbnmtmlﬁ A eaedihs eaylina Viite)seldd wasU] ca

U c”a] Ca &é\@ll a@uum filtration, washed with Et20 (3 x 50 mL), and air-dried to afford ethyl
Ul c"a]Sca caj ca\/] ca] ca] caV] ca] caV] ca] caV] ca] caj caV] ca] caV] ca\ BL+68AEGT[ {upj

e _ZTgb\ ViRibe/EXGiL]- e&] balz}]z)ela]:ma&xﬂoma](@mei] Lajen i e’za@M(eé\:a, IRJ](aﬁd] 824,

U c”aU] cal) ca] ¢ caV].ca ca] ca] c caz${ vgl fa\Vic
mhe) ) Eetbotiotf ShFEhESH ea 63 Goeh o] €8y LafkoRhaly £8) 18 AT
W] cal] cadyc absalooqhe By cal-oak¢a) 8] £edfaaalicatd 10386 W} czapld](@a%ﬁPIrL—m.& %(
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. (C31H4gN407) C. H, N.
Example 33 - Preparation of Compound (A-24): Ethvl-3-{Cbz-L-Leu-L-Phe-L-({S)-
Pyrrol-Ala)}-E-Propenoate

H
0N
o ( o
©/\OJLN N\_./U\N ZC0,CH,CH,
H 0 = H
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(A-25)

Preparation of Intermediate Ethyl-3-{Cbz-L-Val-L-Phe-L-((N-2,4-Dimethoxybenzyl)-(S)-
Pyrrol-Ala)}-E-Propenoate

In a manner analogous to that used for the conversion of ethyl-3-{Boc-L-(Tr-Gin)}-E-

10

propenoate to ethyl-3-{Cbz-L-Leu-L-Phe-L-(Tr-G/n)}-E-propenoate described in Example 31,
ethyl-3-{Boc-L-((V-2,4-dimethoxybenzyl)-(S)-Pyrrol-Ala)}-E-propenoate (prepared as in
Example 33) was coupled with Cbz-L-Val-L-Phe-OH to afford ethyl-3-{Cbz-L-Val-L-Phe-L-
((N-2,4-dimethoxybenzy!)~(S)-Pyrrol-Ala)}-E-propenocate: IR (em'1) 3288, 1699, 1652; |H

15 NMR (CDCI3) 5 0.87 (d, 3H, J=6.8), 0.95 (4, 3H, J=6.5), 1.28 (t, 3H, J = 7.2), 1.48-1.60 (m,
2H), 1.70-1.84 (m, 1H), 1.95-2.20 (m, 3H), 3.01 (dd, 1H, J =13 .4, 5.6}, 3.09-3.25 (m, 3H), 3.78
(s, 3H), 3.80 (s, 3H), 4.03-4.10 (m, 1H), 4.17 (g, 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, I1H, /=
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, 5H), 8.11 (d, 1H.J=6.2); Anal.

20 (C42H52N4O9) C, H,N.
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-{({-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

25 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% CH3O0H in CH2ClI2) provided slightly
impure material. which was dissolved in CH2Cl2 (70 mL) and washed with saturated NaHCO3
(2 x 30 mL) and brine (30 mL), and then dried over Na2S04 and evaporated. The residue was

stirred in Et2O (10 mL) for 20 minutes. and the solid was collected by filtration and dried
30
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v SRk BAOMa s (o IO e O (VB IBG Y 100K ) 5

1H), 1.70-1.91 (m, 2H), 2.03-2.17 (m, 2H), 2.26-2.38 (m, 1H), 3.03 (dd, 1H, J=13.5, 6.4),

5 3.12(dd, I1H, /=135, 6.4), 3.21-3.34 (m, 2H), 3.96 (dd, 1H, /= 8.3,6.4),4.17 (q,2H, J =
7.2), 4.45-4.56 (m, 1H), 4.83-4.92 (m, 1H), 5.07 (¢, 1H, J=12.1), 5.13 (d, 1H,J=12.1), 5.29
(d, 1H,./=8.3), 5.77 (dd, 1H, J=15.8, 1.2}, 5.94 (s, 1H), 6.71 (dd, 1H,J= 15.8, 5.3), 6.95 (d,
14, /=9.0), 7.14-7.27 (m, SH), 7.31-7.38 (m, SH), 7.57 (d, 1 H, J = 7.2); Anal. ‘
(C33H42N407) C, H, N.

Example 35 - Preparation of Compound (A-26): Ethvl-3-{Cbz-L-Leu-L-Phe-L-({S)-

10  Piper-Ala)}-E-Propenoate
HN
o
O ﬁ
#CO,CH,CH,

a L
SRAReY
\Q (A-26)

15 Preparation of Product Ethyl-3-{Cbz-L-Leu-L-Phe-L-((S)-Piper-Ala)}-E-Propenoate
(15,3°5)-{2-(1’-(2"",4""-Dimethoxybenzyl)-2’-oxo-piperidin-3’-yl)-1-hydroxy-
methylethyl}-carbamic acid rer¢-butyl ester (prepared as described in Example 8) was

converted to the product ethyl-3-{Cbz-L-Leu-L-Phe-L-((S)- Piper-Ala)}-E-propenoate in a

manner analogous to the conversion of (15,3°5)-{2-(1"-(2",4’-dimethoxybenzyl)-2’-oxo-

pyrrolidin-3’-yl)-1-hydroxymethyl-ethyl}-carbamic acid fert-butyl ester to product ethyl-3-
20 {Cbz-L-Leu-L-Phe-L-((S)-Pyrrol-Ala)} -E-propenoate as described in Example 34: IR (cm™1)

3422,3307, 1713, 1649; 1H NMR (CDCl3) 5 0.86-0.92 (m, 6H), 1.28 (t, 3H, J=7.2), 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), 534 (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. (C35H4N407°0.5H20) C, H, N.
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wl
o W 9
N N\.)L PN C0,CHCH,

o
\Q (A-27)

Preparation of Intermediate (45,4’ R)-4-{3’-(4"’-Benzyl-2""-0x0-0xazolidin-3’"-yl)-3'-

oxopropyl}-2,2-dimethyloxazolidine-3-carboxylic Acid fert-Butyl Ester
Triethylamine (6.43 mL, 46.1 mmol, 3.0 equiv.) and pivaloyl chioride (1.89 mL, 15.3
10 mmol, 1.0 equiv.) were added sequentially to a solution of (45)-4-(2’-carboxyethy!)-2,2-
dimethyloxazolidine-3-carboxylic acid ters-butyl ester (4.20 g, 15.3 mmol. 1 equiv.) in THF
(300 mL) at 0°C. The cloudy reaction mixture was stirred at 0°C for 3.5 h, and then lithium
chloride (0.716 g, 16.9 mmol, 1.1 equiv.) and (R)-(+)-4-benzyl-2-oxazolidinone (2.59 g, 14.6
mmol, 0.95 equiv.) were added sequentially. After warming to 23°C and stirring for 19h, the
reaction mixture was partitioned between 0.5 M HC! (150 mL) and EtOAc (2 x 150 mL). The
15 combined organic layers were washed with half-saturated NaCO3 (150 mL), dried over
MgS04, and gravity filtered. The filtrate was concentrated under reduced pressure and the
residue was purified by flash column chromatography (30% EtOAc in hexanes) to give
(454" R)-4-{3"-(4""-benzyl-2"’-ox0-oxazolidin-3"’-yl)-3-oxopropyl }-2,2-
dimethyloxazolidine-3-carboxylic acid tert-butyl ester (6.15 g, 97%) as a colorless oil: IR (cm~
20 1) 29078, 1783, 1694; lH NMR (CDClI3, 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. (C23H32N20g) C, H, N.
Preparation of Intermediate (2'R,45,4"’R)-4-{2'-(4''-Benzyl-2''-oxo-oxazolidine-3'’-
carbonyl)-pent-4’-enyl}-2,2-dimethyloxazolidine-3-carboxylic Acid fer-Butyl Ester
A solution of (45,4’ R)-4-{3’-(4""-benzyl-2"’-0x0-oxazolidin-3""-yl)-3"-oxopropyl } -
25 2,2-dimethyloxazolidine-3-carboxylic acid tert-butyl ester (6.15 g, 14.2 mmol, 1 equiv.) in
THF (25 mL) was added to a solution of sodium bis(trimethylsilyl)amide (142 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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1 maintained at -45°C for 2 h, and then was partitioned between a 2:1 mixture of half-saturated

NH4Cl and 5% Na2S5203 (200 mL) and a 1:1 mixture of EtOAc and hexanes (2 x 150 mL).
The combined organic layers were washed with H2O (100 mL), dried over MgSQO4, and
gravity filtered. The filtrate was concentrated under reduced pressure and the residue was

purified by flash column chromatography (15% EtOAc in hexanes) to provide (2°R,45,4>*R)-4-

> {2°-(4>°-benzyl-2"'-0x0-oxazolidine-3'"-carbonyl)-pent-4’-enyl}-2,2-dimethyloxazolidine-3-
carboxylic acid rert-butyl ester (3.12 g, 46%) as a viscous foam: IR (cm-1) 2978, 1782, 1685;
1H NMR (CDCl3, mixture of isomers) & 1.42 (s), 1.45 (s), 1.49 (s), 1.52 (s), 1.62-1.78 (m),
1.80-2.01 (m), 2.23-2.49 (m), 2.51-2.56 (m), 2.76 (dd, /= 13.3, 9.7), 3.26 (dd, J = 13.3, 3.6),
3.58-3.64 (m), 3.67 (d, J = 8.7), 3.90-3.98 (m), 4.02-4.15 (m), 4.16-4.30 (m), 4.754.82 (m),
10

5.06-5.11 (m), 5.74-5.88 (m), 7.22-7.36 (m); Anal. (C26H36N20g) C, H, N.
Preparation of Intermediate (15,3’R)-{2-(1’-(2*’,4’"-Dimethoxybenzy})-2’-oxo-pyrrolidin-
3’.yD)-1-hydroxymethylethyl}-carbamic Acid tert-Butyl Ester

Ozone was bubbled through a solution of (2°R,4S,4’R)-4-{2"-(4*"-benzyl-2"-ox0-
oxazolidine-3’’-carbonyl)-pent-4’-enyl}-2,2-dimethyloxazolidine-3-carboxylic acid rerr-butyl
15 ester (3.12 g, 6.60 mmol, 1 equiv.) in CH2Cl2 (200 mL) and CH30H (0.535 mL, 13.2 mmol,
2.0 equiv.) at -78°C until a blue color persisted. The reaction mixture was then purged with
argon until it became colorless. Methyl sulfide (4.85 mL, 66.0 mmol, 10 equiv.) was added,
and the mixture was stirred at -78°C for 3.5 h and then was maintained at 0°C for an additional
1 h. After partitioning the reaction mixture between H20 (150 mL) and a 1:1 mixture of

EtOAc and hexanes (2 x 150 mL), the combined organic layers were dried over MgSO4 and
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 Na2S04, 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,45)-4-{1’-(2"",4"’-dimethoxybenzyl)-2’-
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mL) and a 9:1 mixture of CHzClz and CH30H (2 x 150 mL). The combined organic layers
were dried over NapS04 and concentrated under reduced pressure. Purification of the residue
by flash column chromatography (3% CH3OH in CH2CI2) afforded (15,3’ R)-{2-(1"-(2"*,4"'-
dimethoxybenzyl)-2’-oxo-pyrrolidin-3’-yl)-1-hydroxymethylethyl}-carbamic acid fert-butyl

10 ester (0.92 g, 34%) as a foam: IR (cm'l) 3347 (br), 2937, 1669; LH NMR (CDCl3) 6 1.44 (s,

9H), 1.62-1.77 (m, 2H), 1.94-2.04 (m, 1H), 2.15-2.26 (m, 1H), 2.40-2.50 (m, 1H), 3.13-3.24
(m, 2H), 3.56-3.77 (m, 3H), 3.80 (s, 6H), 3.82-4.16 (m, 1H), 4.37 (d, 1H, J = 14.3), 4.45 (4,
1H,.J=14.3), 5.49 (d, 1H, J = 7.8}, 6.42-6.45 (m, 2H), 7.08-7.11 (m, 1H); Anal.
(C21H32N2040.25H20) C, H, N.
15 Preparation of Intermediate Ethyl-3-{Boc-L-((/V-2,4-Dimethoxybenzyl)-(R)-Pyrrol-Ala)}-
E-Propenoate
In a manner analogous to the conversion of (15,3'S)-{2-(1°-(2”*,4"-dimethoxybenzyl)-2’-oxo-
pyrrolidin-3’-y1)-1-hydroxymethylethyl}-carbamic acid fert-butyl ester to ethyl-3-{Boc-L-((V-2,4-
dimethoxybenzyl)-(5)-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 tert-butyl ester was
20 transformed into ethyl-3-{Boc-L-((NV-2,4-dimethoxybenzyl)-(R)-Pyrrol-Ala)}-E-propenoate: IR (cm™1)
3307, 1713, 1674; IHNMR (CDCI3) 6 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, /=7.2), 4.324.50
(m, 3H), 5.97 (dd, 1H,J=15.7, 1.4), 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 (im, 1H); Anal. (C25H36N207)C, H, N.

75 Preparation of Intermediate Ethyl-3-{Cbz-L-Leu-L-Phe-L-((N-2,4-Dimethoxybenzyl)-(R)-
Pyrrol-Ala)}-E-Propenoate

A solution of HCI 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 stirting 1.5 h, the volatiles were evaporated to give the

crude amine salt, which was used without purification.
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L-Phe-L-((N-2,4-dimethoxybenzyl)-(R)-Pyrrol-Ala)}-E-propenoate (0.208 g, 55%) as a white

solid (after evaporation from Etp0): mp = 174-176°C; IR (cm~1) 3287, 1713, 1649; 1H NMR
(CDCl3) & 0.84-0.91 (m, 6H), 1.29 (t, 3H, J= 7.2), 1.42-1.66 (m, 4H), 1.67-1.77 (m, 1H), 1.84-
1.95 (m, 1H), 2.20-2.12 (m, 1H), 2.33-2.45 (m, 1H), 3.04-3.23 (m, 4H), 3.78 (s, 3H), 3.79 (s,
3H), 4.15-4.29 (m, 1H), 4.17 (q, 2H,J=7.2), 4.31 (d, 1H, J = 14.5), 4.40 (d, 1H, J = 14.5),
4.67-4.84 (m, 2H), 5.05 (d, 1H, J=12.1), 5.11 (d, 1H,J=12.1),5.35 (d, 1H, J=8.1), 5.76 (dd,
1H, J = 15.6, 1.6), 6.42-6.46 (m, 2H), 6.74-6.81 (m, tH), 6.75 (dd, 1H, /= 15.6, 5.0), 7.06-7.10
(m, 1H), 7.15-7.24 (m, 5H), 7.29-7.36 (m, 5H), 8.79 (d, 1H, J= 5.9); Anal. (C43H54N409) C, H, N.
Preparation of Product Ethyl-3-{Cbz-L-Leu-L-Phe-L-((R)-Pyrrol-Ala)}-E-Propenoate
15 Ethyl-3-{Cbz-L-Leu-L-Phe-L-((N-2,4-dimethoxybenzyl)-(R)-Pyrrol-Ala)}-E-
propenoate was converted to the product ethyl-3-{Cbz-L-Leu-L-Phe-L-((R)-Pyrrol-Ala)}-E-

propenoate in a manner analogous to the conversion of ethyl-3-{Cbz-L-Leu-L-Phe-L-((N-2,4-

10

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 (CDC13) & 0.85-0.92 (m, 6H), 1.30 (t, 3H, /= 7.2), 1,35-1.49 (m, 1H), 1.52-1.71 (m,
3H), 1.73-1.94 (m, 2H), 2.15-2.26 (m, 1 H), 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-1.-Leu-1-Phe-L.-1-(2-
imidazolidone)Ala}-E-Propenoate

20
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A solution of HCl in 1,4-dioxane (4.0 M, 10 mL) was added to a solution of ethyl-3-
{ Cbz-L-Lcu—L-Phe-L-Boc-aminoAIa}-E—propenoa_te (0.95 g, 1.46 mmol, | equiv.) in the same
solvent (20 mL) at 23°C. The reaction mixture was stirred at that temperature for 1.5 h, and
then additional HCl in 1,4-dioxane (4.0 M, 10 mL) was added. After stirring ovemnight, the
volatiles were removed in vacuo and the residue was triturated with Et20 (20 mL). The
15 resulting solids were filtered and were washed with Et30 (3 x 10 mL) to give the crude amine
salt (0.63 g 73%, 1.05 mmol) as a white solid.
This material was dissolved in CH30H (10 mL), and then N-Boc-2-aminoethanal
(prepared as described in Bischofberger et al., J. Org. Chem. 1988, vol. 53, 3457) (0.19 g, 1.16
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 ovemight, 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
CHoCl2) 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: Ry= 0.20 (5% CH30H in CHCI3); IR
25
(cm1) 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, 1 H), 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, LH), 6.77 (dd, 1H, J = 15.8,
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residue was dissolved in EtOAc (25 mL) and washed with saturated NaHCO3 solution (25
mL), water (25 mL), and brine (25 mL). The organic layer was dried over MgSO4 and was
concentrated to give the crude diamine (0.23 g, 92%, 0.39 mmol) as a tan amorphous solid.
This material was dissolved in THF (4 mL), carbonyldiimidazole (0.06 g, 0.36 mmol,
10 0.92 equiv.) was added, and the reaction mixture was stirred at 23°C for 3.5 h. The solvent
was removed in vacuo, and the residue was purified by flash column chromatography
(gradient elution, 0—2% CH3O0H in CH2CI) to give ethyl-3-{Cbz-L-Leu-L-Phe-L-/-(2-
imidazolidone)Ala}-E-propenoate (0.12 g, 54%) as a white amorphous solid: mp = 161-164°C;
Ry=0.21 (5% CH30H in CHCI3); IR (cm~1) 1701, 1647, 1535, 1277; |H NMR (DMSO-dg) 5
15 0794, 3H,J=6.6), 0.82 (d, 3H, J = 6.6), 1.21 (1, 3H, J = 7.0), 1.27-1.35 (m, 2H), 1.48-1.52
(m, 1H), 2.79-2.86 (m, 1H), 2.92-3.05 (m, 3H}), 3.14-3.19 (m, 2H), 3.25-3.30 (m, 2H), 3.98-
4.03 (m, 1H), 4.10 (q, 2H, J = 7.0), 4.47-4.49 (m, 1H), 4.59-4.63 (m, 1H), 4.97-5.02 (m, 2H),
5.72(d, 1H, J=15.8), 6.37 (s, |H), 6.71 (dd, 1H, J= 15.8, 5.5), 7.15-7.39 (m, 10H), 7.42 (d,
1H,/=8.1),8.00(d, 1H, /= 8.1), 8.18 (d, 1H, J= 8.1); Anal. (C33H43N507) C, H, N.
Example 38 - Svnthesis of Intermediates Q1, Q2. and Q3

(o] (o]
NH ON—NH NH
"'I/)
Boc. Boc.
ﬁ BOC\N u
OH H OH OH

Preparation of Intermediate 1-Acctyl-3-(triphenylphosphanylidine)-pyrrolidin-2-one

25 2,4-Dibromobutyride (prepared according to lkuta 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 ethy! acetate (2 L),
and dried (MgSO4). Evaporation yielded 25.5 g of 3-bromo-pyrrolidin-2-one as a brown oil.

20
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1 This material was treated with Ac20 (76 mL) and refluxed 5 hours. Evaporation followed by

purification (silica gel filtration, EtOAc elutant) yielded 28 g of 1-acetyl-3-bromo-pyrrolidin-2-
one as a dark oil. THF (272 mL) and triphenylphosphine (42.8 g, 163.3 mmol) were added and -
the resulting solution was refluxed for 8 hours. Upon cooling to 23°C, a precipitate of 1-
acetyl-3-(triphenylphosphanyl)-pyrrolidin-2-one bromide formed and was collected by

fiitration (27.1 g). Concentration of the mother liquor, followed by cooling to 0°C, yielded an
additional 6.6 g. The combined material in CH2Cl3 (I L) was washed with IN NaOH (100

mL) and then brine (2 x 100 mL). Evaporation of the organic layer yielded 26.9 g (37%

overall) of 1-acetyl-3-(triphenylphosphanylidine)-pyrrolidin-2-one as a tan oil. |HNMR
(CDCI3) 8 7.76-7.32 (15H, m), 3.90-3.85 (2H, m), 2.50 (3H, s), 2.56-2.30 (2H, m).

10 Preparation of Intermediate 2-t-Butoxycarbony!-3-(t-butyldimethylsilanoxy)-propionic

acid methyl ester

Boc-D-serine methyl ester (20.0 g, 91.2 mmol) in DMF (300 mL) was treated with
imidazole (18.6 g, 273.7 mmol) and then TBSC1(13.0 g, 86.7 mmol). The solution was held at
room temperature (rt) for 8 h, and then washed with saturated aqueous ammonium chloride
(300 mL), and extracted with ethyl acetate (800 mL). The organic layer was washed with brine

15 (300 mL) and then dried (MgSO4), to vield 30.2 g (100%) of 2-t-butoxycarbonyl-3-(t-

butyldimethylsilanoxy)-propionic acid methyl ester as a colorless oil. 1H NMR (CDCI3) &

532 (1H,d,J=18.3),4.33 (1H, dt,/=8.8,2.7), 4.02 (1H, dd, J=10.1,2.6),3.80 (1H, dd, /=98,

3.1),3.72 (3H, s), 1.43 (9H, s), 0.85 (9H, s), 0.0 (6H, 5).

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-(iriphenylphosphanylidine)-

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 (MgSO4), and
evaporated. Purification by silica gel chromatography yielded 7.04 g (60%) of {1-(1-acetyl-2-
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1  oxo-pyrrolidin-3-ylidenemethy!)-2-(t-butyldimethylsilanyloxy)-ethyl } -carbamic acid t-butyl
ester as a colorless oil. 1TH NMR (CDCI3) & 6.59 (1H, dt, J=8.7,2.9),4.98 (1H, d, J = 6.8),
4.37-4.25 (1H, m), 3.77 (2H, t, /= 7.3), 3.70-3.58 (2H, m), 2.90-2.80 (1H, m), 2.75-2.60 (1H, -
m), 5.53 (3H, s), 1.41 (9H, s5), 0.87 (9H, s), 0.04 (6H, s).

5 Preparation of Intermediate (2-Hydroxy-1-(2-oxo-pyrrolidin-3-ylidenemethyl)-ethyl}-
carbamic acid t-butyl ester

{1-(1-Acetyl-2-oxo-pyrrolidin-3-ylidenemethyl)-2-(t-butyldimethylsilanyloxy)-ethyi} -
carbamic acid t-butyl ester (9.18 g, 22.2 mmol) in THF (150 mL) was treated with TBAF (22.2
mL of a 1M solution in THF, 22.2 mmol) at 0°C, and held for 1 hour. A solution of saturatéd
aqueous ammonium chloride was added and stirred for 10 min., and then the solution was

10 extracted with ethyl acetate (2 x 200 mL). The organic layer was dried (MgSO4) and then
evaporated. Purification by silica gel chromatography yielded 4.82 g (73%) of a colorless oil.

This material was taken up in methanol (160 mL), treated with potassium carbonate (223 mg,
1.62 mmol), and held for 1 h at rt. The mixture was then treated with solid citric acid (311 mg,
1.62 mmol), and ethyl acetate (800 mL) was added. The solution was filtered through silica

gel. Evaporation yielded 4.30 g (73% overall) of {2-hydroxy-1-(2-oxo-pyrrolidin-3-

15 ylidenemethyl)-ethyl}-carbamic acid t-butyl ester as a colorless oil. 1H NMR (CDCI3) & 7.03

(1H, brs), 6.35 (1H, dt, J = 8.6, 2.6), 5.37 (1H, d, J = 6.5), 4.40-4.20 (1H, m), 3.66 (br s, 3H),
3.4 (2H,t,J=6.7),3.10-2.80 (1H, m), 2.80-2.70 (1H, m), .41 (9H, s).

Preparation of Intermediate {2-Hydroxy-1-(2-oxy-pyrrolidin-3-ylmethyl)-ethyl}-carbamic
acid t-butyl ester (mixture of diastercomers) (Q1)

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 | 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): TH NMR
(CDCl13) 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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9/ #10%&")3) -19/ #10965&' ()-! & #109%B5& () -s' 10(%?(&' ) - ?M 10% o&' (2 - 10% o0& () -
. 10% o 8!” gl_egewwbgc'f)o_ﬂﬂm%&f (hjxsl erm)b HNMR {CDCi3) 5§ 6.32 (1H, br

5 s), 5.40(1H, d, J= 7.5), 3.82 (1H, brs), 3.71-3.63 (2H, m), 3.34-3.31 (2H, m), 2.45-2.30 (2H,
m), 2.09-1.86 (2H, m), 1.70-1.63 (1H, m), 1.42 (9H, s).
Preparation of Intermediate {2-Hydroxy-1-(S-2-oxy-pyrrolidin-3-ylmethyl)-ethyl}-
carbamic acid t-butyl ester (Q3)
{2-Hydroxy-1-(2-oxo-pyrrolidin-3-ylidenemethyl)-ethyl }-carbamic acid t-butyl ester
0.10 g, 0.39 mmol) in methanol (5 mL) was treated with (5)-BINAP-RuCl (19 mg, 0.02
10 mmol), and then put under a hydrogen atmosphere (1200 psi) at 50°C for 48 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): IH NMR (CDCl3) 8 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 (5H, s).
5 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
ag 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 Bl'ue 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 1pyM
substrate, and 50-100 nM protease. The kobs/] 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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H1-Hela cells were infected with HRV-14 at a multiplicity of infection (m.0.i.) 0f 0.13

(virus particles/cell) or mock-infected with medium only. Infected or mock-infected cells were

resuspended at 8 x 105 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 ECs(Q 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(Q) 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 CCsq 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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Compound Ko, Jm ECsp
I (M'sec™) (M)
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
15 Example 8 (A-7) 980,000 0.004
Example 7 (A-6) 248,000 0.420
Example 9 (A-8) 900,000 ND
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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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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 Rhinovir;tLSerotype l kobs/I (M-1sec-1)
Comparison Compound #2 (16) | 6,500 ]
: (89) 3,400
) 2 2,000
Comparison Compound #3 3] 8,000
25 “ (16) 16,900
(A-24) ) 31,000
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Compound #1
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5 » @ 0.410 ND >243
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“ (89) 0.220 ND >450+
(A-2) 1.600 >100 >63
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“ (10) 0.050 ND >200
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’s “ (38) 0.130 ND >76
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« Q) 0.020 ND >500
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Coxsackievirus types A-21 (CAV-21) and B3 (CVB-3) were purchased from American

10
Type Culture Collection (ATCC, Rockville, MD). Virus stocks were propagated and antiviral

assays were performed in Hi-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.o.i.) 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 EC50 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(Q) 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 (T) was calculated by dividing the

25 CCsq by the EC5q.

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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035'#10%&&wm$%6|3ﬂ/|_ SOAYQ! " 109% 20O- | 1004 #&00) - 1|y 10Mm& ()]
10% && () IOWE I cvps >100.00 ND ND
Pirodavir CAV-21 >100.00 >100 ND
10 “ CVB-3 >100.00 ND ND
Pleconaril CAV-21 0.09 >10 >107
“ CVB-3 >10.00 ND ND

Anti-Echoviral and -Enteroviral Cell Culture Assays
Echovirus type 11 (EV 11) and enterovirus type 70 (EV 70) were purchased from
15 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.
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

20

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 ECs5(q 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 (CC50)
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 (TT) was calculated by dividing the CCs0 by the EC50.
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5 ) o 'I‘able, 5. Anti-Echovirus-and-Anti-Enterovirus Activity -~ 55,7
Compound Strain | ECS50 (uM) CC50 (nM) TI
(A-5) EV-11 0.080 >10 >125
“ EV-70 0.040 ND >250
(B-2) EV-11 0.010 >100 >10000
10 “ EV-70 0.003 ND >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
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R; and Rj are each independently H; NH;. o (R4n){Ra1) , where n is
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an integer from 0 to 5, A, is CH or N, A; and each A; are independently selected from
C(Ra1(R41), N(R41), S, S(0), S(O)s, and O, and A4 is NH or NR4;, where each Ry is
independently H or lower alkyl, provided that no more than 2 heteroatoms occur consecutively

in the ring formed by Ay, A2, (A3, A4 and C=0; and provided that at least one of R; and R is

O
A
15 Y N
o (Aadn

~ Ay /
~nr” A
zi\)l\ NH2 or c 2

(Rq1XRa1)
Rs and Ry are each independently H, F, an alkyl group, a cycloalkyl group, a
heterocycloalkyl group, an aryl group, or a heteroaryl group;
20 Ry and Ry are each independently H, an alkyl group, a cycloalkyl group, a
heterocvcloalkyl group, an aryl group, a heteroaryl group, -OR,7, -SR7, -NRy7R 3,
~NR;9sNR 7R3, or -NR170R 3, where R 7, R;3, 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,and S; 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)Rz;, -CO2Rz1, -CN,
-C(O)NR21 R, -C(O)NR31OR3, -C(S)Rz1, -C(S)NR21R22, -NO3, -SOR;, -SO3Ra;1,
-SO2NR31R2;, -SO(NR21 }(OR33), -SONRy4, -SO3R 3y, -PO(OR24),, -PO(R21)(Ra2),

30 -PO(NR31R22)(OR23), PO(NR{R2:)(INR23R24), -C(O)NR;INR ;R 23, or -C(S)NR2;NR;R 33,
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3. A compound, pradrug, phammaceutically active metabolite, pharmaceutically
acceptable salt, or solvate according to claim 1, wherein Y is -N(R,)-, where Ry is H or lower
alkyl.

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)NR3; R;;3, where R, and Ry, are each
independently H, an alkyl group, a cycloalky! group, a heterocycloalkyl group, an aryl group, a
heteroaryl group, an acyl group, or a thioacyl group, or Ry; and Rj;, together with the atom(s)
to which they are bonded, form a heterocycloalkyl group, provided that Z and Z; are not both H;
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8. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically
acceptable salt, or solvate according to claim 3, wherein one of Rs and R¢ is H and the other
is alky! or aryl.

9. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically
acceptable salt, or solvate according to claim 3, wherein one of Rs and R is H and the other
is unsubstituted or substituted phenylmethyl.

10. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically
acceptable salt, or solvate according to claim 3, wherein R; and Rg 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 R; and Ry is H and the other
is alky! 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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wherein Ry, Ry, Re, R7, Re, Ry, Z, and Z, are as defined in claim 3,
or a prodrug, pharmaceutically active metabolite, pharmaceutically acceptable salt, or
solvate thereof.

17. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically

acceptable salt, or solvate according to claim 16, wherein R; is o s s

el

18. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically
acceptable salt, or solvate according to claim 16, wherein:

R, is H or methyl;

R, is H, F, or methyl;

Z and Z, are each independently selected from H, F, -CO3R;), -CN, and

-C(O)NRn 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;
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Re 1s unsubstituted or substituted phenylmethyl;

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.

19. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically
acceptable salt, or solvate according to claim 18, wherein R is selected from 2-propyl, 2-
methyl-2-propyl, 2-methyl-1-propyl, phenylmethyl, and naphthylmethyl.

20. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically
acceptable salt, or solvate according to claim 16, wherein Ry, Ry, and Z are each H, and:

R, i1s CH,CH,C(O)NH;, R is CH,Ph, Rj is CH,CH(CH3);, Z, is CO,CH,CHj3, and Rg

o N
is H:Ck}?'

R, is CH,CH;C(O)NH3, R is CH,Ph, Ry is CH,CH(CH3),, Z; is CO,CH,CHj, and Rg
-Q

is U§_ ;

o~
Rz 15 CH2CH2C(O)NH2, R6 1S HC N R7 is C(CH;);, Z] 1s C02CH2CH3, and R9
J&23
1s HC
o
R, is CH,CH,C(O)NH,, R is F , R71s C(CHj3)s, Z) 1s CO,CHxCH;, and Ry is

# J&zs
Ry is i"‘j;> ,Rgis Fg , R71s CH(CH,),, Z; is CO,CH,CHj, and Ry is H:C ;
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21. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically
acceptable salt, or solvate according to claim 16, wherein Ry is CH3, Ry and Z are each H,

and:
E:I/ I ":\[Ny
Rj is CH,CH,C(O)NH,, Ry is £ ,R7is N, Z, is CO,CH,CH;, and Ry is
-N
PSS
H,C ;
Dt

Rz is CH2CH2C(O)NH2, R6 1S CHzPh R'] is CH2CH(CH3)2, and R9 is HiC

Ot

O i

R, is CH,CH,C(O)NH,, R¢ is F R-, is ,and Rg is HaC ;
H 0

R; is CH,CH,C(O)NH,, R¢ is F’(j/~ , Ry is CH;CH(CH3),, and Ry is H:C

or

7
’ o
R, is CH,CH,C(O)NH,, R¢ is F’Q/ ,Ryis , and Rg 1s H:C .
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23. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically
acceptable salt, or solvate according to claim 1, wherein Y is -CHj-. "

24. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically
acceptable salt, or solvate according to claim 23, wherein Z and Z, are each independently
selected from H, F, lower alkyl, -CO;R3;, and -C(O)NR;; Ry;, 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 thioacy! group, or Ry, and Ry;, together with the
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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 alky! or aryl.

29. 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
1s unsubstituted or substituted phenylmethyl.

30. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically
acceptable salt, or solvate according to claim 23, wherein R; and Rg are each independently
H, an alkyl group, a cycloalkyl group, a heterocycloalkyl group, an aryl group, or a heteroaryl
group.

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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R is unsubstituted or substituted phenylmethyl;

R, is selected from

R 1s alkyl or aryl; and

Ry is 3-isoxazolyl or 5-isoxazolyl unsubstituted or substituted with one or two
substituents selected from methyl and halogens.

39. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically
acceptable salt, or solvate according to claim 38, wherein Ry is selected from 2-propyl, 2-
methyl-2-propyl, 2-methyl-1-propyl, phenylmethyl, and naphthylmethyl.

40. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically

acceptable salt, or solvate according to claim 36, wherein R, is H and:

©/:’-
R; 1s CH,CH,C(O)NH,, Rgis F ,» R71s CH(CHz3),, Z is H, Z; is CO,CH,CH3,
o-N
Sty

and Rog is HiC ;

o N gri
Ry is FI), Rgis F , R71s CH(CH,),, Z is H, Z; is CO,CH,CH3, and Ry is

o]

o N

i x[/é
Ryis }’j;) , Rgis Fg , R71s CH(CHs);, Z and Z; together are ° where the

o-N
2
carbonyl group is cis to the R; hydrogen, and Rg is HC ; or
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HREREE @,cil:eptable salt or solvate accordmg to claim 42, wherein Z and Z, are each independently
" 103 L0 & 03 - BN & Ol Pt PhehOHEs R a0 &
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109 e (o) ek Qs borndel B MG bt ebye O I Zpnd £ =

310%&&" ( )nokb8hIRE () - & 10kk 10kk
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
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.

123



10kk! &910%k& () - %\ <qP/ 3h10%&& () - Hh10%&&' ()-H 331 10%&& ()~ 3 100&& ().
31t 10%R&' ()- 3MLOYR& () - %& () * 3SEBEFSTITUTE SHEET 0ets
3h109%&& () - H) 2i hh10%&&' () - Hh109&&' () - Hh10%&& () - Hh109&&' () - H3: EPSTZU9qP/
3h109&&' () - H) 2i hh109&& () - Hh10%&& () - Hh10%&& () - Hh109&&' () - HZ fj opr U9gP/
3h109%&& () - H) ?i hh109&& () - Hh109%&& () - Hh109%&& () - Hh10%&& () - Hrx~UogP/

3h109&&! h109&&: 10988’ () - Hh10%&, Hh10% - HU9QP/ .
3h109%8& E 3 ¥ 74%10@&&“‘%’% 'ﬂ; é’}‘a‘ﬂﬁfﬁ%’%& 1% FEYETBS, 1%‘% J’%@%fSF““"a“Y
3h10%&&" (et f%t?ﬂl@ B0 YBSo1(ate BB t& ¢haith 4D %bieréih oA Q 68E of Rz MRE‘S

3n109&& ()~ F) 21 hh109%&& () - Hh109%&&' ()- Hh10%&& () - Hh10%&& ()

3h109&8& () -AH) 2ithh10% ()H Hh109&& () Hh109&& () - Hh109&& () - HU9qP/

3h109%88& () - h10% h109&&' ()- HI109&&' () - Hh109&&' ()-H'' () U qP/
3h109%88& () h10% h109&&: %&& () - Hh109&& () H|ZL>0 10y&&

10y&y& 10¥&y& | 810% &YR& )3 oN31100RE! ( B2 35) 100&& ()-H & 1098& ()- &
109&R&' >LX

T0% = & () H 465 700A S go%axwd prinigs pasnlagey caflzf,af*rveuﬁstab%tmﬁaﬂﬁ%e}@ﬂ‘y& 0-
0 "10% >' ac&e;{tiblé sdft, oil@c%/aie Q\&cdrdlﬂg 1dO%RA 45 (\)/héan one b@?(@/@ndkéis H and §¥olher
& ()-19(] L>0 10y &y 10%> &) 10°/‘b&&() "LOYBN#SE! () -
>s! " 10%" ls&l g 10%_BL& . 10‘V & ()-SPv4 1 F' 10% & () -

F! 10;/6‘55&/ ((} o () ;{g&,ﬁg @Sﬁﬁ%\%’j %g%gﬂlcﬁﬁy fé@/ %ﬁ%%oc(l te, f&@WCEStlcal%

10%#& () - ddcep\falille%l&o( Solvaty¥ 2d6HH#i&g 0 cllth AR, 2VBaréi ond of R ARYREis(H aid thé QbHep
K& ()-f- 110% & ()-y- | MI1I0%t& ()-- L@lO%n#n&'()--!VL@
1096148 ()lsgl)w &0s! 10%t& () - . 10%t& ()- 3 L-10%& ()- *

ayhus 1

1098 () - - %# g : AT
Tooasn ()~ B ToometREP Y ol b Bt B8 Whafmlacoutically
10%:& () - dtkajtibly m of solvat& BOMEYES ¢lpim 42, WEIBIPMEOE Rs and RESGIMBLE oHer Y
10%w$ME' ( L™ W 1 SlO%/H‘$|\/&' -
1090k $ME! IE}J"S“bS“‘EES‘«QMﬁ@“( ted Pheé‘i’m s - [P \9/,10%+$& ()- 0
2%0?{%% $ﬁ/?& ?fﬂi V%co% nd&mﬂ@ %Ngm(a)ceuncaﬁ ‘%&r@@'iﬁ%cg)l\t& p(h)armacrutlca] L
@ 10%vi-$Micé¢ptable sdltyiol OolHme Wo(r()mg to clamﬁ)%jlﬂﬂmx(])llq and Riz hGAdel Mlepgndently

A R ——

3nt 109 (I[:vU4d 1  sYLO%S$& ()-  109%$& ()- 3 3"109%$& ()-

S10%%$& ()- 10%$& ()- S3"10%$& gl)- r#6{|[:vWU4, 1 109 $& () -
50. A compound, prodrug, p armaceutlcally active metabolite, pharmaceutically

acceptable salt, or solvate according to claim 42, wherein one of R;7 and Rg is H and the other
is alkyl or aryl.

51. A compound, prodrug, pharmaceutically active metabolite, pharmaceutically
acceptable salt, or solvate according to claim 42, wherein one of R;7 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. ’

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.
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Z and Z, are each independently selected from H, F, -CO,R;,, -CN, and
-C(O)NR;1 Ry2, 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
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,

or Z and Z;, together with the atoms to which they are bonded, form a cycloalkyl or

H H
O« _N O+ _N
\/\‘OI/ | }-r ’ and ~é :
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R, is selected from



"109FSME () -  109WFSME ()- Zc|[: A410# " Y310%$& ()-  Y3L0MOME ( le
S109FSME ()- " 1090MSME' ()-  3'SHSSAEVEE SHESTROMHSME () - |9¢ PR 42
(10% S# & ()- & glO%WHSME ()- YAOWMSME ()-  #109WSME ()- F"
1090$ME ()-  109%$M&' ()-hi|[: A410# 3! 1090W$SME ()- , 210%k$ME () -
OL10%FSME ()- . 109FSME ()-  L- 109SME ()-  (10% ()- L PQRSAt M/U410
 "1090FSME () - " 109VIFSMVE ( #@LO%VHSME!
MLOYBVHSME! () - 1meWmtltu@9mVMh@ MZJ9{ Z9vU410 3

" 109 SME: () - y-> 3 "109M M&' ()- 13 "109%90& ()-" 3

" 109%008& () - c%égﬂi‘ég/@pp%g x~{Z9UAL0 - @10%BME ()-

i- @#10%-35& () -Ro ts@¥ikORaXoly) or 5- 1%&% dﬁ&zt;[s)myed or @B%N&qﬂ&oﬁc o|5$ two 0-
“0&! " 1098V 310  10% R$I & ()-! 10%ME 0% R$t &
YMLO% R$t R %etymwmmmﬂmmmn d beleeeopm-sve: () - 1| [:vT310 10% R$t & () -

s1008 e () -@bi | [epgund. gt phaficplichily sed RARIb e phamaceically |
10% RSt & (c):eptaﬂl@%lﬁ%@bl(v)lte acéck O RStIaing 57, welnayeip [R7-1§med%&1 fromPApUpRSLE () -
| 110% RS$t &

RSL& () - 09 Z10%6 R4t &
*10% RSt 8f"(3§‘WF %tPf B’FF@E(‘)PY@PYi f‘ﬁ&ﬁ)ﬁ Q@ﬂﬂ%‘t yhmsthy (100/‘ >$° & () -

-10% >$ & () -59.| . MAQ¥erpausd, odeQg ?ﬁ&é%ﬁﬁiﬁh’& h&n/é%ﬁ&%ﬁﬁhe ph%gl{ﬁc%&lé%]lg -
910% >$" & () - 10(V>$&() 0% >$ & 10% >$ S 10%3$&' ()- X
| [ - A310t Ritrcept#ilo 3als®r golpte a0®r6m9% slging5$ )wher@nﬁﬂxo%bg I&H(, )md
F'10% >$" & () - 100/‘>$ & ()- 10% >$ - | ~+|[: A310t R$t 9-10% >$ & () -

+ 10% > & ()-_ *' 10(V>$& Y(1‘§)&() &10% >$ &
% 109% >$° & () - R; 5]GIES AR 2 Ra31 005 2% & Rais CPHCib% Z$f$§<§9CHzCHs, and Ry

210% >$" & () -5-n_5010% >$ & ()-110."10%c& ()-G ."10% >$ & ()-G abcdulvU410
y4" 109K $& 8 IO s10%S$& ()-( " @O0WS$& () - (

ly: 109x$&5(9% (10 ¥ 10°>$° 10" >$"  S; Y10% >$ & ()- 16| [ : vU410 L@ 0% $&' () -
810%%$& ()- " 3Y 300%3 x$ & ( - Y 109%& () - &10%<$& ()

"10%$&' () - ’>K{Z9vg§. g s 109 $& () -. 1Q%

" 109 $x$& () o<$&’8718 ? 0%<$ c*)CE{Qﬁ*{)z,\ZtyAa_@OzCHz@%O?&Msv(lﬁ

90109%$& () o 109$& ()-  3(! 109%S$& ()- " y&LOWSE () -

$109%K$& §2A<>r | obU410 110% >$" & ()- mOx$10x$10x$ ; GLOWS$&' () -

L5- 109%& ()- 50L5- 1097#& ()- s3109%$& ()-Cs|[:bUs10 110%>$ & ()- F
10%>$" & ()- 10% >3 & ()- @0% >3 & ()- yl0%n>$ & ()-

10% >$° & () -dQyd [ : buadh ound sé&%d fforh el oﬁ%ﬁﬁﬁg‘ of)-@ L10%h" & ()-@
S109% >$° & ()- &10% >$ 20 0% 2% & 1) 5B \; bUALD BF#1OWhvE () -
F#10%& ()-' ; F#10%$& ()-' HN #10%1n& ()-' 110% >$°

(R
10% n! " & ()-BJUa| [:-%10° >$7 ; Y10% >$° & () y 10% >$&J()- 3,
' EL#10% | & () - 5 &0()- ZbA410" >$° sY

10% >$" & () - L#1Q)%>

9! 10988 () - sY" JQUB&R) >
MLOY$&' () -[LO]>$° 100 >d BER| |} : A4l ‘W%é”a @%‘3 —9 !10%3&“( 510088 () -
$&3" 10%$& s 91098& L10%6& ()-Rgl | [: A41 f H# 10988& ()

1098$8& ()-G n 10% & () - &pS 10% & (): G

g\ N\_)L E\002CH2CH3

and 5

or a prodrug, pharmaceutically acceptable salt, pharmaceutically active metabolite, or

solvate thereof.
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wherein:

Ri, Ry, Z and Z,; are as defined in claim 1,

nis 1 or2; -

R, is H or lower alkyl,

R is alkyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl;

Ry is alkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, -OR 7, -SR;7, “NR7R s,
-NRsNR 7R3, or -NR;70R;5, where R;7, Ryg, and Ryg are each independently H, alkyl,
cycloalkyl, heterocycloalkyl, aryl, heteroaryl, or acyl; and
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Ry is a five-membered heterocycle having one to three heteroatoms selected from O,
N, and S, 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 H, F, or alkyl;

R, is H or methyl;

R is an alkyl group optionally substituted with one or more substituents 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
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.

65. A compound, prodrug, pharmaceutically acceptable salt, pharmaceutically
active metabolite, or solvate according to claim 63, wherein: .

R is arylmethyl or arylthiomethyl;

R; is an alkyl group;

Ry is 3-isoxazolyl or S-isoxazolyl unsubstituted or substituted with one or two
substituents selected from methyl and halogens; and

Zis Hand Z; is -CO2R;y;, -CN, or -C(O)NRR;;, where Rz and R;; are each
independently H, an alky!l group, a cycloalkyl group, a heterocycloalkyl group, an aryl group,
a heteroaryl group, an acyl group, or a thioacyl group, or Ry; and Rj; 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. .

66. A compound, prodrug, pharmaceutically acceptable salt, pharmaceutically
active metabolite, or solvate according to claim 65, wherein:

RiisHorF;

Rg is arylmethyl or arylthiomethyl; and

R; 1s selected from 2-propyl, 2-methyl-2-propyl, 2-methyl-1-propyl, and arylmethyl.
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or a prodrug, pharmaceutically acceptable salt, pharmaceutically active metabolite, or

solvate thereof.

I'd N
—r—

. , 69 A pharmaceutical composition comprising:
- (a) a therapeutically effective amount of at least one antipicomaviral agent that is
a compound, prodrug, pharmaceutically active metabolite, pharmaceutically acceptable salt,
or solvate as defined in claims 1 or 60; and
(b) a pharmaceutically acceptable carier, diluent, vehicle, or excipient.
70. A use of at least one compound, prodrug,
pharmaceutically active metabolite, pharmaceutically
acceptable salt, or solvate as defined in claims 1 or 60in

the preparation of a medicament for treating a mammalian

disease condition mediated by picornaviral protease activity.
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C(Rs52)(Rs3XRsq)
Rgs
wherein:

p is an integer of from 0 to 5;

Ay is CH or N, Aj; and each A;j are independently selected from C(Rg:)(Re1),
N(Rg1), S, S(0O), 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
ring formed by Ay, Ajz, (A13)p, Aws, and C=0;

each R4 is independently H or lower alkyl;

Rsz, Rs3, and Ry are each independently selected from H, hydroxyl, alkyl, acyl and
aryl, or any two of Rs,, Rs3, and Rsq together form =0 or =C(Rs7)(Rss), where Rs; and Rgg
are each independently selected from H, alkyl, CO,(C;-Cg)alkyl, C(O)N(C-Ce)alkyl, and
COx(aryl); and

Rss and Rsg are each independently H or a suitable protecting group for nifrogen;

or a pharmaceutically acceptable salt of said compound.
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74. A compound of formula:

?51
0, N
S
(CHy),
Rsg <
';1 C(Rs52)(Rs3)(Rs4)
Rss

wherein:

p is an integer of from 0 to 5;

Rs; is H, alkyl, acyl, or aryl;

Rsz, Rs3, and Rsy are each independently selected from H, hydroxy, alkyl, acyl, and
aryl, or any two of Ry, Rs3, and Rs4 together form =0 or =C(Rs7)(Rss), where Rs; and Rsg
are each independently selected from H, alkyl, CO,(C,-Cg)alkyl, C(O)N(C;-C¢)alkyl, and
COy(aryl); and

Rss and Rse are each independently H or a suitable protecting group for nitrogen;

or a pharmaceutically acceptable salt of said compound.

75. A compound or pharmaceutically acceptable salt according to claim 74,
whereinp is 1 or 2.

76. A compound or pharmaceutically acceptable salt according to claim 75,
wherein Rs;, Rs3, and Rs4 are each independently selected from H, alkoxy, hydroxy, and
carbonyl.

77. A compound according to claim 74, selected from the group consisting

0} 0] 0]
o N N

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

HOOC NH, ; HOOC l;lH ) EtO,C7 "X rim
of: P Pn
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O
@)
o i
2 (CHy)q
MeO NH
1 OHC NH (CHz)q
OMe Py . ! .
7 PN 4
HO
NH

(CHz)q CHz)q
CH;)Q
Et0,C7 X NH

Py : E10.C7 ™" "NHzHCIL . apd

wherein Py is a suitable protecting group for nitrogen and q is 1 or 2;
or a pharmaceutically acceptable salt of said compound.

78. A compound according to claim 74, selected from the group consisting of:

J\I/ oo EtOZCA\,BND

HOOC” ~NH, BOG
OMe BOC

2 2
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MeQ

MeQ
QOME
0 N
N
E0,C7 " "NH
BOC , Et0,C X NHp.HCl  apg
0
QQMG
O N
NH
BOC

OMe

O

Me

OHC

o

where BOC is t-butyloxycarbonyl; or a pharmaceutically acceptable salt of said

2

compound.

79. A compound having the formula:

0]
NH

=
BOC
N

H OH

where BOC is t-butyloxycarbonyl.
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