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. ANTI PI CORNAVI RAL COMPOUNS AND METHODS FOR THEI R USE AND P RATI O\I
RELATED APPLI CATI ON DATA This application relates to U.S. P Q
Application Nos. 08/825,331, filed I\/ar ch 28, 1997, and 081850, 398

May 2, 1997. Additio to U S. Provisi onal
Pat ent Appl i cation NO%II%S%T/CB% % %&%éﬂﬁéﬁoﬁach of these U S
0 anti picor

pat ent applications rel ates corrpounds, conposi tions
contai ning them and net hods RELATED APPLOYCATIODDAMAA use. Each of these

applications also is entirely incorporated herein by reference.

Addi tional Iy, tmssa%meaﬁcﬁl%la@a th ¢ St ®Serit @,p@h@amwsem/bys B3] grledMarct2d ent
application entitle Ant i pi cornavi ral Conpounds, Conpositi ons Cont ai ni ng

Them and ;¥B3 gﬁﬁ%sfﬁb 3B§eﬁ1|5d‘r§af‘y% 1997: Adﬂhﬁ)ﬂ&llﬁ?‘rﬂ?g le@gngﬁ’%ﬂ%@@% f e

in the nanmes invéntors agovi c andRu Zho
This conc rrentl |Ie r t ed re|n by
ref erence: f@’A@R %&Elﬁg@gﬁ?zﬁ&{é@% 'I*f?eﬁ%e‘fﬂcﬂg' a}b"é ns to
t he di scovery and use of new conmpounds that inhibit the en zymatic activity
of pi cor n@etentapplicatimstrdawe o angjpicoiridvizal cqmpdundwpmgsmom eaéaising tRviBsih)
as well as retard viral growh i n cell culture.
methods for their production and use. Each of these applications also is entirely incorporated
herein by reference. Additionally, this application relates to a concurrently filed U.S. patent
application entitled "Antipicornaviral Compounds, Compositions Containing Them, and
Methods for Their Use," U.S. Patent Appln. No. 08/991,282, filed in the names of inventors
Peter S. Dragovich, Thomas J. Prins, and Ru Zhou. This concurrently filed application also
is entirely incorporated herein by reference.

L

BACKGROUND OF THE INVENTION *G00002*

The invention pertains to the discovery and use of new compounds that inhibit the en-
zymatic activity of picornaviral 3C proteases, specifically rhinovirus proteases ("RVPs"), as
well as retard viral growth in cell culture.

The picornaviruses are a family of tiny non-enveloped positive stranded RNA
containing viruses that infect humans and other animals. These viruses include the human
rhinoviruses, human polioviruses, human coxsackieviruses, human echoviruses, human and

* bovine enteroviruses,' encephalomyocarditis viruses, menigovirus, foot and mouth viru‘ses,
hepatitis A virus, and others. The human rhinoviruses are a major cause of the common cold.
To date, there are no effective therapies to cure the common cold, only treatments that relieve

the symptoms.
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The picornaviruses are a famly of tiny non--envel oped positive stranded
RNA contai ning viruses that infect humans and other animals. These viruses
i ncl ude the human rhinoviruses, human polioviruses, human Qdigjﬂwigﬂ Aises,
human echoviruses, human and bovi ne enteroviruses, encephalonmyocarditis
viruses, nmenigovirus, foot and nouth viruses, hepatitis A virus, and

oth . Th . i 7 i :Qf; : ld. T
St "t hor CPISEBIVAl IO 3R 18 iRRad By BhibRAYIR, PlotoilicCROBRANRS, K. T
t t [ t hat | i t.h . ~' .16 6" 1.7 JUNL2. 00?

b cor naBEe A ined Sl EGred 1o 2 BT imarugichy it e picpatifuses, TREURET ¢ ac

enzynes. These enzynes are required for the natural maturation of the

pi cor na&spensilels forrthe putocatalysic plrayagsl of the genomic JarssRolyprgteincing thevage of the
genom c, large polyprotein into the essential viral proteins. Menbers of

t he 3Cegenfiftas®l peoieihy. Meenbeysbeihe Qproteassfamilyvdie tystdifepindabdsy fihgde gr oup
nost often cl eaves the gl utam ne-glycine am de bond. Inhibition of 3C

pr ot eages,. i | C.C - of t he A ei n)
i on 15 L RN EnbY oMol CleabE Bl e HIFAKE BRI bonld? IRLUBRBEC. D)
interfering with viral particle production. erefore),inhibiting the

pr ocessﬁﬁgﬁ’?sqsﬁf beligyed &9 hlock praterlyic leavees Qgg’étﬂ%@f" e WhiGhinduim a8 ¢ hat
are specifically recogni zed, should represent an inportant and useful

appr oac¢tatdothe mesdmration end eeplicatidn ofrthe giruses by dhtetfeding with wviral partiglei n :
particular, the comon cold. SUMVARY OF THE | NVENTI ON The present invention

is dirpedReid® TaREMEImhibidig fhe PeddeSying@6f MisCeysRé profeastGrith SHIQHATE,
inhibitors ) particularly those that have antiviral activity. It is further

 nvent ol GG EREEE MRS sHaGnte Wbina Honhch BERRRMAL A 868, 00 o

rhi novirus 3C proteases and preferably have antiviral cell culture

act i vi BpproFefutodtteal or Cchre Virahinfeetions of Sis pafuresand, feparteulan, fhe ¢omaBen conpounds
can bind irreversibly, and the cell culture assays denonstrate that these
conpourdkl. can possess antiviral activity. The present invention is directed
to conpounds of the fornmula (1): -2 ~1 ~JUNZ2002 R4 ~ MR ZRNN/ Z
(1)~ RSt R3 R~ Rt wherein: MsQorsS;

SUMMARY OF THE INVENTION

The present invention is directed to compounds that function as picornaviral 3C
protease inhibitors, particularly those that have antiviral activity. It is further directed to
the preparation and use of such 3C protease inhibitors. The Inventors demonstrate that the
compounds of the present invention bind to rhinovirus 3C proteases and preferably have
antiviral cell culture activity. The enzymatic inhibition assays used reveal that these
compounds can bind irreversibly, and the cell culture assays demonstrate that these
compounds can possess antiviral activity.

The present invention is directed to compounds of the formula (I):



R, is H F, an alkyl group, OH SH, or an Oalkyl group; R2 and R5 are

i ndependently selected fromH X~-Y~A~B~, XY-A2 BZ 1 | D2 or I

group, wherein the alkyl group is different from X~Y~AI B~ and 5??3@@122002
p2 with the proviso that at |east one of RZ or RS nust be ~Y~ ~B~ ~ ~Y~ , B2
X A~ or X A2 , p2 and wherein, when RZ or RSis X~Y~A~ Bl D~ X is =CH or
=CF and Y, is =CH or =CF, _Ry_XMand R4 tdgether with Q forma

t hree-nenbered ring in vvhicl}'ldlﬂs --(RA(R)- or,,-O, Xis -CH or -CF-,
and Y, is -CH, -CF-, or Rs@(a N e~Rg,0 and Iy i ndependently are H,
a hal ogen, or an al kyl -3 gpoup,! d&&s ttogether with the carbon atomto
whi ch they are attached, form 3cy&7oal%yl group or a heterocycl oal kyl
group, or Xis -CHzZ-, -CFZ-, -CHF-, or -S, and Y, is -0-, -S, -NR, 2-,
013) (Rlhei:C(~) s -C(S) , or -C(CR 3R~a) , - _ wherein R 2 is Hor alkyl,
and R 3 and R 4 independently are H, F, or an al kyl group, or, together
wth thg,Ifgt@PtS.to whi ch they are bonded, forma cycl oal kyl group or a

het erocycloalkyl group; A is C, CH CF, S, P, Se, N NRS, S(O, Se(0),
P-OR, 5, Jor P-NR S wherei g.,R 5 d 6 i ndependently are an al kyl group,
a cycl ogllWE’ graﬂﬁﬁfy?grqlf&éﬁlosyc%aé\a@wl B> an aryl group, or a

het eroaryl group, or, together with the atomto which they are bonded, form
a het er Bgyud Baarkymdependeptly Bele¢ted fomdiety with a | one pair of el ectrons
capabl e of form ng a hydrogen bond; and B, is H, F, an al kyl group, a

cycl oal kyl group, a heterocycl oal kyl group, an aryl group, a heteroaryl
group, -%‘,Y-SR,E;, ;;’25/31\8’ 5NR ONR ~R, B, or -NR'OR B, wherein R ~, Re,
and R 9 i xlép‘émfeﬁt,l e“A” an ,al kyl group, a cycloal kyl group, a

het er ocycl oal k¥l group, an,';gryl group, a heteroaryl group, or an acyl
group; and with'the provisos that when D, is the nbiety =N with a lone pair
of electrons, capable of fqrm ng a hydrqgen hond, B, does not exist; and
when A, OY@QKY’SEQUR)QY}’SWRBFHF}&%RS’Plsﬂl%,%ﬂ%t Ohen D, is the moiety - NRZSR26
with a lone pair of electrons capable of form ng a hydrogen bond, wherein
R25 and R26 are independently H, an al kyl group, a cycloal kyl group, a

het er ocyglroalkyl ggroup, awyl gyoup, or a heteroaryl group; and wherein
D, - A -B, S(kmfi gqﬁl I yah(brng’ﬁa/vz:[/qi?r/o gsoup where A is N
Dy D2

with the proviso that at least one of R, or Ry must be

X is =CH or =CF and Y, is =CH or =CF,
or X and Y, together with Q' form a three-membered ring in which Q' is
-C(Ry)R,))- or -O-, X is ~CH- or -CF-, and Y, is ~-CH-, -CF-, or

-C(alkyl)-, where R, and R, independently are H, a halogen, or an alkyl
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’-4 ~9 ? .It~N. Z~r . and further wherein, when RZ or Rs is X Y~A~-B2 D2 X
is =CH or =CF and YZ is =C, =CH or =CF, or X and YZ toget her 3

t hree-nenbered ring in which Q is -C(R,o)(R")- or -O, Xis a—DSrUR R’?ﬂ
and Y2 is -CH, -CF, or -C(al kyI) where R, o and R |ndependently are H

a hal ogen, or an al kyl group, or et her with the carbon atomto which
they are attachegrouppettogethy @Whlchéh%’raé%%ﬂcbed,@qmmoup or
Xis -CHz-, -CFZ-, -CHF-, or -S— and Yz is -O, -S, -NR,2-
-C'~3)~'ia)-~ - @abalkyl-g%@ora h’utero@(claﬁlkythrup) wherein R,Z is H an al kyl
group, a cycloal kyl group, a heterocycl oal kyl group, an aryl group, a

het er oar yl oup . 4 RL or -C(SR, 3,
and R ~3 an Xls%eﬁehdenfly%e o gﬁ%dw'lg I @?éub 1%a'zcilcl oal kyl

group, a heterocyc yl aryl r a heteroaryl group or,
together with thé‘qgom "Wﬁf@ﬁ*t‘ﬂ% "aPk” gﬁ‘f@e‘ﬂe » form a cycl oal kyl group
or a heterocycloal kyl group; Az is C, CH CF, S, P Se,- N, NR'S, SO,
Se(0, P-OR'S, or P- NRHSRIER vk BraziatkyR 28d Racand R inddgqndmtbmrbﬁ,é‘ra an al kyl
group, a cycloal kyl group, a heterocycl oal kyl group, an aryl group, or a

heteroaryl group or, hLRARYDElouY! dritopethbiowith B@atdindivHicH they artdnbda)ded,

forma heterocycloal kyl group; D2 is a noiety wwth a | one pair of el ectrons

capable of formng a ~BZis H F, an

al kyl group, a cycl oall% ggf%%%‘?ﬁgr%@%gr%‘%?‘ %’a’loéj‘kg'l%% p, an aryl gr ou'p, a
het eroaryl grau NR, ONR, ~R, B, or -NR'CR, B, wherein
R', R e, and\xﬂsg pﬁb@ﬁeﬂ&rﬂeiy % ﬁ(o)aﬁe@)kg/‘ro%rso‘?fﬂj I%Rm%si oal kyl group, a

het er ocycl oal kyl group, an aryl group, a heteroaryl group, or an acyl

group; and furt hevherdirRej anddR)yindependerly e anllkigrovy],a celpalkpgrodp, faor ns- a

cycl oal kyl group, a heterocycl oal kyl group, an aryl group, or a heteroaryl

T I e Gy e
-GOR, -OR, %% atomwo whlc% they are bonge ]dBforr% a heterocycloalkyl group;
D, is a moiety with a lone pair of electrons capable of forming a hydrogen bond; and
B, is H, F, an alkyl group, a cycloalkyl group, a heterocycloalkyl group, an aryl
group, a heteroaryl group, ~OR,;, ~SR3, “NR;R 5, ~NRy)NR ;R 5, or -NR;0R,,
wherein R, R}q, and R, independently are H, an alkyl group, a cycloalkyl
group, a heterocycloalkyl group, an aryl group, a heteroaryl group, or an acyl
group;
and with the provisos that when D, is the moiety =N with a lone pair of electrons capable of
forming a hydrogen bond, B, does not exist; and when A, is an sp® carbon, B, is not -NR ;R4
when D is the moiety -NR,sR,; with a lone pair of electrons capable of forming a hydrogen
bond, wherein Rys and Ry, are independently H, an alkyl group, a cycloalkyl group, a

heterocycloalkyl group, an aryl group, or a heteroaryl group;

and wherein D\~ A~ B, optionally forms a nitro group where A, is N;
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wherein R', RIB, and R 9 independently are H, an al kyl group, a c;’;i:l?oglumlz[w ;
group, a heterocycl oal kyl group, an aryl group, a heteroaryl group, or an®+- -~
acyl group; or, R3 and R5, together with the carbon atomto which they are
attached, forma cycl oal kyl group or a heterocycl oal kyl group; R4 is any
suitable organic nmoiety, or R4 and R~ or R~, together with the atons to
whi ch tandurthree wheteirs ivégn R,@r Rsds het er ocycl oal kyl group; R~ is H, an al kyl
group, a cycloal kyl group, a heterocycl oal kyl group, an aryl group, a

het er oaryl gr A ~, -SR ~, -NR ~R B) -NR 9NR, ~R, B, or -NR ~OR B,
wherein R ~, R, d R 9 independently are H, an al kyl group, a cycl oal kyl
group, a heterocyclbeal kyl group, an aryl group, a heteroaryl group, or an
aryl group; or R~ together with R3 or Rs and the atons to which they are

attached fonpisa=CH oPeeraaanslioatkyCHyre@F, -6 17 J U N 2002 Rg is H an
al kyl group, a cycloal kyl group, a heterocycl oal kyl "group, an aryl group, a

het eroaryl group,y-N Q1 - v Ol - ) I R30 each

i ndependent &5 ar}ﬁ}&gf‘%"ﬂ'ﬁ %‘&J&mha&y% %ﬁ%ﬁn&g“}ﬁﬁh@? rocycl oal kyl
group, an aryl group, or a heteroaryl groupf - _ or R8 together with R4 and
the nitrogen at omG@aMRioh arh&d.a% is ‘Qﬁa@he@f"f(ﬂﬂﬁ]%ﬂﬁép&@c%ro@ﬂ kyl group
or a heteroaryl group, or R8 and R3 or R6, together with the atons to which

they are attached;C(alkyly)-awheriedR,paytR g aidependgnthuiare 1Y, adiatbgeh, oaar alkyl
i ndependently H, F, an al kyl group, a cycloal kyl group, a heterocycl oal kyl

group, an aryl gr DR e G5BR aton U theg 89Riohed. obh o~ O O NRx.
Boz. O O) NRyi O o, g (geufics ¥ e SEBUR atorrto WHieh theg aiObiiiehed, fotin a

- SOZNRz, R22~ - SO~Rzj z)~ - SONRX, , .- Rx, . -PQ(ORzi)x~ -PQ(Rzi)~zz)~

_ PO( NRZ, Rzx) ( Oazﬂgf&aé‘%ﬁi‘%ﬁ%wg?%&%HHm, NRxxRz3, or

-C(S)NRz, NRzzRz3, wherein Rz,, Rzz, R23 ~d Rza ~'e independently H, an

al kyl group,ora cy¥lisoaCRyt, tlupr CHFheterBopod YalsayP-groupN®Bhdaryl group, a
het eroaryl group, an acyl group, or a thioacyl group, or wherein any two of

Rz,, Rxx, Rx3, andC®R$RYI9et0@)-WC{B)L e -aC(@RE)R',P- Whi ch they are bonded,

forma heterocycl oal kyl group; or Z,, as defined above, together with R,

as defined above, and ‘W%g@tf?m}s HPMMi(%l:krélpé%gg‘%%lkﬂzﬁgﬂR?Qded’ forma

cycl oal kyl or heterocyc kyl? “group, as defined above,

together with the atons to which they are bonded, - forma cyclgal kyl or
het erocycl oal kyl gr oug'}set@w%??’ﬂﬂ&f ot %Pgrﬂ‘éﬁ’ afstepoary] Sr%“plﬂ,'rol%wi s a
noi ety other than H and pharnmaceuti cal Ig accept abl e prodrugs, salts,
active netabolites, amdRgRyat&£O11RineobOR s,or7 CSIR' N apd®; and Ry,

independently are H, F, an alkyl group, a cycloalkyl group, a
heterocycloalkyl group, an aryl group, or a heteroaryl group or,
together with the atom to which they are attached, form a cycloalkyl
group or a heterocycloalkyl group;
A, is C,CH, CF, S, P, Se, N, NR,s, S(0O), Se(0), P-OR;s, or P-NRsR,¢,

wherein R, s and R, independently are an alkyl group, a cycloalkyl group,a

heterocycloalkyl group, an aryl group, or a heteroaryl group or, together with --

the atom to which they are bonded, form a heterocycloalkyl group;

D, is a moiety with a lone pair of electrons capable of forming a hydrogen bond; and
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and wherein these conpounds, pharnaceutically acceptable prodrugs, salts,
active netabolites, and sol vates preferably have anti pi cornaviral 1a?t,|JUN)Qm2
with an ECso | ess than or equal to 100 ~Min the H -HeLa cell culture
assay, and nore preferably antirhinoviral activity with an ECSa | ess than
or equal to 100 p,Min the H -HeLa-cell culture assay and/or

ant i coxsachBeis HaF, aacikyl groppwa cyvleatiytgraupes betereayel @uup, awaryb0 uM i n the
H -HelLa cell culture assay. According to one aspect of the present

| nvent i on,  gRfabea heteh by, S0RGE- SR,y NRIRGUANRGNRIK,|, 06 INRGDRG, O 3
pharmaceutical [y acceptabl e prodrug, salt active netabolite or sol'vat e
thereof in the p c b | o) I manmmal i an
di sease conditi O%ﬁ%&?ﬁ&,g@,g%’ndﬁ}.g@@h@%@ﬁy dfpr?(f)—lf ggg&g@??@?’%’.cﬁ lc 1ordi ng to
anot her aspect of the present invention, there i rovi ded a use of a
conpound as defi BE¥Pab ?}%‘oﬁﬁfd%%ﬂrgé%‘@u?‘?ﬁré( WU&@?@E%W By B 2K al t
active netabolite or solvate thereof in the preparation of a nedi canent for
inhibiting the agtauwpity of a picornaviral 3C protease by contacting the

pi cornaviral 3C protease. According to yet another aspect of the present

I nvention, biaeRethePwhERM eﬁl@(ioﬁnbﬁfaﬁoﬂBfﬁf,@QﬂB{}Hﬂdeé‘i”orﬂﬁHC?@l@am?%“ '

phar maceutical |y acceptabl @& prodrug, saft active netabolite of solvate

thereof in the preparation of a medicane r inhibiting the activity of a
r hi novi r al 6#’8?8"5’%@%3@%%‘8?%@{5aﬁ’ang%‘g” Ph%%‘%‘??‘a’? E{%"B’[ ease. g~~~ ~= TU
200 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention relates to
conpouRe 8ndRs amgdndependently H, F, myalkylrgroup, paxeloalkyl/ grouy, myeteoeyclpalkyl t Rs R~ Rt
, Wwherein R) R2, R3, R4, Rs, R6) R~) R8, M Z, and Zl are as defined

above) geoup, aaryhgrophias imereattl gakib,y- GIOJRp! 20Rg, £SREStMR)RgAl ts ) active
nmetabolites ) and sol vates thereof) where these conpounds, pharmnmaceutically

accept alnre ¥k ORI UGSS-NRAORS) active netabolites, and solvates preferably
have antiplcornaviral activity with an ECso | ess than or equal to 100 ~cM

in the H-HeLa cell gult assa nd e preferably antirhi noviral
activity w t“h‘e&"h“ Ecsgwr %“Lsé;ﬁw Hhﬁp%idea‘&h%fgﬁ’@%%géﬂ%y ‘iyﬁ@aliilyi] FOtE: el |
culture assay and/or ' anticoxsachieviral activity with an ECM | ess than or
equal to 10beteragyelealkylkerpmp, iaalagylesqup, a heteiopey! gepunyor appeykgreurint i nventi on
preferably relates to conmpounds of the formula Il: - ' Rs i Z~ (I1)~ O R~
R~ Rsi or, B aad®;, togetheriwillAtliewaioriatom tbwhich tidy afe atachein foarinkaydycipalkyp; R52 is
sel ected fromone of the followng noieties: R35 OR 37 NR36 > > H2 OH
group or a heterocycloalkyl group;
R, is any suitable organic moiety, or R, and R; or Ry, together with the atoms to which they
are attached, form a heterocycloalkyl group;
R, is H, an alkyl group, a cycloalkyl group, a heterocycloalkyl group, an aryl group, a
heteroaryl group, —ORl’h —SR17, —NR”R]S, '_NngNR”ng, or —NR|7OR|8,
wherein R, R, and R independently are H, an alkyl group, a cycloalky! group, a
heterocycloalkyl group, an aryl group, a heteroaryl group, or an acyl group;
or R, together with R, or R and the atoms to which they are attached form a .

heterocycloalkyl group;



O C-S~R37 ~s R37 Ha ~0~, Hz OR35 R36 ',~ R36 NNR36 ~ ~N Rat ~ ~Cy LiHj |
H-H ~20 00 'C OR36 ' C~~S~R37 ~ ~~~CN , and C~CN, H 11 H (f} 'lE\IZUUZ
~On wherein: R35 is H, an alkyl group, an aryl group, - OR38, or -NR3gR39,
wherein R3g and R39 independently are H, an al kyl group, a cycl oal kyl

group, _a_ heterocycl oal kyl group, an ar gr.o a heteroaryl group, or an
acyl gReisdl, aapdotkeroupsa pydeal QH@leyph@%wpscl%lﬁylpssuxaﬁa%sroupoget her with

the nitrogen atomto which they are attached, forma -- heterocycl oal kyl

group betematyd grupar NR,BrouPR,F8r-~-CO Ry, al kyl group, an aryl group, or
-NR3gR; g, whereirn R3g and R39 are as defined above; Ra, i s H an aI kyI

group, an a u oPiderst ql.l\gg 7
JUN 2002 N%S%%{sl@’&‘d Rﬁ?gé ghnd'e %yogglfﬁ?r%\%y% %Mﬁﬁe at %ms L g9 B\lm ch they

are attache for et erocycl r erel n R3g and R39 are as
defi ned aboggemﬁ Cg]%ﬁ‘g%%uqﬂax 18 015\?/1 rgqﬂ %r%?’oal kyl group, a

het erocycl oal kyl group, an aryl group, a heteroaryl groeup, or an acyl
gr oup; otRgtogether with R, and the nitsszen stom tor whish ey \are ajiaghas forsa i s an al kyl
group, a cycloallryl group, a heterocycloal kyl group, an aryl group, a
het er ohétgtocgilGdlRyl gadupdral ketdroghyDgoup,t Rpaad B, 08RK Yégetie® with théatoms to

O heterocycl oal kyl group, an O aryl group, an O heteroaryl group, an

S- al ky QeeNged! r ?lﬁl,gl‘—érg .l group, an N, N-di al kyl group,
or an k{h&hﬁﬂ% gr oﬁg,%%a%ﬁ%%ﬁda ﬁ%h R5$ and the nitrogen atomto
whi ch the re .attache a e erocycl oal roup or a he oaryl
group; ﬁf e{pegﬁi‘englp'g—& »gPé gtﬁﬁ&?"é"’ﬁi héLg'g’PRﬁhe&rﬁ?}'ﬁpoagwiycl oal kyl
group, -OR 0, or NR oR', wherein R o and R~, are independently H or an

al kyl  gravppan amkgraupacheRroay beronple§ AR 1 + §OR,, F Chir GIOMR, Ropup, a

cycl oal kyl group, a heterocycloal kyl group, an aryl group, a heteroaryl

group, @&ZF ) "%gé!{;e@“%'ﬁ%g Gé-ﬁeRz,,CSO)z Réf%s)Rzn

“o(S) NRz RZ,, -802NRZ) Rzz~ - 'SO- z) ~ - SONRzi ~

- 30 NEOREE TR SR Q) 2ORR T AR5 0 sgzzg@gg Re3Re4) -
i ndepengsii Yo oBlrS) Y INRRR R Vs B NR R,

wherein R,,, R,,, R;3, and R,, are 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 wherein any two of Ry, Ry, Ry3, and R,,, together with the
atom(s) to which they are bonded, form a heterocycloalky! group;
or Z,, as defined above, together with R,, as defined above, and the atoms to which Z,
and R, are bonded, form a cycloalkyl or heterocycloalkyl group,
or Z and Z,, both as defined above, together with the atoms to which they are bonded,
form a cycloalkyl or heterocycloalkyl group;
with the proviso that when R, is H, R; is a moiety other than H; .

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



group, a heterocycl oal kyl group, an aryl group, a heteroaryl group, an acyl
group, or -10 ~~ 7 JUf~ 2~f12 a thioacyl group, or mhere”?gﬂgwtzgng
Rz,, Rzz, Rz3, and Rz4, together with the atons) to which e e ded,
forma heterocycl oal kyl group, or wherein Z and Z,, together with the atons
to which they are bonded, form a heterocycl oal kyl group; with the proviso

that whewHeRein itliestlcompBunds, phiviiacéutically ecceplable prodragsl sahgractieeut i cal |y
accept abl e prodrugs, salts, active netabolites, and sol vates thereof. As

used in,th r Lt £ i | Wi | a 2n AN "al kyl
gr oup'mﬁt%boﬁr'ﬁ#e%%ggé’ Ly gtg%gn abg'tq}ag?g'ﬁ?ﬁlgéﬁn%ﬂn%ﬁgﬁwcﬂgphﬁﬁﬁ‘bg’g‘% tehfalttl r adi cal
of saturated and/or .unsaturated carbon atons gnd hydro atons, .such as
et hyloF egualyo 100,445 the Wbeks sell @iiogn assio gul A breferably ntizhinbviga
pentenyl) butenyl) propenyl) ethynyl) butynyl, propynyl, pentynl, hexynyl)
and t hetivitykejth\aini BO,, lesy then omnequiabtol 100t @ ifi itheeHI~ Helaneedli oultnee assdyy car bon and
hydr ogen) or substituted by one or nore suitable substituents as defined

bel ow,y, .o}%}ig&%b‘%mé § QEivity With BheETEie st hafiRaBqwal RONOGLRIRLthe) nmonoval ent

v ] !
nonocycli c rcyclic, or tricyclic radical containing 3) 4, 5, 6, 7).8, 9,

10) 13411 %13% %14 carbon ring atons) each of which nmay be saturated or
unsat ata CEREUTCH Ry be unsubstituted or substituted by one or nore
sui tabl e substituents as defined below and to which may be fused one or
nore heterocycl oal kyl groups) aryl groups, or heteroaryl groups, which-

t hensel ves may be unsubstituted or substituted by one or nore suitable

subst i gl | r S.¢l_ncl but are

ot | Pl o dnedSp bt U FEAREH AR fon, G I0hiOHp Y Rg RGN ) ¢

" het eandyfincibbbore o auypiaraceutitailyd acteptable prodeug) Gakt adctin@ mataboli oy al ent

nmonocyglic). bicyclic) or tri cygl i c radi caI}Q Vt\Qi ch is saturated qr

Unsat SHERE dhergoinifiafhi Rgpasation of a gedigament fgr %,tre&tmen12§ ajmgymmedian s 16,

17, Olisdfhe Childlnioh AffRiarcd ¥l WOLAAVIEATHHERS ablivigy. S. 4. or |5 het eroat oms
oxygen) an I

sel ected fromnitrogen, sul fur) viherein the radical is
unsubstituted or substituted by one or nore suitable substituents as

defingd bel ow and,to which be fused one or nore cygl.oal kyl .groups,
“aryl F%‘Hglél,g ©r BAPL, BPECH 065@%&?“%%"@?%@8?%@@ el _d]ﬁéLPSs?i tuted or
subst édrapaidbys Ofufiretl RSV i plthRicaidoslly t atRBptable! biddsig, akdll ach¥anpl es of
het er oc%;cl Qal kyl groups include, but are not limted _ . .
metabolite or solvate thereof in the preparation of a medicament for inhibiting the activity

of a picornaviral 3C protease by contacting the picornaviral 3C protease.

According to yet another aspect of the present invention, there is provided a use of a
compound as defined above or pharmaceutically acceptable prodrug, salt active
metabolite or solvate thereof in the preparation of a medicament for inhibiting the activity

of a rhinoviral protease by contacting the rhinoviral protease.



to the following noieties: p NOO~ ~>> > > > > N~ RNNRORRRONN
O- 0O\ S-N, \ , , NR, SLNJO ROO- ~~, ~ : %ﬁdu&.]2

J UN ~~?~2 An "aryl group” is intended to mean an aronatlc I
nonocyclic, bicyclic, or tricyclic radical containing 6, 10, 14) or 1
carbon ring atons, which nmay be unsubstituted or substituted by one or nore
sui tabl e substituents as defined below, and to which may be fused one or
nore cycl oal kyl groups, heterocycl oal kyl groups ) or heteroaryl groups,

whi ch t hensel ves one or nore

sui tabl e substi tuwﬁﬁm!}%mﬂ}ft uwﬁq‘lmups | ncl ude) but
are not limted to) the following noieties: / [/ \ , , I, and / \
\ \ / \ [ [The present inventiemrejategtopgrpounds thtbﬁmm& nean an ar - omat i ¢
nonoval ent nonocyclic, bicyclic, or tricyclic radical containing 4, 5) 6,

7) 8, 9) 10) 11) 12, 13) B4) M, 1) 1Z) or 18 ring atons, including 1, 2,
3, 4) or 5 heteroatons S fr nlnltrogen) oxy%S and sul fur, which
may be unsubstituted gf @% &13ui tabl e substituents as
defined below, and to Whlch may bR lised ne or nore cycl oal kyl groups,

. het erocycl oal kyl groups) orRaryRsgrokps) which thensel ves may be
unsubstituted or substituted by one or nore suitable substituents.

|11 ustwirdréineR ¢ RyTR], 5,, B, RgtRar Q@,rlyﬂ mra@drz,ﬁ areqy defimpd bbdveaand eothel | M ted to)
the followng noieties: N - RO/ / Ni ~~ N'NNONNONN-~J

~ \ N~ %g@au%hiy ﬁs%ﬂ}hbl%\lpfc;cgugs %Zl}s] Hl\N meta”lﬁﬁ}tés and sdlvated thereds, | ~ ~ ~ ! ~

where these compounds, pharmaceutically acceptable prodrugs, salts, active metabolites,

and solvates preferably have antipicornaviral activity with an ECy, less than or equal to
100 uM in the HI-HeLa cell culture assay, and more preferably antirhinoviral activity
with an EC,, less than or equal to 100 M in tﬁe HI-HeLa cell culture assay and/or
anticoxsachieviral activity with an EC,, less than or equal to 100 uM in the HI-HeLa cell

culture assay.

The present invention preferably relates to compounds of the formula I:

R54\ ﬁ/ N\iv/.\% 21 (II),



(J, 1 ~ (J,I_,,I,\N\iN~N\iN-\\~~/NRS and |
W N~ ~ ~N\ I/ / . N An "acyl group"” is intended to nean a -((

radi cal ) wherei n R is any suitable substituent as defined bel ow. %v JUN Zﬁﬂz
"thioacyl group” is intended to nean a - C(S)- R radical, whereln R is any
sui tabl e substituent as defined below A "sulfonyl gr oup" is intended to
mean auLaRpR radical, wherein Ris any suitable substituent as defined

bel ow. The term "suitable substituent” is intended to nean any of the
substi tuen rec abI such as by routine testing, to those skilled in
the ar #51d§h§]g aﬁﬁ‘%’@bﬁ&ﬂ’" affecting the inhibitory activity of the inventive
conpounds. Illustrative exanples of suitable substituents include, but are
not ||Rsztlesblmbeéfrmdmg@tbgrfgﬁtp\mngmetwoups ) al kyl groups, acyl groups )
sul fonyl groups ) mercapto groups ) al kylthio groups ) al koxy groups,

cycl oal kyl gr oups het erocycl oalkyl gr oups aryl groups, heteroaryl groups,
car boxy g up@ g}p groups, alllfyllftmn ~Rdi al 2o Baroups,

car banoyl oups - \,fp 36, &l oxy{ groups, - het df oarbyoxy

gr oups) ar yHiz hi gr oups ete oarylthl 0g upS(o)nand theHd i kgy The term
'suitabl e orgam Cc noiety*™is Ontended to nean any organic noiety

recogni zabl e, such as by routine testing, to those skilled in the art as
not adversely affecting the inhibitory activity of the inventive
conpounds. |llustrative gxanpl es of | tabl e organic noieties include, ‘but
are not limted to, hydrpoXy groups ) kyI gro RUPS, cycl oal kyl

groups, heterocgycl —RQUPS ryl=groups, acyl
groups, sul fon%li rod ) rrercap rou s ) aI kyl¥hi o roups, all coxy
groups ) carboxyHyrougls, am no gro | kyl am no grotps, dial kyl am-no
groups) carbanoyl grotips, arylthio gr ou s, heteroarylthio gr oups, and the
like. A "hydroxy group" is intended to nean the radl cal -OH An "am no
group” is intended to nmean the radical -NH2. An "al kyl am no group" is

i nt ended n t(bRgad HR Rier e an al kyl gr defi ned
above. “d+"al k\if'am no, gro {N i nt eﬁd£m tdnd r (L\]RaRe wher e
Ra and Re dfe edth |ndepen nt | )an al kyl Hyroup as defi necHﬁbove

wherein:

R;s is H, an alkyl group, an aryl group, - ORy3, or ~NRy3R;,
wherein Ry; and R;, independently are H, an alkyl group, a cycloalkyl group,
a heterocycloalkyl group, an aryl group, a heteroaryl group, or an acyl group;
and

Rj6 is H or an alkyl group,

or Rys and Ry, together with the nitrogen atom to which they are attached, form a

heterocycloalkyl group or a heteroaryl group;

Rj, is an alkyl group, an aryl group, or ~NR;sR;e, wherein Ry, and R, are as defined

above;

Ry, is H, an alkyl group, an aryl group, -~ ORys, —SRjg, ~“NR33R39, ~NR(NR35R 3, or

-9.



An "al koxy group” is intended to nean the radical -OR where Ris 2 al) kagl
group as defined above, for exanple, nethoxy, ethoxy, propoxy) ar?anZHn(PN 2002
| i ke. An "al koxycarbonyl group” is intended to nean the radical - C(OOR
where R is an al kyl group as defined above. An "al kyl sul fonyl group” is
intended to nean the radical -SOZR where Ris an al kyl group as defined
above. -15 -NRj;OR;.) orRNaddBs;, fogethat with drd atan@) tvowlyich giepage attashddpt ended to
mean the radical -C(ONHR where R is an al kyl group as defined above. A

“di al kyl am ngaaLRRRYdcvElbMURI erbipd Nt ended to nmean the radical -C(O I VRaRe
where Ra ang’aReaare ecgch igd%pe%’dently an al kyl group as defined- above. A

"mercapto group” is i.ntend to _nean.the.radic -.SH An."al kylthio group”
is intended to nean th ”rﬁq%%l"m-aége%eéf@o&’iaggg*lﬁﬁ{?‘?a'&?'ﬁ%fﬂx%sa def i ned
above. A "carboxy group” is intended to nmean the radical -C(OCH A

"car bamoyl gr oup“cycloalkyl greup. heterpeygloalkyd groupi assaryl goow, mikigterommyl” ar y| oxy
group” is intended to nmean the radical -ORS where R~ is an aryl group as
defined above. A grbg,or aRbdy @rdupgaup” is intended to nean the radical -ORa
where Rd is a heteroaryl group as defined above. An "arylthio group” is

i ntended to qpltop?, radi cal -SR~ where R~ is an aryl group as defined
above. A "heterodarylthio group"” is intended to nean thé radical -5Rd where
Rd is het roary’hﬁ‘ roup as defined above. A "pharmaceutically acceptable
pr odr uSRssi‘ iChARA ggrPBP;rrean a conmpound that may be converted under :
physi ol ogi cal conditions or by solvolysis to a conpound of fornmula I. A

" phar meRg ir ancalkyl\graugs e pyclbilkylogronpy e heterarlycloalip!' growgp, iantag gemipt ® nmean a

phar macol ogi cal |y active product produced through netabolismin the body of

a conpopsidostyl rﬁﬁ%%ii)ialkyl ghup, ard OLbPEITky 1 Aroud) @k maﬁaeidcgabémy@g%@?t abl e

solvate"” is intended to nean a solvate that retains the Dbiol ogical

ef oot | %6083} BB AP HhdebiyPlrob]n¥-A1GFARh) 2k LA SGIRIRC S ©f
NH-aryl group, an N,N-dialkyl group, or an N,N-diaryl group;
or R, together with R, and the nitrogen atom to which they are attached form a
heterocycloalkyl group or a heteroaryl group;
R;, is H or an alkyl group;
Rz is H, an alkyl group, a cycloalkyl group, ~OR;, or NRyR;,, wherein R, and R,, are
independently H or an alkyl group; and
Z and Z, are independently H, F, an alkyl group, a cycloalkyl group, a heterocycloalkyl
group, an aryl group, a heteroaryl group, ~C(O)R,;, ~CO,R,;, ~CN, ~C(O)NR,R,,,
-C(O)NR;,0R;;, -C(S)R,;, ~C(S)NRy Ry, -NO,, ~-SOR;,, ~SO,R;;, ~SO,NR,,R,,,
-SO(NR;1)(ORy), ~SONRy;, -SO3Ry;, ~PO(ORy )2, PO(R2,)(R2), ~PONR,R,,)(ORy,),
-PO(NR;;Rp)(NR3;3R,4), -C(O)NRyNRp,R,;, 0r ~C(S)NR,,NR,,R,, -
wherein Ry, Ry, Ry;, and Ry, are independently H, an alkyl group, a cycloalkyl

group, a heterocycloalkyl group, an aryl group, a heteroaryl group, an acyl group, or

-10 -



Exanpl es of pharnmaceutical ly acceptabl e sol vates includer but are t
limted to, water, isopropanol) ethanol, nethanol, DVBO ethyl aa'ltzb.wN 2[]{]2

acetic acid) and ethanol anm ne. A "pharnaceutically acceptable salt” is
intended to a nean a salt that retains the biological effectiveness and
properties of the free acids and bases of conpounds of formula |I and that
i's not biolqgj AL REL SRy ERESER: 2R ER. . ExAINR qScctler RR@IHIBCEUt i cal |y
%gr@gé}%%{:ﬁ%eﬁ Eurt are not ﬁz'r’nkz’ I Tt o5 e

acceptable s ed™to, <Ultates, pyr osul f at es)
bisulfates, sulfjtes,. pi,sulfite osphat es hydr ogenphosphat es)

di hydr ogenpﬁ@%’%&ﬁg@e‘@mﬁr&e&ﬁﬁ%é%ﬁ)ﬁg’gg@ ?F%&?X%‘Eﬁgﬁe%?%m orides ) bronides,
i odi des, acetates ) propionates, decanoates) caprylates, acrylates)

f or mat ex whesdbdrapd & dogetberpritnthe stontsdpivarduihey are poodrido faames ,  oxal at es,

mal onat es, succi nates, suberates, sebacates, funmarates, nualeates,

but yne-hktedodycRatkgbgrogxyne- 1, 6- di oat es, benzoat es) ehl orobenzoat es,
nmet hyl benzoat es, di nitrobenzoates, hydroxybenzoates, nethoxybenzoates)

pht hal A I spll et at es,

phenyl g‘ﬁ"@gtlhgi)géxjé%%%ﬁg%ey%?yr a#’ég Q@%@?@Eﬁ%@fat es, Yy-hydroxybutyrates,
gl ycol ates, tartrates, nethane-sul fonates, propanesulfonates,

napht handpbarmageitic &ﬁﬁptah%m?r&g@ﬁ@tsza@me dites, apdsolyatcathesaols. 1 the

i nventive conpound is a base, the desired salt nmay be prepared by any
sui t abl e netAweseld inthe presenh epplication, rthe following defiithienstapply: t he free base with
an inorganic acid, such as hydrochloric acid, hydrobrom c acid, sulfuric

aci d, nitricapeiity] RBRFPRleRded th meana Sraigti oNbZRBRedAHa M mattflalche |1 ke, or

with an organic acid, such as acetic acid, malefic acid, succinic acid)

mandelic.acid) fu ic,acid | oni ¢ acj d ruyic acjd, oxalic acid,

gl ycol irédlﬁg]i %,83@54{?{%4/ Qr upsa %@F%ﬁ%?ws :ﬁlﬁihéfér%ﬁlé ﬁeogg' Eﬂcg‘&ﬁr oni ¢ acid
and, gal acturoni c acid, _al pha-hydroxy acids such as citric acid and tartaric
acid ) et el propyle isopeppab futxli sobiiyl thueyloathenykinentgayled butgnyiat i ¢ aci ds
such as benzoic acid and cinnam c acid, sulfonic acids such a

p- t ol uepreperyt,cathymyhchudyryl, miopgundspéritynlj hexyayld andthetlike, Which.mdyf bd he
i nventive conpound is an acid) the desired salt may be prepared by any

sui t abl \g,iBkAREH g;hggg?&éagxg\ Snfy &arRéx{‘EAdJﬂ}idgﬁ%ér:]ﬁe eRbURAuA by AR drifigeaci d Wi th

an inorganic or e, ‘'such as an (primary, “secondary, or
tertiar a | kal i al ,or. alkaline earth nmetal hydroxide) or the |ike.
IIIustr%%@%%sﬁ%ﬁﬂﬁpggwgﬁ%@ﬁgg§BWé salts include organic salts derived from
am no acids such as glycine and arginine, amonia, primry, secondary and
tertiary, anbnegcloalkyl groen'is intended4o guran anonpatearatic mex)\ovrari/mphol i ne and

pi perazine, and inorganic salts derived fromsodium calcium potassium

magnesi monhodyelig anest}, or wicyclicopizal contdiging 8| 45 néim), &9d 10] 1hilam3 ¢ t he
case of conpounds) salts) or solvates that are solids, it is understood by

those sij tdrBh tiflg btdEns? hch! SYAWhitR Sal DeQRRMEd 6PERANALS, Jand HHich haf Y
solvates may exist iIn
unsubstituted or substituted by one or more suitable substituents as defined below, and to
which may be fused one or more heterocycloalkyl groups, aryl groups, or heteroaryl
groups, which themselves may be unsubstituted or substituted by one or more suitable

substituents. Illustrative examples of cycloalkyl groups include, but are not limited to,

the following moieties:

000000 Ay
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different crystal forns, all of which are intended to be within t11g M&ZUUZ
of the present invention. The inventive conpounds may exi st as single

st er eoi soners, racenat es and/or m xtures of enantionmers and/or

di ast er eoners. such single stereoisoners, racemates and m xtures

t hereof are |ntended to be within the scope of the present invention.

Preferably, the inventive ounds. are used\in optically pure form -18
17 J U N 200 As generall nd rsto ny t@ps- skilled in the art, an
optically pure conpound } jcally pure. As used

herein) the term"optic nten mean a conpound whi ch
conprises at |east a suffici ent am)unt of a single enantioner to yield a
conmpound havi ng the desired pharnmacol ogical activity. Preferably)
"optically pure” is intended to nean a conpound that conprises at |east 90
% of a single tsomner (80% enanti onmeri c excess), preferably at | east 95%
(90% e.e.), refer at,least .97. 5% (95% e. e. and t preferably
at | east 99(’/6??%‘8 yglosl By Bjntended torpe F‘Eﬂ% gxopo edl I, R and
R51 are Hor F. Preferably in the conpounds of forrrula ) at | east one of
R4 and mengeyche hicydlicgenurisydic radical, frdrigh isgaiwrated o wisaturased; containing hibove
formulas | and Il, D1 and Dz are -ORu, =0, =S, ---N) =NRu, or -NRz5Rz6,
wher ei na 5| G 8706 16/ £1,i 2] aBEMIEIR, 18, Hj, dxM SaingyAtoms 0atid, wiicls stehuded i 1 |
group, a heterocycl oal kyl group) an aryl group, or a heteroaryl group) or,

toget hes :fmozgdtq(tmtéyoglfo ‘%Qlegﬁs@ 'ﬂoh?m%?é@ac%apgéib%@ sl d%@reﬁd’fhg‘égdlﬁle ferably

het er ocy’c group nore pre bz are =

Al and Az are and nor erabl

Pref er aﬁl‘?s‘ﬁ?“%ﬂi zs‘gﬁéﬂ‘m % or IPRIP SR ﬁ@“ﬂi%x%géﬁqeag’é%n&@‘it ly H,
an al kyl group, a cycloal kyl group, a heterocycloalkyl group, an aryl
group, t Whicknayrbel fusedoane, oranomrcyeloylkybgroups, atyl grdups comhdRirdanyh dravps,
together with the atons) to which they are bonded, form a heterocycl oal kyl

group. Fhehehdhleves ezdmﬁﬁsanht&ﬂGPngﬁtﬂiéd)by%ne% 1S |su1€wap1 or a
het eroaryl group, _ - C(O NRzl Rxx~ -C(O NRzl ORzz~

- s0-21) 1B %3& N@i@?‘ve e@&lﬁ%zs’f fi ﬁﬁf“ﬁ%@bs g Bl o i

wher ei n Ré R~ are independently -19 17 J UN 20d2 H) an al kyl
group, ¥ 95‘1’13&1’%%@%?%% ) a heterocycl oal kyl group, an aryl group ) a
het eroaryl group, or an acyl group) or wherein any two of R2t, Rte, and
R23) together with the atons) to i ch the@ are bdhded) for@a

heterocycloal kyI (\jro% , @an Zl) [ j [ ]

-12 -



together with the atons to which they are attached) forma "T HN')Q(JZ
het eroc~ycl oal kyl group, Preferably Mis O Preferably R52 is one of

following noieties: R35 R36 NR3s ~ ~ ~N W~ or C-S~-R3~) H2 11 H2 ~ H2 OO
wherein R35, R36) R37, R41, and n are as defined above. Conpounds according
to fornula | incI ude those descri bed bel ow, where indicates the point of

attachnent. " d 7 havi ng t he
Formul a1 a: Al g A0y Ty inghiuel S ik 3 afdifd” RS RUIBR WDt 02
wherein R5, .R6,. and R~ ar R4 |$ CHB and R3)
Z, 7t) be@uahqa@ra%vcge|r@rheaéaonﬁa5\wgoﬁ§z%fl4m %H% S‘ngéwlﬁg a bymay be R3 i s
CHZPh Zis.H Zt is C02CH2CH3, and R$ is -20 ' JUN 20022 R3is

CHZPh, udsubstitited Dr sibstiBECHF ORS or mote Ritable substitg:len&s © &find below, a ta s
CoCH2CH3, R is Hzo~~3 and RBis ~~; Ho 4. Rsis HZC1 ~ ~~, Zis H,

Z is Miﬁ%eﬁﬁ@oﬁ@otﬁmi’ew roupkl Ketérocyzloalityl ;o2 is H Z s
CO2CH2CH3, and R8 is ~ ~ ~ N H & pSS S llﬁy and Z, together form

o " e iR 0uA B LB bR e ol g‘?‘véﬁzeae%r Vegiieg s

CH-CH2S~ H O 8. R3 is CH2Ph) Z and ZI together form~~ (where the C=O group
i's 0 preifableatubytiwerss.t Sllustative expnnkis)of asplBrreps iscludgiucaegiotlipied te. R3 i s
CHzZPh, Zis H, Z, is CQZCHZCH3, and RB is ~; Ho 10. R3 is CHZPh, Z and Zl
t oget h@ie folowimg-méieties:e the C=0 group O .

O OO OO0 Y

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

groups include, but are not limited to, the following moieties:

/\ N N N
L8N
Z Z /N =z A\ A~ PN
Q, EN\jI [\N] @ N\Njﬁ’ N\ E E\/ﬁ
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Ph preferably is cis to the RL group), and RBis ~; I Il SHO

CHzPh) Zis H ZI is COZCH2CH3, and R8 is ~ ~ ; - - CHyCH S H117 JEI\E?OOZ

~~1JUNZ00O2 12. R3 is CHzPh,, Z and ZI together form ~~ (where the C=0O group

preferably 0 O is cis to the R group), and R8 is ~; CHCH S H O 13.

R3is Ho ~'~"~3, Zis H Z is CZCGHRCH3, andR&lsPhOsH014 R3 is
S i ) <N OO0 15. R3is

CHZPh) Z is
JUN 200z 17.
« Addi ti onal
conpounds according to the invention ifnclude conpounds 18- 24 havi ng the
formJIaIb W ~RZZN~2Zt N..... Rs Rs R~ Rt Rvaherelan)RS R5) R-~,

andZar R |s cted from
one of oIIo h and R8
is O~ u O/

An "acyl group" is intended to mean a ~C(O)-R radical, wherein R is any
suitable substituent as defined below.

A "thioacyl group” is intended to mean a -C(S)-R radical, wherein R is any
suitable substituent as deﬁned below.

A "sulfonyl group" is intended to mean a -SO,R radical, wherein R is any
suitable substituent as defined below.

The term "suitable substituent" is intended to mean any of the substituents
recognizable, such as by routine testing, to those skilled in the art as not adversely
affecting the inhibitory activity of the inventive compounds. Illustrative examples of
sﬁitable substituents include, but are not limited to, hydroxy groups, 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, carbamoy! groups,

-14-



19. Z1 is CO2CHZCH3) Wis H W is H and RBis \ o~-N O20. Zis (}DCHCHW
is OCH Ph Wis Hand Ris 1223 2>15s8~s-ONi HO-24"17 JUNRG2
2002 21. Z1 is QO2CH2CH~) Wis H W is CH3) and RBis ' O; ~o~NH O 22.

Z1 is C(ONCH3)OCH3, Wis H W is Ph) and RB is O; O-NO23. 24. Z is
C02CH2CH3, Wis OC(CH3)3, W is H and R8 is Z, is CO2CHZCH3) Wis H W is
H, and affoxysgroups, shetenchrlyoxiN groups CulthidggthitpsShetetdary lhivegionps and dre f ur t her

i ncl udes conpounds 25-29 having the formula Ic: ORR ZW ~-NRNR/ Z1 3
R~ 5 Rﬁkgeg wherein Ri) R3) R5, R~) and Z are H R2 is CHZCHZC(O NH2, R8 is
\' ~N ~ ~~HOand W and ZI are sel ected fromone of the follow ng
groups: - 2 1 2002, 25. IS CO2CHZ ; 26. W is
CH2 and Z, ?‘ge {qIB- %‘*%NB OBgANIGFioje Nﬁl“&%‘g&ﬂ% F%"%ﬁ%%&% MOy’ 5z | s NCH2Ph
and Z, is COZCHzCH3; and 29. W2 is NSO2Ph and Z, is CO2CHZCHS.

Addi t i serQEnigable,hsuch as byirpwine tastingd tostheemakilladds troars asinatladxexselydi ng t o
formula Id: ~P 0 RZ Z WN-N~~ ~d)~ H ~-OR3 ~R'~~R~ s~Ri ~ Zi wherein R,

R3, RSaffettingfthg irhitsitofy attevity, oftBe ﬁxﬁlemﬂwmlu&ratw& eRarepECHPCH3, and v
is ~o~ in Conpound 30, and WB is H in Conpound 31.
suitable organic moieties include, but are not limited to, hydroxy groups, alkyl groups,
oxo groups, cycloalkyl groups, heterocycloalkyl groups, aryl groups, heteroaryl 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.
A "hydroxy group" is intended to mean the radical -OH.
An "amino group" is intended to mean the radical -NH,.
An "alkylamino group" is intended to mean the radical -NHR where R is an alkyl
group as defined above.
A "dialkylamino group" is intended to mean the radical -NR R, where R, and R,
are each independently an alkyl group as defined above.
An "alkoxy group” is intended to mean the radical -OR where R is an alkyl group
as defined above, for example, methoxy, ethoxy, propoxy, and the like.
An "alkoxycarbonyl group” is intended to mean the radical ~C(O)OR where R is
an alkyl group as defined above.

An "alkylsulfonyl group" is intended to mean the radical -~SO,R where R is an

alkyl group as defined above.
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The invention al so includes conpounds 32 and 33 according to fonm
ORRZW pORS R~ ~ R- wherein R, R5, R6, R-) and Z are eachﬁ’}ﬁwﬁémﬂz
CHZCHZC(O NH2, R3 is CH2Ph) -26 ~_ ~ ~~~ 2002 0 ZI is COZCHZCH3, and W

is Hin Conpound 32, and W i s ~o~I NH m Conpound 33. The invention further

I ncl udes conpounds 34-36) 38-49) and 56-58 al so according to formula la

above, wher e\ dﬁ?laﬂﬁocﬂ%onﬁfﬁo@‘" ig ifteeRd Mo Meafehe radick H2, R4 is

CH3) and R3, Z, and R8 are selected fromone of the ol I owi ng groups:

O 34. CH2CH3) and Rg is C~CHZS~NH ' 0 0 35.
R3 is %?@aﬁg“iﬁ@ﬁ“&@%ﬂ@ ) and REis a SSNH' i o0 O36. R3is
CH2Ph, Zis H) Z 1s C(ONCH3)OCH3), and R8 is ; CH3CHZS-NH O 38. R~ is
CHePh, Z i s AH, dizlkylagningparhryl giougn i infended to mean! the radigaf;-C(@QNBR, 17 JUN
2002 39. R3|sCHZPh,Z|sCHB,Z is CO2CHZCH3, and R$ is s 1 0 40. R3 is
CH2Ph, vihersRHandZR, are «a0R Gid2ftilentgnan MRyl groop as defiriedlabovedl. R3 is CHzPh, Z
is CH3, Z, is COZCHzZCH3, and Ra is 0 SSNH | O 42. R3is CH2Ph, Zis H Z,

2, SZS 0 A o, S poRhntam s O, 2 s ozaza

An "alkylthio group"” is intended to mean the radical -SR where R is an alkyl
group as defined above.

A "carboxy group" is intended to mean the radical -C(O)OH.

A "carbamoyl group" is intended to mean the radical - C(O)NH,.

An "aryloxy group” is intended to mean the radical -OR, where R, is an aryl
group as defined above.

A "heteroarlyoxy group" is intended to mean the radical -OR, where R, is a
heteroaryl group as defined above.

An "arylthio group" is intended to mean the radical -SR; where R_ is an aryl
group as defined above.

A "heteroarylthio group" is intended to mean the radical -SR, where R, is a
heteroaryl group as defined above.

A "pharmaceutically acceptable prodrug” is intended to mean a compound that
may be converted under physiological conditions or by solvolysis to a compound of
formula I.

A "pharmaceutically acceptable active metabolite" is intended to mean a
pharmacologically active product produced through metabolism in the body of a

compound of formula I.
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44, R3 is CHZPh, Zis H ZI is COZCH-CH3, and RB is Il s~ | i
Ph Zis CHZis COCHCH, and Ris O3 2s 3s12238s. a@@@m

is CH2Ph, Z is H ZI is COZCHZCH3, anng|s~~;1108Ph47. R3 is
CHzPh, Z is CH3, Z, is COZCHZCH3, and RB is ~ S~ ; ~n Il 0 48 R3is ~2 ~ ~
~3, Zis H ZIisCOZCHZCH,,andR8iso.._ S1 O"" -29 ~’>~uN
z00z 49. R3AS Hﬁmﬁcéﬁtﬂ:ﬂly ackeptablEsBlvaté! id MteRORTIZakh a so1vatiRehat FetinS~NH _
06R3ISC|-EPh Zis lesCI)ZCHZPh and Rgis ~~ ~; NNO 57. R3|s

CHZPh, ' @ f 58. R3 IS
CH2Ph, © P%lﬁwa%ﬁ#éwgd%gjégm* ey %g‘#)ﬁgfoglscaf[y gctg(,ead&ﬁllpﬁﬁe |%vent ion al so
I ncl udes conpounds 37 and 50-52 havi ng the formula Ig: W5,,, Wo ~ RZ Z
r~zi ' :compopndsres farmulgf- o W -30 9 7 JAN 2002 wherein R, R3, R5, R-,
W) Ws, and Z are H R2 is CHZCH2C(O NHz) Z, is COZCHZCH3, and W is

~o~t ~I H i n wauplescbfPharitecentically -abeeptabin Dlvatasyinelnde, B0} aMd/nat dinfited to,n
Compound 51, and W= is ~ in S NH CH3CHZS NH Conpound 52. Conpound 53 al so

(C‘ér ; eSp@ﬂQxS §o%r6ﬂ&h§l e B4R nREhandl) BMSOTR@YNsLehAS dcbig dc@d,maga 1h: 0 RZ Z

ethanolamine. . N

A "pharmaceutically acceptable salt" is intended to a mean a salt that retains the
biological effectiveness and properties of the free acids and bases of compounds of
fonm'lla I and that is not biologically or otherwise undesirable.

Examples of pharmaceutically acceptable salts include, but are not limited to,
sulfates, pyrosulfates, bisulfates, sulfites, bisulfites, phosphates,
monohydrogenphosphates, dihydrogenphosphates, metaphosphates, pyrophosphates,
chlorides, bromides, iodides, acetates, propionates, decanoates, caprylates, acrylates,
formates, isobutyrates, caproates, heptanoates, propiolates, oxalates, malonates,
succinates, suberates, sebacates, fumarates, maleates, butyne-1,4-dioates,
hexyne-1,6~dioates, benzoates, chlorobenzoates, methylbenzoates, dinitrobenzoates,
hydroxybenzoates, methoxybenzoates, phthalates, sulfonates, xylenesulfonates,
phenylacetates, phenylpropionates, phenylbutyrates, citrates, lactates,
y-hydroxybutyrates, glycolates, tartrates, methane-sulfonates, propanesulfonates,
naphthalene- 1-sulfonates, naphthalene-2-sulfonates, and mandelates.

If the inventive compound is a base, the 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, sulfuric acid, nitric acid, phosphoric
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wherein RI, R5, R6, and R~ are H RZ is CHZCHZC(O NHZ, R3 is CHZPh) Z is H
Zl is i COZCHZCH3, and WB is ~p NH . O The invention-also rel a e'ﬁ UN?U

compounds 54 and 55 having the formula (1j): "~ ~0RZZ W N-"~ Z~ ~J I
RS OR3 R~ R wherein R, R5) R6) and R, are H RZ is CH2CHzC(O)NH2, R3 i s
CHzPh, Zis H Z, is - -31 11 JUN 2002 0 CO2CHZCH3, and Wy is ~ ~ in

Conpounchch andtiet 1M, ios withMr arganic acid Cauthasacetismeid) nidie neid psyeoinind s
according to the invention include the foll ow ng conpounds of formula X H3

|~ O R%cd wiinbklic #eid,$hmatic heid, nfzfoniR ad&@g_)ghﬂ Bralic6i, €lybEc &bid,R2 i s
CH2CHZC(O NH2) R3 is CHZPh) Z~'i's COzZCHZ! and Ra is selécted from one of

e LR, ol ) P M0 5 © S
S alpha-hydroxy acids such as citric acid and tartaric acid, amino acids such as aspartic

acid and glutamic acid, aromatic acids such as benzoic acid and cinnamic acid, sulfonic

acids such a p-toluenesulfonic acid or ethanesulfonic acid, or the like. _

If the inventive compound is an acid, the 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 amino acids such as glycine and arginine, ammonia, primary,
secondary and tertiary. amines, and cyclic amines such as piperidine, morpholine and
piperazine, and inorganic salts derived from sodium, calcium, potassium, magnesium,
manganese, iron, copper, zinc, aluminum, and lithium.

In the case of compounds, salts, or solvates that are solids, it is understood by
those skilled in the art that the inventive compounds, salts, and solvates may exist in
different crystal forms, all of which are intended to be within the scope of the present
invention.

The inventive compounds may exist as single stereoisomers, racemates and/or
mixtures of enantiomers and/or diastereomers. All such single stereoisomers, racemates
al;d mixtures thereof are intended to be within the scope of the present invention.

Preferably, the inventive compounds are used in optically pure form.

-18 -



/| _63. RAis O; VARS ' NHOO'Ph 64. R4 is ~VARS 'NHOOG®65 R4
iIs V- ~; SNHOa&®66. R4is OVAR-S S 67. is NVAR~SOOE$JUN?&6@2!
2002 68. RAis ... H; , VARS ' NHOCO2H O69. R4 is ~ VAR'S N
i~ 70. RAis O~-N~H'" VARS '"NHOO71. RAis ~VARS '"NHO72. R4 is

OVAR-S "NH73. R4Ais OVARS N a. . -34 ~ |, N zooz i4. R4 is
] As generally understood by those sHlled in ale art, an optlcalflL;' pure compound is

one that is enantiomerically pure. As used herein, the term "optically pure” is intended
to mean a compound which comprises at least a sufficient amount of a single enantiomer
to yield a compound having the desired pharmacological activity. Preferably, "optically
pure" is intended to mean a compound that comprises at least 90% of a single isomer
(80% enantiomeriC excess), preferably at least 95% (90% e.e.), more preferably at least
97.5% (95% e.e.), and most preferably at least 99% (98% e.e.).

Preferably in the above formulas I and I, R, and Ry, are H or F. Preferably in
the compounds of formula I, at least one of R, and R, is an acyl group or a sulfonyl
group. Preferably in the above formulas I and II, D, and D, are ~ORy;, =0, =8, =N,
=NR,;, or -NR,sR,¢, wherein R,; and R,4 are independently H, an alkyl group, a
cycloalkyl group, a heterocycloalkyl group, an aryl group, or a heteroaryl group, or,
together with the nitrogen atom to which they are bonded, form a heterocycloalkyl
group, and more preferably D, and D, are =O. Preferably A, and A, are C, CH, S, or
S(O), and more preferably A, and A, are C.

Preferably B, and B, are NR;R;;, wherein R;; and R are independently H, an
alkyl group, a cycloalkyl group, a heterocycloalkyl group, an aryl group, a heteroaryl
group, or an acyl group, or wherein Ry, and Ry, together with the atom(s) to which they
are bonded, form a heterocycloalkyl group.

Preferably Z and _Zl are independently H, an aryl group, or a heteroaryl group,
—é(O)Rzl, —‘COZRzl, -CN, -C(O)NR;; Ry, ~C(O)NR;;0ORy, ~C(S)R;;, ~C(S)NRyR,,,
-NO,, -SOR,, -SO,R;;, ~SO,NR,;R;5, ~SO(NR)(ORy,), ~SONR,,, -SO;R;,,

-C(O)NR,;NRy;R,;, or ~C(S)NR;;NRyR,4; wherein Ry, Ry, and Ry, are independently
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VAR-S OCH3 SCH3 O 75. Rdis ~; VARS 'NHOOMHO76. R4 is ~; VARS 'N
HOO-~SCH3 77. R4 is V~-S~-N; HOOCH2Ph O78. Rd is ~ ; Vﬂ?ﬁd_uﬂﬂ]@
79. R4 is VAR NO2 -35 -- O | ~~N 2002 80. R4 is ; VAR " .
R4 is VARS "NHOF 82. R4 is OVARS 'NHPh Ph O83. R4is ~; VAR-S
" NHOPh O84. R4is ~; VARRS'NH OO ~CO2H 85. R4 is V--S'N' H O -36

H, an alkyl group, a cycloalky! group, a heterocycloalkyl group, an aryl group, a

heteroaryl group, or an acyl group, or wherein any two of Ry, Ry, and R,,, together

with the atom(s) to which they are bonded, form a heterocycloalkyl group, or Z and Z,,

together with the atoms to which they are attached, form a heterocycloalkyl group.

Preferably M is O.
Preferably R,, is one of the following moieties:
Rss Rsg

R

N—R. N
" a0 G
wherein R,;s, R, R3y, Ry, and n are as defined above.

Compounds according to formula I include those described below, where *

indicates the point of attachment. For example, the invention includes compounds 1-17

having the formula Ia:

4 O Rs Ry
- \)L /g/‘\ @),
3 6 7 l

wherein Ry, Rs, Rq, and R, are H, R, is CH,CH,C(O)NH,, R, is CH;, and Ry, Z, Z,, and

R4 are selected from one of the following groups:

0
1.  RyisCH,Ph, ZisH, Z, is CO,CH,CH,, and Ry is @ro/“ ;
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~'~?J UN 2002 SCH2Ph O 86. R4 is ~; VAR S.' NHOS87. R4 iu MSB.
R4 is OVAR-S 89. RAis OVARS 090. Mis OVARS 'N I-kl?h.}bl
17 J UN 2002 91. R4 is OVAR-'S -- OCH3 OH92. A is OVAR-S "'NHOS O

93. RMis ~/ CH3; VARS NHO94. R is VAR-- 095. M is VAR S NHO
CH2Ph N N ; O CH2Ph -38

isH, Z, i args _ X J;k ;
2. R, is CH,Ph, Z1s H,Z,1s CO,CH,CH;, and K¢ . O

i d
3 Z iS H, Zl iS CO:CH2CH3, R3 18 H2C OCH3 an

Rgis o)o\\r’d‘\ 3
Q/\ H o

. 0 .
7.is H, Z, is CO,.CH,CH, and Rg 18 e 3. )i:\

4. R3 18 H,C OCH, » o)

. O ;
s, R,isCHPh, ZisH,Zis CO,CH,CH;, and Ry is O\S)LN Ji\

H o

'> W = i fCrably
. 3 2 ? 0

0

: o _
cis to the R, group), and Rg 150\ ;
s)\ ll?l 1
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~ 7 aaN?200z 96. R4 is VARS OSCH3 rr 97. 4 is~~ OO ?NHO
Il \ 98. RAis ~/ ; and VARRS N~ OHH O SPh O 99. R IS~VAR—§
wherein VAR is selected fromthe group consisting of -CH2CH3, - CH(CH3) 2,
-CHzCH(CH3) Z, -CHZPh) , and The present invention is further directed to

met hods of inhibiting picornaviral pr otease activity that conprises
contact7.ng tReis PRAZSs HO'Z lgue Pu % uch | nhi giti W th an

ef fective amount of a conpound of f (ii ha/m\ma eutically
accept abl e prodrug, salt, active ne Ilte or g’ Vatlp hereof For

exanple ) one can inhibit picornaviral 3C protease act|V|ty in manmal i an
ti ssue by adm nistering a conpound of fornula 1 or a pharmaceutically
accept abl e prodrug, salt, active nmetabolite, or solvate -39 '~ ~J UN
2002 thereof. Mre particularly) the present invention is directed to

met hod of inhi | rhinoviral proteageNactivity..The activity of the

i nvent i 3§ﬂ E:'i’fatg and, §q kegedhes fom pj %na(whbmlﬂﬁc:p(f)(gtr R activity may
be neasured by any of the nethods avaib bi% to those- skllled in the art)
including "fin vivo and ~ vitro assays. Exanples of suitable assays for
activity measurenments$ include the Antiviral H -HeLa Cell Culture Assay and
the Normal Human Bronchial Epithelial Cell Assay) both descri bed herein.
Adnlnlstratlon of the conmpounds of formula 1J or their pharmaceutically
accept REferaplysds toghe R graup), et Ryie et aﬁll es,. and sol vates, my be
performed according to any of the aag®g des of adm nistration
available to those skilled in the art. |lHusirative exanples of suitable
nodes of admi nistration include ) but are not |imted to, oral, nasal,
parenteral, topical, transdermal, and rectal. The inventive conpounds of
formula | and their pharmaceutically acceptable prodrugs, salts, active
net abol ites, and sol vates, nay be adm nistered as a

9. Ry is CH,Ph, Zis H, Z, is CO,CH,CH;, and R; is Q N/< ;
H

10. R is CH,Ph, Z and Z, together form )/_? (where the C=0 group
(6]

preferably is cis to the R, group), and R, is j’\ Jih

11. Ry is CH,Ph, Z is H, Z, is CO,CH,CH,, and R, is 0 J;k

CH;CH,S N
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pharmaceutical conposition in any suitable pharmaceuti cal forn1r$6bgﬂdﬁbﬂ0@2
to the skilled artisan. Suitable pharmaceutical forns include ) but are not
limted to ) solid, semisolid, liquid, or |yopholized fornulations) such as
tabl ets, powders, capsul es, suppositories, suspensions, and aerosols. The
pharnaceutlcal conposition may al so i nclade suitable excipients, diluents)
vehi cl g3, aR] i¢ @H,PR| Zhand@ Z, (&etheasorat h /u?heﬁhm&utct:eal gryuppiefarablpgent s,
dependi ng upon the intended use. Acce e nmet hods of preparing suitable
pharmaceuti cal forns of the pharmaceutical conpositions are known to those
skilled in the art. For exanple) pharmaceutical preparations may be

prepared foll ow ng conventional techniques of the -40 ~17 J U N 2002

phar maceutical chem st involving sbe such as m xing, granulating ) and
conpr edscisgo wieeR, groups aad Refior e orms, or mxing, filling, and
di ssolving the ingredients as abpropfi te, to give-the desired products for

oral, parenteral, topical, intravaginal) intranasal, intrabronchi al
intraocular) intraural, and/or rectal admnistration. Solid or liquid
pharnaceutically acceptable carriers, diluents) vehicles ) or excipients

may be @gp inth har mace I n Ig lspistrative solid
ca?/rl ers’i nc ude Wlar CHet os?lbggl%ﬁgmgﬁtphgf (saanglliﬁylgr ate, terra al ba,
sucrose, talc, gelatin, pectin) acacia, nagnesiumstearate, and stearic,
acid. Illustrativ liquid carriers may include syrup) peanut oil, olive
oil, saline splufion) and water. The carrier or diluent may i ncl ude a

sui t abl - release material, such as glyceryl nonostearate or

gl ycer i stedraoe) alone or with a wax. Wien a liquid carrier is used,
the preparation may be in the formof a syrup, elixir, emnulsion, soft
gelatin capsule, sterile injectable liquid (e.g. solution), or a nonaqueous
or aqueous |iquid suspension. A dose of the pharmaceutical conposition
contains at least a therapeutically effective anount of the active conpound

ound of farmula | ccept abl e prodrug)
salt af‘f it aH@ﬂ:H‘-OCH;,soIv t‘%cﬁge’éf‘jg&gkgéﬁ rably is nmade up of
one or nore pharnmaceutical dosage units. The sel ected dose may be
administered to a mamal Phfor exanple, a human patient) in need of

treatment nediated by iphibition of 3C protease activity, by any known
met hod B{wadnlnlst indg the dose including topical, for exanple ) as an

oi nt ment or ; rectally, for exanple) as a suppository;

par ent er al IW] edtiof; or continuously by intravaginal, - intranasal,

|ntrabronch intraaural, or intraocular infusion. -41 r~~ 7 JUN 2002
A "therapeutically effectlve anount” is intended to nean that anount of a

15. R, is CH,Ph, Z is H, Z, is CO,CH,CH,, and Ry is ? :

et
[:j/\ H o

16. R, is CH,Ph, Z is CH,, Z, is CO,CH,CH;, and R, is j’l\ : and
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compound of fornmula I that, when adm nistered to a manmal in nelJt‘LUNegpﬂz
is sufficient to effect treatnent for disease conditions alleviated by the
inhibition of the activity of one or nore picornaviral 3C proteases, such
as human rhinoviruses, human poliovirus, human coxsacki eviruses,
encephalonyocarditis viruses) nenigovirus) and hepatitjs A virus. The

anount 0 of forgula | that wll gcor pond to a

"t her ngt?%éplcﬁ'?@ﬁf ggﬁmila‘?ﬂ)unt b‘ By depeodl upon factors such as
the particul ar conpound, the & as cond|t|6ﬁ0&ﬁd ¥'ha severity thereof)
and the identity of the manmal in need thereof, but cdh neverthel ess be
readily determ ned by one of skill in the art. "Treating" or "treatnent" is
intended to nean at |east the mtigation of a disease condition in a
mammal , such as a human) that is alleviated by the inhibition of the
act|V|ty of one or nore picornaviral 3C proteases, -such as human

rhi novi r us edditionsh gopppungsiacensding derhe inwsnsign inclyder eompounds 18-24

encephal omyocarditis viruses, nenigovirus, and hepatitis A virus, and

i ncl udesving(@¢ ferneipo:actic treatment in a manmal) particularly when the
manmal is found to be predisposed to having the di sease condition but not

yet di agnosed as havin (b) i nhi biting the disease condition; andlor
(c) alleviating, in wh e or ith p he disease condition. The inventive
conpounds, and their sal’ sgl vates, Lrystal Zﬂﬁ active nmetabolites,
and prodrugs) may be pr ] bW oyl Ag the t mni ques available in the

-42 1 J UN 2002 art u5| g'Biégts materials that are readily avail able.
Certain novel and exenpl arg, met hods of preparing the inventive conpounds
are described below. Preferably) the inventive conpounds of fornula | are

Genor o HEFHS A0S %éiéﬁ 35 2fte it R RRRONE ) 2 We Mo b RRR 5 ' R3)
R~) R5 R6, R7, RS, and Z, are as defined above (for fornmula n. - 43

~—~] ~ Jejecwdl\frﬁznmeeéﬂer@lowwﬁiauns RERONR RFRP1OH-~OH+R | R3
Rl .

18. Z,is CO,CH,CH,, W is H, W, is Ph, and R, is 3
Q

19. Z,is CO,CH,CH,, W is H, W, is H, and R; is JOL /d\ :
|

20.  Z,is CO,CH,CH,, W is OCH,Ph, W, is H, and Ry is 1 Ji\ ;
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ARB~OR ,NOHPL Il It]l sRRR-R CRg~OR2. HNNG—|+~1RZ-‘I!UNI2002
RR RBRR-R~-DERJOR NOMH~GRIRRs 37R F~ Mdified FRB ~OR2
_Ra~-NNOI "-RRRs 3 7G-44 ~~ 7JUN2-0-RB~OR22ZzZ/ 21 _ _ _ ~
Deprotected or 1 RS Modified HR3 R~ R~ HIn CGeneral Method |, protected
amno acid A) where P, is an appropriate protecting group for nitrogen) is
subjected to an amde formng reaction with am no.al cohol (or salt thereof)
B to ppopduc i 0 cted tQ) .free amne (or
sal t t%greo ?sDn&é G If\an%l Con‘polﬁ-g’ %ﬁ@\%ﬁse g:han’ appropriate

| eavi ng gr oup, are subj ected to a bond form reactlﬂoro generating conpound
F. Conmpound F is oxidized to internediate G or nodified at R4 and/or RS,
to give one or nore nodified F conpounds. Modified F conpounds are oxidized
to internediate G Internediate Gis then transforned into unsaturated
product H. If protecting groups are used on any R groups (R -R) and/or on

Z and/or Z,, product His deprotected and/or further |f:| ed to yield

depro cte " ti v thodt(Dp re internediate
Fls dég'crlgé g@ﬂ;ﬁg&é—h WASBaIXkF rﬁl@é ~NR40—IR3Rg~O
23.  Z, is CO,CH,CH,, W is OC(CH,),, W, is H, and R, is oi J:k ; and
i

24. 7, is CO,CH,CH,, W is H, W, is H, and R, is 1 /<\
CHACH,S N
0

The invention further includes compounds 25-29 having the formula Ic:

o R Z
Wy
< %‘ﬂi\(kzl @),
N\ 3 R7 5 Rl
Rg

wherein Ry, R, Rs, R, and Z are H, R, is CH,CH,C(O)NH,, R, is oji ¢ ,
; N
- o]

and W, and Z, are selected from one of the following groups:
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. )?ate OP2 RBJ - 45 g --=, F 7 J UN ~~' "~ Conpound E and MHC’WIZOOZ
(or salt thereof) |I) where P~ is an appropriate protecting group for

oxygen, are subjected to a bond form ng reaction to produce internediate J.
Internediate J is deprotected to yield free carboxylic acid K) which is
subsequent|ly subjected to an am de formng reaction with am no al cohol (or

salt thgseofy, Bscngﬁaer,aseo,ongmmgdl ate F. Am no al cohol B can be prepared
as follows: OOHRRtHRS HRSR N5 --sNOH~P~N~---aP~-~OHRR2 ~

2L M o acid L, where P1 is an appropriate

pr ot ecto?‘%r_: gl di)&z’@ ﬁr‘%ﬁ@h‘) o.§ converted to carbonyl derivative M where
"Lv" is a IeaV| ng group. Conpound Mis subjected to a reaction where "Lv"
is reduced to protected ami no alcohol Q Anino alcohol Qis deprotected to

givea oa 4 SUN ~nhR General Method Il: R~ R5 ON p
~OH|V| W?@%%%%%%Q{ZCH V~P~R -'"~~-R R MNR-Rs R~ : ~
~ R R~ L-- Rz Zi OP nodified O ~

depoot egé ed %’rz ?rB@;*ﬂ[l\)lchnﬂlzzﬁs @@éﬁéﬁ{w@f‘ﬁod 1, amno acid L) where P, is
an appropriate protecting group for nitrogen, is converted to a carbonyl
deri vat 2% MV\ihBISO,Phatid Zs issaCOga,GHy. gr oup.

Additionally, the invention includes compounds 30 and 31 according to formula

Id:

0 R.
Wa ,@( Ry ’ ad),
l

3R7

wherein R,, Ry, Ry, Ry, R,, and Z are H, R, is CH,CH,C(O)NH,, Z, is

ol
CO,CH,CH,, and W, is @/\ OJ‘ in Compound 30, and W, is H in Compound 31.

The invention also includes compounds 32 and 33 according to formula Ie:

—~ g0 R Z
w4/NYN\[/"\N/{\'/kzl (e),

)
O R R7R51

wherein R, Rs, R, Ry, and Z are each H, R, is CH,CH,C(O)NH,, R; is CH,Ph,

=26 -



Conpound Mis subjected to a reaction where "Lv" is replaced by R ' o}
derivative N. Derivative Nis then transformed into unsaturated pr OEZ:J%EJ 2002

Unsat urat ed conmpound O is deprotected to give free amne (or salt thereof)
P, or nodified one or nore tines at R2, R5, R7, Z, and/or Z, to give one or
nore nodified O conpounds. Mddified Ois then deprotected to give am ne (or
salt thereof) P. Amne P is _subsequently subjected to am de form ng
react i &n IWCOCHG o apd W, 8 dn Kompprpd 3 sWelBs cricbed iy Gneral Met hod |,
to give final product H |If protecting groups m@ﬁied on any R group
(R -Re) and/or on Z and/or Z,, product His deprotected and/or further

nodi fi @gnf uM&? d "deprotected or nodified H" - 47 ~ JUN ?~~" An
alternative nethod to prepare internediate Nis described as follows: R~ RS
M---~P~/N-CH -~ NRz Q _ Conpound Mis subjected to a reaction where "Lv"
is reduced to protected am no al cohol Q Am no alcohol Qis subsequently
oxi di zed to derivative N. General Method I11l: R~ OHNRS LY RZ RR~-Rs ~ RS
O R4 ~ N ~ (he inyention furtheg dmnledes gempounds-34036,3i49; anl §6FE8 sk g F -- - ~
nodified F In General Method I1l, amno acid L, where P, is an appropriate

pr ot eclabdidigs @' Forbitila Il 46098 eWherefn RQRLER, 6Md Y ade 64PN isderi vative M
where "Lv" IS a leaving group. Derivative Mis deprotected to give free

For m nd HSHBEIOMNG, 36 i G B01 R Zcra R RS e WIS EbREF B ™ °™ ¢
Internediate Sis then either converted directly to carbonyl internediate

G or JeNQWBEBIAMPY: reduced to al cohol F, which is then oxidized to G
Intermediate Gis subjected to a reaction to yield the unsaturated final

product H |If protecting groups - 48 ~~ ~ JAN 2007 one used on any R
gr oups 3R, - Rg)is @HgPlyrZ imHZ Za il CO:CH,GHypraod R tis Hﬁ?l’g\g? cted and/ or
further nodified to yield "deprotected or nodifi ngral Method |V:

RRRR RRRR Pi Ns\ Z---. HNs ~Z R Z1 Ra Z~- O~, P ~ Mdified O

. @)
35. R, is CHPh, Z is H, Z, is CO,CH,CH,, and Ryis {_\ L N
|

ST N
0
36. R, is CH,Ph, Z is H, Z, is C(O)N(CH,)OCH,, and R, is )‘f ;
CH;CH;S” NH

0]

38. R, is CH,Ph, Z is H, Z, is CO,CH,CH,, and R, is)\ jf ;
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RBO P~ NOHRRARER~-~.R~-P-~-NN\ Z--.. RBRRROR2Z TR~ RZJN\

Z + R4-Lv B RBOR2 Z~- UE ----- ~H- - - -~ Deprotected or Mdifi MNQUUZ
General Method 1V, free am ne (or salt thereof] P, prepared from

internmediate O as described in General Method Il, is converted to amde T

by reaction with amno acid A, where P, is an appropriate protecting group
for nitrogen. Conpound T is further deprotected to free amne (or salt

t hereof), U, i ' ubsgguently converted to - 49 R JUN 2002 Hw th
react i \lgeg'i nt%ﬁgﬂﬁﬁ‘eiﬁs 3 B &é@lqlﬁlg}&ﬁ 8ubRs Weo{/ksﬁed on ;any R groups

(R -Rs) and/or on Z and/or Z" product His deprote and/ or further
nodified to yield "deprotected or nodified H " Suitable gotecting groups
for nitrogen are recognizable to those skilled in the art and include) but
are not limted to benzyl oxycarbonyl) t-butoxycarbonyl,

9-fl uor enyl met hoxycar bonyl, p-nethoxybenxyl oxycarbonyl, trifl uoroacetam de)
and p-tol uenesul fonyl. Suitable protecting groups for oxygen are

recogni zable to those skilled in the art and include) but are not |limted
to -CH3, -CH2CH3, tBu, -CHZPh, -CH2CH=CH2) - CH20CH2CH2S] ( 3, and
_cHeccH®:  athds C%thpZé%HonémehﬁHﬁﬁf,mé&img groups jorf nitrogen or
oxygen can be found in T. Geen & P. Wits, Prot es in Organic
S-~mthesis (2nd ed. 1991), which is incorporate rein by oeference.

Sui tabl e | eaving groups are recogni zable to those skilled in the art and

i nclude, but are not limted to, C, Br, |, sulfonates, O al kyl groups, OO
O\ OR OOR O'NO~CCH3 ON ~, or NN CH3 wherein "R' is any suitable
substituent, such as an al kyl group or an aryl group. Qher exanpl es of
suitabl e | eaving groups are described in J. March, Advanced O eanic

Chem stry. Reactjons. Mechanisns. and Structure (4th ed. 2) at pages
205, 3%1: 56)RaySHPN, Z5s £H;620is €0,CE66H;,50d R, 500- 21, 56D, [679-:80, 992-94)
999-1000) 1005) and S”NH

0

42.  Ryis CH,Ph, Zis H, Z, is CO,CH,CH,, and Ry is Q\ j’
S

43. Ry is CHPh, Z is CH;, Z, is CO,CH,CH,, and R, isQ\ )‘f
S
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1008, which are incorporated herein by reference. -50 "t~ =7 gFZUUZ
EXAMPLES Proton magnetic resonance spectra (NVR) were determ ned u5|ng
Tech- Mag spectroneter operating at a field strength of 300 negahertz (MHZ)
or Varian CLN TYplus 300. Chemi cal shifts are reported in parts per mllion
(8) and setting the references such that in CDC 3 the CHC13 is at 7.26 ppm
in CD30D the CH30H is at 4.9 pprn, in C6D6 the C6H6 is 4t 7.16 ppm in
acetone-d6 the acetone is at m and i n DV5Opdb DVMBO is at 2.49
o StandaRasdsikPbeais HZ isSi0GFHE b aadRuibai onat g b 1011 ows: s
ringlet; d, doublet; dd, doublet of doublets; ublet of doubl et of
doublets; t, triplet; g, quartet; bs, broad ritnglet; bt broad triplet; m
mul tiplet, Mass spectra (FAB; fast atom bonbardnment) were determ ned at the
Scripps Research Institute Mass Spectonetry Facility, San Di ego, CA
Infrared absorption (IR) spectra were taken on a MDAC Corporation FTIR or
a Perkin-El nmer 1600 series FTIR spectroneter. Elenental m croanal yses were
performed by Atlantic Mcrolab Inc. Norcross, Georgia and gave results for
the elenments stated with f 0.4% of the theoretical values Fl ash

chromat ogr aphy was perforned u5|n Silica gel 60 ( 9385). Thin
| ayer d6r orrgh oCBPhs Z (s THe '3, is€0sCHgCHgmandB;s sn preco te sheets of silica
a Mel-Tenp

60 F~4 (Merck Art 5719). Melting points were dEﬁET
apparatus and are uncorrected. Anhydrous N, N di hyl f or

di net hyl acet am de (DMA), di net hysul foxide (DMSO), were used as is.
Tetrahydrofuran (THF) was distilled from sodi um benzophenone ketyl under
nitrogen. "EtzO' refers to diethyl ether. "Pet. ether" refers to petrol eum
ether with a boiling range of 36-53 'C. "TFA" refers to trifluoroacetic
acid. "Et,N' refers to triethylamne. O her abbreviations include:

nmet hanol (MeOH), et hanol (EtCH) ethyl acetate (EtCﬁc) spcetyl (Ac), nethyl

{or) - itboly Balr SRR ot 2 s ChanGHrmhantode o o CheRy bl s nb

(Ala), glutamne (A n), proline (Pro), |eucine (Leu), t hi oni ne (Met),
phenyl al ani ne (Phe), and honophenyl al ani ne (hPhe), where "L" represents
natural am no acids and "D' unnatural am no acids. "DL" represents racemc
m xturES. A sinplified nami ng systemwas used to identify intermnmedi ates and
final products: Am no acid and peptide al cohols are given the suffix' of
(for exanple "nethionol"). Am no acid and peptide aldehydes are given the
suffix'al' (for exanple "nethional"). Wien naning $Rhduct s,

i taliciyged RMOHAY, @@@m,ez'@bmoﬁzmpraﬁéﬁnis i )Eatlons at the
Ctermnus o

48. R;is CH, CH, » ZisH, Z, is CO,CH,CH,, and R, is
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that residue where the following apply: 1. acrylic acid esters artﬂeﬂdN@ﬁUZ
as either "E" (trans) or "Z" (cis) propenoates. 2. tactones 6, 8, 10, and
12 are reported as E-a-vinyl-y-butyrol actones. 3. acrylam des are reported
as either E or Z propenam des except in the case of conpound 7, which is
reported as 1-(2', 3" -D hydroindolin-1-yl)

3-[ et hyl t hi ocar bonyl - L- Leu- L- N- Me- Phe-L-(Tr-d n)] - E- propenone and conpound .
26, which is reported as 1-[1',2' -oxazin-2'-yl]-3-(CBZ-L-Leu-L-Pip-L-dn)

E- propenone. 4. acryl oxazolidone 17 is reported as

1-[2' -oxazol i don-3' -yl J- 3- (et hyl t hi ocar bonyl

L- Leu- L- N- Me- Phe- @ n)=E& propenone.. -52  ~' ~ - SUN 2002 Fganple 1

Pr epar @ on Fefls Ganpe CHit iy 1s-GiH €82 GOGHEBoyaad Ry @$ h~| E- Propenoat e.
Preparation of Intermedl ate BOC-L-(Tr-d n)-N(Owe) Me. |sobutyl chloroformte
(4.77 nL, 36.8 mmol, 1.0 equiv) was added to a sol ution of BOC-L-(Tr-d n)
(18.7 g, 36.7 mmol, 1 equiv) and 4-net hyl norpholine (8.08 nL, 73.5 nmol,

2.0 equiv) in0 2 (250 nL) at 0 C. The reaction mxture was stirred at O
C for in,jthen N, O di net hyl hydroxyl am ne hydrochloride (3.60 g, 36.7
mol , TN s added. The resulting solution was stirred at 0 'C for

20 mn and at 23 Cofor 2 h, and then it was partitioned between water (150
m.) and CHzZCl2 (2 X 150 nlL). The conbined organic |ayers were dried over
Na2S04 and concentrated. Purification of the residue by flash colum
chromat ography (gradi ent elution, 20-40% hexanes in Et OAc) provided
BOC-L-(Tr-An)-N(OW)Me (16.1 g, 82% as a white foam IR (KBr) 3411, 3329,
3062, 1701, 1659 cm'; "HNWR (CDCl,) b 1.42 (s, 9 H, 1.63-1.77 (m 1 H,
2.06-2.17 (m 1 H), 2.29-2.43 (m 2 H), 3.17 (s, 3 H, 3.64 (s, 3 H, 4.73
(s, bs,561 HR, i§CH§PE,ZisHmZ,lsEDQCHzmﬂaﬂdMim; Anal . (C~, HN305) C,
H N Preparation of Internediate BOC- L-(Tr- } Di i sobutyl al um num
hydride (50.5 nL of a 1.5 Msolution in toluene, 75.8 |, 2.5 equiv) was
added to a solution of [BOC-L-(Tr-dn)]-N(Owe)M (16.1 g, 30.3 mol, 1
equiv) in THF at -78 C, and the reaction m xture was stirred at -78 C for 4
h. Methanol (4 nL) and 1.0 M HO (10 nm.) were added sequentially, and the
m xture was warned to 23 C. The resulting suspension was diJuted with Et20
(150 m.) and was washed with 1.0 MHO (3 x 100 nL), half spaturated NaHCO3
(100 nlg7. arRy isv&lHBPh( ZGOHyld),.is DOsCHyCHCH,, 288 R, is@g\l U Iff 200édl ayer was
dried over MyS04, filtered, and was concentrated & N ude

0

58. R,is CH,Ph, Z is H, Z, is CO,CH,CH,0CH,, and R, is O\ 0
Ay

o

The invention also includes compounds 37 and 50-52 having the formula Ig:

(g,
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BOC-L-(Tr-Gutamnal) ( 13.8 g, 97% as a white solid: np = 114]11?5J®N gﬂz
1

(1CBr) 3313, 1697, 1494 cmi'; "H NWR (CDC13) b | .44 (s, 9 H

(m 1 H, 2.17-2.23 (m 1 H), 2.31-2.54 (m 2 H), 4.11 (bs, 1 H), 5.38-5.40
(m 1 H, 7.11 (s, 1H)f7|6736(m 1 SH, 9.4S (s, 1 H. Preparatlon
of Internediate_Ethyl 1. p Spdi um
bls(trlvﬂiﬁml&n Il}sal&dgls ﬁé%lﬁgﬁéﬁz%(g@m £ BuE, 22.9 mol

1.0 equiv) was added to a soI ut| on of triethyl phosphonoacetate (5.59 g,

22.9 HF( 0 8wk, teOes ng solution
was stir é:d'i[%f:g{ %VL r@\ﬁﬁ mr&(; cﬁ@%"ﬁ\?ﬁs% Flgmnal)] H
(10.8 g, 22.9 mmol, 1 equiv) Fn THF (50 m.) was added via cannula, and the
reaction mxture was stirred for 2 h at -78 C, warmed to O C for 10 m n,

and partitioned between 0.5 MHO (1 SO rrL) and a 1:1 mxture of EtOAc and
hexanes_(2 x cJI 5 hegorgani ¢ | a erg drl ed overp NaZS04 and were
concentopRaund ;S nJof &GRSR lbﬁ‘}‘df h r'8mat ogr aphy
(40% Et OAC in hexanes) pr%vﬂd‘éd et hyl - 3-[ BOC- L- (Tr nggi -Eﬁgropenoate (10.9
g, 88% as a white foam IR (thin filnm 3321, 1710 cm'; '"H NWR (CDC 3) 8
1.27 (t, 3 H J=7.2), 1.42 (s, 9 H, 1.70-1.78 (m 1 H), 1.80-1.96 (m 1
H, 2. 3%odipound B, J= 7.0), 4.18 (g, 2 H J=7.2), 4.29 (bs, 1 H, 4.82-4.84
(m 1H, S.88 (dd, 1 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 15 H); Anal. (C3~H3gN2®5) C, H, N -54 1 ~,~UN
200z Preparation of Internediate

Et hyl - 3- (BOC 1. r N- Me- Phe L-(Tr-@d (5%1 E-Pro

Et hyl - 3- [BO&CLmROFPdé rAl§0- GOrpEsBONKS S(DUC ?LC%PQH‘PHIII?S thedfoanuaol ved in
1,4; dioxane (S nm). A solution of HO in 1, 4 di oxane (4.0 M 5 nL) was
added dhopwi se. The reaction solution was sti rred for 2 h and then the

sol vent was evaporated to provide the am ne salt as a foam which was used
wi t hout purification. The de_agi nersal £ was dissolved in dry CHZC12 (12
mL) under argon. 4-Methyl h ne 1.0 rrL, 9. 55 mmol ),

hydr oxybenzotri azol e Wgdra ymol ), - L- N- Me- Phe (0.386 g,
1.38 mmol ) and 1-(3-dineth Eoper -3 et hyI car bodi i m de hydrochl ori de
(0.397 g, 2.07 muol) wvere a(dded uccessM/er The reaction m xture was

stirred overni ght and poured into water 25 The resulting nmxture was
ext r act wherginty, iR 2nd Roare B, Ry )is ClpeH NHe-dR:olr5 §3HhiPa, H&Ee&nh%re dried
over Na2S04 and evaporated. The residue was purifi ed by chr omat ogr aphy (25%
acetone in hexanes, the MeOH in CH O 2) to provide

et hyl - BCbligq:ﬂHSN—ap{@Wp@ r-g ”)Nl-r E— propenoate (0.450 g, 46% as a foam
IR (thin %||m) 3318, 170 7" " H NVR (CDC13) (major rotamer) 8 1.28

(t, 3H, J= 7.2 Hz), 1.37 (s OH) 0 1.63-1.87 (m 1 H), 1.94-2.06 (m 1 H),
2.26-2.37 (m 2H), 2.66 (s, 3H), 3.00 (dd, 1H J= 13.5, 9.2 Hz), 3.29 (dd,
1H, J= 13.5, 6.4 Hz), 4.18 (q, 2H, J= 7.2 Hz), 4.51-4.70 (m 2H), 5.71 (d,
1 H J=15.6 Hz) 6.40 (d, 1H, J= 8.1 Hz), 6.73 (dd, 1 H, J = 15.6, 4.8 Hz),
6.97 (s, 1H), 7.12-7.36 (m 20H); Anal. (Cgq3H49N3~6) C~ H, N.

The invention also relates to compounds 54 and 55 having the formula @):

™\ & R, Z
Ws/YN\l/“\N/'\’/kzl @),
: IR
0 R, Ry * Ry

wherein R,, Rs, R, and R, are H, R, is CH,CH,C(C)NH,, R, is CH,Ph, Z is H, Z, is
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Preparation of Internediate
Et hyl - 3- ( CBZ- L- Phe-L- (Tr- @ n)] - E- Pr openoat e. 17 JUN 2002
L-

N Me-
Et hyl - 3- [ BOC- L- N- Me- Phe-L-(Tr-d n)] - E-propenoate (0.433 g, 0.615 mml) was
di ssolved in 1,4-dioxane (2.5 nL) and treated dropwi se with a solution of
hydrogen chloride in 1 4- di oxane (4.0 M 2.5 nm). After stirring for 2

0 .
g?ﬁ;ls ?@ﬁ@%ent Jéugfggérgéﬁp%%héﬁr bc‘% Frg\ell \?\Iﬁl ch was used

wi t hout purificati on 01e haI \S of Nthe crude amine salt forned was dissol ved
indry CHzA 2 (3 nmL). 4-Methyl norpholine (0.169 nlL, 1.54 mmol) and benzyl
chloroformate (0.088 niL, 0.62 mml) were added sequentially. After stirring
overni ght, the solvent was evaporated. The residue was purified by

chroma aphy (20% to 25% acetone in hexanes) to provide
et hyl - Z-0.- NHMin €bmpburdi35.d n) ] - E' pr openoate (0.112 g, 49% as a foam
IR (thin fi rr)\(3316 1708, 1684, 1664 cm'; 'H NVR (CDEl,) (nmejor rotaner)

b 1.29 (t, 3H %= 7.2 Hz), 1.59-1.72 (m 1H), 1.82-2.01 (m 1H), 2.19-2.26
(m 2H), 2.73 (s, 3H), 2.99 (dd, 1 H, J=14.2, 9.2 Hz), 3.29 (dd, 1 H, J=
14.2, 6.8 Hz)) 4.18 (q, 2H, J= 7.2 Hz), 4.48-4.60 (m 1 H), 4.66 (dd, 1 H,
J=9.2, 6.8 Hz), 4.93 (d, 1 H J= 12.3 Hz), 5.02 (d, 1 H J = 12.3 Hz),
5.71 (dd, 1 Othertompbhads. ac&ox@uiézt)o th® i 8nt{ch indlulit thé foll@wihg dampotdé@f (dd, 1 H,
J =15.6, ~ 5.4 Hz), 6.87 (s, 1 H, 7.05-7.3 7 (m 25H); Anal.

(4A6H4 .S HZO) C, H N Preparation of Product -

Et hyl - 5&1?‘ 2L - N- Me- Phe-L-G n) - E- Propenoat e.

Et hyl - 3-[ CBZ- L- N- Me- Phe-L-(Tr-Q3rr)
di ssolved in dry CH C, O Tri
and trifluoroacetic acid (2

- E-propenoate (0.096 g, 0.13 mmol) was
pyl silane (0.077 nmL, 0.376 mmol)

d sequentq'(ﬁl ly to give a bright
yel l ow sol ution. AfterRgtire i 1Z,no yel"Ow col or remained. The
sol vents were evaporat ed tol?l ve b seni-solid residue which was purified by
chr omat ography (S% et hanol *3n CHzd 2)th0 provi de

et hyl - 3- (CBZ- L- N- Me- Phe-L-d n)- E-propenoate (0.061 g, 95% as a colorless
| ass: wWherdid R "R, 1and)Z %Jh? B30 NBO®R, id 688Ph,185% HCH NNR
%CDClS) ( mj orlnllqsoner) 8 ’g ’Cﬁﬁm) ?2 3Hz)@ml 63-2. 55 }

2.11-2 5 -56 7:]UN2002 ddIH,
J--14. 6;"?5‘59‘?3%%"3&0%% %3’5%“0%‘“%14 0, 6.3?1Hz), 4.18 (q,(2H, J =72
Hz), 4.51-4.63 (m 1 H, 4.71 -4.80 (m 1 H), 4.95-5.16 (m 2H), S.73 (d, 1

S
H J= 15.9 Hz), S.77-5.92 (m 1 H), 6./10 (s, 1 H, 6.65-6.78 (m 2H),
2

7.09-7.38 (m | OH); Anal. (CZOH, 3N3 75 H0) C, H N Fxamle

Preparat i onsg ngq pund Z )
Ethv_1-3-(f"BzZ-L eu Lr N- Me- Phel- | f . (§ nl E- Propenoat e. Preparation of
| nt er mredi at e Et hyl - L- Deu- L- Fhe- Lr(Tr-dA n)] - E- Propenoat e.
O—N H O
0O
60. R,is /”\ ;
VAR—S N I
H

0
61. R,is /[L ;
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Et hyl - 3-[ BOC- L- N- Me- Phe-L-(Tr-A n)] - E-propenoate (0.216 g, 0.308 I
deprotected and coupled with CBZ-L-Leu (0.082 g, 0.309 nmol) usi mﬁyW[}UZ
procedure described for the formation of

et hyl - 3-[ BOC- L- N- Me- Phe-L- (Tr-Ad n) ] - E- propenoate to provide

et hyl - 3-[ CBZ- L- Leu- L- N- Me- Phe-L-(Tr-d n) ] - E- propenoate after two

chr omat ogr aphi es (30% acet one/ hexanes,  t heH 2% met hanol / CHZCl ~ as a gl ass
(0.095 g, 369%: IR (thin film 3304, N586 cni': 'H NWR (CDCl 3)

(m xture of potapers) b 0.63 (§ 3H( J= 6.7 Hz), 0.66 (d, 3H J= 6.8 Hz),
0.83-0.89 (M 6HMN. 12-1.48 () 4H)

, 1.26 (t, 3H, J= 7.2 Hz), 1.28 (t, 3H,

J= 7.2 Hz), 1.51-1.66 (yAR2tgs D 80 (m IH), 1.88-2.04 (m 2H),
2.16-2.32 (m 4H), 2.90 (s, 6H), .95-B.17 (m 2H), 3.2S (dd, 1 H,J= 14.6,
3.4 Hz), 3.37 (dd, 1H, J= 13.7, 6.5 HQ, 4.11-4.25 (m 2H), 4.17 (q, 4H J=
7.2 Hz), 4.38-4.S1 (m 2H), 4.53-4.67 (m 3H), 4.85-5.16 (m 7H), 5 72 (d,
1H, J=15.9 Hz), 5.95 (dd,1H, J= 15.9, 1.2 Hz) 6.?%1(19,-1H, J=8.4 Hz), 6.74
(dd, 1H, J= 15.9, 5.3 Hz), 6.80 (s, 1H), 6. cdd,"1°H, J = 15.9, 6.5 Hz),
7.09-7.38 (m SO, 800 (d 1H J=728 Anal . (C52H58N~0~0.5 HZO)
C, H N -57_ 17 J U N 2002 Preparatsq_of duct - -

Et hyl - 3- (CB834 r LByiL - N- Me- Phe- ¥ - d ify - E- Propenoate.

Et hyl - 3-[ CBZ- L- Leu- 1. - N- Me- Phe{lL- (TH-dA n) ] - E- propenoate (0.056 g, 0.066
mol ) was deprotected usApg-gife C re described in Exanple 1 for the
formati on of ethyl-3-(CBZ-L-N Me-gPhe- Lt G n) - E- propenoate to provide -
et hyl - 3-[ CBZ- L- Leu- L- N- Me- Phe- L- 3 n] - ® propenoate (after chromatography, 5%
MeOH in CHZClz) as a glass (0.029 g, 73%: IR (thin filnm 340i, 3298, 3225,
1678, 1652 cm';'H NVR (CDC 3) ~( m xt gg isomers) S 0.62-0.69 (m 6H),
0.87-0.94 (m 6H), 1.15-1.32 ( 8 1.37-1.49 (m 2H), 1.61-1.86 (m 4H),
1.90-2.03 (4. 2HR, i2. 10- 2. 20 4 2.93.(s, 3H, 2.9S (s, 3 H),
2.97-3.11 (m 1 H), 3. NVAR: (mN2H) 7y 3.41-3.49 (m 1 H), 4.16-4.29 (m
SH), 4.42-4.52 (m 2H), 4.55-4.7IH(m 'BH), 4.95-5.12 (m 4H), 5.39-5.52 (m
4H), 5.7?8 (d, 1 H J= 15.9 Hz), S.89 , 1 H, 6.00 (dd, 1 H J =15.9, 1.2
Hz), 6.08 (s, 1 H, 6.73-6.91 (m 3H), 7.12-7.37 (m 20H), 7.98 (d, 1H J=
8.1 Hz); Anal. (C33H44N4O 005 HzO) C, H, N. Exanple 3 - Preparation of
Conmpound 3: 6 thvh;‘B-(CBZ- L- Lgu-L Me- (OVe~ Tsar-L-d n]-E-Propenoat e.
Preparati ondf | At & negi.at N ;
Ethyl-3-(BOC-L-l\l—l\/b-(O\/b)-Tyr-LH(Tr-kal n)] - E- Propenoat e.
Et hyl -3-[BOC-L-(Tr-d n)] - E- propenoat® (0.S45 g, 1.00 nmol) was deprot ect ed
and coupled with the dicycl ohexylam ne salt of BOC-L-N Me-(Owe)-Tyr (0.630
g, 1.28 mml) using the procedure descrijfgjed in Exanple 1 for the formation
of ethyl-3-[BOC-L- N Me-Phe-L-(Tr-d - propenoate to provide
et hyl - 3-[ BOC- L- N- Me- (OWe) - Tyr-L-(Tr - E- propenoate (after
chromatograggy, 3% Et CAc i n_hexan white foam (0.380 g, 52%: IR
(thin film®33074%08, 1672 §¥m ' ; [ R (GpiC13) b 1.2 8 (t, 3 H J =7.
Hz), 1.3 8 (s, 9H), 1.60-1.7f (m i1 H =L,94-2.07 (m -58

VAR—S

S
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17 J UN 2002 1H), 2.27-2.36 (m 2H), 2.67 (s, 3H), 2.89-2.99 (m1 w’MNZ
3.18-3.27 (m 1H). 3.78 (s, 3H), 4.18 (g, 2H, J= 7.2 Hz), 4.44-4.' 002
2H), 5.73 (d, 1 H J=15.6 Hz), 6.35 (d, 1 H J=8.7 Hz), 6.69-6.84 (m

3H), 6.94 (s, 1 H, 7.04-7.12 (m 2H), 7.17-7.34 (m 1 SH); Anal.

(CadHst NsO~) C, H, N. Preparation of Internedi ate

Et hyl - 3-[ CBZ- Lr Leu- L- N- Me- (OWe) - Tyr-1r (|[Tr-d n) ] E- Propenoat e.

Et hyl - 3-[ BOC- L- N- Me- (OWR) - Tyr - L- (TING HA) ] - E- propenoate (0.360 g, 0.491
mmol ) was digsol yed in 1, 4-di oxgne ( gt). A solution of HO in 1,4-dioxane
(4.0 M 2 )" wa d¥ded dropwi sg. The~reaction solution was stirred for 2
h, and then the sol vent p ethto provide the amne salt as a foam
whi ch was used without purificatigep. T |e crude amne salt was dissolved in
dry CHd2 (12 nl) under argon. 4-Meth{@ norpholine (0.208 n_, 1.89 mmol),
CBZ-L-Leu (0.125 g, 0.471 mol ), hydroxybenzotri azol'e hydrate (0.096 g,
0.71 mmol ), and 1-(3-di nethyl arni nogropy! ) - 3- et hyl carbodi i m de

hydrochl oride (0.136 g, 0.700 mmo|) wete added successively. After stirring
overni ght, ggnet ngl-sm)r pholing (0.p08 nL,  1.89 mvol ), hydroxybenzotri azol e
hydrate (0.096 g, 6@1@3 g :Leu (0.125 g, 0.471 mmol), and

1- (3-di met hyl am nopr opyl’) -3- et Ryl ca |bodi i m de hydrochloride (0.136 g, 0.709
mol ) were added again. Then 4-di neChyl am nopyridine (0.010 g, 0.082 mmol)
was added. After stirring 48 h nore, the reaction m xture was poured into
water ( 15 nlL). The resulting m xture was extracted Wth CH2C12 (3x 75 nL).
The conbi ned organi c phases were drifd Qqver Na2S04 and evaporated. The

resi due was purified by chrtz)onat ogr agy 8% to SO% Et OAc in hexanes) to
provi de -59 ~1% J. U N Z00

ethyl - 3- (CBZL- L(Ya{fjfsl_

-I\I-I\/E-l(;gk)- r-L-gTr2d n)]- E-propenoate (0.210 g, 51
% as a colorless gl W_IS % (I m 3295, 1708, 1660 cm'; 'H NMWR
(CDC13) (m xture of rotanmers) 0.6% (d, J= 6.5 Hz), 0.68 (d, J= 6.8 Hz),
0.82-0.91 (nm, 1.14-1.50 (m, 1.52-®.66 (n), 1.68-1.81 (m, 1.87-2.02 (M,
)
2

2.16-2.28 (m), 2.89 (s), 2.92 {s), 2.95-3.09 (n), 3.14-3.23 (n), 3.24-3.33
(M, 3.76 (s), 3.76 {s), 4.08-4.2p (), 4.41-4.49 (n), 4.54-4.63 (m

4.83-5.16 (m), 5.73 (d, J= 1§. * 5.95 (dd, J= 15.7, 1.-1 Hz), 6.40 (d,
J= 8.4 ru),%f.74 (dd, J= 15.%, 5.

o),

Hz), 6.78-6.87 (n), 6.99-7.06 (n),
7.16-7.34 ( 7. ‘f&d J = %8 . 5Anal . (C53H60NaGs' 0.5 HZO) C, H, N.
Preparation of Produ¢AR—S N ‘

Et hyl - 3- (CBZ- L- Leu- L, - N- Me- ( C]\/EI) -Ty I L- d n] - E- Propenoat e.
Et hyl - 3-[ CBZ- L- Leu- L- N- Me- (OWe) - Tyr-L-(Tr-Ad n) ] - E- propenoate (0.128 g,
0. 145 mml ) was deprotected using the procedure described in Exanple 1 for

the formati on of ethyl-3-(CBZ-L-N M - n) - E- propenoate to provide
72. R,is O :
VAR—S/lkN |
H
0O
73, Ryis i ‘ ; _
VAR—S N
H |
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et hyl - 3-[ CBZ- L- Leu- L- N- Me- (OWe) - Tyr-L-Ad n] - E- propenoate (after 17J N
chr omat ogr aphy, 5% MeOH in CHZCl12) as a colorless glass (0.083 ‘;J: 2602
(thin film 3401, 3295, 3201, 1708, 1666, 1637 cm'; 'HNI\/R(CDCI )

(m xture of rotarrers) 8 0.64-0.71 (m, 0.87-0.94 (m, 1.27 (t, J = 7.2 Hz),
1.28 (t, J =7.2 Hz), 1.3 8-1.51 (m, 1.61-1.8 5 (m, 1.87-2.02 (m,

2°07-2.21 (n), 2.80-2.92 (n), 2.94 (s)~2.96CHs), 2.97-3.06 (n), 3.08-3.21
(M, 3.36 (dd. J= 14.0, 6.2 Hz), 3.7

4.16-4.28 (m, 4.18 (g, J = 7.2
4.45-4.66 (m, 4.94-5.12 (m, , J= 7.8 Hz), 5.58 (d, J=17.8
, x99 (s), 6.00 (dd, J=15.9, 1.2 Hz),
), 6.79-6.91 ('m, 7.02-7.10 (m,
7.26-7.37 (m, 797( (C34HasNaGs' 0.5 HZO) C, H, N -60 , 17
JUN ZOQZ Exanple 4 - a$at| @ of fConpound 5' Ether-3-( *
cl opentyl t hi ocarbonyl _ ~Leu-L-N'Me-Rhe-L-A n, -E-Propenoate. Preparation of
Cycl opentyl Chlorothiolformate. Cyclopentanethiol (10.7 m., 0.1 nol) was
di ssolved in 200 nmL of CHzCl2. Tri p@@ﬁgne (11.13 g, 37.5 mmol ) was added,
and the reactlon m xture was cgool C. Et3N (14.1 nlL, 0.1 nol) was
added dr opwi and the re ctl s allowed to warmto roomtenperature
over a peri Bl hour. /lslk ent was carefully renoved under reduced
pressure at 20 C dueVAB—t e vdﬂatl jty of the product. The resulting
resi due was taken up in EtZO dAd t solids were filtered and washed with
nore Et zO. The solvent was again carefully renoved under reduced pressure,
and the product was purified by di st(j)l | ation (85%yield): colorless liquid
(bp 70-74 C, 1 torr) IR(neaU 1756:9830 cm ' ;' H NW\R (benzene-db) 8
1.01-1.23(2 1.49-1.60 H, 3.20-3.29 (m 1 H). Preparation of
| nt er medi at Q/clpapéntyl thig rbo | -1 sLeu-OBn. The p-toluenesul fonic acid
salt of L-Leu-OBn (3.VARg;SB. 0 Nmol (glwas di ssolved in 70 nL of CHzC,,

He) |
Hz), 5.69 (s, SR/7s(d, J= 199
6.21 (s), 6.76 (dd, J= 15 9, § 3

followed by 2.25 nL (16 mmol) df Et,N. Cycl opentyl chlorothiolformate (1.32
g, 8.0 mmol) was dissolved in 10 nL *of CHzZCI Z and added dropwi se to the
reaction. The reaction was stirred one hour, and the sol vent was renoved in
vacuo. The product was purifped b I H§| I i ca gel chromatography el uting
wi th 5% Et CAc/ hexanes to giyle 2.48 g (719% of a clear oil; IR(KBr) 3318,
2959, 2870, 1744 Ri1§ 18 . 854, 746, 696 cm';'H NMR (DMSO d6) ~
0.82 (d, 3H, J—6O%R : J= 6.0 Hz), 1.39°1.70 (m 9H), 1.97
(m 2H), 3.55 (quint, J= 7. 0 4.23 (m -61 17 J UN 2002 1 H,
5.09 (d, 1 H J =12.5 Hz), 5.13 (d, 1 H J =12.5 Hz), 7.3 5 (m 5H), 8.48
(d, 1 H J =7.7 Hz). Anal. (019H2~|&§1§{P C, H N Preparation of

I nter medi at e Cycl opentyl t hi ogar bo - é”u - .

78. R,is /“\ ;
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Cycl opentyl t hi ocar bonyl -L-Leu-0OBn (2.42 g, 6.92 muvol) was di ssol ve‘gi Zaf{jﬂ 2002
m, of CH2Cl2, followed by 4.51 nL (41.5 mmol ) of anisole. The reaction was
cooled to 0'C, and A1C13 (2.88 g, 21.6 mml), dissolved in 35 nL of
ni tromet hane, was added dropw se via pipet. The ice bath was renoved, and
the reaction was allowed to_stir at rt for 5 h. The reaction was dil uted
w th Et OAc and washed wi % HCl . The organi c phase was washed with a
sat. NaHCO, solution. The c solution was then reacidified to a pH =1
with 10% HCI, and the product~nas extracted with Et OAc. The organic | ayer
was dried ( 04), filtered, and concentrated under reduced pressure to
give 0.23 g t93% RS an opague dil: 5l R(neat) 3302-2473 (bs), 1715, 1652,
I 532, 1202, 925, 852, 673, 5837cmy,; ~H NVR (DM5 Odb) b 0.82 (d, 3 H J =
6.6 Hz), 0. 86 (d, 3 H J = , 1.40-1.70 (m 9H), 1.98 (m 2H), 3.53
(quint, 1 H J =7.0 ?311—@ (mO1 H), 8.29 (d, 1H J =8.0 H), 12.58
(bs). Anal. (C 2HZ, NO C> H, O. Preparation of Internediate
CBZ-L-(Tr-dn). CBZ-L-A@n (28.03 g, 100 nmol) was dissolved in 300 nL of
‘glacial acetic acid. To this solution wasgadded tri phenyl met hanol (26.83 g,
100 mmol ), acetic anhydride ( 18 87 glL, Q gool), and 0.5 nL of conc.
sulfuric acid. The reaction v@s h edN\t® 55 C and stirred for one hour.
After coolin8lto Robmtenperpjj\l:re, the m xture;was concentrated under
reduced pressure to oggé{tz_h' i ginal volunme. Ice water was added; and
the -62 '~?2J UN rodu ex|racted with Et OAc. The organic | ayer
was washed with water and brine,” dri@d over MJS04, and concentrated. The
crude product was recrystallized from CHZCl Z/ hexane, and the resulting
crystals washed with EtZO, yielding 37.27 gé:(?l% as a white solid: IR

99, 1628, 1539, 1504, 1447,

1418, 1341, 1242, 1209, 1061, 748, 6% "; "HNWR (DMBO-d6) b 1.71 (m 1
H, 1.88 (m_1 H, 2.38 (m H) , 1 H, 504 (s, 2 H, 7.14-7.3S
(m 20H), 7.8 (dl,{alf-H, J= 751 Hz)f, 8. (s, 51 H. Preparation of

Internediate CBZ-L-(Tr-QG n)% CBZ-L-(Tr-dn) (0.26 g, 0.5 mml) was added
to a stirring sol uti ovAR—8725 Nt ofy acetyl chloride in 5 nL of MeOH, and
stirring was continued at roomHenpeliature for 1 h. The sol vent was renoved
in vacuo, and the residue dissolved ®n 100 nL CHzCl2. The organi c | ayer was
washed with water, saturated NaHCO3, and brine, followed by drying over
NazS04. The crude product was BhyifjBd on a short flash silica gel colum,
eluting with 20% Et OAc/ hexan&! Thg product (0.23 g, 84% was obtained as a
white solid:83.R (Bs) 3405, 77, 13057, 3034, 2953, |724, 1643, 1532, 1493,
1447, 1207, 1042, 750yAR98gchi™yy (DMSO-db) b 1.16 (t, 1 H J= 7.0 Hz),
1.77 (m 1 H), 1.97 (m 1H), 3.41 (sl 3H, 4.99 (m 1 H, 5.03 (s, 2H,
7.02-7.5S (m 20H), 7.69 (d, 1 H JO7.7 Hz), 8.59 (s, 1 H. Anal.
(Cg3Hg2N205) C, H, N

Ph
0
84. R,is PR :
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g, 2.79 mmol ) was dissolved in 20 nL of THF and 10 ni of Et CH.

g, 5.6 mol) was added, and the m xture stirred for 10 m nutes -63 .
JUN 2~UZ until all solids had dissolved. NaBH4 (0.21 g, 5.6 mmol) was
added, and the reaction was stirred géggbght at room tenperature. The

sol vents were renoved in vacyg, th 28tde taken up in water, and the pH
was adjusted to 2-3 with 10%HCI . |The product was extracted with Et QAc, and
the organic S%yeerﬁs washed i t h ter-and brine before drying over MS04.
The crude product wasVAR-+8ed NA aghort flash silica gel colum, eluting
with an increasing gradient of Bt OAclbenzene, yielding 1.02 g (72% of a
white glassy solid: IR (KBr) 3408, 3318, 3057, 3032, 2947, 1699, |674,

1516, 1447, 1240, 1059, 752, 698 cm';'H NWVR (DVMSO-db) b 1.40 (m 1H), 1.72
(m 1H, 2.26 (m 2H), 3.1?-3.S0 (m 4.64 (t, 1'H J= 5.0 Hz), 5.00
(s, 2H), 7.00-7.40 (m 20H), 6.96 (d , J= 8.5 Hz), -8.54 (s, 1 H. Anal.
(C~2H32NZO4) C, H, N. Prepargtion ernmediate L-(Tr-Gutam nol). 10% Pd
on carbon (873 B« ias added fo a fsolution of CBZ-L-(Tr-Gdutaninol) (0.51
g, 1.O mol) in 20 nL MeCH, th irring, and under an argon atnosphere.
The reaction vessel Wh8Rev8CTuatNd ungler vacuum and then put under an

Preparation of Internediate CBZ-L-(Tr-d@ utamnol). CBZ-L-(Tr-d )
; ( ) Hos b BaUN:Z02
, 7

this time the hydrogen gas was evacuated and the catal yst was renoved by
filtration. The solvent was renoved under vacuumto give a white solid in
98% yi el d which was used w thout fur i cation: IR (KBr) 3255, 3057,
3016, 2916, 1642, 1527, 1491, 1446, , 750, 700, 636 cm';'H NWR
(DVMBO-d6) b 1.29 (m 1 H), 1.53 (m 9 (m 2H), 3.08 (m 1 H), 3.18

(m 2H), 3.38 (W,is2H), 4.4% (by, 1H), 7.7T4-7.28 (m 15H), 8.62 (s, 1H).
Anal . (Cz4H26NZQ2) C, H, N. 64 ~. ? ~ (~ N 2002 Preparation of

| nt er nedi at e CBZ- | r NWERRhe<T r{Nr- G\ut aminol ). CBZ-N-Me-L-Phe (2.24 g, 7.14
mol ) was di ssolved in 70 nL ofHTHF.| Car bonyl di i m dazole (1.16 g, 7.14
mmol ) was added, and the reaction wdg stirred for one hour at rt.
L-(Tr-Gutamnol) (2.80 g, 7.5 nmmol) was added, and the reaction was
stirred overnight. At this tine the sgbwgnt was renoved in vacuo, and the
product was purified by colum chrong aphy on silica gel using a

gradi ent sol vent system (0-2% MeOH ORC! to give 3.37 g (7099 of a white
amor phous s@oi d: H,R§KBr) 3308, 30%7, 3978, .2949, 1668, 1495, 1447, 1142,
750, 698 cmi';'H NMR (DVMSO-dif)y 8 1.51 (m 1H), 1.73 (m 1H), 2.23 (m 2H),
2.79 (s, 3H), 2.84 (nyapHg~3" J, 3H), 3.70 (m 1H), 4.66 (m 1H), 4.88
(m H

Ph

90. R, is 0
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3H), 7.15-7.28 (m 25H), 7.69 (m 1 H), 855 (m 1 H. M calcd}prJUN 2002
C42Ha3N30s+H 670, found 670. Preparation of Internediate

L- N- Me- Phe-L-(Tr-G utam nol ). CBZ-L-N- Me-Phe-L-(Tr-glutamnol) (3.33 @)
4.97 mol) was dissolved in 35 nL of MeOH. The reaction was pl aced under
slight vacuum and then under an argon at rméﬁhere Wth care, 10 % Pd/C
Bgon which was repl aced by
fn m xture was stirred at room
flask was purged of hydrogen and

hydrogen gas using a balloon. The r¢g
tenperature for 4.5 h) at which ti

(89 %) of a white anorphousijsolifl: I R(KBr) 3302, 3057, 3024, 2937, 1655 )
1522, 1493, 1447 ) TRPIRLOAY "H NVR (DVBO-d6) b 1.44 (m 1H)) 1.67
(m 1H)) 2.13 (m 1H) 16(s 3H))|' 2.24 (m 1H)) 2.68 (dd) 1H, J =
13.5, 7.3 Hz), 2.82 (dd, 1H, J : 13, 5.8 Hz), 3.10- 65 17 JUN 2002
(m 2H), 3.25 (m 1H), 3.67 (m 1H)) 4.63 (t, 1H J = S. S Hz)) 7.13-7.28
(m 21H), 7.54 (d, 1H J = 8.8 Hz), (?Hll—l). Anal . (C34H3, N3G3) C, H,
N. Preparation of Internediate Cycl ggénty I ocar bonyl - L- Leu- L~- L~I

Me- Phe-L( Tr-d ut am nol). Thi s preqf on was carried out follow ng the
procedure of L. A Carpi no, ~l. A Soc. 1993, Il S, 4397, the

di scl osure 9%- whiRehS i s entlr ly ihcorporated Herein by reference.
Cycl opentyl t hi ocar bonyl - (0.

27 g, 1.05 mmol) was dissolved in 3.5 'nL
of DWVF. Diisopropyl eMAR—a—rﬁ ne NO. 37y, 2.10 nmmol ) was added, followed by
0.S6 g (1.05 mol ) of L- N Me-Pi#e-L-(Tr-glutam nol). The reaction was cool ed
to 0 'C and O (7-azabenzotri azol - )-1 1, 3, 3-tetranet hyl uroni um

hexaf | uor ophosphat e (HATLn (0.398 g, % mol ) was added. The reaction

m xture was allowed to warmto roomg e wher eupon the DVF was
renmoved in vacuo. The resi dug wasdi ssol th Et OAc, and the organic

phase washegzcon egsuti vel y % HQ S Qn, saturated NaHCO3
sol ution, H20, an R)ﬁ{]f nt was ofi ed YlHS04), filtered, and
concentrated to give e§ due i was subj ected to flash col um

chromat ography on silica gel ( t; 0-1% MeOH/ CHO 3) to give 0.49 ¢
(60% of a white anorphous solid: I R(KBr) 3293, 30S7, 3024, 295S, 2868,
1634, 1493, 1447, 120S, 7S2, 700 cm';' I—i%(DNBOdG) (m xture of
rotamers) 8 -0.18 (n), 0.62 (m, 0.79 (&,2J= 6.3 Hz), 1.00-2.0S (m,
2.08-2.40 (m, 2.81 (s), 2.88 (m, 2 (s), 3.053.83 (m, 3.6S(mM, 3.79
(m, 4.27 (m, 4.61 (mM, 511 (M, {.14» 7.28 (m, 7.43 (d, J= 8.0 Hz),
7.64 (d, J—9§8§i 8.17 (d, J-8 , 8.43 (d, J=7.0 Hz), 8.S 1 (s).
VB cal cd fof ' C46PESNa0s S+Cs 909. 166  ~~~? JUN 20p2

VAR—S N
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Preparation of Internediate . 1 7 JUN 2002
G~cl opentyl t hi ocar bonyl - L-Leu-L-N Me-Phe-L(Tr-J utam nal). To

cycl opentyl t hi ocarbonyl - L-Leu-L- N- Me-Phe-L-(Tr-glutamnol) (0.57 g, 0.73
mmol ) dissolved in 7 nL of DVMBO was added o-i odoxybenzoic acid (0.61 g,
2.19 mmol ). The reaction m xture was sjirred at rt for 1.5 h. The DVMSO was
t hen renoved under reduced pressure,ZAndN\the residue was diluted with

CHzCl z and reconcentrated to renove |any fesidual DMSO. Dilution with CHzZCl z
and reconcentration was repeated, residue was diluted with EtOAc to
give a whit@6predfs tate whi filtered off. The sol vent was washed
with a 5% Na~Sz0315% NaHCO3 Hol utfon, water, and brine before drying over
MyS04. Renoval of they vacuum gave 0.41 g (729% of a white

gl assy solid which was used i mgedi atlel y Wi thout further purification: ' H
NMR (DVBO-d6) (mixture of rotaners)® -0.03 (n), 0.62 (m), 1.04-2.10 (m,
2.20-2.4s (m, 2.82 (s), 2.90 (m, 2.94 (s), 3.2 (m,-4.00 (M, 4.14 (m,
4.34 (m, 4.62 (m, 4.8 (m, S. 17 , CH4-7.28 (m), 8.15 (d, J= 7.0 Hz),

8.25 (d, J =7.0 Hz), 8.3 SQd, J(= 7,/6\\Hz), 8.41 (d, J = 7.0 Hz), 8.5?
(s), 8.62 (§?., 9R§T (s), Q.ﬁ(s)
Et hyl - 3-[ Cycl open yﬁ

RbepaDati.on of Internediate
&}HIQQQ{ 0 eu- L- N- Me- PheL- (Tr-d3 n)] - E- Propenoat e.
Cycl opent yl t hi ocar bonyl - L- eu-@
mmol ) was dissolved in 5 nL of THF. O

L Phe-L- (Tr-glutanminal) (0.19 g, 0.25
( Car bet hoxynet hyl ene) tri phenyl phosphorane (0.10 g, 0.30 mml) was added,
and the reaction was stirred_overnigk |E t. The solvent was renoved in

vacuo, and the residue purifyed b um chromat ography on silica
gel (gradieng; Opgig5 % MeOHI{CHCI B 0. 25. ghof material that was
contam nated by -67 VARHE®EnyiNhoSghi ne 6xi doH This material was used

w thout further purification: 'HH NMR (DVSO d6) (m xture of rotaners) 8
-0.16 (m), 0.62 (n), 0.79 (d, J= 6.9 Hz), 1.10 (n}, 1.20 (t, J= 7.0 Hz),
1.30-1.78 (m, 1.95 (m, 2.10-2.42 (m, 2.80 (s), 2.88 (M, 2.95 (s), 3.16
(m, 3.48 (M, 4.10 (q, J= 7.0 Hz) _SPhll (q, J= 7.0 Hz), 4.37 (m), 4.53
(m, 463 (M, 4.81 (mM, 5.0 (M5 .66 (d, J =16.0 Hz), 5.93 (d, J =
16.0 Hz), 6961 (@djsJ = 16.0j 6.0]Hz), 6.80 (d, J= 16.0, 6.0 Hz), 7.13-7.28
(m, 7.97 (d, J=8.0 P70 Nd,--__ 8.0 Hz), 8.16 (d, J= 7.0 Hz), 8.49
(d, J=6.0 Hz), 8.S5 (s), 8.60ys). Preparation of Product

Et hyl - 3- (Cycl opent yl t hi ocar bonyl - L- Qeu- | r N- Me- Phe- L- G n) E- Pr openoat e.

Et hyl - 3-[ cycl opent yl t hi ocar bonyl - L- Leu- L- N- Me- Phe-L- (Tr-d n)] - E- propenoat e
(0. 2S Glhevdls VIS 0deYRekdi foomh thd-g@hp Cohsitidg of -ITH, a0, 0aCH(CH, )aci d (0.5 nl) was
added, and the reaction was stirred at rt for 4 h. The sol'vent was renoved
i n vacuo, and the residue puridied by flagh—sol um chronmat ography on silica
gel (graCHAH(CH)),2-ZHyerHE C 1 andgi.dce g (74% for two steps fromthe
al dehyde i nternedi ate) asta Wiite anorphd olid: nmp = 68-72 C, |1 R(KBr)
3283, 2955, 1634, 1531, 1277, 1205 cm';' H NVR (DMSO d6) (m xture of
rotaners) S -0.26 (m, 0.61 (m, 0.82 (d, J =6.3 Hz), 0.83 (d, J =6.3
Hz), 1.13 (m, 1.20 (t, J= 7.0 Hz), 1.30-2.12 (m), 2.77 (s), 2.90 (m, 2.94
(s), 3.11 ("he plesé#t invdntioh.id Burlitr ditectdd B methodsdoflithibiting PicotndVitazdc 4. 38
(m, 4.50 (M, 4.67 {m, 4.81 (m,

protease activity that comprises contacting the protease for the purpose of such inhibition

with an effective amount of a compound of formula I or a pharmaceutically acceptable
prodrug, salt, active metabolite, or solvate thereof. For example, one can inhibit
picornaviral 3C protease activity in mammalian tissue by administering a compound of

formula I or a pharmaceutically acceptable prodrug, salt, active metabolite, or solvate
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5.04 (m, 5.69 (d, J= 15.0 Hz), 5.99 (d, J= 1 S.0 Hz), 6.72 (dd, $=2sJUIN 2002
5 5 Hz), 6.76 (bs), 6.83 (d, J= 15.0, 5.5 Hz), 7.12-7.30 (m), 7.99 {d, J=

80 Hz). 8.04 (d, J= 8.0 Hz), 8.19 (d, J= 8.0 Hz}, 8.52 (d, J= 6.0 Hz).

HRVS cal cd for C'H, ~N, 06S+Cs 735.2192, found 735.2174. Anal. (C3, H4A6NACBES)

a
C, H N -68 17 J, U N 2002 Exanple 5 - Preparation of Conpound 6'
el b

2- | oy dhergaht More pytisuiaely, the presspt inkentionpn dirgcteq (9)metheds ofilpRybiting_ gyt yr ol act o
nel . Preparation of Internediate

2- [ Cy aihirpeirklyprotease antivitpy | - L- Leu- L- N- Me- Phe-L-(Trd n) ] -

E- (a-Vinyl -y-Butyrol actone). Using the procedure described in Exanple 4 for

t he prepar affelfti9ity of the inventive compounds as inhibitors of picornaviral 3C protease

et hyl - 3-[ cycl opentyl t hi ocarbonyl -L-Leu-L- N Me-Phe-L-(Tr-d n)] - E-propenoat e,
this internedi ate was nt hesi.zed fro . o g

cycl opbHY Ut TRY SEPERRR-b- 41 PrLmiiSf: wrplatie forshogs thiled inghs 2ito. 205 g,
0.264 mmol ) and a-(triphenyl phosphoranylidene)-y-butyrol actone (0.12 g,

0. 343 Wﬁbdmg(m&m@dnmwm-oﬁb&mlemﬁwt@bla&seyﬁefoa@@wm ng to the
procedure of J. E. Baldwin, et al., Tetrahedron; 1992, 48, 9373, the

di scl omedsarepientsinclnde sheemntiviedl HI-Hebi Pell DuitdrenAssay andiherNdrafaé Hagani N 5 nl
THF to give 0.28 g of product contam nated with tri phenyl phosphi ne oxi de

2 S g N () (e o

2.10-2.49 ( . 2..80. (s).,. 2.89 : 94 (3) . 09: 3. 57 4.30 (m, 4.42
(nm, 4.85 (/MY S.‘ﬁ‘i“’é‘ﬁ% @%902’@031%5, Oéf."@“’%jr) or 'g?‘{@hﬁﬁ%eé‘ﬁ%'{ly 8.01 (d, J=18.0
Hz), 8.06 (d, J= 8.0 Hz), 8.18 (d, J= 7.0 Hz), 8.48 (d, J= 7.0 Hz), 8.53
(s), Saweptally proddregsasalts, antivef metabelites, and solvates, may be performed according

2- (Cycl opentyl t hi ocar bonyl - L- Leu- L- N- Me- Phe-L- G n) E- (a- Vi nyl - yBut yr ol act one
). Usi ptanyhef tiy aeepted encdes 6f adisidistratidxaviilhie 4o hose sMilkedpinahas@t i on of

et hyl - 3-(cycl opentyl t hi ocar bonyl - L- Leu- L- N- Me- Phe- L- d n) - E- propenoat e,
2-(cyc | 1.0i r - - z - {a- ] =4 Y- but yrol act
oney " iRy eplyBR qP RSB dr bl Rt inchdb) b et fbhed i,

2-[ cycl opentyl t hi ocarbonyl - L-Leu-L-N Me-Phe-L-Tr-d n)]

‘E- (a- vP |qa§3_/1bgqr9§1t5faéctl08%é5, t;aﬁscg:g@@lypgwq?aec wo steps fromthe al dehyde):

whi t e anorphous solid: np = 87-91 'C. IR(1CBr) 3286, 2963, 1749, 1668,

1634, |531, Thaiszentizo®mpbusds efiformula f ani/FheimvBmaishtiqably aceeptablef r ot aners) b
-0.12 (m, 0.58 (m, 0.83 (mM, .08 (m, 1.20-1.79 (m, 2.01 (M, 2.77 (s),

2. 84 ( plodripsddallssictivd.relatidites, enbolNais, nthydB-admddsterdl.as4. 68 (), 4.96 (M),
6.26 (), 6 39 (M), 6. 76 (bs), 7.12-7.27 (m), 8.04 {n), 8.19 (d J= 8.0

733, 2083 R oy SRPeORbE R eckn el VR R e A0, DTS o

of Conmpaynd 7. 1-=~2' . 3'-Di h~rdrqindolin-1-yll, ~ . . X

e 21 PR ity PutablepharnReapEcamiamms i e ubis non Binded . slidat i on of

| nt er nedi at e BOC- L- Leu- L- N- Me- Phe- Ove. N- Me-Phe-OveHC (1.4 g) was

di ssol seydisolid, diguid, or (Ephalizedsfocmylationsd suchtas tablatsymowdars, capsules,1 N NaOH (aq,
7 mL) and sat. NaHCO3 (25 nL). After mxing, the organic phase was

separ ak@fpositdtits| SR patiRR UsndAER6R Is\VaPha FHabfsbeidal cémhpdsition(May<als® ML) . The

include suitable excipients, diluents, vehicles, and carriers, as well as other
pharmaceutically active agents, depending upon the intended use.

Acceptable methods of preparing suitable pharmaceutical forms of the
pharmaceutical compositions are known to those skilled in the art. For example,

pharmaceutical preparations may be prepared following conventional techniques of the
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conbi ned organi ¢ phases were dried over Na2S04 and evaporated to '&KIJUNE‘ZUOZ
free amne as a clear colorless oil (1.14 g, 5.90 mol). A solution of this
am ne and diisopropylethylamne ( 1.13 m., 6.49 mol) in DMF ( 10 nL) was
added dropwise to a 0 C solution of BOC—L Leu (1. 50 g, 6.49 mmol) and
hydroxybenzotrlazole hyd (0.877 6. 49 nnDI

Di cyc| BRASTecUSIE mhstay@\ima?teas suph@g mXie) g%gg @BDQ/F‘?%‘ETCIS%‘H%U on

m xture was stirred at 0 Cfor 1 h, and was then stirred at rt for 48 h.

The m wheit Geossary fdrttebletofohns,re&rmix@@ liBliyg, @od dissalving thenihgtddéents dst r at e was
evaporated. - The resi due was dissolved in CHzZClz (200 nL), washed with

sat . I'\'g@‘?@@&ﬁ e the @hﬁﬁecp%au@@?&%al gmnempebeﬁp%uav 0%1151%' due was

puri f tograp % Et OAc - 2 I n hexanes) to
glveB white solid (2,04. 85% : np = 126-127
& Fiipiorantfisl Hupgtugs jSrdtiylo fod tai Mk

%S f% (coci3) (major
rotarrer)8092(d 3H J=6. 8H), 0.9S( J=6.5H), 1.3
2-1.48 (m Soljd orliquid pharmeacputically acceptable(qeyriers, Hilluegtsemhe@es orH), 3 .04 (dd,
1 H J=14.5 10.5 Hz), 3.3 7 (dd, 1 H J =14.5 5.5 Hz), 3.72 (s, 3H),

4. 48- 4ekclpiets mlayHie endpl&fedSinGte bﬁarmkc&ﬂ):xcal&:oﬂ@oélddns itdstrative 56i®, 5.5 Hz),
7.16-7. 32 (m SH) Anal . (CZZH34NzZGs) C, H, N. Preparation of Internediate

BOC- L- Ar ) was
di ssol VA L‘%ﬁ%@c& etttk MR UG, e B, fordee T (26,
618n1_ 12. | ). was added dropw s The r, ﬁhﬁon mxture was stirred
for 3 B a&m,rnecwca%r BASHESIURN §98xAles aRERIRHIE 3cid ?atl“Fh‘}qé“ FafkEf e was
extracted with CH2C z (3 x 100 nL), and the conbi ned organi c phases were
dri ed owegrindiaSGsum mtamvapl olive dilt snl'vgewluﬁﬂc-algdmrL-'lﬁhcmHMe)ras a white
foam (0.617 g, quantitative yield) which was used wi thout purification.

Pr epar aﬂhéﬁﬁ mfdy ihéthee Mta%l@%rolonged release material, such as glyceryl monostearate
(2-(2, 3-Di hydr oi ndol oxo-et hyl] - Phosphonl c Aci d D ethyl Ester.

Oxal yl j ) n of

di et hy|°§E§’35"H§§‘S‘§§fe??6c£%“&°§‘9‘Xﬁf‘kﬁr§% é’bgﬁ%ﬁ ca‘g‘r‘?g‘ %‘803 m., 0.39
nmml ) in benzene (150 ) at 3 C. The,reac lon xt.ure vvas stlrred at 23 C
for 1 Iﬁr@ﬁfimpﬁé’??yvﬁsméb‘h 9 SR RIIL, F@H ‘?fjfé%létéﬂ eAPsYlesterdle yl t i ng oi |
was dissolved in THF (30 nL) and was added via cannula to a sol ution of

i ndol i ngjeqtahldHqgid (6.3. Solntivi)) oaadonagueoisydragiiens (ig0idXsusgensids. 0 nol ) in THF
(200 m.) at 0 C. The reaction m xture was stirred at 0 C -71 17 J UN

2002 for 15Anddye oaml: HieRabdutivBToRPbilibh BoIRAndAtIMRER tRripeMidd@y ( 150 nl)
and Et OAc (2 x 150 The conbi ned organic |ayers were dried over Na2S04

om0 <ot ol 0 L1064k 14, R il s om B 20

pharmaceutically acceptable prodrug, salt, active metabolite, or solvate thereof) and

preferably is made up of one or more pharmaceutical dosage units. The selected dose
may be administered to a mammal, for example, a human patient, in need of treatment
mediated by inhibition of 3C protease activity, by any known method of administering
the dose including topical, for example, as an ointment or cream; orally; rectally, for
example, as a suppository; parenterally by injection; or continuously by intravaginal,

intranasal, intrabronchial, intraaural, or intraocular infusion.
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phosphonic acid diethyl ester (12.2 g, 63% as a light brown solb1(7 thbN 2002
97-99 C, IR (KBr) 3460, 1657, 1597, 1482 cm';'H NMR (CDC13) 8 1.35 (t, 6H,
J=17.2), 3.14 (d, 2H, J:224) 322(d 2H, J-84) 4.15-4.30 (m 6H),
7.04 (t, 1H, J= 7.0), 7.17-7.28 (m 2H), 8.21 (d,1H, J= 9.0); Anal.

(G 4H~0NO4P) ar ation of .Inter iate

1-(2',3 -Di By dPﬂPPﬁi‘&'F?‘E’i setiye §mf’§%5c‘ﬁ_“’§ %ﬁ}‘f@-‘ﬁ?&?&é‘ﬂ‘&h@f%odi um
bls(trlmethylsHyI)amde (11.9 nL of a 1.0 Msolution in THF, 11.9 mmol,

1. 0 eqedmpowndsoffadnda f thas, wheniadministered to a mammal in need thereof, is

[ 2- (2, 3-di hydroi ndol -1-yl)-2-oxo-ethyl]-phosphoric acid diethyl ester (3.4
g, 11. Quffierht tolefRce@edtibnt for dldkase Lofditibas Aleviaibd b«}th@ﬂﬂuﬁlfi@h beael ting

solution was stirred for 20 mn at that terrperature Crude

BOC- L- : was added
via ca ﬁtﬁ‘fltg OLFO%IE o ﬁJé(}r é ?‘gﬂ c‘)'%almgc}( gortgqu\g/véag Ut [ﬂn\’da)n fﬂhlﬂloil?ﬁseg%%) C, warned
to O Cfor 10 mn, and partitioned getween 0. 5 MHA (450 n) and Et QAc (2
X 150 WE&OVHHﬁehW@hFﬁ’@aQWé%e%P@P plpmpyocyditis NiTYsse4mERigoVIBe 2R r at ed.
Purification of the residue by flash colum chronat ography (50% Et OAc in
hexane&ippaitio\A dizak. The amount of a given compound of formula I that will correspond to

1-(2',3 -dihydroindolin-1-yl)-3-[BOC-L-(Tr-d n)] - E-propenone as an off

white iR etfelii il CDC13) b
o |4 'Z e( goml_sﬂeﬁnéﬂlg' é?fef:!&é"?m&ﬁx wﬂﬁ%@ deﬁ@tﬁi%(g lﬂp@)@&a&@?s sucﬂf‘xé;{!}{gz(z O )2H)

402 1 4.40 9,497(m
5t Aoyt %‘1%“48"@)““' é@dwn?ﬂséh? ﬁ%vea%tﬁers%gn? oy

7 14 7.37 (m 17H), 8.25 (d, 1H, J= 7.5): Anal. (C39Ha NsOa) c H N

Pr epar 4h¢ wamprl inmesd tkereef; but can nevertheless be readily determined by oné of skill in

1-(2', 3" -Di hydroi ndolin-1-yl)-3-[BOC- L-Leu-L-N M- Phe-

| r (Tr =@heéaet.- E- Pr openone.

1-(2',3 -Di hydroindolin-1-yl)-3-[BOC-L-(Tr-d n)]-E-propenone (0. 420 g,

0. 682 mmol ) "??e%bﬂ%asépl't%ﬁnérﬁ"}s@ Ofﬂgémr&ﬁeén%t fdadt mé\nﬁegdefoh%@aﬁlseﬂg i n

1, 4- di oxane was adde ropmnse After stirring h, the

sol vent S_evaporate t he ne sal t i.ch, d W t hout

por 1 CAPRBAT b etk ek P Aducne LS AL 0peL BV L BN E N Ve Phe

(0.302 g, 0.769 mmol) using the Erocedure described in Exanple 6 for the

f or mat iagHvitr ofBwe-ar-mesg-picoxpavirapfic popeases syrlyas human rhinoviruses, human

1-(2',3 -D hydroindolin-1-yl)-3-[ BOC L-Leu-L-N Me-Phe-L-(Tr-d n)]-E-propeno

ne (af }xﬁlio@ihfsohﬁﬁlﬁﬂ ba;wamevfiaﬂéeﬁtemphhlmiyemdﬁﬁs viroset ORpiEb GAG) agd an oi |

white foam (0.323 g, 63%: IR (thin film 3401, 3295, 1660 cm'; “H NWR

( CDC13) t ) 8 0.65 (d, J= 6.5 Hz), 0.85 (d, J= 6.8 Hz),

0. 88 (ngﬁh%éygﬁﬁéfHMQRggf% 21 (m, 1 23 1.48 (m, 1. 34 (s), 1.41 (s),

1.56-1.67 ( 1, 95- 2 90 (s), 2.99

(dd, J= 14. EB‘) |0P£°R1sz ac“%{ff n&%“’(%’mmoa %“{"H&“‘?’J‘%’ %maﬁm@l i),

3.97-4.18 (m, 4.38-4.47 (m, 4.55-4.77 (m, 4.83-4.90 (m, 6.18 (d, J=

14.0 Hzfpundato:?&mednqusnd to Eaving the pisegsegpnéition butot yet disgrpsasbas(ayings. | 7 (d,

J= 8.4 Hz), 8.25 (d, J= 8.1 Hz); Anal. (CSSH63NsCe'0.75 H20) C, H N -73
it;

(b)  inhibiting the disease condition; and/or
(© alleviating, in whole or in part, the disease condition.
The inventive compounds, and their salts, solvates, crystal forms, active

metabolites, and prodrugs, may be prepared by employing the techniques available in the
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~ 7 JUN 2442 Preparation of Internedi ate 17JUN 205
1-(2',3 -D hydroindolin-1-yl)-3-[Ethylthi ocarbonyl L-Leu-L-N Me-Phe-L-(Tr-
n)J - E—Propenone

1-(2',3'-Di hydroi ndolin-1-yl)-3-[ BOC L-Leu-L-N Me-Phe-L-(Tr-Gdn)]-E-propeno
ne (0 315 g, 0.355 mmo s dissplved in 1,4-di oxane A sol ution of
HO i na@%mls&gg%m@@r@s,\#\{a rFrLﬁad\Ms‘f“’é'éPcPé"cl GF%W“Q@ aﬁéﬁé"rm@ﬁyr ring for 2
h, the solvent was evaporated to give the am ne salt which was used w t hout
puri f i owethods of Preparing thednveritive compounds aireldessibadebilow. dry CHzZC12 (8 nl)
under argon, and diisopropylethylamne (0.136 nL, 0.781 mmol) was added.

Et hyl chlor Préfeﬁbfyoumheer{tﬁle%ﬂlpahnds dl-férrulimete) prépiedBf 8 nolBe reaction

solution was stirred 2 h and then poured into vvater (15 mL). The resulting

m Xt ur |ne or ggni ¢ phases
wer e d(r?rll ggﬁg%ﬁl{eﬁgg%ghm&gn%ﬁ%@égé @ﬁ Eéf“)e%al E}%O%gg E?lp‘gd

chromat o fphy (50% 67% Et OAc i n hexanes)_tq giv

1- (2" ,sacqw eredeneral methedsy By, Rof RBas Ra) Bhi%@%bgnﬂ and Z, are as defined

L- Leu-L- N-I\/b Phe-L-(Tr-A n)]-E-Propenone as a white foam (0.127 g, 41 %:

| R ('t hiabove (fo) forel4 1).1660, 1637, 1596 cmi'; ~H NVR (CDC 3) (m xture of
isomers) 8 0.59-0.76 (m, 0.82-0.89 (m, 1.15 (t, J=7.3 Hz), |.24 (t, J=
7.3 Hz). 1.32-1.44 (m, 1.52-1.76 (m, 1.83-2.11 (m, 2.04 (s), 2.25-2.36
(m, 2.63-3.41 (n), 2.88 (s), 2.89 (s), 3.94-4.19 (nm), 4.34-4.44 (m,
4.50-4.72 (m, 5.82 (d, J=7.5 Hz), S.92 (d, J=7.5 Hz), 6.22 (d, J= 14.6
Hz), 6.38 (d, J= 15.0 Hz), 6.65 (d, J= 8.4 Hz), 6.72-6.9S (m, 6.99-7.06
(n), 7.08-7.34 (m, 8.03 (d, J=7.8 Hz), 8.22-8.28 (m; Anal. (CS, HSONSCSS)
C, H N Preparation of Product

1-(2', 3" -Di hydroi ndolin-1-yl)-3-(Ethylthiocarbonyl L=Leu-L-N Me-Phe-L-A n)-E
- Propenone.

1-(2',3" -Di hydroindolin-1-yl)-3-[ethylthiocarbonyl -L-Leu-L-N Me-Phe-L-(Tr-G
n)] E-propenone (0.110 g, 0.125 mol ) was deprotected using the procedure
described in -74 ~ ? J U N 2002 Exanple 1 for the formation of

et hyl - 3- (CBZ- L- N- Me- Phe- L-d n) - E- propenoate to give

1-(2*, 3" -di hydroi ndolin-1-yl)-3-(ethylthiocarbonyl -L-Leu-L-N M-Phe-L-dn)-
E- propenone (after chromatography, 8% MeOH in CHZCl12 , and evaporation from
Et 20) as a white waxy material (0.044 g, 55%: IR (thin film 3389, 3284,
3213, 1660, i 63i ~cm'; "H NWR (CDO 3) (m xture of isoners) b 0.61-0.78
(m, 0.91 (d, J=6.5 Hz), 0.92 (d, J=6.2 Hz), 1.18-1.34 (m, 1.39-1.57
(m, 1.58-1.8S (n), 1.87-2.11 (m, 2.15-2.33 (nm), 2.72-3.31 (mM, 2.96 (s),
3.41-3.50 (n), 4.03-4.20 (m, 4.42-4.77 (m, 5.78 (d, J=12.4 Hz), 6.01 (s,
bs), 6.26-6.49 (m, 6.57 (d, J=7.2 Hz), 6.80-6.97 (m, 6.99-7.35 (m, 7.91
(d, J=8.1 Hz), 8.22-8.30 (m; Anal. (C-H45NSCsS) C, H, N Exanple 7 -
Preparation of Conpound 8:

2- (EthJrl t hi ocar bonvl - ~Leu- L- N- MePhe- L- d n) - E- ~a- Vi nYl - ~- But yr ol act one~.
Preparation of laternediate 2-[BOC-Lr(Tr-A@ n)]-E-(a-Vinyl-y-Butyrol act one).
BOC-L-(Tr-glutamnal) (290 ng, 0.614 mol) and
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a- (triphenyl phosphoranylidene)- 'y-butyrolactone (2S5 ng, 0.73 INUN 2@2
(prepared from a-brono-y-butyrol actone according to the proced

Bal dwin, et al., Tetrahedron; 1992, 48, 9373, the disclosure of which is
entirely incorporated herein by reference) were refluxed in DVE (1 S nL) /
DIVF (2 z@al%lté& Sol vents were renoved under vacuum and the residue was
purifie SR !hromatography eluting with 50% Et OAc / hexane on silica
gel to give 235 ng of 2-[BOC-L-(Tr-An)l- E-(a-vinyl-y-butyrolactone) as a

white solid in 71%yielRg (KBr) 3399, 3059, 2976, 2926, 1752, 1688,

1493, 1366, 1248, 1169 : HNNR% 3) 81.41 (s, 9 H), 1.84 (m 2

H, 2.3 8 (q, 2Hj, . 9?1 -7OH 17 J YN 200 H, 2.97 (m 1
133 2

H, 4.22 (m 1
6.80 (s, I H, 7 19-7.32 Rgn 15 H). Anal
Preparation of Internediate
2-[BOC-IrLeu-L-N Me-Phe-L-(Tr-d n)] E-(a-\@?nyl -y-Butyrolactone).
2-[BOC-L-(Tr-dA@n)]-E-(a-vityl -y-butyrol actone) (0.577 g, 1.03 nmmol ) was

di ssolved in 1, 4-dioxane (3 nm.). A solution of HO in 1,4-dioxane (4.0 M 3
m.) was added dropwi se. The solution was stirred at rt_for 2 h, at which
time the solvent was evapoRytedG o pRgvi de the amne HO salt which was
used without purification. ] h rude |salt and BOC-L- Leu-L-N Me-Phe (0. 288

Iﬂz 4.81 (m 1H, 6.43 (m 1 H),
C33H36N205-H20) C, H N

g, 1.03 mmol) were di ssgly @HlS ),
Hydr oxybenzot ri azol e- hydfat e 0 2 .55 mmol ), 4-net hyl nozphol i ne (0.34

m., 3.-09 nmmol ), and 1-(3-di rreRnyaRgném pyl) - 3-ethyl carbarbodii m de
hydrochl oride (0.296 g, 1.55 nmmol) were added successively. The reaction
m xture was stirred at rt overni ght and poured into water (50 nlL). The
resulting mixture was extracted withCGHzC12 (2 x 50 nL). The conbi ned
organic | ayers were dried over Na2S04, concentrated, and purified by flash
col um chr omat ogr aphy (2% MeOH in CHzZC12) to afford

2-]BOC-L-Leu-1.-N-N&- Phed L- (TR G n)]-s-(a-vinyl-y-butyrol actone) (0.691 g,
82 % as white fogm RR ([t hin fl|2} 3301, 2958, 1753, 1675, 1494, 1173, 728
cms; "H NWR (mx R HCDCLS) B-0183-0 66 LM, 0.71-0.75 (M,
1.03-1.13 (m, 1.37 (%), 113%{5( ), 1.41 (s), 1.42 (s), 1.81-2.00 (m,
2.26-2.29 (M), 2.73-3RP6 ( 3Re7 (d, J= 3.3 Hz), 3.32 (d, J= 3.3 Hz),
3.60-3.68 (m, 4.27-4.38 (m, 4.87 (d, J= 7.2 Hz), 6.50 (t, J= 3.3 Hz);
6.53 (t, J =3.3 Hz), 6.70 (sPp, 7.09-7.13 (Mg 7.19-7.34 (m), 7.44-7.50
(m, 7.64-7.71 (m, 8.21 (d, J= 3.6 Hz). Anal. {C49HS8N~0~0.45 H20) C, H,

N. -76 17 J UfV 2002 Preparation of Internediate
2- [ Et byl t hi ocar bonyl - Me-Phe- L- (Tr-A n) ] E- (a- Vinyl -y- Butyrol act one
). 2-[BOC-L-Leu-L-N Me- Ilslﬁ R|5 Tr - 2n)] E- (a-vinyl -y-butyrol actone) (0.652
g, 0.8 mmol) was dissol ved i 4 (3 nm). A solution of HO in
1, 4-di oxane (4.0 M if R - G

R, ° R

-44.



m.) was added dropw se.-The solution was stirred at,. rt for 2 hﬂa&dJUINaz{}UZ
sol vent was evaporated to provide the am ne HCl salt which was used w t hout
purification. The crude ami ne HC salt was dissolved in dry CHZCI Z (10 nl))
and Et3N (0.335 nL, 2.4 mvol) was added. The reaction m xture was cooled to
0 C, and ethyl chlogothiglforgmte £0.083 nL, 0.8 mmol) was added. The
reaction m xture V\%s tifgred for 2 h and then poured into HO (25
m.) and extracted t

25 nL). The (ﬁ%ﬁjd rgani c | ayers were
dried over Na2S®4” con€ent Nat andZpur tfied by és gjcc%l um
chr omat ogr aphy (2% Me(H i H

n z) to afford  Modifed
2-[ et hyl t hi ocar bonyl - 3LeuBIZ- N- Ve- Phe-L-(Tr-d n)]-E-(a-vinyl -y-butyrol acton
e) as a white foam (0.389 g, 60%: IR (thin filnm 3294, 2361, 1752, 1636,
1522, 1206 cm';'H NMR (m xtuge of rotanmers) (CDC13): 8 0.62-0.68 (m, O0.87
(d, 6.6 Hz), 1.19-1.29 (m, 1.3 7-1.42 (m, 1.89-1.94 (m, 2.28-2.31 (m,

2.71 -3 .1 : 5-3 .7 4. 31-.4, 3 4.5-S-4.58 (m, 5 .66
(d, J = 6. 3%'11§?n?‘ef31.3"/‘23‘(’6?' Bmieé‘% ?,a"‘&.évo‘i’é".fé@ ISR abgragtiafe, © j =" 3 0 hy)
5.54 (t, J=3.0 Hz), 6.75 (s), 7.09-7.12 (), 7.21-7.34 (n), 7.44-7.50 (m),
7. 53- 7pBRecting graupctor nitfogennds subjected (qlan gmide formipg reagtien with @ninggANAO6S) C,

H N _77_ 17 J U N 2na2 Preparation of Product

2- ( Et hylcbhdl qeRsdromyteos) Bt probiuddarhide Q. r SniiddC (iathénrigproecRaity giledtdeone) .

2-[ Et hyl t hi ocar bonyl - L- Leu- L- N- Me- Phe-L-(Tr-A n)]-E-(a-vinyl -y-butyrol act on

e) (20% , [ ' ¥ I.fl uoroacetic
acid (4% _)<°§%§??‘?¥%é%¥§%ﬂéﬁfgﬂdé&?@d&%@%w% oy ggg%é’&ﬂégr‘] ially to
give a brjight yellow solution. After stirring for 20 min, no yellow col or

r emai néAVINgIEEORM £E¢ subiectadidow ondfermigs seaction Eengratingfompeundeli due was
purified by flash col um chronmat ography (2% MeOH in CHzZCI Z) to afford

2- ( et hohipoasdFU® byidized ke intdrni¥didee: @) er inoifieli -aER( and/onRy, ty glvetone ok act one) as
a white solid (0.62 g, 42%: IR (thin film 3239, 1638, 1526, 1209 cms; ~H

1 e 1 e EEAFRRYy  MOELE cOgomls debl whfpBR A o) (1

3.10-3,17 , 26-4. 46 . 4.69-4.71 5, t, J= 7.5 Hz), 5.75 (5s),
6. 25- elrﬁsméfﬁa}e & b taaMF%edeat9#nfagﬁaate§‘%%4%¥ i ‘%mqteCfmsﬁr?lms ae- g, 1 H),
8.03 (d, J=7.5 Hz), 8.26 (d, J= 7.5 Hz), 8.54 (d, 6.9 Hz). Anal.

( C28 H4 NgeToBQUTR Ig2@ps CR,R,) dnd/¢iRME. aral/ar ., f prodG2 dHisodep@BStdeidd. 1723, f ound
693.1739. Exanple 8 - Preparation of Conpound 9:

Et h~rl ﬁﬁﬂe@%&ﬂﬂiéd‘ﬂo‘%‘iﬁﬂ b@Ebfbtehtcd RPhRIdifdNg “Phe- L- G ~~- E- Propenoat e. _
Preparation of internedi ate CBZ-L-hPhe-L-N Me-Phe-L-(Tr-d utam nol). Using
t he procedur,e descri bed .in Exanple. 4 far. . P rati of

cycl opent yl £¥% aﬂ?&%ﬁﬂeﬂl‘%—@@ﬁ%f quﬁﬁgﬁzﬁ- rﬁ)&?&f g?r“oﬁvﬁr ),

CBZ- L- hPhe- L- N- Me- Phe- L- (Tr-d utam nol ) was synt hesi zed from CBZ-L-hPhe and
L- N-Me-Phe-L-(Tr-Qutamnol) iri 71%vyield: white anmorphous solid: |R(KBr)
3295, 3061, Rg O

R; Ra
1 J
- II{S N o
N F
R; o4 + B —>
R; K
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_78_ 17 J U N 200? 3027, 2936, 16S9, 1495, 1447, 1261, 1043, ﬂj}) ﬁa naa
cm'; "HNWR {DMSO-db) (m xture of rotaners) 8 0.51 (m, 1.47 J 77
(m, 2.10-2.70 (m, 2.78 (s), 2.85(s), 2.89 (m, 3.20 (m, 3.78 (m, 3.83
(m, 4.22 (m, 4.60-5.10 (m, 7.03-7.36 (m, 7.48 (m, 7.72 (d, J= 9.0 Hz),
7.84 (d, J= 7.0 Hz), 8.49 (s), 8.51 (s). Anal. (CsZHsaN4Os} C, i~; N
Preparation of Internedi ate L-hPhe-L-N Me-Phe-Lr(Tr-d utamnolj. Using the
procedur e d€smppietEiand Bxémgphacid forfsalt théreofp d ewherath, dmarodppropriate

L- N- Me- Phe-L-(Tr-glutam nol), L-hPhe-L-N Me-Phe-L-(Tr-d utam nol) was

synt hepiA&eink 060 Zoky%rbﬁhsreLsubyewd it @-tond TdmﬁngIreQBihdiPﬂo)lprbdhc%% yield:
white am)rphous solid: TR(KBr) 3331, 3057, 3029, 2936 b57, 1493, 1449,

. T AP VB OIS A el 1 (o
351(n’), : 7.02-7.28 n'} 7.51 (d,
J= 8. osub_syqueatls@ulzme)ted t;) %581(1515: fomnag reaemmmbmm aleohqh(on\saltmhqm ation of
I nt er medi at e Benzyl chlorothiolformate. Using the procedure described in

Exanpl ® b defératchiatephediaedt.i on of cycl opentyl chlorothiol formate, benzyl
chl orothi ol formate was synt hesi zed from benzylinercaptan i n 71% vyi el d:

colorless Ii R(neat) 1755 cm';'H NWR (CDCl 3) 8
4.19 (s, ZHﬁ%bgﬁgggo@g %rpge&sfgre aggaléod‘lﬁp(()und |)s reported in the ( ' :

literature, for_exanple, in J.J Wllard et,al., J. Am Chem Soc. 1960, $2,
4347, the dﬂspg:l sure of whn.pthl% entirely He ﬁborat gd herein by reference.
-79  ~ 2 N 2002 By epanatyisdn af_gnt nﬁm}a«LeOH

Benzyl t hPdcarPony?H L- hPH"é(L MelPhe- L- ('I’r-GRut am nol ) .

L- hPhe- L- N- MR,Phe- L- (Tr-Gd ut aqinol) (0.62 g, "@.88 nmol) was dissolved in 7
mL of CH-Cl =. Benzyl chlorothi'olformate (0.134 nmL, 0.88 nmol) dissolved in
2 mL of CHZCIEZ was added dropw se followed bw 0.13 nL (0.90 nmmol ) of Et3N.
The reaction mxture was stirred for 15 mnutes at rt, and the solvent was
renoved in vacuo. The reS| d was purified by flash col umm chr ot ogr aphy
on silica gel (gradient: 586 MeOH CHCI 3) to give 0.70 g (94% of a white
anor phous sol | d | R(KBr) 3026, 2936, 1641, 1495, 1449, 1213,
=750, 698 cm ';"H NWR (Dl\/BOdb) (m xture of rotaners) 8 0.S6 (m, 1.30-1.90
(m, 2.10-2. 44 (m, 2.79 (s), R4'2.84 (s), 2.95 (m, 3.15 (m, 3.83 (d, J=13.6
Hz), 3.98 (d, J=13.6 Hz), 4.04 (n) 4.41 (), 4.57-4.70 (m) 4.82 (m, S.07
(m, 7.02-7.29 (n), 7.48 (d, J 8.0 Hz), 7.64 (d, J = 8.0 Hz), 8.47 (m,
8.52 (s), 8.76 (d, J = 7.0 Hz) BAnal (CszHsaN40sS' 0.5 H20) C, H, N
Preparation of Internediate

Benzyl t hi ocdahimnyacid E hwhere [P, i+ Arbapipepriat firotecling groupdby nitrogen, is

converted to carbonyl derivative M, where "Lv" is a leaving group. Compound M is

subjected to a reaction where "Lv" is reduced to protected amino alcohol Q. Amino

alcohol Q is deprotected to give amino alcohol B.
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Using the procedure described in Exanple 4 for the preparation of

cycl opentyl t hi ocarbonyl - L-Leu-L-N Me-L-Phe-L-(Tr-glutam nal

benzyl t hi ocar bonyl - L- hPhe- L- N- Me- Phe- L- ( Tr-gl ut ami nal ) was s%%ﬁryweﬁnm‘ﬁom
benzyl t hi ocar bonyl - L- hPhe- L- N- Me- Phe-L- (Tr-glutamnol) in 75%yield and
used tho Ll\dgtgérgf purification: white anorphous solid: 'H NVR (DMSO d6)
(m'xt Qfet's) 8 0.60 (M), 2.20-2.49 (m, 281(3), 2.84 (s), 2.95
(m, 3.24 (m, 3.80-4.05 (m, 4.127 (m, 4.42 (m, 4.59 (m, 4.95 (m, 5.24
(m, 7.03-7.B9 (), 8.29 (d, B 9.0 Hz), 8.34 (d¥% .0 Hz), 8.47 (d, J=
8.0

. ) 8.55 f8)[l'8.63 (s). d J= 7.0 Hz)1 (s), 9.39 (s). -80
17? E jormof pat e —> p/ Ry —>
Et hyI Enzyl|t hi ocar bonyl - 'L- hPhe- L- N- Me- Phe- L (Tr-G n)j - E-Propenoate.

Usi ng the proc®ure described i nRExanple 4 for the preparatl on of

et hyl - 3-[cycl ppentyl t hi ocar borg‘ﬁl -L-Leu-L- N- Me- PhegL- (Tr-QA n)) - E- propenoat e,
et hyl - 3-[ benzyl t hi ocar bonyl Phe- L- N- Me- Phe-L-(Tr-d n)] - E- propenoat e was
synt hesi zed from benzyl t hi ocarbonyl - L- hPhe-L- N- Me- Phe- L- (Tr-glutam nal) to
give material_contam nated with tri phenyphosphi ne oxi de after

chr omat ogr ap '\_.QIhIRiI‘T was used \M?t% 1 further purifi ca1| on "H NMR

DVBO- d~ f pot 8. 16 19 (t 1.63
iy 91(r’r; é?’%ﬁﬁnﬁofoaﬁsm (@*éé ( ! &
(d, J= 14.0 Hz) (d, J= 13.6 1)

2 5'941ﬁ) (M, 3.82
4.09 (q, 15 70 H) T.?* (g, J= 7.0
Hz), 4.45 (), ﬁ298 %m) 5.12 (m)st 67 (d, J= 14.0 Hz), 5.93 (d, J=15.5

Hz), 6.71 (dd,0oJ= 16.0, S.5 Hz), 6p83 (dd, J = 15.5, 5.0 Hz), 7.02-7.29 (m,
8.05 (m, 8.44 , J = 8.0 Hz) .54 (s), 8.62 (s), 8.84 (d, J=6.0 Hz).
Preparation of Pro

Et hyl - 3- (Benzyl t hi ocarqgony? L- hPhe- L~- N- Me- Phe- L- @ n) E- Propenoat e. Using
the procedure described in Exanple 4 for the preparation of

et hyl - 3- (cycl opentyl t hi ocar bonyl - L- Leu- L- N- Me- Phe- L- G n) - E- pr openoat e,

et hyl - 3- ( belrGenesalddathpd Al aming peid Ly, -whave Ppisen appyopyiate-Nretegiingceiow? was

synt hesi zed from

et hyl - for[nesgen| ishioaverndnyd edrbbrph dedivatlyb®d Phbert "LV 1s@ RMVinggrouvppenoat e in
‘81 yield as a white anorphous solid (two steps fromthe al dehyde

' ”t er @h@éﬁ%d%%sg&ec é'tg’zq:eac'ng’)é WEEde ‘283 r%%ld B}?ﬁ;o gﬂvé%gnza]tl%gfs 700

m Xt ure rotaners) 0

Hz) 1,60-2.70 80 ( JUN 20(rr)

3. 94- 4N14D%Wa“"gr1qzé elegaﬁ%vrmé igl§ er%e@;oéﬁ 0. 5%1@@11&3@@0&@0@%) 5. 99
(d, J =15.5 Hz), 6.72 (dd, J= 15.5, S.5 Hz), 6.76 (bs), 6.86 (dd, J= 15.5,

5.5 Hzp,is(ilcﬁ&tez:te:aﬁo(gﬁc frée @iner(pr sa%Bttﬁ@re@ﬂ,P,lm ndifiddzone o8 .n@dre tighesdt 6. 0 Hz) .
HRMS cal cd for C'H44NAO6S+CS 80S. 2036, found 805. 2054. Anal .

( B7THARNAROE R ZSafdied 2) tdgivElondor more modified O compounds.

Modified O is then deprotected to give amine (or salt thereof) P. Amine P is
subsequently subjected to an amide forming reaction with carboxylic acid K, prepared as
described in General Method I, to give final product H. If protecting groups were used
on any R group (R,-R,) and/or on Z and/or Z,, product H is deprotected and/or further

modified to yield "deprotected or modified H."
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Example 9 - Preparation of Conpound 10: 2-(Benzylthiocarbonyl- _

L- hPhe- L- N- Me- Phe-L-Ad n) - E-fa- Vi n~y-Butyrol act one). Preparati ok &f- n
I nt er nedi at e T7JUN 7nn
2- [ Benzyl t hi ocar bonyl - L- hPhe- I r N- Me- Phe- L- (Tr-GI n)] E-(a-Vinyl-y-Butyrol acto
ne). Using the procedure descrl bed,in Examp Qr the E;eparati on of

2-[ cycl open#ip al iYe msthad o RE%RNQ_“N?%CIPWLS i?eﬁfm@drﬁﬂ followsi- vi nyl - y- but yr o

| act one) ,
2- [ benzyl t hi ocar bonyl - L- hPhe- L- I\I-I\/lR7Phe L-(Tr-A@n)]-E-(a-vinyl-y-butyrol act
one) was synthesized from Rs

benzyl t hi ocar bonyl - ¥- hPhe=t>N\- I\/E P%j/mogl utanmtnalN) and
(triphenyl phosphoranyl i dene)-y- Utyrolactone to give material contaninated
wi th triphenyphosphi ne oxide after coRymm chronat ography which was used
wi thout further purification: ~H NVR (DVSO-db) (m xXture of rotanmers) b 0.63
(m, 2.39 (M, 1.62-1.90 (m, 2.80 (s¥® 2.82 (s), 2.10-2.95 (m, 3.10-3.28
(m, 3.85-4.05 (n), 4.24-4.40 (m, 4.45 (m, 4.62 (m, 4.82 (m, 507 (m,
6.26 (m, 6Cdnpouhd M is0@bjectd to myreacgiod vhery |18, id beduded th-pr8tetediamino8. 51 (s),
8.60 (s), 8.82 (d, J= 6.0 Hz). Preparation of Product -
2 (B n | §C K RRTRY:

(a- |Za¥dyflg.lyQButyroIa{zll%dthggg)—i§ sﬁb&aﬁ\ﬁﬂ ?ﬁiﬁ‘rﬂoﬂ(ﬁ:}etgg?révaélgesgl bed in Exanple 5 for
the pr
2-(cyc|e(g°6‘€ﬁ‘§ bfﬁrﬁm%% bonyl - L- Leu- L- N- Me- Phe- L-d n) - E- (a-vi nyl -y-but yrol acto
ne), -82 17 J U N 2002
2- (benzyl t hi ocar bonyl - L- hPhe- L- N- Me- Phe- L-d n) - E- (a-vi nyl -y- but yr ol act one)
was synthesized in 70%overal | yield based on two steps from
benzyl t hi ocar bonyl - L- hPhe- L- N- MerRPhe-OL- (Tr-gl utam nal ): white anorphous
solid (mp = 75-79 'O : IR KBr)n’g&S@s 751, 1638, 1528, 1208, 700 cm'; 'H
NVR- ( DMBO- d6) (urmi xtore Wf rota L54+(Vn),-—l.—v82 (m, 1.80 (m,
2.01-2.46 (M, 2.60 (m, 2.79 (s), 12.80 (s), 2.72-2.98 (m, 3.14 (m, 4.01
(d, J=13.6 Hz), 4.05 (s), 4.12 (dR2J= 13.6 Hz)) 4.30-4.57 (M, 4.62 (M,
4.82 (m, 5.00 (m, 6.27 (m, 6.40 R, 6.77 (), 6.98-7.30 (M, 8.02 (d,
J= 8.0 Hz), 8.08 (d, J= 9.0 Hz), 8.49 (d, J= 8.0 Hz), 8.83 (d, J= 6.0 Hz).
HRMS cal cd for C3, HAZNACG rCs @03 1879, found 803.1863. Anal.

(C3, H4zN406S0. 35 CHA8) C, . Exanple 10 - Preparation of Compound 11:
Ethv 1-~ (3- Et y~l\t Meca N -LeuJ__N-I\@ Phesl -i§d n, . s.EdPerdedadoat e.
Preparation of Int ate or modffied

Et hyl - 3- (BOC- L- Leu- L- - Plrg- L- ( \Kg‘ GI/] ‘E\Pr openoat e. Thi'%t nmaterial was

prepared from et hyIRSS-[§OC- L- (Tr-d n)d -E—pmepreeate (0.397 g, 0.732 mmol)
and BOC-L-Leu-L-N Me-Phe (0.287 g, 0.731 mml) as described in Exanple 6

;F; éh[eBB‘éf Eﬁtﬁe%@?k!ﬁj\%éﬁ{l {mﬂl}% rﬂ;‘«?l?’% Pflg a0 appropriate protecting group

et hyl - 3-[ BOC- L- Leu- L- N- Me- Phe- L- ].-E- rop"nate(after

chr ormt S5 RHEIORGD, 18 £operiedlo Pﬁaqb@seéln{sglyata‘é M. s ?f"gd?ﬁ‘ legving Zrgp. 6999 - | R
(thin film 3295, 1713, 1672, 1649 cm ;'H NWR (CDCl,) (m xture of isoners)
8 0.65 IDet,ivaﬂiveMis t&@)‘oteﬂecﬁﬁ) gide; fréeamire (biz)a,lt ther@df) (Ri, which Subseduzntly 3. 88 (d,
J— 6.5 Hz), 1.02-1.22 , 1.23-1.38 (m), 1.33 (s), 1.41 (s), 1.55-1.82

10 9 Hzf"%%*e@% émﬂ“%ﬁﬁn@g% %ﬁh ik ‘%Pb&xghc aa? 3%1?"(@)’6: Er[g,l,dég J- 1 4. 6,

3.42-3. I?lter&lalateds is then elt?heg gzmverted directly to carbonyl intermediate G, or

successively reduced to alcohol F, which is then oxidized to G. Intermediate G is

subjected to a reaction to yield the unsaturated final product H. If protecting groups
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- 83 ~ 7 JUN 200a 4.37-4.73 (m), 4.82-4.89 (m,~5.63-5.70 (m-, 5.95 (dd
J=15.9, 1.2 Hz), 6.23-6.28 (n), 6.66-6.75 (m), 6.79-6.89 (m, V{@WN@ ?
(m, 8.14 (d, J=8.7 Hz); Anal. (CAgH6pN4AO~) C, H, N. Preparatioh o

| nt er nedi at e

Et hyl - 3-[ Et ' Y- L = - (e < ks ghoat e.

Et hyl - -r% Ei%y{‘{ %‘bﬁﬁigrrﬁﬂ%/e(kph%& ‘E&Y&ﬁ Wﬁbﬁ%@%’é‘%ﬂs ?“(5’?{’{9“ G, 0.477
nol ) was deprotected and coupled with et hf\;l h| orothiol formate (0.063 ni,
0. 60 rwdioy fartheranedifiedte yildedapsotested qrdpodified Hor nat i on of

2, 3-di hydr oi ndol e- 3-[ et hyl t hi ocar bonyl - L- Leu- L- N- Me- Phe-

L- (Tr -GEierdl Meth6dPENan de to give

et hyl - 3-[ et hyl t hi ocar bonyl - L- Leu- L- N- Me- Phe- L- (Tr-d n)J- E-propenoate
(after chromat ography, 44% Et OAc in hexanes) as a white foam (0.261 g,

6899: IR (thin film 3295, 1708, 1648 cnii; 'H NVRR(CDCE3) (mixture of

i soners) &70,620.75 (m, 0. 9Xx(g M= 6.8 Hz), o.6§( J= 6.5 Hz),
0.82-0.981\? .86 4d,_ J= 6 0.8% (d, J= 6. 1.04-1.43 (m),
1.51-1. , 22.08 (M (), 2.Bg~3.3@ (nQH2.86 (s), 2.89
(s), 4.08-4.24 (ml, 4.28-4.53 ( .B4-4.68 (n), 4.8B-4.89 (n), 5.65-5.76
(n), 5.74 (dRyJ= Z5.7 Hz), 5.96 R, J& 15.7 Hz), 6.35%%.40 (n), 6.75 (dd,

J=15.7, 5.3 Hz), 6.80-6.89 (m, ¢ 09-7.35 (m
(Cg~H56Ng06S) © H, N. Preparati of Product
Et hyl - 3- (Et hyl t hiosar -L-Lel- L- N- Me- Phe-L-d n) E- Propenoate. _

Et hyl - 3-[ et hyl t hi ocar weﬁLQLeu- L- N- Me-Phe-L-(Tr-dA n)] - E-propenoate (0.220
g, 0.273 mmol ) was deprotected using the procedure described in Exanple 1
for the formation of ethyl-3-(CBZ-L-N Me-Phe-L-d n)-E-propenoate to give
-84 ~ J U N 2002 et hyl - 3- ( dthyl Rai jbonyl - L- Leu-

L- N- Me- Phe-L-d n) - E-pr gﬁ\enoat (afg} ghr orr%t ogr aphy, 50% acetone in
hexanes) as a white foam™Xf: ; \ (thrn*filnm 3284, 1660 cm ";'H
NMR (CDC13) (mixture of isomgs) b 0{62 (H, J= 6.5 Hz), 0.67 (d, J= 6.5
Hz), 0. 8 9 (d, J = 6.5 HZRg 0.03 (dRyJ Z6.5 Hz), 1.22 (t, J = 7.2 Hz),

8. 03 Ad, J= 7.5 Hz); Anal.

<

-1.29 (t, J = 7. ), 1.37-2.04 (n), 2.13-2.44 (n), 2.58-3.36 (n), 2.93
(s), 8.12 (s), 4.17 (q, J= 7.2 Hz), 4. 19 (q, J= 7.2 Hz), 4.37-4.90 (m,
4.96-5.15 (m) , 5.67 (d, J= 15.6 Hz). 6.00 (d;J= 15.6 Hz), 6.12 (s, bs),
6.62-6.72 (m), 6.87 (dd, J = 15.6, 5.9 Hz), 6.95 (bs), 7.12-7.35 (m), 7.47
(bs), 7.83 (d, J= 7.2 Hz): Anal. (C2gH4ZN4SO0.5 HZO) C, H, N. Exanple 11 -

Preparati on of Conpound :
E- (a- Vi nyl -y- But yr ol act ofey.
BOC- L- Val - L- N- Me- Pbe . Cl t2. ORg7Mas dissolved in 50 nl
of CH2Cl 2 and poured IntR, i natijon of 1IN NaOH (aqg. 7 niL) and sat.
NaHCO- (25 nl). After Rg xi fy, tHe ordanic

~Rhpl tKj ocar bon~I - L-Val - L- N- Me- Phe-L-d nl -
a atio,& of Internedi ate

U E
——> H - ---> Deprotectedor
Modified H
In General Method IV, free amine (or salt thereof) P, prepared from intermediate )
O-as described in General Method II, is converted to amide T by reaction with amino
acid A, where P, is an appropriate protecting group for nitrogen. Compound T is

further deprotected to free amine (or salt thereof) U, which is subsequently converted to
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phase was separated, and the aqueous phase was extracted with c:mzb&UNZDUZ
50 nL). The conbi ned organi c phases were dried over NaZS04 and concentrated
to give the free base of the anine as a clear colorless oil ( 1.69 g, 8.75

mmol). A solution of this am ne and diisopropylethylamne (1.68 nlL, 9.62

nmol ) d | (2.09
g, 9. G?W&R %g% oxy gnglg F(gééz?oyg ﬁ“ﬁ?’é‘?}%ﬁféf%&g ﬁ%‘@%ﬁ#ﬁ‘o#}% in 10 nL
DMVF cooled to 0 C 3-Di cycl ohexyl car bOdI) m_de ( 10.59 mnol) was

t hen adeder orrﬁeaqdérgcl.p BroducyHLis depratected japdiog furthey “@dﬂﬁﬁ% tg Yield and t hen
stirred at rt. for 48 h. The mxture was filtered to renove the

preci prdepretectaddr odifidd Hi'at e was evaporated. The resi due was dissolved in
CHzCh (200 niL), washed with sat. NaHCO03 -85 QL7 ~ U N 2002 (100 m),

Sty M LM S e o
1 B e WSkl 12 25, 197

0.66 (d, J = 6.9 FE 0.89 (d, J = 6.9 Hz), J= 6.9 Hz), 1.41 (s),
1. 87- 19sﬂuogm;1ymmwasp9m. pﬂmg@xybzn&gomaxbopﬂ) tn @@cmmidh;aad 7 Hz), 3.42
(d, J = 5.7 HZ), 3.72 (s), 3 .73 (s), 4.3 5 (dd, J = 9.3, 6.0 Hz); 4.94-5,

Q2 - = forlxyBerPare & 32
AnaI(TT) &1%15%33) Slﬁta%ld'?rblt:e):rc epg:lgrgl [ gnorof y??’lt erf n%%lggiable (0 thésel (m-

BOC- L- - - Phe ) was

di ssol g@!} +HW&% mﬁé%{l'bu\t/ ecxgo(gll d t Cg\fAégI&ﬁ%?l on o?géptﬂlm) NaCOH (aq

4. 04 i, 08 nmmol ) . was I'hg dropwseé’e reaction mx%ure was stirred
for 2 ﬁcﬁz ﬂ—CEde&bQ@&q KCHahe 2 16 Cle-o Otharjexamplest suilabled wit h
CH2Clz (2 x 100 nlL). The conbi ned organic Iayers were dried over NazZS04 and
concenpraitatiig tgvoups\fer BifXdgkn Wabxygehiche bPiminddn I8 GreemédhtWitsyhi ch was used
wi t hout purification. Preparation of Internediate

2 [ Bmﬁ?t&’éive @Mu#nfb&ah[c(i{nﬁsﬁ)dmged A9 ot @‘iﬁdbhﬂirﬁtﬁ& AERin by
OC-L-(Tr- -E-(a-viny utyrol actone) (0.546 g, 1.01 rmlol ) was

deprotectted and coupled with BOC-L-Val -L-N-Me-Phe (0.38 g, 1.0L mmol ) using

1 he pro%elga?é described in Exanple 7 for the formation of the

2- [ BOC- L- Leu- L-N- Me- Phe-L-(Tr-d n)] a- Vi - y- butyrol actone) to give
2- [ BOC- L- VaSuitahlg jpavinggrougspare chegrpzabéc anmg;%%lleg ip thedrbpndinslNEs, as a white
foam-86 ~~ ~'" JUN 2002 (0.613 g, 7699 : IR (thin fil rr) 3307, 2965, 1752,
1677, [bud&e nofl liitedito,; Cl, IBerRu(fnhatd:sts*aﬂ{ylgmuasners) (CDClS) 8 0.68 (d) J =
8.1 Hz), 0.81 (d, J =6.6 H), 0.86 (d, J = 9Hz)138 .45 (m,

1.78-2.00 (m), 2.25-2.27 (n) 2.6452.99 (), 3.28-3.47 (m), 3.55 (s),
0
O/U\R, R, o- N>P --N , Or

wherein "R" is any suitable substituent, such as an alkyl group or an aryl group. Other
examples of suitable leaving groups are described in J. March, Advanced Organic

Chemistry. Reactions. Mechanisms. and Structure (4th ed. 1992) at pages 205, 351-56,
642-43, 647, 652-53, 666, 501, 520-21, 569, 579-80, 992-94, 999-1000, 1005, and

1008, which are incorporated herein by reference.
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3.59-3.76 (M), 4.04-4.07 (m), 4.24-4.31 (m), 4.42:4.46 (m) 4. 74z7aHJN12002
4.90 (d, J= 6.9 Hz), 4.94-5.03 (m), 6.27-6.31 (n), 6.46-6.49 (), 6.84 (s),

6.96 (s), 7.02 (s), 7.12-7.33 (m), 7.46-7.49 (m), 7.53-7.55 (m), 7.64-7.70
7.93 (d, J— 8.1 Hz); Anal. (CAgH56N40O-O. S H20) C, H, N. Preparation of

(m,

I terﬁgiymp

2- (Et t hi ocar 6onyl - L- Val - Lr N Me- Phe- L- (Tr A@n)]E(a- \/nyl y- But yrol act one
)

. 2-[ BOC- L- N..Me- Phe T one) (0.376,
) 2lea il g e e Ra QM vt Reck S KRR o e &0, 05
m., 0.47 mmol) as described in Exa Ie7for theformatlon of 2-

j et hysnenu@natpbmatlnga;élwad irenpthmof 800 egig QYJHZ) or Varian UNIT Yplus

E-(a-vinyl -y-butyrol actone) to give

2- ] et Byd.t Ohepsioallbifiel ard repotted in'palte péthailion(B) akd se}ting the references such
E- (a-vinyl -y-butyrol actone) as a white foam (0. 150 nyg, 400/c): IR (thin film

f’%%gcﬁ%?@s%"?g@‘? Cﬂ*@"%a@f?%mm?yﬁg the'dﬁ% 3] 45068, HlGIRyrers)
?n-)8 5 > 81155§t %g? PRy mgacgtgngdzé-%(a%n?meglsi%% g% B8 wlh é)%é%é fglfj?l}ggb 426844 66
2 %.%2.49®m.gs%ﬂdWQqﬁc,m1§lg)ﬁhtksas 4en§gnat¢d aﬁfoﬂowasf sipglet7 479 fd’ J= 7.5
Hz). Anal. (C46HszN4Oss' Q.S H2O C, H, N _87_ 17 J U N 2002 Preparation

of Pr geiiét; dd, doublet of doublets; ddd, doublet of doublet of doublets t, tnplet % uvartet;
2- (Et hyIth| ocar bonyl - L-Val - L- N- Me- Phe- L- G n) E-(a nyI u yrof actone) .

2-[ Et I but | act
c) vad BT b B e R Efa%%gﬁp{‘é o the o
f

202 (rar;a '908ﬁﬁ6@a?) B fietermingd gt the {asipps Beseagsh Instigite Yass Bpactametiyt yr ol act one) to
gl \(/gt Fracitity, SemDimgoyCAL Ihiaired absolyiioRI{BR)speatra)welrs taievomy MIDASLt yr ol act one) as
a white solid (0.068 g, 96%: IR (thin film 3748, 1625, 1541 ) 1200 cm';

" H NVRotpbr: ﬁﬁdﬁrlefIRforraqieﬂElﬁffﬁhef %%H&)F’HRQB%O{&WJ Ele@ne@xtdl"z) 0.38 (d, J=
6.3 HZ), 0.55-0 (n)) : , 83(rT)

1.88-1 ; 25-4.44 (m,
4. 64- E“g%‘“ﬁ RSFS %’.e%zﬂ%f. e‘iﬁ?f\“ﬁ%‘%@‘%@gbi% N°é°rg§ éea%'a(”%d gaée 34-6.39 ().
6. 75-6.7 m, 7.12-7.26 (m, 7.78-7 84 ( ), 8.24-8. 30
(m. Fiis Eatiselermants f%@ﬁéﬁ,h +94%0fgke thetyitice! sgos, S0ash chypsiaiography
{CZ~H3gN4(6S O. 3 HZO C H, N Exanple 12 - Preparation of Conpound 13:

Et h, ~waS peffemrcs-sing Sikica ded 6XI(Merck Are9385N- Whin layer chromatographs ("TLC")

~~4- Me- Phe) - L- A n] - E- Propenoate Preparation of Internediate

FMOC- kb ?&f&ﬁe%hp?&@atea_ Ehe2tsNbfR11IRA sovgggﬁmmww) W&ltﬁé?@ﬁ\fsed in
approxi mately 80% y| eld from FMOC- L- Ph purchased from Neosystem

Labor [ sb France th C escribed by R M

Fri edﬁeg%é}&émfé c{gn eﬁ%‘;ﬁ‘l’ a@ﬁmﬁg‘ls %&%ﬁfg %@%3898‘8%%‘1'%89d| scl osure of which
is entirely |ncorporat ed reference herejn._ The crude product, isolated
as an J%Nrdmwég forpamige @Mﬁi ¥ dr-dimethylagetemide DM, dmﬂcxsnl% if¢ | n) 3452,
2953, 1713, 1516, 14S1, 1404, 1321, | 194, 1040, 738 cm';'H NWR (CDC13)

m xtu r(@MﬂO); —— s 5. Tetrahydrofuran (THF) was distilled from sodium’

benzophenone ketyl under nitrogen. “Et,0” refers to diethyl ether. “Pet. ether” refers to
petroleum ether with a boiling range of 36-53 "C. “TFA” refers to trifluoroacetic acid.
“Et,N” refers to triethylamine. Other abbreviations include: methanol (MeOH), ethanol

(EtOR), ethyl acetate (EtOAc), acetyl (Ac), methyl (Me), triphenylmethyl (Tr),

-51-



2.27 (M), 2.77 (s), 2.79 (s), 2.85 (s), 3.08-3.32 (m, 3.37-3.494(THHJUN 2002
4.10-4.26 (n), 4.30-4.45 88  ~~ 1 1 UN 2002 (n), 4.80-4.89 (m, 5.05
(M, 6. 87 (d, J=11.0 Fz), 6.95 (d, J =11.0 Hz), 7.09 (m), 7.25-7.55

(m, 7.75 (d, J= 7.4 Hz). M5 calcd for CZGHZSN04+Na 438, found 438.

Preparatlon of Internedi ate FMOC- L- N- Me- -Phe-L-(Tr-d utam nol ).

FMOC- Lb X(/Qﬁrml (HARL), ferybutgxycarbonyiig) C)V\H roResexybanzoic acid mi - of CHzd 2
and 2 mL of DM. To this solution was added N hydroxysuccininm de (0.53 g,
4.6 mMmeh)CRBFS), aldniad (Al),tghutamirel (Gl)pprolifst (Pro), legcmsLm)methmﬂ]el(metgl all the
solids were dissolved. N, N -Dicycl ohexyl carbodiimde (0.95 g, mol ) was

added g W[ﬁ%ftﬁrﬁa@hb}) d‘h&‘rﬁbﬁl‘ﬁnyl@ﬂﬂm% Q@He?"iﬂ{ehé)"i" es%hts L& 3mifPom

t enper ours m xture was t tere Into a separate

R e A %%@53%%@8%&0%‘ LSRRERS on et e

was stirred overnight at roomterrperature The sol vents wer e renoved under
vacuunpaming systemrveasiised togdentify éntgrmediates and fnglproductsi Amjng acid And
chromat ogr aphy (5% saturated anhydrous NH3 in MeOH CHzCl12) on silica gel

to gi veeptidédlahsls@bé gioén the whffixeol S(@bri etam gla “pdeBiriona¥A0 Amiad heid a8@S9, 3032,
2932, 1665, 1516, 1491, 1447, 1319, 1188, 741, 700 cm'; 'H NVR ( DVBO- db)

T Bl i v 85 g i o) é%ﬁ%%é#@ﬂﬂi 5 (.

6.98-7. 39 (d, J= 7.4 Hz J=7.4
Hz) , SPW%%}BJICWB‘?B@FWQ%@%@&@WWN& W&é Q‘Bﬂﬁﬁt ‘terF'”f”élﬁé)rf ation of
| nternmedi ate L-N-Me-(4-M)-Phe-1r(Tr-d utam nol).

FMOC- Lﬂwtﬁsxd@dmyertﬁh&lkw(iﬂ'gaﬁmt aminol) (3.32 g, 4.3 mmol) was di ssol ved
in 11 nL of DMF. Piperidine (0.44 g, 5.2 mvol) was added dropwi se to this
sol uti on. T|1|eacr§ﬁc acid stersdrd-rePorfddd e&ﬂéﬂ@"@tﬁhﬂ&lﬁ&'@'l(ﬁﬁﬁﬁoﬁ&bm@@ mn. At

this time, the solution was concentrated under vacuum and the resulting

crude am ne hy CHzCl z) on
silica gel 3’*’%.103‘%5 gzggg%‘gof?mﬁm% Q%@R%b% ‘(thin film 3302,
30S7, 3025, 2934, 2865, 1956, 1925, éSO 1659, | S 16 1265 1035, 737,
700 cni-'; 3HaswRmidesaraseppried ssithpg ropenggi esﬁxcrcptual exaswof( s, 3H),
2.30 (s, 3H), 2.37 (m 2H), 2.67 (dd, 1 H J= 13.8, 9.0 Hz), 3.09 (dd, 1 H,
J=13. 4, 4.6cbm))om131.72®vlﬁtﬂds rdpodeés:I-GZ'ﬁ',-Dmydrol'r@olina:-yﬂ)Z- (m 2H), 3.52 (m 1
H, 3.82 (m 1 H, 3.91 (m 1H, 6.94 (m 2H, 7.09 (m 2H), 7.23-7.32 (m

16H), 7.44 {%C[eﬂl?‘ldﬂoca}bonﬁ—LYLéﬂZl),-NR@Rh%l-ﬂl(jfrf@lh Y1 E3hrog sl ndso df ound 682.
Preparati on of [nternediate CBZ-1rhPhe-L-N Me-(4-M)-Phe-L-(Tr-d utam nol).

FOLLOW NG tBR, WA Bl Ghd as!t-[1]2-ok iR 1P SACBZA LA -1y 1993, 11 S,

E-propenone.
4. acryloxazolidone 17 is reported as 1-[2'-oxazolidon-3'-yl]-3-(ethylthiocarbonyl-

L-Leu-L-N-Me-Phe-GIn)-E-propenone.
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di scl osure of which is entirely incorporated herein by ref erenc'q,'f JUN 2002
CBZ- L- hPhe was coupled with L-N Me-(4-M)-Phe-L-(Tr-A utam nol) "as foll ows.
To CBZ-L-hPhe (0.32 g, 1.0 mmol) was added 3 nL of DMF. To this solution
was added L- N Me-(4-Me)-Phe-L-(Tr-Gutamnol) (0.55 g, 1.0 nmol) and
d||sopropyl et hyl am ne (0, 26 % 2 0 rrrrgl). hIS sol utlon was thenlcool ed to

hexaflﬂsﬂmp.tnmlﬁate (HATLI)(O 38 g, 1.0 rrm)l) vvasadded The sol ution
instantly turned yellow, and the m xture was allowed to warmto rt. Once

the StPFéﬂa@&x&W&ﬂdt&'ﬁedﬂﬁ@%@@ﬂﬁﬂ@ghﬂﬁNq] eyvé.ed by TLC, the reaction
m xture was concentrated under vacuum The resi due was taken up in an

b e, and e SR ka7 83 el S T Has iy 83 Buipahn nazsos

and concentrated. The residue was subjected-to flash chromat ogr aphy (5%
MeOH  BAEELATr-GInJI 8.7 a3 gé mnel, §rquiviarsst-gethglgrpigling (A8 ml., 7
N 2002 solid: IR (KBr) 3403, 3059, 3030, 2947, 1662, 1516, 1448, 1264, 782,

700 crrhimol,'2:0N}BVIial‘(HQGlpozsmnac)tauoeCofrheﬁaaﬁmmixtﬁreavaésth(réﬂ at 0l°Cfer 1. 65 (m,
1.77-1.95 (n), 1.97 (s), 2.07-2.15 (m, 2.18 (s), 2.19-2.2S (m), 2.37 (M,

2 68 22%“1% nlyg%n?et@frh)gd}%@%ﬂ;%@h ﬁ%ctﬂ?ﬁ?@(ﬁ'@gﬂ .-7%%@4%&}3%& oesi Cg 03
E7Ephfe%‘i?%¢4%é7mpre Miog soRBpR e Ffed L Yor Aemigod g2 36 e and

hydr ogenat i on procedure described in Exanple 4 for the preparation of
L- ( Tr - Gientitwasmairtitionet betweem svaten §1 el H€lo@antS0tml). vEheydoaibiheflr om
CBZ- 1. - hPhe-L-N- Me- (4-Me) - Phe-L-(Tr-dutamnol) . White glassy solid: IR

KBr) 3mbéfic 18es/werd Aeiéd 0¥&IFa,SOORR cohbdritrateli4 Pirifi 700 cni ;
(H N?\/R agDI\/BO db)wﬁfl xtlurg of rot gmercs atl 30-1 l%ag&(z%f%?&éggﬁj 2. 07 (rr)

4 30- Eﬁ%ﬁh g &%@ﬁégﬁ%h?ﬁ%ﬁdémﬁ%%@ @?h%%%s éﬂ%@%gv cal'sd for
%ﬁg?%@&ﬁbﬁ%m{&ﬁﬁy 16['\]:- %r at| gq_an( %\e(%f n%ﬂ%9 3Q8% ng t he
procedure described in Exanple 8 for the preparation of

benzyl 1A0hdasDomyi 'HNNMBECDCN) di4RKs IIHY, T:63-G Tt (awildd), 2.06-2.17 (m, 1 H),
benzyl t hi ocar bonyl -1, - hPhe- L- N- Me- (4- M) - Phe-L- (Tr-gl utam nol ) was prepared

from LohpBles T I a I
chl or ot Wol fjefrn?rl-a%\%) 53?111-79'\%%/% BPS’[%&V%F?’e%WWl H& 5]%3?@‘%%1&13 H)f3316 304,

(ovso diP T B SR zézilao7?%c”‘.gl AR

Preparation of Intermediate BOC-L-(Tr-Glutaminal).

Diisobutylaluminum hydride (50.5 mL of a 1.5 M solution in toluene, 75.8 mmol,
2.5 equiv) was added to a solution of [BOC-L~(Tr-Gln)]-N(OMe)Me (16.1 g, 30.3 mmol, 1
equiv) in THF at -78 °C, and the reaction mixture was stirred at -78 °C for 4 h. Methanol
(4mL) and 1.0 M HCI (10 mL) were added sequentially, and the mixture was warmed to - .
23 °C. The resulting suspension was diluted with Et,0 (150 mL) and was washed with 1.0

M HCI (3 x 100 mL), half-saturated NaHCO, (100 mL), and water (100 mL). The organic
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1.80-1.93 (m, 1.96 (s), 2.19 (s), 2.22 (m, 2.40 (m, 2.68 (s), 2”%‘%”&!32002
{m, 3.17-3.27 (m, 3.40 (m, 3 .65 (n), 3 .80-4.10 (n), 4.54-S.03 (m,
6.84-7.29 (m, 7.47 (d, J =8.1 Hz), 7.5 S (d, J=7.5 Hz), 7.66 (d, J = 8.4
Hz), 8.44-8.52 (m, 8.76 (d, J = 7.5 Hz). M5 calcd for CSSH56N405S+Na 883,
found 883. Preparation of |nternediate )

Benzy| layerwan dstedyover MgBRe-filtexedvand was eoncenteated tegive cmdgni nal ) .

Benzyl t hi ocar bonyl - L- hPhe- L- N- Me- (4- Me) - Phe-L-(Tr-Qd utam nol ) was oxi di zed

usi ng BO®DERyGhnaminal){t3.8 gi 97%Nis a Wb Sas!: mpschlidbHS “Cn IFEEEBYI3813, for the
preparat| on of cyclopentylthiocarbonyl-L-Leu-L-N M-Phe-L-(Tr-glutam nal).

Upon wpg 2?194$]ﬁ1l ak%e?p&igp?ﬁ) §$ed (¢, Wl?)d'l%@ﬁl'% (t, thE 1“7‘2@3*’(%{ { }96

purlflcatl 3) *m xturé rot amers;

2 70 (Bl il d s schysdesg o éaﬂi ?{,wiﬁéén (B2 4 (-

4.04-4.25 (m, 4.30 (m, 4.61-4.66 (m, S.85 (d, J=7.0 Hz), S. 95 (d, J=
7.0 HzP45@s,dH)d, J = 7.0 Hz), 6.70-7. 36 (m, 8.15 (d, J=7.0 Hz). 9.35
(s), 9.40 (s). Preparation of Internedi ate

Et hyl - 3-[ Benzyl t hi ocar bonyl - ~hPhe-1rN- Me- (4- Me) - Phe-1.r(Tr-Gd n) J- E- Propenoa
te. This internedi ate was prepared from benzylthi ocarbonyl -L-hPhe

L- N- Mey

(car beP&é’ né?tﬁgfenh% %dll%lﬁgi Pif)%zé ﬁ%irlgﬁeﬂés)] Hropenaate Exanpl e 4 for the
preparati on of eth I- _tL;?yCl opent Ith| oc rboq/% ..

L- Leu- L- N- O@H@h_S(me IpyLanptd ?) pembata 1OA; solution in THF; 3.9 mmak £ |
3297, 3057, ° 3027, 2980, 2928, 1714, 1651, 1516, 1495, 1447, 1267, |213,
1035, T.’Q&quﬁz@@zasatﬂde;d'tHa%Btiéﬁ:@ﬂiﬁ)hyhpkdsphmoaéetaw(iaiﬁsg,§2.9hnﬁ088.0( m, 1.26
(t, J= 7.2 Hz), 1.44 (M, 1.61-1.80 -92 ~~ ~fi J UN 2002 (m), 1.94 (m,

(2 ;]_0 g g uw)anzfrﬁfg (ﬁ)g7 3239 185‘30 a%d% r(emltzmgzsoﬁzloﬁ,&)as sgrr&ﬁfof 50 mu?at&gat( m, 42 593

5,73
g (Ecmpfiaq“’ﬁ é”#%e)l[%(% ’71“{ S}HZ t)“ﬁ““gl)lgll (@8 222 ?"H’z‘?‘ ?gq‘ggi ‘P#}HF é087 7.08
(rr), 7.14-7.31 , 1.77 J=7.0 Hz). VS cal cd for CS, HBON4CBS+Na 951,
found 82 wap,a@ilfélr\a@ FanRulss atpdr@@lg@,qctxon mixture was stirred for 2 h at -78 °C, warmed
Et hyl - 3-[ Benzyl t hi ocar bonyl - L- hPhe- L- N- Me- (4- Me) - Phe-L-d n] - E- Propenoat e.
Thi s pto@ o€ forvid@amin; epbpattionedaBdvcen OrsaM HYI @50 m(L3 asd & pd)miktuperof nt er medi at e
benzyl t hi ocar bonyl - L- hPhe- L- N- Me- (4- Me) - Phe-L-(Tr-d utam nol) by the

depr ot egd AL ndh 2x 150 mL). Th I dr d over Na,SQ
et hyl - 3- [benzyletxﬁfl%sc(arxbonyl -)L-hF?hoergalu_l-lc . rfwere Y. ovgr_ Lezz ranéwﬁrf E- pr openoa

te usi n the r| b t h
et hyl - at e.

0 B PR P REFE seifterd Eakﬁéhfﬁﬁ‘at%f%hi ‘{b‘é}" Rfef
Wi te soI [ d IR KBr 3414 3327, 3293 3205, 3025, 2980 2930, 1717, 1674,
| 644, hexapes)prayidedietyd-3-BAG-L-Trdn) 1 Eopropsoate (100 ppi8favBovit)foamit ur e of
rot aners, 8030(n) 084(n) 1.19 (t, J= 7.0 Hz), 1.33 (m, 1.77 (m,

1.92 (R (thih fE)(36R1, 710@mt's JH NMRQCDA),) 52.577t, Gril, J 27.2), 142)(s, LHBO (),
2.84-2.90 (n), 3.0S (), 3.94-4.14 (m), 4.36-4.60 (n), 5.01 (m), S.63-5.73

(M, G108l 0314561 96 bl b, £ 5 DHDI= ) 4.F3 65215, 9% A 428 70 (.

(bs, 1 H), 4.82-4.84 (m, 1 H), 5.88 (dd, 1 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, 15 H); Anal, (Cy3HyyN,05) C, H, N.
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4,7 JUN 2002
8.1 Hz), 8.65 (d, J =8.0 Hz), 8.85 (d, J =5.9 Hz). HRVMS calcd fbr
C38HA6NAO6S+Cs 819. 2192, found 819.2177. Anal. (C38H46N406S) C, H, N, S. -
93 '~ J UN 2002 Ezanple 13 - Preparation of Compound 14:

Et hyl - 2- Met hyl - 3- (Benz~t hi ocar bon

~~1L- hPhe- L- N- Me- (4- Mel - Phe-L- QG n] - E- Propenoate. Preparation of

| nt er MRxEiparation of Intermediate Ethyl-3[ OC-L-N- e-Phe-L~(Tr-GIn)]-E-Propenoate.

Et hyl - 2- Met hyl - 3- [ Benzyl t hi ocar bonyl - L- hPheL- N- Me- (4- Me) - Phe-L-(Tr-d n)] - E-
Pr openoat e. Efhpi-3-[BOCLATBEGH)pEBaspepostp 0. 251 4,11A8 hmob)wdskiissolzedimy| - L- hPhe

L- N- Me- (4- Me) - Phe-L-(Tr-glutam nal) using

(car bef hopwah I

(car be%ﬁoxyne?Ké 1%2 ?utstﬂ[dt eny%J g‘ggﬁiﬁg’%gw 0t e5 pro‘gse'S lﬁlrd%d Y ?:v}siebed in
Exanpl 4 for th arati
et hyl - 30§ W@l%’ﬁ@ﬁi {f)’ 6&“&?‘%@%% h 3nd then ‘Ee RRIN Nt pies ey apested o previde 8 openoat e.
After colum chromatography on silica gel (S% MOH CH2(2), two fractions
ver e cathinesaleas a fnae whishmeswisedwithaup hemfjdagine s bhe mdmmesaltml ytical
sanple) Wiite solid: IR (thin film 3289, 3057, 3027, 2978, 2928, 1707,

1676, di C 1A, uzlc?e'éas 223 Meth €(1.05 mLi s 13
mxtureﬁf)bgveggl?gﬁyerg{?@g( ) (m, 1g026 rr§ ﬁgﬂoﬁ 581(rr) 1. g??"fll 0 (Zr),

2 50 Eﬁidm%b%ﬁz%‘%m*%&%@w %#80@4‘%%%9%%“’%‘% Fo3sBs 0 91,

3.03-3.29 ., J= 13. 06- 2469
(m, smwl(g d 13- glmghé&f)mmeptmyl@é e)ﬂwl ‘aodsmv% hssfgl@l@dgdo (-*9 g #07? 6. 42
(dd, J = 9 0, 1.3 Hz), 6.5 8 (dd, J = 9.4, 1.3 Hz), 6.89 (bs), 6. 92 7 17

(M, 7mdfolywa? adddd schéﬁAiVéIQ, The reaétioh iﬂb@ture N&sséﬂr@tﬂoﬁmﬁgl@sagﬁﬁﬁmzédﬁSH\la 965,
found 965. Preparation of Product -

Et hyl - ﬁfc&’%ﬁykzﬁnLFeﬂﬁélﬂeExhtnﬁgﬁﬁﬁ%Waslexﬂféﬂﬂ-wﬂh &ﬁél‘}({ié\/?hsﬂh, 9; lthed n] - E- Prope

noate. This product was prepared in 89% overall yiel 3 steps) from

"t €1 TEGH Bhes BRALY L OGATLRAM br RERS: bid biMBoletba e Rifbvld” - G UL nol)

et hyl - 2- net hyl - 3- [benzylth| ocarbonyI-L hPhe- L- N-Me- & he L-(Tr-d n)] E
~ pr opeRwafieddy chramatography. 2 St/QaQ%qnﬁg“bﬁ@nTo% e dify Mef) )t Exanpl e

for the synthesis of

et hyl - providecitioi SABOC-hiddde-FheyHTH-Gli-H-pidpdrimaRh(-450 € 46%Fasprfomanoat e.

Wiite solid: IR (KBr) 3302, 3223, 2984, 2928, 1709, |672, 1642, 1535, 14S3,

1236 i—ﬁ% ﬂﬂi%%BlgoplOﬁ”M&?ch%"mNWM@g@(s) ?lmé}'gr‘;xto%ﬂger% 1@9‘( giesH 1 59370-2334
L {K)JZQH% ?537??1)%)21{%34 %Z)%g 1 9%n%7 s éiﬁ’glf{)( %%8 27 (225‘% &%, 63 o) (m?

(d, J=_8 0. ( (d 8.1 Hz 847(d
J=6. 63H2)3 0%@8‘4 d7 33569%%)32 ”3&(053150 42@@;#4%&\&(%@-{376%3 2349,
found 833. 2329. Anal (C39H48N4~6S) C~ Hs N~ S. Exanple 14 - Preparation of
Conpouibtt), 465 1-&70 yin; 2H); CBE @y | Hhi et&6 bin)yd.40(d; Uduf £ 8NFHA; 6.73 (dd, 1H, J
Phe-L-Arr)i - E- Propenoat e.

=15.6, 4.8 Hz), 6.97 (s, 1H), 7.12-7.36 (m, 20H); Anal. (C,;H4,N;04) C, H, N.

Preparation of Intermediate Ethyl-3-[CBZ-L-N-Me-Phe-L-(Tr-G/n)]-E-Propenoate.
Ethyl-3-[BOC-L-N-Me-Phe-L-(Tr-Gin)]-E-propenoate (0.433 g, 0.615 mmol) was
dissolved in 1,4-dioxane (2.5 mL) and treated dropwise with a solution of hydrogen

chloride in 1,4-dioxane (4.0 M, 2.5 mL). After stirring for 2 hours, the solvent was

-55-



Preparation of Internedi ate Benzylthi ocarbonyl-L-Leu-Ove. To 1 7 JUN 2002
2-isocyanato-4-nethylvaleric acid nethyl ester (0.86 g, S.0 mmol) dissol ved
in 50 nL of THF was added benzyl nercaptan (0.S9 ni, 5.0 mol). The

reaction mxture was stirred at rt overnight, and the solvent was renoved

in vacuo to give a yellow Liquid which rified b ash colu

chr onat 6YRessd wprayide 6&134;3}1 [L P%P%%*Tﬁs‘s;kgﬁ@ & oﬂgPeﬂﬁghYAéM ‘Y%l ve

1.39 g (949 of benzylthiocar bonyI L-Leu-Owve as a clear oil: IR {neat)

3320, 298 usddrviihout @hrificatibn SDhe half o4 thel2Gdr, anBig® salt7foemedivas dissalveirn ( DVBO- db)

8 0.97 (m 6H) 1.6S(m 3 H, 3.74 (s, 3 H, 4.16 (s, 2H), 4.60 (m 1 H,

S .72 (Q'l 3 mi§. 9-Méth ldoréﬁol&@(O%mLAm%hmxﬁQ ahiZpdgS) C H N -9S5
rr 2 Prepar atl on of Internediate Benzyl t hi ocar bonyl - L- Leu.
Benzylth dissolved in 30 nmL of
etigd bl cbﬁrif 058 e O o el e ? SRy s Aeeh i FiRE S5 fimteP
reaction mxture was stirred at rt over ht. At this ti-ne an additi onal

1.5 niL dhe solvent @es eeaporatese dlhegnsidueriuasy teribm chiomateasaphy£29%rte Be% stirred
for 4 h. At this tinme, an additional 1.5 nL of 1N Li OH was added. After
anot her adetbneélin HeR&:i¥s) RIFREVidé Bthl-3{OBZAHNWEE-Rhe LT &8} E-propéridatel 0% 21Cl , and
the THF was renoved I n vacuo. The aqueous phase was washed vmth Et 20 and

separ ategd49% Qé‘aﬁ%lr&’ ﬁur}]ﬁg.?%;ﬁﬁ 708D 68, éé&cémmﬁm CHzCl z,

and the ®rganic rihe, drled over |It ed and

t hen concen e 0, z h on a cl ear

i qui d tfﬂ‘épe&?/:"éfg%k‘r éﬁr% t7e7dﬁ€x) gﬁgb‘eﬂg{}l‘y@ L%?éﬁ (“}/Hﬂh@ﬁ({%%%@“de) 8 0.83
(d, 3H, J= 6.0 Hz), 0.87 (d, 3H, J= 6. éé145 3H), 4.04 (s, 2H),
4.22 (m2HDHLT3 (s, 37199 6id) | Hal #64049. ZJHz),31 @do1Hed = 188, 681H), 4.18 (g,

C, 4H, 9NO3S+H 282, found 282. Preparation of Internediate

Benzyl t mmw‘mmﬂ) 4—48-€tlsﬂl(mhhm -d¥eeddd( TH; ﬁ=912am;rmi),)4 934a, Mg, yhd23r ocedur e

described in Exarrp e for the preparatlon of

benzy| L REOCAL BRI Leu-b?ﬁék%ﬁ@ s G B Al SR zed from
i Lo arfol bl iﬁsgrﬁé%mﬁﬁ%&%@aiﬂ??o@" 5B Mhoasal BN Tado,

1206, 700 cm~' NVR (DMBO-d6) (mixture of rotamers) 8 -0.19 (m, 0.60
(m, oﬁézQ)cL‘Hmasz) 0.80 (d, J= 6.2 Hz), 1.12-1.77 (m), 2.12-2.36
(m, 2.84 (s), 2.90 (m, 2.96 (s), 3.12-3.40 (n), 3.63 -96 ~'f ~J UN

20Q2 -0.12 (m), 0.86 (d, J=6.2 Hz), 0.87 (d, J= 6.2 Hz), 1.23 (t, J= 7.0
Hz), 1.26 (t, J=7.0

Preparation of Product - Ethyl-3-(CBZ-L-N-Me-Phe-L-G/n)-E-Propenoate.

Ethyl-3-[CBZ-L-N-Me-Phe-L-(Tr-GIn)]-E-propenoate (0.096 g, 0.13 mmol) was

dissolved in dry CH,Cl, (4 mL). Triisopropylsilane (0.077 mL, 0.376 mmol) and

trifluoroacetic acid (2 mL) were added sequentially to give a bright yellow solution. After

stirring for 30 min, no yellow color remained. The solvents were evaporated to give a

semi-solid residue which was purified by chromatography (5% methanol in CH,Cl,) to

provide ethyl-3-(CBZ-L-N-Me-Phe-L-Gin)- E-propenoate (0.061 g, 95%) as a colorless

glass: IR (thin film) 3412, 3336, 3213, 1696, 1684, 1655 cm™; '"H NMR (CDCl,) (major

isomer) & 1.28 (t, 3H, J= 7.2 Hz), 1.63-2.03 (m, 2H), 2.11-2.18 (m, 2H), 2.88 (s, 3H), 3.05
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Hz), 1.49 (m), 1.72 (n), 2.10-2.45 (n), 2.88 (s), 2.96 (m, 303‘1(Z)JUJ\’13002
(M, 3.83 (d, J= 13.6 Hz), 3.96 (d, J= 13.6 Hz), 4.03 (s), 4.08 (), 4.39
(m, 4.50 (n), 4.66 (n), 4.81 (n), 5.08 (nm), 5.72 (d, J = 16.0 Hz), 6.01
(d, J = 15 8 Hz), 6.77 (dd, J =1 ~. 6, 6.0 Hz), 6.89 (dd, J =15.8 6.0

Hz) , 8.09 (d, J =8 43 (d, . J =8.0 Hz), 8.63 (s),
) e Ltk o 8 e 1 B f e b B b =3 )

Et hyl - 3- (Benzyl t hi ocar bonyl - L- Leu- L- N- Me- Phe- L- d n) E- Propenoate. Using the
pr oceduyrsa-4i63 s, 1084 i7h-4B30(men | 1€1) 4.9 H6. 161{m, PHE Sa#3(d] Hih, JoF 15.9 Hz),

et hyl - 3 (cycl opentyl t hi ocar bonyl - L- Leu- L- N- Me- Phe-L-d n) - E- propenoat e,

ethyl - %ghtﬁ{)oe%femﬁ), &:64-898 k2 iYE 7% b8 GhMotly; Rhpenoat e was

synthe5|zed

et hyl - L- Leu- L- N- Me- Phe-L-(Tr-d n)- E-propenoate in 41 %
yi eld z?%g ﬁépb%?@%?ﬁgyg dehyde internediate): white anorphous solid: np
= 60-63 'C): IR(K Br) 3289, 2957, 1638, 1533, 1453, 1277, 1209, 700 cm';

"H NVR (DVMSO d6) {m xture of rotarrers) b -0.26 (nm, 0.60 (m, 0.83 (d, J=

6.2 Hz), 1.17 (t, J= 7.0 Hz), 1.20 (t, J—70Hz) 103160(rr) 1.66-1.98
(m: _31 e Shriafidn of H BUCILEIN~-[VI® L _-(n‘), 4.38
(M), 4.4 dithoatt 'y 8 ( ,569(d J—160 Y, 6.99 (d,
J=16.0°H 5 6.76 (m), 6.86 (dd, J=16.0, 6.0 Hz), 7.14-7.29 (m), 8.00

(m, 8. 64 (d, J= 6.6 Hz). HRVS calcd for C'H'N, 065+Cs
757. 20 é%epfsra*m’lﬂo‘lfg EP‘?%’?‘Z%‘Gs Anal 5033HaaNa0es C, H N 98  ~~7JUN' ~~
(m), 3KhyF3[CBZ-L-Loud-NMe-Phede(YriGin -E-Pfspaﬂqﬁ\i% 4.02 (s), 4.33 (m), 4.66
(M, 5.06 (m, 7.10-7.28 (m), 7.47 (d, J = 9 Hz), 7.61 (d, J = 8.5 Hz), 8.3
S (d, J = 7R3 [BOCEINMY-PheLEBr-Gln)]-Bprapedoste (0.2 Mg 10,308 GBb M OSS) C, H,

N. Preparation of Internediate

Benzy | dahRRateAom Lobolk P A1 bed 710ttt thdfb@duiche procedur e

described in anp e for the preparation of cycl openylthiocarbonyl -
L- Leu-

benzyl tdr“ff"%%g? ﬁ{ﬁ f"l(imrﬁté%’ {F%@%@?@C LMt ARGy E'\R/é()?eg%? Resi zed from

benzyl t hi ocar bonyl - L- Leu-L-N- Me- Phe-L-(Tr-glutamnol) in 93%yield and was

used wiRrGde ethmlri/ ﬁ@BZﬂqu‘hl,\hMethe'%Trt@Inéln%t’fﬂﬁé@@teﬁﬂef o' H NMR ( DVBO- db)
(m xture of rotaners) b 0.02 (m, 0.61 (d, J =6.6 Hz), 0.64 (d, J = 6.6
Hz), O.ch8dmdtographies B0% ddzfone/hexdBes] theh 20tnethhndECH D,) afa glAssA0MBS ), 2. 84
(s), 2.93 (m), 2.96 (s), 3.23 (n), 3.84 (d, J= 13.6 Hz), 3.95 (d, J= 14.0

HZ). 4. adt 11-7. 28
(n; o %%)%{iﬁ(mﬂl ﬂi&g@m 140§216€§Lm }FﬂMmCDéxéﬁgn&ﬁ}e ?ﬁot]aﬁlefs )0 6@9 2015

- 30 By F!%z&@?%@ﬂ&% (: Leﬁ,ﬂexmo BRI AP e b o
Usi ng the rocedure described in greparatl on of

ey L - STt S3EH 26 f Dok DIANPILL DE0-6 (. RED,AHDLEQ o iebr) 52 openoat e,
et hyl - 3-[ benzyl t hi ocar bonyl - L- Leu- L- N- Me- Phe-L- (Tr-QA n) ] - E- propenoat e was

synt hes(nz, &) 2. b6r2 3&r(my #HY 200086 ety 2. 9B-3LUn, 2) Ne2 Hdd; 1H,(JFr 146)8.4m nal ) to
give 0.30 g of materi al

Hz),3.37 (dd, 1H, J=13.7, 6.5 Hz), 4.11-4.25 (m, 2H), 4.17 (q, 4H, J = 7.2 Hz), 4.38-4.51

(m, 2H), 4.53-4.67 (m, 3H), 4.85-5.16 (m, 7H), 5.72 (d, 1H, J=15.9 Hz), 5.95 (dd, 1H,

J=15.9, 1.2 Hz), 6.43 (d, 1H, J= 8.4 Hz), 6.74 (dd, 1H,J=15.9, 5.3 Hz), 6.80 (s, 1H),

6.84 (dd, 1H, J = 15.9, 6.5 Hz), 7.09-7.38 (m, 50H), 8.00 (d, 1H, J= 7.8 Hz); Anal.

(C5oHsgN,0,0.5 H,0) C, H, N.

-57-



contam nated with triphenyl phosphi ne oxi de after chromat ography :l,h? d-’mU\MZUUZ
used without further purification: white anorphous solid: 'H NVR ( DMSO db)
(m xture of rotaners) 8 97 _ ri~T JUN ~p Exanple 15 - Preparation of
Compound 16 Et hyl -2-Met) ~1-3-i (Benzyl t hi ocar bonyl L- Leu- L- N- Me- Phe-L-Qd n,

- E-Propenoate. Preparation of I|nternediate

Et hy| - Pregaration of Pestucyt EthydSa(@bryrLeu-LiNeMePhe-IGIphE-Propenoate.
L-(Tr-A@n)]-E-Propenoate. Using the procedure described in Exanple 4 for

t he prepar agtn3qCBZ-L-Leu-L-N-Me-Phe-L-(Tr-Gln)]-E-propenoate (0.056 g, 0.066 mmol)

et hyl - 3-[ cycl opentyl t hi ocar bonyl - L- Leu- L- N- Me- Phe-L-(Tr-Q n)] - E-propenoate,

et ! - GBI A LD 0L RR RAeaks bRk Bt O ) Propend

ate was

benzyl t hi ocarbo | -L-Leu- L-N-Me-Phe-L-(Tr-glutamnal) (0.2 g, 0.25 mol)

and { cEMBEIRORYNG Medbiay P pBRSIHIS it (011 9, 0.9 mol) in 5

THF to give 0.12 g of material contamnated with triphenyl phosphi ne oxi de

af ter ethyliBaiCBEroIat-0gN AirPhed-Ginl-Eqeompabaté¢ (rfiedchromatofrafhySie<OBHC! | )

whi ch was used without further purification. Wite anorphous solid: 'H NWR

(DIVBO ﬂﬁtﬁg@éyqsw@aﬁf(ow gnﬁ@\» R r%mlﬁﬁ%n)(ml 3729@13 167% fo92 dgit ' = 6.2
), 1.10 4 , 76 (s), 1.8 2.10-248 (m

2 83 ( 4 3. 14.0 Hz),
1oz (ﬁwicﬁélSi%ﬁmareﬁg%ﬁﬁs>%ﬁg6$9m, o) 0%75@%@ 6%%%%2( B35 (0 3
35 (d, J=
8. o Hz)BH),sl %&lég)ﬁn gH@ 1861( b)% (19, ﬁs‘%&) (1c90-2303:(n@5 2@*8:&}0-2439@%%,2&3 (&f Pr oduct
Et hyl - 2- Met hyl - 3- (Benzyl t hi ocar bonyl - L- Leu- L- N- Me- Phe- L-d n) - E- Propenoat e.

Usi ng GER, 299¢e8H),2.9%3.¢1 (taptH), 8. 18628 {ms, 2H)f 241-8/48 (1my PR AAGIORO @,
et hyl - 3 (cycl opentylthi ocar bonyl - L- Leu- L- N- Me- Phe- L- @ n) - E- propenoat e,

et hyl - Bl 3D OR339 9E RPN ds-5-P2 ek 4 MB35 82 ki), slrgREoPenOat €

was synt esi ze

B B)rllopé f gyg %ﬁéige‘{;‘z(gl ‘35( i (g‘f E%LJ ﬂ‘bﬁt‘h&%f@%ﬂ}déﬁi %%r%ﬁ “Lt e). Wite

anor phous -99 ~' ~ : SUN 200F solid: 'H NWR é{ DVBO- d6) (m xture of

r ot anePEd), B12-3.37dmy, %)H)d Bod¢ kL, J B 8dHPfrnala (BN L3 O HL,0)C. B N.s), 1.86
(s), 2.03 (m, 2.79 (s), 2.94 (s), 3.16 (m, 3.97-4.21 (m, 4.35 (M,
4.53-4.78 (m, 5.08 (m, 6.39 (d, J= 9.0 Hz), 6.55 (d, J= 9.0 Hz), 6.82
(m, 7.12-7.29 {m, 7. 96 (m, 8.35 (d, J=6.6 Hz) 8.65 (d, J=7.0 Hz).
HRVS ¢ 408 - Pr Me). C-4HA6NACES)
C, H, . £ np
1-(2' - - =( Et hyl t hi ocar bonyl -
enone. Preparatiq I nt er rredl at e
1-j2' - &B‘L‘)‘lalt'ﬁﬂr?fgn G(Er CI n) - E- Propenone. To

3- [Boc—FLthylf-‘#-{Bpﬁi)-}lﬁ Tdr'l‘dc -Gh)pEFropengatempl ) in 12.0 nL, of anh
THF was added triethylamne (0.68 nL, 4. 86 mol ). The m xture was cooled to
-20 C and piBth;HGBf[B(Oﬁl[@(ﬂrC(élnI]CE-ﬁ:@pmo,ateJ(O%S enh0) moad) wabdiegrotebled ahdact i on

m xture was stirred

coupled with the dicyclohexylamine salt of BOC-L-N-Me-(OMe)-Tyr (0.630 g, 1.28 mmol)

L- Leu L- N- Me-Phe-L-A@ n)i-E-Prop

using the procedure described in Example 1 for the formation of
ethyl-3-[BOC-L-N-Me-Phe-L-(Tr-GIn)]-E-propenoate to provide
ethyl-3-[BOC-L-N-Me-(OMe)-Tyr-L-(Tr-Gln)]-E-propenoate (after chromatography, 33%
EtOAc in hexanes) as a white foam (0.380 g, 52%): IR (thin film) 3307, 1708, 1672 cm’!;

'HNMR (CDCl;) 6 1.28 (t, 3H, J = 7.2 Hz), 1.38 (5, 9H), 1.60-1.77 (m, 1H), 1.94-2.07 (m,

-58 -



at -20 Cfor 2.5 h, at which tinme solid lithiumchloride (0.091 37ZJUN2002
nmol ) and 2-oxazolidone (0.17 g, 1.94 rnnol) were added. The reaction

m xture was allowed to warmto rt and further stirred overnight. The

m xture was then concentrated to dryness, and the residue was taken up in

CHzCl z ) 9 04. [ i r se d, and the
aqueoud ety b LR dmy QS 2L D, Aised h G s 2 e S G BB an

| ayers were dried over I\/?SO4 concentrated and purified bg/ col um

chr onat#d@aptty, Jon7 2iH2)chd4ré165(8u2bG-ddciHy J £4 546 Br)d6.35 (d, 1H, J=8.7

1-[2' -oxazolidon-3' -yl ]-3-[BOC-L-(Tr-A@n)] - E-propenone (0.61 g, 54 %9 as an

ff wh 4NBR )@@141 $7-784 4.5
2 81 Eﬁm664tﬁamp({) 6 hGH) H %tzj(niZ’I-ZIHg 1— 7. 23%?5“%%1 Stso 8 (mH) 2H) ,

437 488(dIHJ 8.1 Hz), - 100 ~~ JUV 6.87 (bs,
gcggﬂt‘%’)%ﬁah‘ - 15.8. 5.2 Hz), 7.18-7.32 (m 16H). MS calcd for
C34H3 N306+H S84, found 584. Preparation of I|Internediate
1-[2' - Oxazol idon-3' -yl ]-3-[BOC-L-Leu-L-N Me-Phe-(Tr-An)]- E-Propenone. To
1-(2' -oxazolidon-3' -yl]-3-[BOC-L-(Tr-d n)] - E-propenone (0.60 g, 1.02 mmol)
di ssol \Peeparatios opImtpsthedihiedithlyl-3-[CBZELAke); L-NJ¥6-(0ME)-Tiyr-L-(Pr-&n)jarol ) was
added, pap¢hpeheatecaction mxture was stirred at rt for 1. S h. The mxture
was then poured into an aq solution of 1IN NaCH (3.0 nL) along with a sat.

NaHCO3 sol u ) T The organic
phase was dr%hg@ 30@%@%%M@WT ?fg?@ﬁ?%ﬂ%ﬁ%&ﬁ:ﬁ@g@é%ém ne (0.46 g,
096mm|) whi ch coppl ed i |atel . u- L- N- Me- Phe (0. 38
g, 0. OB dissalied ind Atiog o< Sollfigh ﬁ*@l&dﬁ doganedh oM
preparatlon of ethyl -3- [BOC—L N- Me- Phe-L-(Tr-G n)] - E-propenoate to provide
1-[ 2" - andgzwdsiadded &‘opy'is]:r Thé¢ BACHon dodiion-wasstirreth for (2Th, am theh theSopweappenone
(0.33 g, 41 %9 as a tan solid foam after col um chronmat ography on silica

(2% ”EW@O&;JOQT@- _/provxﬁh VR {ifd Xalt3s aFodin %u&ﬂwashse@w&h&@pun ce?t%n( m,
0.84-0.89 (1, M. 1.24-1.44 (m). 1.63 (m), 8 (.

2.28-2 90 : 6 '4.16

4. 38- 4. {‘%a‘%“%%“(‘ﬁ% d‘%"%“f% Ci{@(??r}ﬂjé’g‘}%”('g (m)7 04 (dd(”}_ 15. 5,
6.1 Hz), nh i d for CSHSO9NsOg+H 858,

f ound é%ethp}rwah%!med 289 mlntléﬁrfé@plat%BZL éu (0.125 g,0471 mmol),

1-[2' - Oxazolidon-3' -yl ]-3-[Ethylthiocarbonyl-L-Leu- _

L- N- Me-hptimxyHenzGiriaydle hydRem(0:086 ¢, 0.71 mmol), and

1-(2'-C><azolidon 3'-yl]-3-[BOC L-Leu-L-N- Me-Phe-(Tr-Gn)]-E-propenone (0.32
g, 0.3%.@mm }vmli;@;ﬂagtl)egieﬁmdmdauﬁﬁeqwdm&fa@11% QWrﬁm@@%& bed in

the pr eV| ous - ~~ 2C~~"~ preparation and was subsequently
O & ol SELL GO LR CUBh Gl %o om0 (G e VP RS Shed

hydroxybenzotriazole hydrate (0.096 g, 0.71 mmol), CBZ-L-Leu (0.125 g, 0.471 mmol),

and 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (0.136 g, 0.709 mmol)
were added again. Then 4-dimethylaminopyridine (0.010 g, 0.082 mmol) was added.
After stirring 48 h more, the reaction mixture was poured into water (15 mL). The
resulting mixture was extracted with CH,Cl, (3x 75 mL). The combined organic phases
were dried over Na,SO, and evaporated. The residue was purified by chromatography

(38% to 50% EtOAc in hexanes) to provide
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2, 3- di hydr oi ndol e- 3-[ et hyl t hi ocar bonyl - L- Leu- L- N- Me- Phe-L- (Tr-dQ m" I dUNoﬁQUZ
nam de to provide

1-[2' -oxazol idon-3' -yl ]-3-[ethylthiocarbonyl -L-Leu-L-N Me-Phe-(Tr-Gd n)]

E- pr openone (0 22 g, 78 %9 as an off white solid foam after col um

h t I % H NIVR h 0.62-0.76
(m s BB DIGHZ o eo-t: B {GMET L Trse%%#prape@zaw 08B % 2 2. 06 (.
258272(n) 2.67-2.89 (m, 3.18-3.40 (m, 4.02-4.07 (m, 4.39-4.44 (m,
4. 64- 4cldrléseplass IRItlﬁmﬁlmmM (108) 1660 GO ,('H')NMR(M,):{&m(ume of8. 06 (d, J=
8.4 Hz). Ms calcd for CAgHS5N50, S+Cs 978, found 978. Preparation of Product
- 1-12 1 fekAce) 8 08518 S bis ) FEERY, UR Q8 MAW82-0.51 kY 1114l MR- G n) - E- Propen

one.

1-[2 o, 5 L “Phe; (Tr-dn

c propbrare @Sy M 6o W e Al L
described in Exanple 1 for the preparation

et hyl - Gn), 882- 3_23\@%31214@3 33 @nhp 7% (P BFefDat. 68-14<25;§m\/4 Hed.49 (m),

1-[2' -oxazolidon-3' -yl ]-3-(ethylthiocarbonyl -L-Leu-L-N Me-Phe-d n)-E-propen

one (04(35&@@5)54% m@)MﬂBQdSK&l.ﬂ6Hip5=951(ﬂﬂ -A415G, uﬁzgt&u(r(gfﬁm) 3272,
1677 cm ' "' ; (CDC13) 8 0.64-0.70 (m), 0.89-0.91 19-1. 28

1.40 ( =2 ( o=
7.2 Hz?’“%?ﬁﬁ %f( n55°§2 d*Wzé 835&59 622740%&5(?4@%%) U

6. 24 (bd) 7.02 ( 15-7. 36 ()8‘ 91 (m. HRMS cal cd for CZ9H4, NSO-S+Cs
736. 17808 HakiAgal salﬂ&blaOfﬂrﬁahle LN.NsO-S) C, H, N - 102 1 2 JUN

ZQ( 1~ Exanmple 17 - Preparation of Conpound 18:

~t hyl - 3- ~CBZ- L- Leu- L- (3R- Phenyl )-Pro-L-d n] - E-Propenoate. Preparation of

| nt er medi at e BOC- L- (3R- Phenyl)-Pro. (2S,

3R) - 3- Bhen I rrﬁ i di ne 2- carboxyllc acid (0.10 g, 0.52 mmol) was suspended
in 1,4: %g{a gg’s]n‘ﬁgdedtoforma cl ear sol ution.

Di - terF Hé%(l@‘l rgyrd- FpeRaRteadded over a period of 30
m nutes, and the reactlon m xture was stirred overni ght at rt. At this
tine, t he rE&tyl-BdﬂBﬁ-k—iImu&—MxeMW@NbWr—&t(@dGM)]-Eq;mpmoaclCD.128eg,r0el§ﬁ| ting
residue was taken up in a saturated solution of NaHC03. This solution was

washed mihdljiwes déprote@Ba usiRe tiRPeRUSre|dRYRibedasEaeiplé | FRdhdvotBatdondHCA and
extracted with ethyl acetate. The organi c phase was separated and dried

SZera B e e e P L TP T

Founa S5 Bgd ke wor-Hc-{OelTo Rl piopehosts (afe ciomstograply, %6

Et hyl - 3-[ BOC- L- (3R- Phenyl ) -Pro-L-(Tr-Gh:)] - E- Propenoat e.
Et hy! - 3440 CH{Ols) «Slavplorespglope(i 988 ¢, $VoRIRYthin fia) 00| J29%6a32epr ot ect ed
and coupl ed to BOC-L-(3R-phenyl)-Pro using the procedure described in

Exanpl 9748, 1666,11687 Bﬁﬁﬁq{ NMRY{CDCL,) Smlxture of rotamers) & 0.64-0.71 (m), o 87-0.94
et hyl - 3- [éOC—L N- Me- Phe- L- 1 r @ n)]-E-propenocate, to pI’OVI

wnite A& éol.%%zﬁé AL BRI, ?5%})2%),73% as
2.
T oI 073 5 28992 (h)e a0 308 ,(s)gz.gw(f)ﬁ]((&po@-é.m o L 208

14.0, 6.2 Hz), 3.76 (s), 4.16-4.28 (m), 4.18 (q, J = 7.2 Hz), 4.45-4.66 (m), 4.94-5.12 (m),

Q

5.52 (d, J="7.8 Hz), 5.58 (d, J= 7.8 Hz), 5.69 (s), 5.77 (d, J = 15.9 Hz), 5.99 (s), 6.00 (dd.
J=159,1.2 Hz), 6.21 (s), 6.76 (dd, J = 15.9, 5.3 Hz), 6.79-6.91 (m), 7.02-7.10 (m),

7.26-7.37 (m), 7.97 (d, J = 8.1 Hz); (C3,H,eN,04°0.5 H,0) C, H, N.

-60 -



4.14-4.21 (m 4H), 4.6 8 (m 1 H, 5 .62 (d 1 H J =16. S Hz), e}alaJUN 2002
H, 6.75 (dd, 1 H J = -103 ,"17 J U N 200? 15.9, 5.0 Hz), 6.96 (s, bs,

H, 7.20 - 7.33 (m 20H). M calcd for C44H49N3O6+H 716, found 716.
Preparation of Internediate -

Et hyl - 3-[ CBZ- L- Leu- L- (3R-Phenyl )-Pro-L-(Tr-d n)] E- Propenoat e.

Et hyl - 3-[ BOC- L- (3R- phenyl )-Pro-L-(Tr-d n)] - E- propenoat e was deprotected and
coupled to CBZ-Leu (0.10 g, 0.37 mol ) using the procedure described in

Exanpl Exdmbl 4 { Pepiair#@é of Compoiind 5: Ethyl-3-(Cyclopentylthiocarbonyl-

ethyl - gyl & B=Ni*—]?’ﬁe—%fn5~]«:(-l}?opg15ﬁtk E-propenoate, to provide
et hyl - 3-T CBZ-T- -L- (3R phenyl)-Pro-L-(Tr-d n)]-E-propenoate (0.19 g, 60%

as a ite ass | id. b 0.84 (d, 3H, J= 6.5 Hz 0.93 (d,
3H, J= se@rﬁbsnoﬁcﬁaoemw'ﬁwﬁf "ggdf’t"} '3 H, R (= A 2 Hz), 1.34 -)1 51 (m(
2H), 2.07 (m 1 H), 8 2.37 (m 44 - 2.48 (m 2H),
3.50-3.52 (ﬁvclngntm&ﬂem(s ngLrﬁlmq}) wap, ct»sqsolvedum@O(nﬂa ofi @H,Cl. 45-4.52 (m
2H), 4.80 (d, 1 H J = 9.0 Hz), 5.05 (d, 1 H J =12.1 Hz), 5.12 (d, 1 H J

= 12. 11H§hosg5ne’-‘§ll(l@%5 31. Shhmélb)ﬂia@a@dedlaxﬁi thie Yeacorrnixtete whs kboldd 6 BC7 Hz) ,
6. 66 (dd, 7.17-7.38 (m 25H);. M5 cal cd for

O AR B e

Et hyl - 3-[ CBZ-L- Leu- L- (3R- Pr o- r eno
depr ot & ‘%&%Fmemgﬁ%mpéga ]JIBB @V?$@£%@Y fepgye ‘W erpr eparation
of ethyl-3-(CBZ-L-N Me-Phe-L-A n)- E-propenoate, to provide
et hyl - 8eduGRZpressuea at20(G Rup toethy Mylatitity-af tt@ prpduet. pFlugresidtingresidu®®ss g, 70% as
a white solid after colum chromat ography on silica (5% nmet hanol /CHC13). np

= 72- 7%keﬁ3up iRELONARY tﬂ'lb %é’ﬁds&@e}éﬁltérza’gn&%slwd whthéze Iﬁ])CSBlv@ntQJas(t 6H,
J—72 36 (t, ), 1.44-1.5 H, 1.75 (m 1

o 1H%8m§@%§&ﬂlyzam% @éf?r%ﬂﬁé% Pa*%‘ge ﬁ%fég’vé Prs ?ﬁﬁﬁe 5,1 é”‘zslf')bs %"

H)y, 5.37-5.47 H, J— 6.70 (dd)
1 H, Jdlﬁlﬁatwn &n@,ﬂ quRd cwlozbssthmd %701'&450 1HPGT}518&36%1%§§ 33,0 ﬂ'nN '8 +Cs

753. 2264, found 753.2240. Anal {C34H44N407) C~ H~ N. exanple 18 -

Pr epar NMRr{b@fzeﬁadgbéunm-ﬂ.% GhheH), 3400760 (m, Q)] 3.20-3-20(®), hH)-- Pr openoat e.
Preparation of Internediate Ethyl-3-[BOC-L-Pro-L-(Tr-d n)]-E-Propenoate.

Et hyl -3-[BOC-L-(Tr-d n)] - E-propenoate (0.30 g, 0.55 mml) was deprotected
and coupl ed to BOC-L-Pro (0 11 g, 0.55 nmol) using the procedure described

in Exa ti N _of.a.

et hyl - ?%f %t%tlﬂg k’ét%ﬂﬁ d&er?)%jubéo‘ffrrgogr%ba{‘eu'Oth? provi de

et hyl - 3-[ Bo@hbFRbRrehes(ﬁmeaB&i]salEoﬂE-@B@@Ei(B 164G, 89 rimol 994k dfs§olaed/&ﬁ| te gl assy
solid after columm chronmat ography on silica (5% nmethanol /CHC 3). 'H NWR

(CDCL3)0tnt o2 Erl b, BiTbweli by 2.25 mL (16 mmol) of EtN. Cyclopentyl

chlorothiolformate (1.32 g, 8.0 mmol) was dissolved in 10 mL of CH,Cl, and added

dropwise to the reaction. The reaction was stirred one hour, and the solvent was removed

in vacuo. The product was purified by flash silica gel chromatography eluting with 5%
EtOAc/ hexanes to give 2.48 g (71%) of a clear oil; IR(KBr) 3318, 2959, 2870, 1744, 1649,
1516, 1186, 854, 746, 696 cm™; 'H NMR (DMSO0-d,) b 0.82 (d, 3H, J = 6.0 Hz), 0.86 (d,

3H, J= 6.0 Hz), 1.39-1.70 (m, 9H), 1.97 (m, 2H), 3.55 (quint, 1H, J = 7.0 Hz), 4.23 (m,
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), 1.43 (bs, 10H), 1.82-2.00 (m 6H), 2.34 (t, 2H, L?ﬂﬁszUNZﬂﬂZ

= 7.2
{m 2H), 4.14-4.21 (m 3 H, 4.62 (m 1 H, 592 (dd, 1 H J =156, 1.5
Hz), 6.80 (dd, 1 H J ~1S .7, 5.1 Hz), 7.18-7.33 (m 16H). Ms calcd for

C38HA5N36+Cs 772, found 772. Preparation of Internediate

Et hyl - 3-[ CBZ- L- Leu-L-Pro-L-(Tr-QA n)] - E-Propenoat e.

Et hyl - 3H),BOC-(d; Biof £12.5rHL) B (&- lﬁdﬁe%& )(765101,§m(8487(d|;rﬂlﬁl..7 =Vlels
deprotected and coupled with CBZ-Leu (0.12 g, 0.47 mmol) using the
procedp[rz A!ﬁa‘lc(f(]’\é}g}g\IOS)GfH'ﬁa”m e 1 for the preparation of

et hyl - BOC- L h (Tr G n)]-E-propenoate, to provide

et hyl - 3 [ CBZ- L-Leu-L-Pro-L-('"Tr-dn)]-E-propenoate (0.24 g, 64% as a white
- 10S 1 ~" SUN 2002 foamy solid after columm chromat ography on silica
(2%rrethanoI/CHClB) "H . NVR_(CDC13) h O. 84&‘ 3 H J 6. 5 Hz), 0.92 (d,
3 H, JPrepgrotiey of Intermediate qlvpeslﬁdthr“@rll&l)ﬂ be (my 1H), 1.63-1.75 (m
2H), 1.99-2.10 (m 5H), 2.39 (m 2H), 3.S3 (m 1H), 3.73-3.76 (m 3H), 4.17
(q, 2H J= Eyﬂopﬂ)tylﬂﬂo@ﬁbc(nyl-LélIH)l,-OBn(@4mg,5619an03)|'1)1a8 dissORed irl 25 tily 3H),
S.85 (dd, 1 H J =15.9, 1.6 Hz), 6.78 (dd, 1 H J = 15.7, 5.1 Hz), 7.07

(bs, 1ofpy 61 ?fgﬂgwg@b %1%91?41 SFnfsBfe. %ek&éiﬁ&gvﬁ@g 0 0F@ und 919.

Prepar at i of Pr oduc Et hyl - Z-L-Leu-L-Pro openoate

Et hyl - - ro Tr E- no 0 22 28, nmol ) was
depr ot @E‘{g é#%g’tjﬂl éa'ﬁ‘lrrli’beglfﬁ%l ‘Efgéléélrﬁﬁ(??ﬁﬁ Q’r?'B »gvap afig‘}d ‘g"ﬂgwﬁ?epar ation
of ethyl-3-(CBZ-L-N Me-Phe- L-Adn)-E-propenoate, to provide

et hyl - Siapim- The ég-bathpwves remaved,apd hegpaction tves el@wzogtlrmtﬁzarsas Thewhi t e
solid after preparative TLC (10% nmethanol /CHO 3): nmp = 55-60 'C, IR (thin

film B&Qﬁ’on widdilwed with EttBiANM?d vafhed wiifh) 1086 IC2A4Thelorgdnitlphdsewfs. 5 Hz), 0.98
6. 5 HZ) 1.28 (t, 3 H J = 7.2 H), 1.46 (t, 2H, J—70Hz)

(%H’?OJ' ;‘%%“e%“‘azﬂfﬂ% @&@?OZ“MW%% oo 4%%‘5& Ry )i

12.3 Hz d, 1 1 H J-=
157, oF iy g o i B ﬁmeg%mmeug eddd, 1K, I=
15.9, 5.0 Hz), 7.34 (bs, 5H). HRMS calcd for CZBH4oNAO, +Cs 677.1951, found
B77. 19migsﬂubaﬁltér@mmaen@a@mmsier@dqud pressurelo@ive 0.23 g (939N L20~ Ega nle 19
- Preparation of Conp-ound 20" Eth~~l;

3- [ CBZ-obadue Wil T (hEutB8302-¥4 T3-(B5)P1 DS 1632) 1532, PROm OD8B5L, 673 spRemti N of

I nt ermedi ate Ethyl -3-[BOC-L- (4R- Benzyl oxy)-Pro-L-(Tr-dr:)] E-Propenoate.

o ot SHETONS SR Al SRR B ARG <Bgh np RT2
ot SRS S R Sy B SESEI B g, 1255

et hyl - BOC—L 4R- benzyl oxy) Pr o- (Tr @ n)]-E-propenocate (0.54 g, 78% as
(bsg Anal. (C,H,NO,S) C, H,N

Preparation of Intermediate CBZ-L-(Tr-Gln).

CBZ-L-GIn (28.03 g, 100 mmol) was dissolved in 300 mL of glacial acetic acid. To
this solution was added triphenylmethanol (26.83 g, 100 mmol), acetic anhydride (18.87 -
mL, 200 mmol), and 0.5 mL of conc. sulfuric acid. The reaction was heated to 55 °C and
stirred for one hour. After cooling to room temperature, the mixture was concentrated

under reduced pressure to one-thitd the original volume. Ice water was added, and the
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a white foany solid after columm chromat ography on silica (2% 1 7 JUN 2002
met hanol / CHC13). 'H NMR (CDC13) 8 1.27 (t, 3H, J= 7.16 Hz), 1.39 (bs, 10H),
1.80 (m 1H), 1.80 (m 1H), 2.16 (m 1H), 2.32 - 2.39 (m 2H), 3.46-3.5l

(m 2H), 418(q, 2H J= 7.2 Hz), 426 35(m 2H) 446449(m 2H)
4.56-4.664{ 90 (dd, 1 H, J = 80(dd 1 H, =

15. 6, prody tracs:dgwl( EsO&%Therorgmqlaz?r ‘c’ﬁﬁ W@@Fﬂ mth@faéwaeda ring, dcmHs NGO, +H
746, found 746. Preparation of Internediate

Et hy| -cdef KRB0, dndohechéBreBe Thy kady produot was(réery itk CFrin QIO AeRane,

Et hyl - 3- [BOC—L (4R- benzyl oxy)-Pro-L-frr-dn)]-E-propenoate (0.49 g, 0.72

ol ) i %%Mlﬁﬁ%%@?@ﬁ%@g&n%ﬁgh%@% %id %g b7 g%% &a Qm?@sofﬁﬁoid using the

proceau escri prep ration

et hyl - - == (= ]: {

et hyl -@’1[’%-8&3%95?39&]’%8&%3&% 1&% ?%e g ?FS‘f qé%ﬁébgﬁéél,e (0.47 g,

729% as a white foa solid after colum chronmat ography on silica (2%

met hank24203093061 W%WGMNWODD@O -d 8 B7Hm, ]l H%Gl@(m,)LHD 91 (d, 3 H,

J =6.5Hz), 1.29-1.3 5 (m 4H, 1.75 (m - 107 ~~~JUN'" 1 H), 2.45

(M 1 388 (R, 29), 3.9k, DHR S04 (2, 240), 7. K67 8 S(m240H), 3580, (I, A= 87 (m 1

H),4188£ Lgbg(7.2)|2—|z),(§12$) 37(?1'1(2 4481454(21{)78

497?8@(%{) 5.83 (dd, 1HJ:157 17Hz)6673(d 1H,J:7.5
1 H J =15.7, 5.1 Hz), 7.09 (bs, 1 H, 7.15-7.36 (m 25H).

IVB cal cd for C54H6oNa09+H 893 observed 893. Preparation of Product

Et hyl - 3-[ CBZ- L- Leu- L- (4R- Benzyl oxy) - Pro- L- @ n] - E- Propenoat e.

Et hyl - 3-[ CBZ- L- Leu- L- (4R-benzyl oxy)-Pro-L-(Tr-d n)] - E- propenoate (0.47 g,

0. 52 nPxEipprativm ofdptermediate CBA-bdTriGn)OMeedur e descri bed in Exanple 1 for

t he preparation of ethyl-3-(CBZ-L-N Me-Phe-L-d n)-E-propenoate, to provide

ethyl - 3- [C%zmwmni@&dﬂgmzymwwﬁrﬂdbdﬁdﬂmﬁn 5&.&%%%@5(@%] 9. 81%
as a white foany solid after colum c rorratography on silica

et hanol [ t 296, 1716.,.C 0. 90 0.96
(m ore ?15 g in' Gl 'of (el dll ﬁﬂflgh‘zas °°aemte%af ernpe%%?d%

2.07-2. 37 SH), 3.67.(dd, 1H, J=10. ¢éd 1HJ:109
Hz), 4Thess \u:nt wagfempved m@%,)andAhezwéae dlisquedsn iO@/n@J XL4Tlgy (m 1 H),
4.46-4.55 (m 4H), 4.62 (m 1H), S.02 (d, 1H J=12.3 Hz), 5.09 (d, 1H, J=
12. 3 Harpanib laydr ag wéshbﬂ ith. widier{ shturdteHiNaHE®,, SndHajne, Hlidted By drylngd, J= 15. 9,

1.6 Hz), 6.43 (m 1 H) ,665(d 1H J=090 H), 683 (dd, 1 H J =15.7,
5.1 Hz f d
D3, 2389v§r KFAEISS? ( ?%f §i‘u an fféGl’ofrﬁ’rsh%mM@g"'e@éolm @1%?%0 (I;;(Jgrrpl o

et hy! - b m Bl %%@%C! (9. B4R as biaingd ang aphie soli

IR (KBr) 3405, 3277, 3057, 3034, 2953, 1724, 1643, 1532, 1493, 1447, 1207, 1042, 750,
698 cm*; 'H NMR (DMSO0-d;,) 8 1.16 (t, 1 H, J= 7.0 Hz), 1.77 (m, 1 H), 1.97 (m, 1H),
3.61 (s, 3H), 4.99 (m, 1H), 5.03 (s, 2H), 7.02-7.55 (m, 20H), 7.69 (d, 1H, J= 7.7 Hz), 8.59

(s, 1H). Anal. (C3H,N,05) C, H, N.

Preparation of Intermediate CBZ-L-(Tr-Glutaminol).
CBZ-L-(Tr-GIn)OMe (1.50 g, 2.79 mmol) was dissolved in 20 mL of THF and 10

mL of EtOH. LiCl (0.24 g, 5.6 mmol) was added, and the mixture stirred for 10 minutes
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Preparation of Internedi ate BOC L-(3S- Methyl)-Pro. (2S, 3 S)-3- Bla?h’y'uN ZUUZ
pyrrolidine-2-carboxylic acid (0.2S g, 1.94 mmol) was protected with a BOC
group follow ng the procedure described in Exanple 17 for the preparation

of BOC-L- (3R Phenyi) Pro to provide BOC-L-(3S-nmethyl)-Pro (0.43 g, 98% as
a white solid. HNNR(CDC13)8116121§m 6H), 1.42 (s, 9H), 1.48 (s,
oH), lurBRall s6lids(hmd dissplve®. NaBH, (221 gnS.Cmmol)was rdded, and #p res@tiGdwasn 1 H)
3.41-3.62 (m 4H), 3.77 (m 1 H), 3.90 (m 1H). M calcd for C'H, 9NO4+H,

230, fgind R3QightheRRhAknPBraflire. TheolRisatee removed in vacuo, the residue
Et hyl - 3 [ BOC- Lr 38— Met hyl )-Pro-1r(Tr-d n)] -E-Propenoate.

Et hyl - BOG- L- noat was deprotected
and co %‘b\?‘t“o {ﬂ‘ﬁ%}ﬁ@%ﬂﬁﬁ) Ste%%%(%w'élg?%% P@Q?&Ffﬂﬂd}&h ¥#hg the
procedure descri bed in Exanple 1 for the preparation of

et hy| - tfapgedWith\EtQA cPard the oTgan{ layer was washed i Hy water-and hrig before

et hyl -3-[ BOC-L- (3S-nethyl)-Pro-L-(Tr-A@ n)]-E-propenoate (0.27 g, 43% as a
gl assydwgirg ove MpSeR| THe Emdapﬁj‘dhetrwas@udﬁad o4 @lmtﬁ:@haﬁi&y gélrcohind,ca (5%
nethanol/CHClB HNW (CDCl,) b 1.10-1.17 (m 3H), 1.27 (t, 3H J=7.2

d%*‘é@ﬁh#%@mg*&%%‘*%% of Ew‘%f%%* Ao g GRSl %000 0
7”‘1927 gy snfi Bl Wgn, 3808, s, odt il nbadhdigingoabadost” . oo

~- T JUN 2002' Preparation of Internediate

Et hyl - 357, 68 cmi'y SUNMR GIMS-Hy) 10) 148 (@a, | 1H); T 724 LEH, 2226 (ra A3, 8.17-3.50

Et hyl - 3-[ BOC-L- (3S-nmethyl )-Pro-L-(Tr-An)] - E-propenoate (0.2? g, 0.42 mol)
was deghBHpCch 4 (anH, e He), tSQ)OQB&H)e’HOQ -0.40Img2019), 6.@6'@1“1'1—) Jusg Ry the
procedure escribed’in Exarrp e 1 for the preparation of

et hyl - L propenoate, to provide

et hyl g'z%gg(%,@wrggn%ﬁ@%@,ﬁ ONEL (Tr-An)]-E-propenoate (0.18 g, 52%
as a white solid foam after col umm chromatography on silica (4%

met hanol / CHC13). "H NWR (CDC13) b 0.83 (d, 3H, J= 6.2 Hz), 0.92 (d, 3H, J=
6.2 Hz), 1.10 (d, 3H, J=7.2 Hz), 1.34 (m 1H), 1.60-1.74 (m 2H),

‘2. 04- 2PtepagatiorBof) Int&ndalifte 43(TrrG1udddpinod, 53 (m 1H), 3.68 (d, 1 H J = 6.2
Hz), 3.91 (m 1 H), 4.17 (dd, 2H, J=14.9, 68Hz)448452(m2H)

4.96-5.12 (ITO%‘P'd)on c'é:bonQé OQ%)“ibskﬂded toa ﬂcﬂut@od'é?f)CBZiL‘{?r—G%taéule) @.57 8.1 Hz),
6.79 (dd, 1 H, 13 (bs, 1H), 7.19-7.33 (m 20H). M

cal cd [ r
Eonyl - 51 %&ﬁ'?*? e%?‘é Tt rrﬁ?“%ﬂg%% S ?@oaﬁﬁ%ﬁe@ e Rbsction
Et hyl Z- |- Leu S- et hy Pr o- Tr Gn noate,  (0.18 g,
0.22 rr?f?ﬁ[S? ‘Wé§"6‘é‘6 t rre\@cwgpﬁgﬁ %hﬁ%pbtr ‘é"cﬂ&‘raémééi’é‘ %Eggrp&ererém e 1 for
the preparation of ethyl-3-(CBZ-L-N Me-Phe-L-Gd n)-E-propenoate, to provide
et hyl - BaljaoBZ The extute {aStimet i 4 h.PAbthis Ehefhe Bydnoggregrsatas ey@uofE8any] 64% as
a white solid foamafter colum

the catalyst was removed by filtration. The solvent was removed under vacuum to give a

white solid in 98% yield which was used without further purification: IR (KBr) 3255, 3057,
3016, 2916, 1642, 1527, 1491, 1446, 1057, 1036, 750, 700, 636 cm’'; 'H NMR (DMSO-d;)
o 1.29 (m, 1H), 1.53 (m, 1H), 2.29 (m, 2H), 3.08 (m, 1H), 3.18 (m, 2H), 3.38 (bs, 2H), 4.43 -

(bs, 1H), 7.14-7.28 (m, 15H), 8.62 (s, IH). Anal. (C,H,0N,0,) C, H, N.
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chr omat ography on silica (4% nmethanol /CHC13). IR (thin film 339@7 JJMN 2002
':'*H NVR (CDC13) 8 0.92-0.98 (m 6H), 1.17 (d, 3H, J= 6.9 Hz), 1.28 (t,
3H, J=7.2 Hz), 1.41-1.49 (m 2H), 1.64-1.76 (m 3H) 2.10-2.28 (m 3H),
2.35-2.48 (m 2H), 359(m1H) 385(d 1HJ 65Hz),3.96(m1H),
4.19 (dd, 1 H, J = 14.3, 7. (m 1 H, - 110
~_2 JuRrepayatien gﬁltsetme«ilﬁﬁe SM&-P(hf-b(THletamn@) ‘Hz), 5.91 (dd, 1 H, J=
15.6, 1.6 Hz), 651654(m 2H) 6.85 (dd, 1H, J= 15.7, 5.1 Hz), 7.34 (bs,
SH). HRVE capzHNiMe-L IR 24407 1ManmbB iwad Fisolvédinrt) (B bf ZHBY. “Anal
(Cz9H42N407~0. S HZO) C, H, N ~x~ple 21 - Preparation of Conmpound 22

N- Met h de.

Pr opar & on%%%f %ﬁﬁgﬂéﬁﬂg@@aﬁ’?@%ﬁ?éﬂ&@on vg%o%%%%é‘%%

Et hyl - -[BOC— - Gln] E-pro ate 1874 was taken up in
20 nL PWtrtarld ﬁ’ﬂg\ﬁ@-ﬁi@o 5’5‘}]%_““’0} y8s ?ﬂﬁiﬁ&)‘maé@ r&%ﬁ!l‘@ﬂ W8 sidkse via an
addi tion funnel over 2 h. The resulting solution was stirred at room

t enper avemighf. oAt thissirthe thaiselventpwas remevedimotacem and the pradustagasomified by nt o wat er
and washed wth ether. The aqueous |ayer was acidified to pH 3 with 1 N HC

1, and cgpahindhidiflatSerhp mﬁdlédqg#%l_ gﬁaﬁex@waéut Evmﬂwzvmedm@dcpyer My S04

and concentrated to provide 3-[B propenoi c acid 1. 373 g,

(12 ol SR i By, i o pgeded |
1.83-1. 88 1

5. 85 (d49i 1|4F¥7J11£g,‘é§036$$z<)nt1"dHB?dM(Fd@Mﬁﬂ-ds)ngﬁd(51» 11(5I)117I312(5n, 16)@223(g 1H), i
7.25 (m 15H). Preparation of Internedi ate

N- Met hdeny 21, RE0H(y, 318); R BOGN| 1X),13-29 (o), BHY; RT® et 4166 (i), .88 ¢mpredi at e was
prepared from 3-[BOC-L-(Tr-d n)]-E-propenoic acid and N,

O-di meyl Nysls 90X a5 Ay 7t hqui)os“ssi@aﬁ{)dq&%ﬂ@&fbr @PL for the
synthesi §’ of internediate BOS L-(Tr i€ ’n ermalate can
alter I’lé%tl M7§ be prepared by the reaction of BOC— -(Tr-glutaminal) with -
111 HEPIFUN 2~~

N- et hoxyl -N-net hyl - (2-tri phenyl phosphoranyl i dene) -acetam de in THF as
described for the preparation of ethyl-3-

[ cycl opentyl t hi ocarbonyl -L-Leu-L- N Me-Phe-L-(Tr-G n)]-E propenoate, or by
t he redatpmatioh oBlXtetmédiategl-N-Me-Pisd-)-(TriQlutafisinglni on of di et hyl

(N- et hoxy- N- net hyl car banoyl net hyl ) phosphonat e as descri bed in Exanple 6

for the pr ewff‘lr@dofi)he-bar )gluBtm?mo%(s .33 242 4,97 mmoI% was dissolved in 35

1-(2', 3 -di hydroin propenone thin
f I 3 1 43 1.95
2 0 Meptto Yhe tehapn T %@%ﬁwhg ?"tfé ﬂ%‘ﬁ@ﬂ g %{30& a3 ('
1H) 648(d 1H, J= 15.6 Hz), 6.79 (dd, J= 15. 6, 56Hz) 692(m

1H), 7 ay_gosphgg (W}th targ) 10 %IFR#B’CCQQI FBge) was added The flask was purged of argon

which was replaced by hydrogen gas using a balloon. The reaction mixture was stirred
at room temperature for 4.5 h, at which time the flask was purged of hydrogen and the
catalyst was filtered off. Solvent was removed in vacuo to give 2.36 g (89%) of a white
axporphous solid: IR(KBr) 3302, 3057, 3024, 2937, 1655, 1522, 1493, 1447, 750, 700 .
cm’; '"H NMR (DMSO-dy) & 1.44 (m, 1H), 1.67 (m, 1H), 2.13 (m, 1H), 2.16 (s, 3H), |

2.24 (m, 1H), 2.68 (dd, 1H, J = 13.5, 7.3 Hz), 2.82 (dd, 1H, J = 13.5, 5.8 Hz), 3.10
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for C33H39N3Os+Cs, 690.1944, found 690.1967. Preparation of | nt e} dedliNe2002
N- Met hoxy- N- Met hyl - 3-[ BOC- L- (3R- Phenyl )-Pro-L- ("' Tr-d n)] - E- Propenam de.

N- Met hoxy- N- et hyl - 3-[ BOC-L- (Tr-d n)] - E- propenam de (0.24 g, 0.49 nmol) was
depr ot ect ed and coupled to BOC-L-(3R-phenyl)-Pro (0.14 g, 0.49 mmol) using

t he procedure cri ed jh Ex | e f he ar_af i of

et hyl - @0y Bhz 32 %lﬁ)ng-"ﬂ]@q"r ﬂ@?ﬁﬁl@ gﬁoginégﬁgkfﬁ-@ﬁd@» 21H),

N- net hoxy- N- et hyl -3 [ BOC- L- (3R- phenyl)-Pro-L-(Tr-GA n)] - E-propenam de (0. 22
g, 639%).54<d AR t=e 8RoHEZ)] 8f (s, dH).e Anab|(Cyhl,MNiOon@t HgNaphy on silica (3%
met hanoUCHCI 3). '"H NWMR (CDC13) 8 1.40 (s, 9H, 1.48 (m 1 H), 1.73 (m 1
H, 1.91-2.02 (m 2H), 2.25 (m 1 H, 2.3 S-2.4S (m 2~ 3.22 (s, 3H,
3.43-3.46(m 2H) 3.61-3.72 (m 4H), 4.20 (m 1H), 4.70 (m 1H), 6.44 (m

Onis REhet ettt oy Hopenirbtocarton Ly Ry- £ Nobe e £20 55 | O o

Intern@i‘ﬁf‘gaN‘W§ ‘hogy- N- Met hyl - 3-[ CBZ- L- Leu- L- (3R- Phenyl )-Pro

L-(Tr-dA n)] - E- Propenam de.

N- Met hoxy- NThis preparaBiof B@Scarried RutgthHonying-the protedie ofdl. ). |Cabpips,opdmani de (0. 18
g, 0.26 mol) was deprotected and coupled to CBZ-L-Leu (0.070 g, 0.26 nmol)

usi ng them BreCEIbar ¢1 51e397 ithedisélpsurafWhich & dnifely HRoRorutdd iR By Of
et hyl - 3-[ BOC- L- N fve- Phe- - (Tr-An)]-E-propenoate, to provide

N- et hox 3- '

R phenthrseme Qyfopsy tﬁ?f%rﬁerrr? S 8 1 950ty ves ol 193 BLOF g s
after columm chromato raphy on Si I ica (3% net hanol /CHC13). 'H NVR (CDC13) 8
0. 79- o%@(ﬂrlsmpquhﬁ 2. omme]) %%Hﬁdedlfaitvv(ed]byi) 54 (110551- 1. 95
(m 2H, 2.01 (m 1 H, 219(m1H),231 2.52 (m 2H), 3.15-3.20 (m
3H), 3nmdol BofASNNMe-Fhid)L-(13-Raminol)l Hhe réaclifn (vas cddidd todd 'Bandm 1H), 5.02-5.15
(m 2H), 6.25-6.3S {m 2H), 6.63 (m 1 H, 7.15-7.35 (m 25H) M5 cal cd for

CssHss ey g 7 uft he?
N- Met h%@ﬁ%ﬁ%ﬁ?‘rém % I:EB 35% L- (ﬂggmgﬁleny}ll )xagg%rs% 0Gphate -E- Pr openami de.

R S e

Exanple 1 for the synthesis of ethyl-3-(CBZ-L-N Me-Phe-L-dn)- E—£ropenoate
t o pr otamperature whereupon the DMF was removed in vacuo. The residue was dissolved wi

N- net hoxy- N- et hyl - 3-[ CBZ- L- Leu- L- (3R- phenyl ) - Pro- L-d n] - E- propenam de
(12. 0 BYAR kandthesrganic phae vaishaisconsdcativetpvithm 024 Chadletipnagntate$%
met hanol / CHC13). IR (thin filn) 3290, 1708 cm';'H NVR (CDCl 3) b 0.94 {d,

3H, J= h@H%OL'ZQolutﬁbrP% édandi‘UﬁneJ ‘fh@ scﬁvé‘r‘ﬁ Iwas driédionk §ég,( fiteretl, Bla 2.0S (m 1 H),
2.1 82.22 (m 2 AT M L H g T (- 113

concentrated to give a resrdue whlch was subjected to flash column chromatography on

silica gel (gradient; 0-1% MeOH/CHCL,) to give 0.49 g (60%) of a white amorphous solid:

IR(KBr) 3293, 3057, 3024, 2955, 2868, 1634, 1493, 1447, 1205, 752, 700 cm™'; 'H NMR

(DMSO-d;) (mixture of rotamers) & -0.18 (m), 0.62 (m), 0.79 (d, J = 6.3 Hz), 1.00-2.05

(m), 2.08-2.40 (m), 2.81 (s), 2.88 (m), 2.95 (s), 3.05-3.53 (m), 3.65 (m), 3.79 (m), 4.27 (m),

4.61 (m), 5.11 (m), 7.14-7.28 (m), 7.43 (d, /= 8.0 Hz), 7.64 (d, /= 8.8 Hz), 8.17 (d, J= 8.0 .

Hz), 8.43 (d, J= 7.0 Hz), 8.51 (s). MS caled for C,HN,0,5+Cs 909, found 909.
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i~7 JUN2~1H, 3.51- 3.74 (m SH), 4.14 (m 1.H), 4.23 (nflJUNZOQZ
4.66 (m 2H), 5.009- 510(m 2H), 5.27 (m 1 H), 548(d 1 H J=13 .8

Hz), 6.17 (d, 1 H J =9.0 Hz), 6.3 6 (d, 1 H J =15.3 Hz), 6.59 (m 1 H),
6.65 (dd, 1 H J =15.6, 5.9 Hz), 7.21 (m 1 H, 7.24- 7.3 5 (m 10H). HRMVS
cal cd for C34HasNsO-+Cs 768. 2373, found 768.2395. Exanple 22 - Preparation
of CoPreparatiozvof IRterpiediate Cyclopentylthiocarbonyl-L-Leu-L-N-Me-Phe-L-

, CEt h{Iir-Ghitaaaradony! - L- Leu- L- Pro- L- @ n) ~- E- Propenoat e. Preparation of
intermedi ate Ethyl -3-[BOC-IrLeu-LrPro-1r(Tr-Ad n)]-E-Propenoate. A solution
of HCl1 in 1, 4-di oxane (4. 5 mL of a 4.0 Msolution) was added to a sol ution

of et hyl in the
same sol v:eijfzu({ g(%%’dé &E@lg %pé%g\ll'ﬁ%% gl&"%ﬂﬂ‘ﬁ?lgﬁ) #&Sotjr}nowas stirred
for 2 h at rt and then concentrated The resulting foany solid was

di ssomired) digsolyeq irc¥prdy of DMSRP wexndded griodaxybanzgic a@lcb(ﬁ 6heo )19 mmol).

| - hydr oxybenzotri azol e hydrate (0.12 g, 0.92 nmol), 4-nethyl norpholine

(0. 27Thd readtiohmistuné as stiveedlat (Bfoel L I5e. [TEHeDMS QPN ailén refroeédwideg ar bodi i mi de
hydrochl oride (0.18 g, 0.92 mol) were added sequentially. The reaction

Xt e rcee! &) chfesliBe Wl ild3wial et 0N rbcotBshuldf k6 FppRd betveen IN

he organic |ayer vvas vvas dwth aq sat sol ution of

NaHCO~ dr.i.e r at urlfled mm

Chr orsagT AT SO, Hiegs aeﬁ@%r% e alieaigh e par, a0 e

ethyl -3-[BOC-L-Leu-L-Pro-L-(Tr-d n)]-E-propenoate (0.31 g, 68% as a foany
whi t eresigh¢ was dilntpd/mithECAG o give agrhitepredpitate)whigh svapifijtered off2 Thd, 3H, J = 6.
5 Hz), 1.27 (t, 3 H J=7.2H), 1.43 (s, 9H), 1.63 -1.72 (m 3 H, 1.97-

2.09 £dR'en6Hhs wasted with a 39%)Na,8, CY;B/GNaHIJﬂ)ysolﬁtl&rﬁ*véht&;la[(dannB'H):foré 27 (m 1H),
4.42-4.52 (m 2H), 4.86 (m - 114 ~7J UNZ2002 1 H, 585 (dd, 1 H J=

iiﬁh Sﬁd% @Jé%a%ﬁ%%&f@%%ﬁv ol fé%ssér%%?g%l%%?er o | v

E 3- (B L-.L A

o i S e B el R 3%
solution of ethyl-3 éBOC—L Leu- L- Pro- L- Tr Adn 81; enoate 60 31 g, 0.42
ool )(mxxnsentrolqmr@h $0e03e(nz) 023011) THed-2. 96@8 Orﬂ 43 me2RB€s)s2.PPred for 2 h

at 23C, and it was then concentrated. The resulting foany white solid was
di sso(mEQ.94(syiB3 2 1¢h3 &.00(ma))d. 1dl(m$om¢>@yj etsa;(ina,m gie(n()05.1%(m}),, 0.91 mmol),

and ethylchlorothiolformate (0.0 . nmol ) vvere added sequentially.

lr:?e&‘?é’%te’r%@oﬁ“%ﬁe 50103?#’2*2%,&‘;9%%?2‘% ?;%%@C%ﬁ P T colum
% CHC13
gt L;W@O‘%Xaﬁghﬁr %agﬁ%éﬂ%‘?&h’{éﬁs - Pro-L-( TZ - tGlonl)o]r O\él p(raopenoat e (0.24 g,

78% as a glassy white foanmy solid. "H NVR (CDC13) b 0.83 (d, 3H, J= 6.7
Hz), 0.91 (d, 3H, J= 6.7 Hz), 1.27 (t, 6H, J=7.4 Hz), 1.34 (m 1H),
1.70-1.72 (m 2H), 1.96-2.10 (m 6H), 2.37-2.42

Preparation of Intermediate Ethyl-3-[Cyclopentylthiocarbonyl-L-Leu-L-N-Me-Phe-

L-(Tr-Gin)]-E-Propenoate.

Cyclopentylthiocarbonyl-L-Leu-N-Me-L-Phe-L-(Tr-glutaminal) (0.19 g, 0.25 mmol)
was dissolved in 5 mL of THF. (Carbethoxymethylene)triphenylphosphorane (0.10 g, 0.30
mmol) was added, and the reaction was stirred overnight at rt. The solvent was removed in

vacuo, and the residue purified by flash column chromatography on silica gel (gradient;

0-0.75 % MeOH/CHCL,) to give 0.25 g of material that was contaminated by
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88 (dd, 2H J= 14.6, 7.5 Hz), 3.54 (m 1H), 3.72 (m 1r) SUN2002

(m 2H), 2

(dd, 2H, J= 14.3, 7.2 Hz), 4.25 (m 1 H), 4.52 (m 1 H, 4.75 (m 1 H),
S.78 (m 1H), 585 (dd, 1 H J=15 8 1.8 Hz), 6.79 (dd, 1 H J =15 .8,
5.2 Hz), 6.8 8 (d, | H J=28.1Hz), 7.11 (s, 1 H, 7.20-7.33 (m 15H). M

cal cd C42HszNaGsS+Cs 873 found 873. - 115 7. JUN 20V Preparation of
Pr odudriphenylpposphinerige. t hismatesighyas ysed atithputrfugher porifiation; 8% te.
Trifluoroacetic acid (2.0 nL) was added to a sol ution of

et hyl -(BM$0ay) (nlikimeaofrotayierd)-O-OL6(mipr 062 ()T 076 (d,)] = E3H)pE1®GhE (0. 24 g,
0.32 mmol) in chloroform (2.0 nL.) and stirred at 23 Cfor 1 h. The yell ow

sol utipg gV I di ke t ey ool hem
i o oy R P R s R S I S P S 2 ). 755 8

2o oI ARSI s T f'f‘ﬂlﬁ%) 5@8&"5’%7%%5"423?% o

(CDC13) b 0.92 (d, 3H, J= 6.5 098&d 3H, J= 6. ), 1.29 t,6HJ—
7.4 HAS1 mnso@(m .66 (¥ 1610 Ba), 5.934d(Frr 1@9|)HZ),267>bédml $ae 16&,6@&%) 2.86-2.94
(m 2H), 3.62 (m 1 H), 3.8 (m 1H, 4.20 (dd, 2H, J = 14.3, 7.2 Hz),

4.42 (6730(34 = 1640, %S)Hﬁ),7313t‘»286n)$®9?m,ﬂ 810.HA), £07 (Q)V =18.01Hz),8.1834(dd, 1 H,
J = 15. 15Hz)641m1 , 6.49 (m 1 H), 6.86 (dd, 1 H, J = 15. 8,

5.2 Hzy. d—@VS cal cd for CZ3H38N4O6S+CS 499. 2590,
f ound ‘)49365%6“19 ﬁ‘i@ﬁ%’%ﬁfﬁﬁ%@ 866 N. Exanple 23 - Preparation of’
Compound 25: Et hvl -3~CBZ- L- Leu-~p-L-d n Proaenoate. Preparation of

I nt ermedi ate CB~L-Leu-L-Pi p-QBu. A suspension of CBZ-L-Pip-QBu (0.52 g,
1.6 mol) and Pd on C (10% 0.10 g) in EtOQAc was stirred under a hydrogen
at nos gheeparatival df ForojiuétoEtllyl43-(Cyiclopentyithicsarbonyl-UrleeuaN-Me-Rlee-Bd/t)ar ough

Cel i t eg-Paspknbaee.fi |l trate was concentrated. The resulting oil was coupled _
with CBZ-L-Leu (0.43 g, 1.6 mmol) using the procedure described in Exanple

1 for the gy 3295 eRBe Al o L B LN MAEPRIE -G bRl openoat e

to provide C Ceu-L- |p OcBu(O S7 g, 83% asaco ol after

Et 'o‘f\c/@égaa‘i i A Qh‘%{moﬂ fjrﬁcﬁ&?oél q"f‘?%cetfélf? ks mﬁ? aﬁ\iiﬁéo \{’&3&13) 8 0.93

(d, 3HJ-65H2)103 J= 6.5 Hz), 1.46 (s, 1.50-1.60 (m

2H) , 1thgreagti@Bwasnstirpad)at rtzfogshz Ti_wsqlmntmy rer@o\ﬁ:éngvawm( ﬂm)esndge 77-3.81 (m
2H), 4.76-4.83 (m 2H), 5.10 (s, 2H), 5.26 (d, 1 H J =4.7 Hz), 560 (d, 1
H J =p@ifiedit®)flask c@ldmn chedmdtogragity)on siiil gel (g@cﬁd:ﬂﬁ(NZ%MeOH/BHGﬂ,) t¢’r epar ation
of Internediate CBZ-L-Leu-L-Pip. Trifluoroacetic acid (3 nL) was added to a

sol uti age 61 1 gRFads fof Hud-stEps¥rdrh Bit aldehyde intermediate) as a white amorphous

solid: mp = 68-72 °C; IR(KBr) 3283, 2955, 1634, 1531, 1277, 1205 em™'; 'H NMR
(DMSO-d,) (mixture of rotamers) & -0.26 (m), 0.61 (m), 0.82 (d, J = 6.3 Hz), 0.83 (d, J =
6.3 Hz), 1.13 (m), 1.20 (t, J = 7.0 Hz), 1.30-2.12 (m), 2.77 (s), 2.90 (m), 2.94 (s), 3.11 (m),
3.47 (m), 4.10 (q, J = 7.0 Hz), 4.11 (g, J= 7.0 Hz), 4.38 (m), 4.50 (m), 4.67 (m), 4.81 (m),
5.04 (m), 5.69 (d, J = 15.0 Hz), 5.99 (d,J= 15.0 Hz), 6.72 (dd, J= 15.0, 5.5 Hz), 6.76 (bs),
6.83 (d, J=15.0, 5.5 Hz), 7.12-7.30 (m), 7.99 (d, J = 8.0 Hz), 8.04 (d, /= 8.0 Hz), 8.19 ({,
J=8.0 Hz), 8.52 (d, J = 6.0 Hz). HRMS caled for C,,H,;N,0,8+Cs 735.2192, found

735.2174. Anal. (C3H,N,O¢S) C, H, N.
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(0.57 g, 1.3 mol) in CHHC 12 (6 nm.) at 23 C. The-reaction m xtyr
stirred at 23 Cfor 1.5 h after which CC 14 (6 nlL) was added. Tﬁeymzoﬂz
vol atiles were then renoved under reduced pressure to afford crude

CBZ- L-Leu-L-Pip as a colorless oil. The crude acid thus obtained was
imediately utilized in the follow ng coupling procedure. Preparation of

I nternmedi ate Ethyl-3-[CBZ-L-Leu-L-Pip-L-(Tr-A n)]-E-Propenoate.

Et hyl - 3- [BOC—L Jr-an)l- E-ropent 0.36 q, 0 67 mol ) _was deprotected
and codag b e .n;' oMpouNd §: o\, clo li"g; DONYrFLriyel eprocedure
descri HeN-iYlg 'r_-.~. S Bll)-B-(@-Vinylye-Bu L‘_JL:.L,,".I_ Of

et hyl - 3-[ BOC- L- N- Me- Phe- L-(Tr-A n) ] - E- propenoate to provide

et hyl - Prepat4tion loeDnﬂenﬂbtﬁate1—]'Cy65ﬁbhlylﬂrlpfa?beﬁbdaLEel(-ﬂ-h?-MQPhﬁio ras a foany

white s@k dE_(&R;lﬁs,p Bd }dﬁctgﬁéi”f 2954, 1713, 165S cm'; '"H NWR (CDC 13,
m xture o* rotarrersy t% J=6.5 Hz), 0.94-0.99 (m, 1.22-1.30 (m,

1.32-1.40( 1.43- 1.79-1.98 2.26-2.45 (m,
3.25 (bs), é@@e?‘l’ci’%}'w&cﬂé ‘gnzé‘r‘(aﬁip'ég}d%éh%rgéaﬁtt gv4 73-4.78 (1),
4.88-5.10%2{) 5.27 (d, J=7.2 Hz), 5.49 (d, - 117 zooz Nnrt ~J=28.7
Hz), 5efipyl-Bdeayclopentydthipcarbosylrlr).eus-Me-Bhe-5£Tr-6/r]-Etpyopesoars i, J= 5.3 Hz),
6.79-6.88(m, 7.02-7.36(m; Anal. (C4BHs6N4O ) C, H, N. Preparation of

Pr oduc tintEinfadiat S waSBhthesized flonmPtyglopeiity hhiobarbnybeAeatieN-Me-L-Phe-L-

Et hyl - 3-[ CBZ- L- Leu- L-Pi p-L-(Tr-A n)] - E- propenoate (0.16 g, 0.18 mol) was

et hy! ?‘E‘@?”@Wﬁ%f%m%% R henoate, Lo provide e O

et hyl - eu L- Pl L-d e e (0 082 83%_ as a foany

white §‘0 Cﬁ‘en}' ?%Hli’f’ﬁ‘nf' )ﬁ%ro@?@ge RJl@GgF E@W qddrem, | nixture
of rotamers) b090100(n) 1.23-1.30 (m, 141208(n) 2.12-2.22 (m,
2. 44- 2.05&0(11m}y-b3ty4d1ac30u®c(:m)dingio mjﬁoaaﬂu(emf,l B. Baddwin2& a(.nj'gtmhe%nﬂ. 60 (M,
4.79 (bs), 4.99-5.12 (m, 5.79-5.98 (n), 6.11(s), 6.27 (s), 6.79-6.92 (M)

7. 14 (d992+8/ 9373{2he dibcldshrd oBdhicHls enfirelpircOrpodstedthefeihiBy refddaile) in 5
(C29H42N40 ~0.5 HzO) C, H N Exanple 24 - Preparation of Corrpound 26 1-j1"

2' - Xxa ¥ n of

I nt er me EH?T%{ F-%% vel sooé f\_||”Jr(1’g{r1:cetl': %I'E oé%yvl‘lllﬁég HWE@/}P&E&@

Di br omobu ane 4 0 drox ur et hane (5.Q 48 0 mol),
and KoHS? "é%ﬂ%w%‘iﬂﬂynmﬁ[@k{%@%b %ﬂm rgfamErsOR - &aamﬂ uxed for
6 h. The mxture was concentrated in vacuo, and the residue was purified by

col urm Octif (or)p0.3%9 (6.3 iz, 1.1@:2. 18 éin), (51229 @); 2186X5IN28Y (th) 219dq(y), de

1, 2-i sooxazi nane-2 carboxylic acid ethyl ester (2.3 8 g, 68% as a clear,
col or | g9-D7 (mj, 440 4 £ 3)85 5301 3&6 J16.42 @n)Ur. N3 t, 3H J=
7.0 Hz), 1. 69(n1lj 81 Nﬁm , )’L l{m} (m)l (m) ),(fg 98 (t%%mé\, J= 5.3
Hz), 8.1 (d, J=8.0 Hz), 8.06 (d, J=8.0 Hz), 8.18 (d, J— 7.0 Hz), 8.48 (d, /= 7.0 Hz), 8.53 (s),

8.59 (s).

Preparation of Product - 2-(Cyclopentylthiocarbonyl-L-Leu-L-N-Me-Phe-L-Gln)-
E-(e.-Vinyl-yButyrolactone).

Using the procedure described in Example 4 for the preparation of
ethyl-3-(cyclopentylthiocarbonyl-L-Leu-L-N-Me-Phe-L-GIn)-E-propenoate,

2-(cyclopentylthiocarbonyl-L-Leu-L-N-Me-Phe-L-Gin)-E-(a-vinyl-y-butyrolactone) was
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4.20-4.27 (m 2H). Preparation of Intermediate 1,2-1soozazi naneHC' Zq}UN 2002
1, 2-1 sooxazi nane- 2-carboxylic acid ethyl ester (2 38 g, 15.0
refluxed in concentrated HCl for 3 h. The reaction m xture was cooI ed to rt

and wa, t e 1d the aqueous

| ayer gﬁ@%é%%gﬂ@r%&é’digggmg%%%&&f&ggg% \cl)t?ﬁl-{%)%g LdﬂdG ed by addi ng Et CH
and recaoncentrating. This yielded the HC 1 salt of 2 I sooxazi nane as a
whi t e Bivenyl-y-tagysglactone) n\/ﬁ%wew@@we ﬁmeﬂﬁ%ﬁbﬁeddwsg)embéﬁ@mg@éous H NMR
(CD30D) b 1.86-1.90 (m 2H}, 1.96-2.02 (m 2H), 3.52-3.46 (m 2H),

4. 25- 4s2: p= EHP1 "@.IRGKBHB288, 2963, NBIcHI68d163d; 153 IEHESO1305, 1138160 1;87.
Preparation of Internediate 1-(1',

2' - X 0.12 g,
2 oo s e STin e 0901808 DB paomanthp e, (0112 o

0. 97 r C a reparation
of et R0y %b?&?zbﬁﬁwﬁzpﬁfﬁi %esﬁd@% %9??%%%@ TRodmld i b IR
oxazin-2'-yl]-3-(BOC-L-An)-E-p enone (0.43 769 as a gl assy vvhlte

sol i d. (m)—|419I6FQmO,C@Q§1)n)85 39 @8), 6576 7. 12_-7:21@)&0‘( tm), 8Hp (d, =9&0(Hn) 1H),
2.35-2.39 (m 2H), 3.80-3.8S (m 2H), 3.93-3.96 (m 2H), 4.33 (m 1H), 4.76

(m  1HR.50@d,9%= 1.9.HAHHRMS 2aléd lf)C, FiN.O S+, 733.0036] Foud 183.2059. Kal, 6. 96.(m
1H), 7.20- 7 32 (m 15H); Ms calcd for C35H4, N305+H S84, found 584. - 119

17 JUN diate 1-(1'
2' -xa |3h- N‘i y‘?’?aﬁ[‘?@@’f@' ‘iﬂgﬁe[ ?E. IpaLe(Tr ( €| n)] E- Propenone. 1-[1',

2' -oxazin-2'-yl]-3-(BOC-L-d n)-E-propenone (0.36 g, 0.66 mmvl) was
deprot ect ed and coupl ed vvlth CBZ L- Lleu L'Pl.p (0 26 g, 0l 66 mol ) using the

thiodarhe i : uas ’;dnu:' provide 1-[1',
2' -oxazi n-2' -yl ] - 3- [CBZ L Leu- L- Plp L-(Tr-dn)] - E-propenone (0.14 g, 26%
as a f pagparwhibd mﬁﬁhhﬂedlu%ﬁ@mmwmﬁ: M&%e-'gﬁg{& 1630 cm ' ;' H NVR (CDCL3,

m xture of rotaners) 9 Hz), 0.99 (m, 128140(rr)
4 a6 4 g4 (e %’h%oﬁf gééﬂh“g ‘575’2 isgf’vec(‘? GHGEb s payea e (g 5L o o

Hz), 6.48-6.61(m, 6.74-6.79 (m, 6.8 1 - 6.95 (m, 7.17- 7.3 7 (m, 7.72
(d, J worfibihafitn) of PNaYe0(aqQ M mil) did eatudbHTCO; {25 mL). After mixing, the organic .
2' -Oxazin-2'-yl]-3-[CBZ-L-Leu-L-Pi p-L-A@n)-E-Propenone. 1-[f,

2" - Oxaphdke Svas ¥bparated, GRE te dggibiods pRadR whas(Wdshéd Witd CH; gr | nﬁ ePeReAL)( Gnd4 9. 0.17

mol ) was deprotected using the procedure describ Exarrple 1 for the

pr epalr agl%ﬁ%eﬂ Eﬁ%{}ﬁlha@s %lﬁéezdli_e{(%vlﬁr EP&% 9 apd gy %Qf & d;}g%g‘%ﬁ-ﬁ%gée( Erésoél, d§9°1/() |

asafoarry white solid: thin fil 3305, 1660, 1630 cm';'H NWR (CDC13,
m xt ur @ ciger ¢Qi@ré¢ﬁé|osl)(lé4(g, M memoly A gokutipp f thip amingamly(n) , 0.92 (d, J= 6.5
Hz), 1.26-1.82(nm), 1.93-2.29(n), 2.45 (d, J=12.1 Hz), 2.S6-2.65 (n), 3.47
(s), 3dfiseprépydthylainined149-ML 834K sonolYin TME ¢)0 mb) Gds {dkled dfopWse(tsh, 5. 13 (s),

0 °C solution of BOC-L-Leu (1.50 g, 6.49 mmol) and hydroxybenzotriazole hydrate

(0.877 g, 6.49 mmol) in DMF (10 mL). Dicyclohexylcarbodiimide (1.47 g, 7.12 mmol)

was added. The reaction mixture was stirred at 0 °C for 1 h, and was then stirred at rt for

48 h. The mixture was filtered to remove the precipitate, and the filtrate was evaporated.

The residue was dissolved in CH,Cl, (200 mL), washed with sat. NaHCQ, (40 mL), dried

over Na,SO,, and evaporated. The residue was purified by chromatography (25% EtOAc
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6.63 (m 4§ BHIN2002
(m, 7.14 (d, J=7.8 Hz), 7.28-7.34 (m, 7.71 (d, J 1 Hz). Anal.
(C3,H45N50~) C, H, N - 120 ~"? JUN 2002 a 1 a ad2:h|-uE—Pro
en noate. Preparation of Internediate FMOC-L-Leu-DL-(4-BOC)-Pipz. To a
suspen#i exands MlyaBé&}lmudebeerPéw@M&@emwol&w% 85%)gmpe. 87 nmol )
indry CH2A z(10 nmlL) was added 4-net hyl norpholine (0.21 ni) 1.91 mml) and

trinet hy6-327 yCaR @mncﬁm 9448 3819,1.783, 18] Y64Qtcni 'H NMRQ@DCQE geneous
sol ution forned ter ~2 h. To this solution was added the -L-Leu-C

(052, BB QTP L1 SIRTeRl RS e P L o0,
SR S N e T e e

NMR (CDC13) 8 0.87-1.04 (m 6H), 1.44 (s, 9H, 1.51°"(m 1H, 1.74 (m 1H),
2. 89- 3146, §.mHAH.72 &, 8H), (4{148—4157 (4 18R 4¢98:-5.044m, UIR 320 (df 1Hy =7114)5, 4. 56-4. 77
(m 3H), 7.25-7.77 (m 8H) M5 cal cd for C3, H39N3O, +Cs, 698, found 698.
Pr epar at figl -\ Leu- DL- (4- Ba:) Pi pz L-(Tr-d n)]
- EPr opgnsoli'?t%)e?’lgt7rr113§/?'le(rnlirs OC- L- (T‘QHJ@(%’{ propenoate (0.59 g, 1.23 mmol) was
deprotected and coupled to FMOC-L-Leu- DL (4 BOC) - Pi pz (0.70 g 1.23 mml)
usi ng the procedure described in Exanpl e 1 for the preparation of
et hyl - 3-[ BOC- L- N- Me- Phe- L- (Tr-d n) Npropenoate to provide
et hyl - ?IFWBIEDEOEMDE%QW@QFHLMII: Mtelthen)] E- propenoate (0.60 g) 49 %
as a white foany solid. "H NWMR (CDC13) b 0.87-1.03 (m 6H), 1.18-1.30 (m
3H), 1.44 (BO@-H)Leu’:’L—@DMeFIH‘hel@Me (2.628 g( 64 rfiol) @as’icﬂss(omedhl-MeOH @6-3.13 (m
2H), 3.69-3.77 (m 2H), 3.89 (mM 1H)) 4.07-4.24 (m 6H), 4.33-4.59 (m 9H),
- 121 5.8 23

), a%@%ﬁ‘pﬁsg A8 180 JEIN g)iﬁgfg &85 ), 125)mmd}) g@sg aded (m 23H).

M5 cal cd for 9+Cs 1122, foun 2. Preparation ntermedi ate
Et hyl - 3- CBZ- - 4BCII DLP| -Ls a solution
of &t hémz\"chk%riac ioaage pias %%5&91(%5&&“@% F PRl e andiise (o. 60 o)
0.60 mml) in CHC13 was added 4- (am nonet hyl ) pi peri di ne (5 m.) at rt. The
react i §hSthink).uThis wistugs was edracted withCHi(d, (e H0smh)iend thelcombingdhed twi ce
with sat brine, 5 tinmes with 10 % aq K2HP04 buffer (pH 5.5)) and once with

a sat pganid ghasefwdda dEEd ovekNg, SO g&1dl evapdraeé to\gise BOGOLew- 2N YISPHe and
concentrated. The resulting oil (0.34 g, 0.44 mmvol) was dissolved in dry

by bendyToh B GOt pERREEY RS setdrdibed uipiRiticatl, acdec Toll oned

5.60- 5.66(m), 5.72- 5.85(m), 6.18(s), 6.31 (s), 6.54-
= 8,
roti

Preparation of Intermediate [2-(2,3-Dihydroindol-1-ylI)-2-0x0-ethyl]-Phosphonic Acid
Diethyl Ester.

Oxalyl chloride (5.96 mL, 68.3 mmol) was added to a solution of
diethylphosphonoacetic acid (12.8 g, 65.0 mmol) and DMF (0.03 mL, 0.39 mmol) in
benzene (150 mL) at 23 °C. The reaction mixture was stirred at 23 °C for 1°h and then
was concentrated under reduced pressure. The resulting oil was dissolved in THF (30 mL) _
and was added via cannula to a solution of indoline (7.38 g, 61.9 mmol) and triethylamine

(10.9 mL, 78.0 mmol) in THF (200 mL) at 0 °C. The reaction mixture was stirred at 0 °C
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m xture was stirred for 4 h at rt. This mixture was then poured r‘n'{/gj 202[][]2
and extracted twice with CH2C12. The organi ¢ phase was dried over
concentrated, and purified by flash columm chronmat ography on silica gel (5
% MeOH CHC 13) providing

et hyl - o1 I5BHin] and then {tavBaytitibnedbgwedn §. M BChY150Enh) aptOcd2 1581 g) 77 N
as a white solid foam 'H NWVR (CDC13) 8 0.82-1.00 (m 6H), 1.23-1.28 (m

3H), 1-1&!%‘. Ihe@ofBined H}Og;mﬂe- 18yer§ Weredrled o%erd%a,$0) anldoncehtrd®dtduffddda 2. 37 (M
1H) 2.75 (m) 1H)) 3.07-3.11 (m 2H), 3.50-4.06 (m 4H), 4.13 - 4.20 (m

H)
2H), 4.52-5.1 5. 87 . 7.08-7,.41 (m
20H) . I%l%oi t e%‘%‘?‘a@%‘)ﬁ%’b’?{@‘&ﬁ@sp%%‘ﬁ? &-g%‘%éﬂ&%g@ol& @Pﬁ-oxo-etj}yg- ~ a N zooz
Preparati on of Product Ethyl-3-(CBZ-L-Leu-nLrPipz-l1rdn)-E-Pr olfenoat e. The
BOC andhpspheyic agidgtiethyliesigr ér?o%&@\?@raé ahightbrpwpsolidh mp 58Y-99 °C; 1
et hyl - 3-[ CBZ- L- Leu- (4- BOC) - DL- Pi pz-L-(Tr-d n)] - E- propenoate (0.10 g) 0.11
nol ) WKBR) 3460f 1657; 05971482 ani;,d HASMRIED TR .35 (tRek D+ 8.2%, 3.0¥ (df 2, J
preparation o

f
o ovi do STy R A b S T I M A R ) o

a soli jte foam IR (thin, fi 1704 cm ;' H NVR (CDC13) 8

0. 91-1%&@&6&?%1&@11&3{%@:%%3%?@49 (m 1H), 1.59 (m 1H), 1.6S-1.86
(m 3H) 1.98 (m 1H), 2.15-2.24 (m 2H), 2.67-2.75 (m 2H)) 3.06 (m 1H),
3.30 (m 1H), 3.72-3.82 (m 2H), 4.14-4.21 (m 2H)) 4.57-4.64 (m 2H),
5.01-5.13 (m 3H)) 5.58 (m 1H)) 5.76 (d, 1H, J = 6.5 Hz)) 5.90-5.98 (m
2H), 6.183%paeidion Wfintdrmediatdl-(H,36 DiftydroihddBnisyl)-34BOC-L-(®0-G)}- 1H, J = 7.2
Hz) . HRMPrgstheRef Or CZgHAINSO-+CS 692.2062) found 692. 2040. Exanple 26 -
Preparation of Conpound 28:

ELE ) - 3= B2 s bist ity R Dhumide (79 WL3H 1.6M Ectufdltn A4S 11 5'RR81 2t 1 on ©f
Et hyl - 3-] CBZ- L- Leu- nL- ( 4- Benzylf)- Pipz-t,-(Tr-dn lE— Propenoate. A solution
of anh HEequin) waspddedtosmlytpnmffR-(%3-dthydraindel-d sill2-oserethxHphasrhenict o a
solution of ethyl-3-[CBZ-L-Leu-(4-B0OC)-DL-Pipz-L-(Tr-Ad n)]-E-propenoate

(0. 18 waciddigfiyhestdr 3.6 g.11 49 dintol Ah@ equBvXnMHF @60 ndl) aTHES ®Ccand then m xt ure was
stirred for 2 h at rt, and then concentrated under vacuum The resulting

foany resiiiiesol@fonvsaRirk® fdr20Ghid¢ that RAPEAnIM [ On@eSat NaHC03 sol uti on,
dried over S04, and concentrated. The resulting yellow oil was dissol ved
r..

in 3.0 f .. Ta t.hi ol yt4 on s adde -1 1.2 JUN 2002 (5.0
ng, O. Zlgb ﬁ%ﬁp; ﬁwmlaeﬁﬁf@g’egrﬁzw%w@%%ﬁ%% Wﬁ)wﬁ? e ) after a
few m nutes. The reaction mxture was stirred at rt overnight. The m xture
was t hegannula, and the reaction mixture was stirred for 1 h at -78 °C, warmed to 0 °C for 10 min,

and partitioned between 0.5 M HCI (150 mL) and EtOAc (2 x 150 mL). The organic layers

were dried over Na,SO, and concentrated. Purification of the residue by flash column

chromatography (50% EtOAc in hexanes) provided

1-(2',3'-dihydroindolin-1-y1)-3-[BOC-L-(Tr-GIn)]-E-propenone as an off-white foam: IR

(thin film) 3401, 3307, 1690, 1665 cm™'; 'H NMR (CDCl,) & 1.44 (s, 9H), 1.76-2.05 (m,

2H), 2.37-4.06 (m, 2H), 3.11-3.22 (m, 2H), 4.02-4.16 (m, 2H), 4.27-4.40 (m, 1H),
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concentrated under vacuum and 10 nL HZO was added to the residu 7CHUN12002
was used to extract the agq. phase twi ce, which was dried over MyS04,
concentrated, and purified using prep TLC (5 % MeOH CHC 13)) providing

et hyl -3-[ CBZ- 1. - Leu- DL- (4-benzyl )-Pipz L-(Tr-d n)]-E-propenocate (0.10 g, 56
% as a&.91e4.9Penf BEBIE.29GH, 141, J H1ADR6(TISIm D H), 828 F.03Amd, 1H) 5H14-73721- 1. 32
(m 4H), 1.48-1.66 (m 3 1.97-2.13 (m 2H), 2.25-2.35 (m 2H)) 2.81 (m

H,
1H)) 3,387 3O - Ae 347 n4N4-4.24 (m) 2H), 4.46-5.22 (m
6H) , S.(ésiﬁlr)f%fg@’ %ﬂ)?)S ?52441?1}“(%%1‘13%%13, 5 (m 25H), 7.51 (m 1H. M
cal cd for C54H61NS07+H 892, found 892. Preparation of
Product - Et hyl - 3-[ CBZ- L- Leu- DL- (4- Benzyl ) - Pi pz- ~d@ n] - EPr openoat e.
Et hyl - 3-[ CBZ- L- Leu- DL- (4-benzyl )-Pi pz-L-(Tr-d n)] - E-propenoate (0.090 g,
0. 10 mPrkparation d€prtermediett usi ng t he procedure described in Exanple 1 for
t he pr ap@r,3tDikydedindoliyd1-y3)-8 FBOU-LNLUBLR NP Ri- L) CIE=GIr)PEPRapéhonk O Provi de
et hyl - 3-] CBZ- L- Leu- DL- (4- benzyl)-Pi pz-L-A n] - E- propenoate (0.030 g, 45 %)

0: 94-0. 99 (HCer sl Vs TpO FEgImTE AR a2 RO %) %5 15

(m 6H, 283 (M 1H), 3,37-3.5 H, .3.68-3 72 2H), 4.19-4.24 (m
3H) 4.mouwd{sﬁslve?rw,l,%ﬁw@@5@ %s*ﬁn Efﬂ}lﬁors?gﬂékmdzé-?wmﬂ(ﬁ;O% d3 (m d,
1H, J = 15.6 Hz), 6.87-6.92 (m 2H), 7.26-7.32 (m 10H), 7.78 (m 1H). ‘HRVB
cal cd fmi) ve85dded\BOpwiss. AdRr 26i3idg f6rodindhd 8ilved® @s evapaated to give tHeN ?~n~
Exam-| _e 27 - Preparation of Conmpound 29: 4-Pn 1 f n 1- n Preparation of

| nt er MRgind Qlt which was used without {)uriﬁcation. This crude amine salt was coupled to
Et hyl - 3-[ CBZ- L- Leu- nL- ( 4- Phenyl sul fonyl ) -Pi pz-z-(Tr-A n)]-E-Propenoate. A

sol ut | g%b ILal?]éuglr-N%ei-ﬁhe](Ofk'Ogig?ﬁ.%@&n&@ol?uﬁ}g @t p?océdlg'e Ms2fibélf faon) was added

to a solutli

ethyl-3-[CBZ-L-Leu-(4-BOC)-~L-Pipz-1.-(Tr-3 n)]-E-propenocate (0.16 g, 0.18
mrol ) iGxemple §ifos “PQ‘.‘@‘?&P)OE@'?%HI‘{'B{?D&%@ d0BWRe reaction m xture was
stirred fpr 2 h at rt, and then it was concentrated under vacuum The

r esul t iln@',3'Dihydvamddlisdefly-84BOC-THDpuTHIG18-Phe-ar(dr-GHie)iEHz openony (aften| or i de
{0.046 nL, 0.36 mmol) -and 4-net hyl norpholine (0.10 nm., 0.91 mmol) were

added afyrdrbatStaptit 4390 in AeRaned (461 009ALI0 AY) abhrk bHWehilGSaR ! £Fg | Nt o HZO
and extracted twice with CHzZClz. The organic | ayer was dried over MgS04 and

hee W . o ¢! )
conoem S et s tiNgate] S A5eD BBl RO AT Rk BEbInshy 8BS 0" 20y
Leu- DL- (4- phenyl.sul fonyl )-Pipz-L-(Jr-d n)]-E- te (0.057 g, 33 %
el TR R R g A TN
3H), 1.48 (m 1H)) 1.63 (m 1H), 2.25-2.36 (m 4H), 3.52 (m 1H), 3.71-3.78
(m  4H)1.34(s),2-41 8% 1(56-1.6Hm), 4.8251.94r§m)] H)95-240%An)( A26-2t36)(m), 220 §),2P9( m 5H) ,
5.94 (m 1H), 6.34 (m 1H)) 7.18-7.31 (m 20H), 7.48-7.67 (m 5H), 7.77 (m

1H) . MRagay <44 5010.£PBFSANDIDHES 3.30 (dd, J = 14.3, 3.6 Hz), 3.97-4.18 (m), 4.38-4.47

(m), 4.55-4.77 (m), 4.83-4.90 (m), 6.18 (d, J = 14.0 Hz), 6.35-6.46 (m), 6.72 (s), 6.82-6.91
(m), 6.99-7.35 (m), 8.17 (d, J = 8.4 Hz), 8.25 (d, /= 8.1 Hz); Anal. (C5sHy;N,00.75 H,0)

C,H,N.
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1074, found 1074. Preparation of Product
Et hyl - 3- (CBZ- L- Leu- DI r (4- Phenyl sul fonyl )-Pi pz-L-A n)] E-Pr openoa‘ g JUN 2802
Et hyl - 3-[ CBZ- L- Leu- DL- ( 4- phenyl sul fonyl ) -Pi pz-L-(Tr-d n)]-E-propenoat e
(0.057 g) 0.06 mmol ) was deprotected using the procedure described in
Exanple 1 for the preparation of eth (CB

Me- PhePreparatjorofinderanesdiatel-@263 pPMa@ndqlzsl-yM-lEﬂwtthmﬁ:bonyl-

et hyl - B-Ije@BZN-Me-Bhe-D(Tr{Gn)He-Ryopemofiony| ) - Pi pz-L-A n) ] - E- propenoate (22.0
ng, 52 %) as a white foany solid. IR (thin film 3322, 1667 cm ; "H NWR

CDC13 5 018940 ¥ 3 _Phe- 2.51
( 3) 68- 31%3( %5%%@%5 332 (?%3“ Iziérlél% I\gmfgplk ﬁgr I(m")]lﬁ}’mpg n%% 5.11 &”’;

7. G A e ol A UL A bl Al o

C~H45NSO98+CS 832. 1992 found 832 1982. E.icanple 28 - Preparation of
Conpouthd-dioxang(hQ M. 4 mi) pras addegidegrvise. | Afterasigingfon by the splygnt wagy n) - E- Pr o

enp pate. Preparation of Internediate
Et hyl - 8vdpobdtdd td,gdveltht yohire-saltividctolvas2used ejthBltelurificdtion: (his)drude-ddiiapenoate. A
solution of Phe-OxBuHC1L (0.77 g, 2.99 mol) and triethylamne (0.833 niL,

?r?rsjhggge‘)r%é?o 295?;%)‘15’1@%@1)2%} %I%?iaf{(a?g@% )tl&hg%%%#glelgreac%l on g
o of Fl 0781 mmpf wriagée%c@Lﬁ"ﬁ&%&e@%(@rﬂo@% M3 Wicor al dohyde
di et hyl acetal (0.314 g, 2.99 mmol) and triet hyI anm ne éo 417 L, 2.99

mol ) addedHIhe 2eaction slptiomwanstred 2h anddhempauged migewaten(d b indy). fihgt ure was
stirred for 3 h at 23 C and then partitioned between hal f-saturated NHCl

(100 mkgsuRing nokfRE waLertrabfed with CHT1S (X0 sy dThe gafibised ergaric phee dri ed
over NazSO4 and were concentrated. Purification of the residue by flash

col um g ﬁﬁ%ﬁt [fé'}-ﬁgr é%ﬁrﬁ e urea as a
col orl ess ol &%Egg% (agg%%ghé es@ﬁef\)éj é‘tﬁﬁﬁy%ﬁfoﬁ{aﬁ%ﬁj&éﬂ }'

di ssol v a i L

added, @%ﬁ?h’&' Cints aw"#irorﬁ%e 3 P piailapng ot-p f By g Borv%
‘concentrated under reduced pressure. The resulting oil was partiti oned

bet wee i-L@-RANNNEHP et (TGl) REPrefenane(@ awhigdoam Y0.12he, déo)eBRughinayer was
acidified with concentrated HC 1 to pH = 2 (as indicated by pH paper) and
ext r actfidl) 8284) 1666)4631,2 596 £80; THNMR (EDCOYEhiRee: 6f igaits) 3 agensowane dried

over Na2S04 and concentrated to
0.82-0.89 (m), 1.15 (t, /= 7.3 Hz), 1.24 (t, /= 7.3 Hz). 1.32-1.44 (m), 1.52-1.76 (m),
1.83-2.11 (m), 2.04 (s), 2.25-2.36 (m), 2.63-3.41 (m), 2.88 (s), 2.89 (s), 3.94-4.19 (m),
4.34-4.44 (m), 4.50-4.72 (m), 5.82 (d, J=7.5Hz), 5.92 (d,J=7.5 Hz), 6.22 (d, /= 14.6
Hz), 6.38 (d, J=15.0 Hz), 6.65 (d, J= 8.4 Hz), 6.72-6.95 (m), 6.99-7.06 (m), 7.08-7.34
(m), 8.03 (d, J= 7.8 Hz), 8.22-8.28 (m); Anal. (C;;H;,N;O,S) C, H, N.
Preparation of Product 1-(2',3'-Dihydroindolin-1-yl)-3-(Ethylthiocarbonyl-
L-Leu-L-N-Me-Phe-L-GIn)-E-Propenone.

1-(2',3'-Dihydroindolin-1-yl)-3-[ethylthiocarbonyl-L-Leu-L-N-Me-Phe-L-(Tr-GIn)]-

E-propenone (0.110 g, 0.125 mmol) was deprotected using the procedure described in
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afford crude L-N-(1,3-dihydro-ini dazol -2-one)-Phe (0.125 g, 53 1)7a\§UeN 20[]2
white solid. This material was dissolved in DM (10 nlL) and crud
ethyl-3-[L-(Tr-d n)]-E propenoateHCl (0.603 mml) (generated as descri bed

in the first deprotection step in Exanple 1 for the preparation of

et hyl - 3-[ BOC- L- N- Me- Phe-L- (Tr-d n) ] - E- propenoate), 1-hydroxybenzotriazole
hydr at Bxdripld 2 Zoothe GorffdfionoDethyl-3( OBZ iy NAviePhelLiGlz)-EGrapetibate 1o Bivemol ), and

1- (3-di net hyl am nopr opyl ) - 3- et hyl car bodi i m de hydrochloride (0.173 g, 0.903

ol ) 1S BAIGARRAHAN AL el AR CarbOR 1 SBGLLAIMELPLUL 61ARpplch ] for 18

h at 2 en conce r ‘reduced pressure. t| ng oil

was partitioned bet nd Et OAc .. The conbi ned
or gani é%tfﬂé poalpgrap &e@@wﬁﬂéég{g%gtgﬁﬁ aB?fﬁté%rhﬁ(”&t ' aﬁﬁ?"b%‘feé’éatxiyon of the
resi due by flash col um chr omat ogr aphy (5% CH30H CH2C1~ pr ovi ded

et hyl - SwaferialNO[044,23 5 ooy IR ammmazzaw,zzzaé@u Phlé}SOLIG(—"Trcnﬂ; Pl'l]\ll\@gr openoat e
(0.129 g, 33 %9 as a solid yellow foam Rf 0.42 (10% CH30H in CHzZCl1~; 1R

th 3 2
(11 (29O Gafe Ty 201 AL 090100 63%"%‘?“‘*%%% U g -

500 b Lt e oo ot 5

~t~t 6).)_5. é @? 53 é/{gg 62 (dd, 1H) J = 15.7,
5. 6)) 899(65)(%41@@0)(@,@ 34, n()rd4%d|-?57)(m> (de—ﬂﬂ‘*HZ): PlLs.)bsk. 06 (s,
1H). Preparation of Product -
Et hyl - 82646:4Nnh), 6.53{(@iJy 23 z)06.80-6817-(7r) 05199-7 Bh€n),| 7D (d) F=BrloHe)oat e.
Ethyl -3-[L-N-[(1, 3- di hydr o-i m dazol - 2- one) - Phe] -L-(Tr-Ad n) ] - E- propenoat e
(0.129897.§% m lcyas Nd@{g)@j gched according to the procedure described
in Exanple 1 t he p’l’e afation of
et hyl - 3- ( CBZ- L N-I\/e Phe-L-d n) - E- pr openoat e.
Et hyl - 3- (L-N-[ (1, 3-di hydro-i m dazol - 2-one) - Phe] - L-d n) - E- propenoat e (0. 037
g, 46 %) was |soI ated as a soI|d bei ge foam after rermval of organic
gpa seompaund 8 2-¢E thylk X-Mettration and
P he E yraladtomie). Rr = 0. 15 (10% CH30H CH2C12) ;
-HNI\/R(DI\/BOdb) 8122(t 3H J =17.2), 161180(m 2H)) 2.01-2.07 (m
2H) , 3 PPdparatidn ofMntétthedidte 2L{BOC-12{F r-G1r)]-E-(€)Vinl- 3 Budyrblactdne).lH) , 4. 87-4. 92
(mlH)ép68 dd, 1HJ:[5,H; '2]256256“ 1H),663672(n)

2H)) 674( 3 %{grg §14(1) 1H J 8.1), 9.83 (s, 1H;
Anal . %8\1%9§%5‘ él%a@ﬁ ﬁ% @aé - Prepar ation of Compou
d~'i3: CB am -IrN(13D|hv ne -Ph ]-IrGIn
-E-Pr o%@\ﬁ wﬁeﬁay engh o?utywlaémziigea& 075 i (pparcd b

1-CBz- 2- (2, 2- D| rret hoxyet hyl ) - Hydr azi ne. Ami noacet al dehyde di net hyl acet al
(0. 430 cghroBo9sbutyoilctovmesacackdang to thegprecsidutei o . Ibf Bald@Bi eBalp Aetrghedoornzi r i di ne
(1.11 g, 4.35 nmmol) (prepared as described in Tetrahedron Lett. 1993, 6859)

the di 99bDsM8[ 373 thetdigelosine EFWHiclEds ¥niidBoheapated hbRiftyrehyerncef wegnce) in
CHzC12 (20 rrL) at 23C. The resulting yellow solution was stirred at

refluxed in DME (15 mL) / DMF (2 mL) for 2 h. Solvents were removed under vacuum,

and the residue was purified by flash chromatography eluting with 50% EtOAc / hexane on
silica gel to give 235 mg of 2-[BOC-L~(Tr-GIn)]- E-(at-vinyl-y-butyrolactone) as a white
solid in 71% yield: IR (KEr) 3399, 3059, 2976, 2926, 1752, 1688, 1493, 1366, 1248, 1169

cm’; 'H NMR (CDCl;) & 1.41 (s, 9 H), 1.84 (m, 2 H), 2.38 (q, 2 H, J = 6.4 Hz) 2.80 (m, 1
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- 128 17 J UN 2002 23 Cfor 18 h) and it then was concentraﬁe}l JlU(NarZUUZ
reduced pressure. Purification of the residue by flash col um

chromat ography (3 % CH30H CHzZCl~ provided 1-CBZ-2-(2,2

di met hoxyet hyl ) -hydrazine (0.434 g, 43 %9 as a pale yellowoil: Rf = 0.40
(5 CH3OH CHzCl z); IR (thin filnm 3317) 1721, 1456 cm'; 1H NMR (C6D6) b
2.96 (Hy2.9Hm, 137)06.221fm, 1 &H) 4.33(192 H, Us; 7.2 Hy), 48 1AM, (103), 648, 41,7 (bs) 2H),
5.87 (bs, IH, 6.98 7.18 (m SH). Preparation of Internediate

Et hyl - ¥ 71971 B ARy degmdes -Phe] -~(Tr-d n) ] - E-Prope
noat e.g'ﬁbggfzgﬁﬁpgfﬂgﬁ{éﬁa}gqu ?ggdso 85 pﬂi(?gtljpnrr?gl ) and triethylam ne
(0.345 n.) 2.47 mol ) in CHZC12 (20 nL) was added via cannula to a solution
of triphosgene (0.168 g) 0.566 mmol) in CH2Cl12 (40 nL) at 23C. The reaction

m Xxture was stirred at that tenperature for 5 mQ) and then it was heated
I

t o ref Pveparafiomofintexmediate 3 Ltleewr B-QY-Me-Bhe-Lit (Tor(lu)]-
| - CBZ- B-(¢NiyHy-Battywatacdenw)! ) - hydrazine (0.434 g, 1.71 nmol) and
triethylamne (0.173 nL, 1.24 nmol) in CHZCl12 (10 nlL) was added via

cannul a.  The (Beact-(POGH)KEXE S iRy -HityrolRénk .57k, 803 Zdndt d then it was
partitioned b[%t@ween ha@ygs{'gtur at ed%Cl (nl)g(g m_;é and Et O&g@a(ﬂz x 150 m).

The conbi ned, .or,gani ¢ | gyer re dri v.er. 2504 re,concentrated.
pur 11 Bt 150 S tansTY FHRD- 1 Selwi TR PR BB Mt 535

CH30H CH2Cl~ provided the internediate urea as a colorless oil (0.56 g)
65% . ¥tded drenvase. alThesaliition svnsistimer atit fop2dy at whioh timp tha sopeat wax i f | uor oaceti c
acid (10 nL) was added, and the reaction m xture was stirred at 23 C for
1.5 h. etipbatddlto pedvide/ths ambicbld(] saitowHitiewas xded méthoatsputificationt Tk ethdgnder
reduced pressure. The resulting oil was partitioned between 10 % NaOH (100

M) andyEha@@E-XLARE-NMe-P fst%c%;?%) 03 hfol] %lreﬁsﬁ!‘ve@%’ﬁ?@{zgﬁ’(% JN

acidified wth concentrated (as 1 ndi cated” by paper) and

was extr.ac with Eft OAc (2,x.1 he i ned, organi c ers were
dr e U0 Hidshehaptrreanc i Dot 5P rom il A paB ImOriictng (0.3 5L

CBZ- am no-L-N- (1, 3-di hydro-inidazol -2 one)-Phe (0.374 g, 89% as a solid
whi t e Bd@mmol) andrte(3edimgthylaminepropyd)-§ethylqartardiimidelltydrchloside (G226d e

et hyl -3-[L-(Tr-A n)]-E-propenoat eHC1 (0.981 mmol ) (generated as descri bed

i n the gf 1.55mmislpweteedtiédsuceéssivelyn Thy asdption hixtae wdlstiRédaar @lehightof
et hyl - 3-[ BOC L-N-Me-Phe-L-(Tr-Ad n)]-E-propenoate), 1-hydroxybenzotriazole

N S e N B e S e e o I T
23 C, T The COmBIReqAoB PYF BREG R PHEOSGr EPCRereh A B (2 x
100 M och column Chromatogeaphy (256 MeGH in CHLCLy) to afford |

2-[BOC-L-Leu:L-N-Me—Phe-L-(Tr—GIn)]-E-(oc-vinyl—Y-butyrolactone) (0.651 g, 82 %) as

white foam: IR (thin film) 3301, 2958, 1753, 1675, 1494, 1173, 728 cm'; '"H NMR

(mixture of rotamers) (CDCl,) 8 0.63-0.66 (m), 0.71-0.75 (m), 1.03-1.13 (m), 1.37 (s), 1.38

(s), 1.41 (5), 1.42 (s), 1.81-2.00 (m), 2.26-2.29 (m), 2.73-3.06 (m), 3.27 (d, /= 3.3 Hz),

3.32(d,J=3.3 Hz), 3.60-3.68 (m), 4.27-4.38 (m), 4.87 (d, J= 7.2 Hz), 6.50 (t, /= 3.3 Hz), ‘

6.53 (t,J= 3.3 Hz), 6.70 (s), 7.09-7.13 (m), 7.19-7.34 (m), 7.44-7.50 (m), 7.64-7.71 (m),

8.21 (d, J=3.6 Hz). Anal. (CxHN,0;+0.45 H,0) C, H, N.
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Nai SO4 and concentrated. Purification of the residue by flash c
chromat ogr aphy (S % CH30H CHZC12) provi ded O“MUN 2002
et hyl -3-[ CBZ-ami no-1.-N-[ (1, 3-di hydro-i m dazol - 2- one)

Phe]-L-(Tr-d n)]-E-propenocate (0.449 g, 57 %) as a solid white foam Rf =
0.44 (10 % CH30H in CHIC12); IR (thin film 3284) 1681 cm'; 'H NMR (CDCl3)
8 1.23 (t, 1H) J =17.2), 1.42-1.44 (m 1H), 2.00-2.16 (m 3H), 3.08 (dd,

1H, J:134) 7.5), 3.32-3.39 (m 1H), 4.01-4.18 (m 3H)) 4.47 (bs) 1H),

4 90 ( ‘ggé oix“oﬁ%téngeﬁl 8. ékkﬁglth’éoé@b&ﬂdm-ﬂzéﬂ-LaN-Melﬁh&L-(i‘r@tn)ﬁ 86 (bs)

26H)) Oup; y"l’u%“ fglito e()‘C48H4 N50 0.5 H20) C, H N - 130  ~17 SN 200
Pr epar atl on of Product

Et hyl - 3- (CBZZ'ﬁBfQﬁd"LﬁNL[P(I'M%P be-hyfdiF- S minEd g dmylo-Birturoastone)- (@ 63220 8r openoat e
. Ethyl-3-[CBZ-am no-L-N-[( 1, 3-di hydro-im dazol-2-one)-Phe]-L-(Tr-d n)]
E- pr opemedil pwiddidsbved in ®,41c88xamréll mhlagd sbbpioatod BiChih hdadondna(t.0 M,Bhe
procedure described in Exanple 1 for the preparation of

ethyl - 3; L BREABE for 2 b, and the sol
Et hyl - 3H’§L§ége\ﬂd\égowﬂgﬁﬁe Tﬁmwﬁygﬁg%mdazolor o%% esovcntwasn) E

ropenoat e 042 4 as_ a e so af t val of
gr ggnl c ?@P&gﬁﬁittg pé‘ﬁ}ddet &%Iﬁsﬁgﬁsa@m th e&@‘i‘tﬁ%\}\é)&nﬁﬁa@ﬁ ﬁﬁ’ﬁ A and
washing with 2 x 10 nL Et~O and air dr = 216-218C, Rf = 0.27 (10%
CHo0H, Snios HClssit R Qsmisas 13ty K THChA1§ mL s BNATATS B el 1 20)
2.01-2.06 (m 2H), 3.11-3.13 (m 2H))336-3.38(rr) 1H), 4.11 (q, 2H) J =

7.2)) Aaddkd4 TS rdablionl iixturd vod3-cdoRE td OPC,ldrid ettyl Elofoktadlfotthte (0.088ndld, 1H, J =
15.7)) 6.53 (d, 1H, J = 2.8), 6.69 (dd I J = 15.7) 5.6), 6 75-6.77 (m

Ao B gpiahbishigch. ShelPRiof Bt wés difted dh o0 for gl et betded 3 4
ot Tt ;h;éhéénggﬁﬁéﬁlsxqas@'mb@% 28 e T e SR Raa: eoar o Thi s

material was prepared from et hyl - 3- [BOC L-(Tr- Gln)] ~- propenoate 0.832 g,
1. 53 nmwweye drind OCNR,SMh concentivtedpins quoifisd by flasticobummelsppatggraply (2% net hod
described in Exanple 6 for the fornmation of

1-(2", 3MéOMYrdCH5®leg}lbla&’foﬂdy|) 3-[BOC-L- Leu
L- N- Me- Phe- L- (Tr )] - E- propenone to give

LA S s g, |
2 E 4

3295, 13 %fé%@@eiﬁi"i%)o%ﬁ%ﬁ e R skt éﬂ% i 7? (m,
081(dJ—68Hz)086£ J=6.8 H), 1.23-1.37 (M, 35(3)142
(s) BIMR (8sixture)of rataggrsp (QBCL,):  0.62-0.68 (m), 0.87 (d, 6.6 Hz), 1.19-1.29 (m),

1.37-1.42 (m), 1.89-1.94 (m), 2.28-2.31 (m), 2.71-3.12 (m), 3.65-3.78 (m), 4.31-4.34 (m),
4.55-4.58 (m), 5.66 (d, J = 6.3 Hz), 5.72 (d, J = 7.5 Hz), 6.40-6.43 (m), 6.51 (t, J = 3.0 Hz),
5.54 (t, J= 3.0 Hz), 6.75 (s), 7.09-7.12 (m), 7.21-7.34 (m), 7.44-7.50 (m), 7.53-7.58 (m),

7.64-7.71 (m), 8.06 (d, J= 7.5 Hz). Anal. (CoHyN,0S) C, H, N.
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(m, 2.20-2.27 (n), 2.83-3.03 (mM, 2.88 (s), 2.99 (s)) 3.31 (dd, Jt?%ﬂé 2“02
8.2 Hz)) 3.41 (dd) J = 14.0, 5.8 Hz)) 4.03-4.10 (m, 4.16 (qgq, J = 7.2 Fj )
4.17 (q, J = 7.2 Hz), 4.27-4.34 (m, 4.45-4.56 (m, 4.57-4.70 (m,
488803(n) 5.59 (d, J = 15.7 Hz), S. 87 (d) J = 15.7 Hz), 6.20 (d, J =

8.4 Hz), 6.66 (dd, J = 15.7, 5.1 Hz)) 6.80 (dd, J = 15.7, 6.1 Hz))

6. 89- 7 .Qa afdfon of Proddet ltb%cﬁ%oﬁ?l-uteu-ﬁNlMd@he-ﬁW)- (CasHssNaO-' 0. 5

H20) l-fiﬁ I nternedi at e

Et hyl - I'¥t I g@;r ony L Val -1 rN-Me-Phe-1r(Trdn)] - E—Propenoate

Et hyl - 3 [ BOC..L- Val - - Phe- L ( noat e 366 , 0.456
mol ) was d’eE‘FtBi/'élBP%ad oLl b‘d\ﬂrﬁﬂiﬁﬁ ﬁﬁ%”p grﬁ) &-&Wﬁ i Bfm%ﬁﬁt@leoo 057 i,
0.55 mmol ) as described in Exanple 6 for the formation of

1- (2", @02 digh9@S5anmdl) iwas dissglved in 5 mL of dry CH,Cl,. Trifluoroacetic acid (4 mL)

3-[ et hyl t hi ocar bonyl - L- Leu- L- N- Me- Phe-L-(Tr-A n)]-E-propenone to give

t hyl t ft
io e i yéé‘iﬂ‘yﬂss ‘V."*céi“dst“ “qgfﬂa“(?a.“Zﬁ‘i’g“'%?é‘%‘E‘FWo@\éﬁPﬁﬁﬁZ‘xSnZ‘s) “as

i teofoam (O 2 3295 , 17 | 3, 1655 cm ;
Ndﬁf‘ﬁfﬁ%“i‘g% }rﬁi‘gﬂ’r ‘iS’?Pér‘ biged) ifé“(%“‘%”m"%““swﬁz)) 0.71 (d) J=

68Hz 080089 117-| gl 1: S8- L219232 (m)

2. 65- 3cmer(tmed @xcewe(r@duezivgpupﬁyc} by flasit eplupmn ehfpmawgm { % MeOHip Hz),

4.49-4.59 (m)) 4.65-4.71 (n)) 4.75-4.83 (m)) 5.65 (dd, J = 15.9, 1.6 Hz),

5. 71- SCREI )t affordB1- 5. 90 (m), 6.31-6.36 (m), 6.70 (dd, J = 15.9, 5.3 Hz), -

132 ~~ 7 JUN 2002 6.79 (dd, J = 15.9, 5.9 Hz), 6.88 (s)) 7.01(s))

of - r Gt Ehosafbolt LR nae RAEL- G GNP RS Rlond) bl o oot o,
Sy S Zéﬁ&s%efmﬁ‘%%ﬁﬁéﬁ,ﬁﬁag’ 3208 Et @%&@vﬁsﬁvﬁ"?ﬁ”éi‘;ﬁpf 1

for the forrratlon of ethyl -3-(CBZ-L-N Me-Phe-L-G3 n)-E- enoate to give
et hyl - @ta(rmrwnm‘aab)rﬂbﬁﬁwaii(ua)lo82&8\715(119111311_1@7@1)& (m)ate after
col um chr omat ography (50 % acetone in hexanes, then 6 %NEC]—l in CH2C 1~ as

a Wwhi t £.68-080 (0, 098-2006 (&8, 27)-2. 97Rnﬂl3llm3flﬂl(ﬂib BAOT 46 LEHQ.69%.71 (m)H NIVR
‘(CDC13) (m xture of isoners) b 0.47 (d) J =6.5 Hz), 0.77 (d, J = 6.8 Hz),

R e e e
St A i A il (2 515

15.6) 1.6 Hz)) 5.85-6.05 (n), 6.19 (bs)) 6.56 (d, J = 8.1 Hz)) 6.75 {dd, J
= 15. 6§C,BNID$+0.75Hg0) €, HQN( HRMS calgd fordh N OzS4Gs 638. 1723 found3 Hz). Anal.
(CZ7TH-N406S) C, HL N f h 1 hi r n 1-1r 1L-N Me-Phe-Ird n)-E; $r~pyenoat e.
Prepar 693.07390f | nternedi ate

Et hyl - 3-[ Cycl opent yl t hi ocar bonyl - L- Val - ~N- Me- Phe- L-
("1Y-A@n)]-E-Propenoate.

Et hyl - 3-[ BOC-L- Val - L- N- Me- Phe-L- (Tr-Ad n)] - E- propenoate (0.365 g) 0.455

xample 8 - Preparation of Compound 9: Ethyl-3-(Benzylthiocarbonyl-L-hPhe-

L-N-Me-Phe-1-Gin)-E-Propenoate.

Preparation of Intermediate CBZ-L-hPhe-L-N-Me-Phe-L-(Tr-Glutaminol).

Using the procedure described in Example 4 for the preparation of
r;yclopentylﬂﬁocarbonyl- L-Leu-L-N-Me-L-Phe-L-(Tr-glutaminol),
CBZ-L-hPhe-L-N-Me-Phe-L-(Tr-Glutaminol) was synthesized from CBZ-L-hPhe and

L-N-Me-Phe-L-(Tr-Glutaminol) in 71% yield: white amorphous solid: IR(KBr) 3295, 3061,
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mmol ) was deprotected and coupled with cyclopentyl chlorothiol for1naz e“(JN QQD
nm., about -133 17 J U N 2nn~ 0.5 mmol ) using the procedure described in
Exanple 6 for the formation of 1-(2' ,3

di hydr oi ndol i n-1-yl)-3-[ethyl thi ocarbonyl -L-Leu-L-N Me-Phe-L-(Tr-dn)]-E-pr
openone to give

et hyl - 3007, 20B6 659 y1495] BEF, b2Gly 11643, V&0 -698NmVe'}PhM(DMSCGHJ)Il}H)dﬁuBbﬂpenoat e
after colum chromatography on silica gel (40 %- 50 % Et QAc i n hexanes) as

a whit ?otgﬂ@%?:)(:@ 5213(111%91 4P {m§01)77 (o, ﬁbuzrvof (h{)n) 7@%2,52 351@)12 3)59 (@5352%1631 cm

; 1H NWMR xture”of i somers) 73 (d, J

.8 Hz 2 2.98 (s
o- 3@?3(?&&%9@3?@ %%2% i %@oﬁo 6@579%7%43@ eém 7521%&»0 -
8-4.63 4.67-4.82 J = 15.7, Hz), 5.76-5.82 (m,
3- 5H;zl,7(£z(d 3=§/‘70Hm849 5, §§17(S) mmgpﬂm@al%mwm 6.70 (dd, J =

7, 5 3 Hz), 6.79 (dd, J = 15.7, 5.8 Hz), 6.93 (s), 7.06 (s), 7.12-7.33

) 72 (d, J = 7.8 Hz). Anal. (C49H59N4CBS~O. S HzO C H, N Preparation

Pr oductyit bilaridn GPYStePRERLYI £ HPRER RV PHexYEPr-GhRa MR e L- G ) - E- Propenoat
EthI 3- | t hi o b - L- Val Ph (Tr-d E- t
(0. T70-g) b Ustte i bracciuts deuibld et B SRRl o dbsor bed in

Exanple 1 for the formation of ethyl-3-[CBZ-L-N Me-Phe-L-d n]-E-propenoate
t o gi vd-N-Me-Phe-L-(Tr-glutaminol), L-hPhe-L-N-Me-Phe-L-(Tr-Glutaminol) was synthesized
et hyl - 3-(cycl opent yl t hi ocar bonyl - L-Val - L- N- Me- Phe-L-d n) - E- propenoat e after

col unm fEdii OBZ-OHPRANIN-Me-Phd-L {8r-Ghltarh2I1) In 86%tyRdle: Wit sdlipn 6 % MeCH
in CH2C 1~ as a white foam(Oqg86 g, 68)% : Iyggl(thl WZQS ) 1713,

1666, t = 6.5
L a5 5 0 R s,
(5. 5 Gattyrepk riaiensy 196°1 69 )3 1 73 G 057280 G, 6,980, 740 .2 b 3 -
14.0, 6.7 Hz), 3.59-3.69 (n), 4.16-4.26 (M) 4.18 (q) J = 7.2 Hz), - 134
17 J U 20@0), 3.18:3.38 (), 8.5) Xmd,. BB @n)7#.68 i), 45/44th)( 4185 (nd), Z.025/.28 (nh), 6 Hz) )
5.78 (bs)) 5.85 (bs), 5.90 (dd, J =15 .6 ) 1.2 Hz), 6.0l (bs)) 6.19 (bs),
6.42 (d75}]((d:J&810H%),8ﬁ) é%gs) in&l&: ),,N@%@ Nd) J = 15.6, 5.3 Hz),
6. 80- m, 7.16-7.34 (m) . Anal . (C30H~N406S) O
H, N. Exanple 32 - Prenaration of Corrpound 36: N-Me -N-Meth, -~-
t hyl t hi ocar bonyl - Lr Leu- L- N- Me- Phe- L~("' ~nl - EPr openam de. Preparation of
I nt er nedi at e
N- Met ho&éFPRFq@PkﬂfllstﬂrmaEQ Benzyd chlqroibiotiopmater, - § n) ] - E- Pr openani de.
N- Met hoxy- N-met hyl - 3- [ BOC- L- (Tr-Q n) ] - E- propenani de (0.29 g) 0.58 mmol) was
depr ot ect ed Gsiog theppdeedurealeR@bed in Exaniple\d Kg-tRhprepBatit of cy@opditynol ) usi ng
t he

chlorothiolformate, benzyl chlorothiolformate was synthesized from benzylmercaptan in

71% yield: colorless liquid (bp 95-100 °C; 8 torr): IR(neat) 1755 cm™; 'H NMR (CDCL,) &
4.19 (s, 2H), 7.30-7.34 (m, SH). This compound is reported in the literature, for example,
in J.J Willard et al., J. Am. Chem. Soc. 1960, 82, 4347, the disclosure of which is entirely

incorporated herein by reference.
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procedure described in Exanple | for the preparatiqn of 17 JUN 2002
et hyl - 3-[ BOC- L- N- Me-Phe-L (Tr-A n)] - E-propenoate to provide

N- net hoxy- N- et hyl - 3-[ BOC- L- | xu- L- N-Me- Phe-L (Tr-d n)]-E-propenam de (0. 23

g, 47 %) as a white solid foam after colum chromatography on silica (2 %
met hanol /CHC 13). "H NMR (CDC 13) b 0.63-0.66 (m 6H), 0.71 (m 1H))

0. 86- 0 Poeparatiospf Intermesliatey 1H), 1.31-1.44 (n) 9H), 1.84 (m) 1H), 2.00 (m
1H), 2BebzydtldGarbynylH)-hPRe-04NMOPhek-(BHFlutambdl) s) 3H), 3.66-3.68 (m 3H),
4.13 (m 1H, 4.58 (m 1H)) 4.71 (m 1H), 4.86 (m 1H), 6.35 (m 1H)) 6.55

(m 1H) 6. 8Gvhed WtMe-PRe-LOTE- cﬂﬁta{rﬁﬁol)?@m)% 8%(}11{:1@1_} vl@dis&oﬁecﬁmh &e) . MS
cal cd for C49H6, N50~+Na 854, found 854

Prepar a of | nt d| at

o [ not CRROE pHEAT PR e Al Wﬁd‘§°BF8&%% ICHCL,

N- Met hoxy- N- met hyl - 3- BOC—L | xu- L- N- Me- Phe L- éTr A'n)] - E-propenam de (0.098
g, 0. Y@saddadidropwiseiéglionied by dhilmb (.58 arael) of BN e Thy Fesptian mixtire Wasr mat e
(0.016 nL, 0.15 nunol) using the procedure described in Exanple 22 for the

pr epar atifredfopfl 5 minutes at rt, and the solvent was removed in vacuo. The residue was
et hyl - 3-[ et hylthiocarbonyl-L-Leu-L-Pro-L-(Tr-d n}]-E-propenoate, to provide

oo L. RO HAER 'Q’?W%*}“ﬂ““&"’@ﬂ%ﬁgﬁqﬁiﬁa Erlgerpdient D LEAHOCHER, g1 ass.
i“ﬁ”i*g&v‘:%ciﬁ% (o) of s @éor?emusgpﬁ Iﬁ?%@r)%%ér?pﬁf% 8 o " S

3.20 (s, 3. 66 S, ,461 H, 5.77 (dd, 1H J = 17.4) 7.5 Hz),

6. 49 (dﬁ91|—l|)449 6243, 756 69!H)m J‘HLHMMDMS!p-dJ(nmmc afxoamer1619.56 Gl (d) 1H)
J =8.1 Hz). M5 calcd for C4, HS, N506S+Cs Ms cal cd for 952, found 952.

Pr epar at300n9Q {m;20AZ.44 (m), 2.79 (s), 2.84 (s), 2.95 (m), 3.15 (m S\I-) 3.83(d,J=13.6 E)
N- Met hoxy- N- Met hyl - 3- ( Et hyI t hi ocar bonyl - z- Leu- L- IVEPhe I rdn)-E-Propenamd

EL prl\t)'p\)/g'ﬁ]ék% g%lg%ﬁél’g%jgﬁé%h ?gg\?\/—g‘s d@lf_%tkgt&?té u5| P*ﬁ%ﬁl@zec?up)e]
ey - 34y ESYREE me L 0 B0 B2 5) 876/ @i 20 H). Anal

N- net-hoxy- N- et hyl - 3- (et hyl t hi ocar bonyl - L- Leu- L- N- Me- Phe-L-d@ n) - E

pr opendPitheN,075+0.5n3,0)83, BoN. as a white foam after col uim chromat ogr aphy

(2% nmethanol ICHA ,). IR (thin film 3274) 1678 cm 1;1H NVR (CDCL,) b

0 63 0.64 (m 3H), 0.91 (d) 2H, J = 6.2 Hz), 1.22-1.28 (m 4H)) 1.43 (m
1.63 (m 1H)) - 195 2.02 (m 2H), 2.80-2.98 (m 4H), 3.25 (s, 3H),

3693 1H) 4.62-4.66 (m 2H)) 6.09 (m 1H), 6.18 (dd,

P) % 5?*.
lH J = FB 1 7.15-7. 34
hiogarbogy L‘é‘ kew%ﬁ% ‘cgr%?‘f%?“’&i)gmgmsoag)cs 710. 1988, (m

found 710 2014 Exanpl e 33 - Preparation of Corrpound 30
Et h~I - 3- (, [ ,{Y9ngibe prepedwy described inIixagpts & for thesprepaiglipngnf 1 -
rrimdinv~]-1rd n~~~ en noate

cyclopentylthiocarbonyl- L-Leu-L-N-Me-L-Phe-L-(Tr-glutaminal),

benzylthiocarbonyl-L-hPhe-L-N-Me-Phe-L-(Tr-glutaminal) was synthesized from
benzylthiocarbonyl-L-hPhe-L-N-Me-Phe-L-(Tr-glutaminol) in 75% yield and used without
ﬁxfther.puriﬁcation: white amorphous solid: 'H NMR (DMSO-d,) (mixture of rotamers) & -
0.60 (m), 2.20-2.49 (m), 2.81 (s), 2.84 (s), 2.95 (m), 3.24 (m), 3.80-4.05 (m), 4.17 (m), 4.42
(m), 4.59 (m), 4.95 (m), 5.24 (m), 7.03-7.29 (m), 8.29 (d, J= 9.0 Hz), 8.34 (d, J= 8.0 Hz),

8.47 (d, J= 8.0 Hz), 8.55 (s), 8.63 (s), 8.75 (d, J = 7.0 Hz), 9.26 (s), 9.39 (s).
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Preparation of Internediate Ethyl-3- f [(5-CBZ-Am no)-2-Phenyl - 6- O<47JUN 20[
6- Di hydrol-Pyrimdinyl]-1r(Tr-d n)~-E-Propenoate.

Et hyl -3-[BOC-L-(Tr-A n)]-E-propenoate (0.39 g, 0.72 mmol) was deprotected
and coupled with

[ (5- CBZ- am no) - 2- phenyl - 6- oxo- 1, 6-di hydro-1-pyri m dinyl]acetic acid (0. 28
g) 0.73 mmol ) (prepared according to the procedure of C. A Veale, et al.)
J. Med. Chem 1995, 38, 98) the disclosure of which is entirely

i ncor p@rapadctionoéIntebpediater ence) using the procedure described in Exanple
1 for tHtyP3-Baizgithiveaciongl-DyHPhe-1-BO@elPIN-IMET R )| -K-Propenbdate: E- pr openoat e) ,
to give ethyl-3-{[(5-CBZ-am no)-2-phenyl - 6-o0x0-1, 6

di hydr o- 1- py¥k I3 ] - -4 N ’5_“@'1 , 73 %) as a white
solid after x{%ﬂtﬁ%gﬁ%@rﬁtﬁ g%r“ gfbﬂ%/‘}%n |€?€d§(ﬂfé§§ S}éa%aet?o%a(goua—ld 3): nmp =
106-112C;, IR (thin film 3297, 1722, 1658 cm 1: ~H NVR (CDC13) 8 1.29 (t,
3H, J £ﬂw1'§-[Frésl?peil.tﬁﬁuw@s’nt/hfr-lfllt)‘a:%"i\?f@ggez.Lg)if'?lﬁ)rﬁmf?ll%%- 2.52 (m 2H),
4.07-4.30 (m SH)) 4.51 (bs) 1H) 5.21 (s, 2H)) 5.81 (dd, 1H J =15.6, 1.6
Hz), 6.el3/1-GefdenZytthiodarbodyf-16hPHe-B-N-Ile)Pl8- I8 r{(@))]H-Propdhc@a® was23 (m 15 H),
7.29-7.54 (m 11H), 8.73 (bs) 1H); Anal. (CasHasNsO-'1.0 H20) C, H, N -137
~ 7 JUNy&hBEied0éth beRryRhioRa®eRALL-hPhe-L-N-Me-Phe-L-(Tr-glutaminal) to give

Et hyl - S-YI{%[h(%- CBZ- Ami no) - 2- Pheﬁ{}l -6- Oxo-1, 6-Di hy(dr ogl- Pyri r%l dlgnyl ]-L-@n}-E-P
ropeno Bt hyl - 3- N . . .

(5 o Bl amTiplsd i winhonvphaseling ofids ater hrpmpgRpY Whichppes used

G n)}-E-propengate (0.22 9y, Ox 27 mmol ) was deprotected_using . the procedure
descr i Heghqup fumshenpyrafications, H MRS =) (GHxtyse of rotamers) & 0.46 (m), 1.19 8,

et hyl - 3-[ CBZ- L- N- Me- Phe- L-d n] - E- propenoate, to provide

et hyl - 3+ F OHHPBL6 M I1q0n) 2.p6 én); 2:48-(0) 12.80 6), 3L 82y(d), @-98(pyy3. 1T @)§8R- L- G n} - E
propenoate (0.12 g, 79 %) as a white solid after renoval of organic

sol ventg aad4lorius ab ' of Lavedoy. 16 d =2 i 1 shing with
> 10 G B RL 37 BV S Hay 3 R TR QGO PR 0B ST 19, 5)

1650 cm . . 1H b ORCT ~ RN B ) )y s1,56- 1. 1H))
1711 b8 %"Fby 5?%@3%&? Gaﬂn("ﬁﬁz)(z&o%h.ﬁ?‘ﬁ%‘éﬁﬂdg’ A gﬁhz$§ Hlo s L
(m 3H)) 5.18 (s, 2H)85B5.78 (78%8 1H J =15.9, 1.6 Hz), 6.70-6.77 (m 2H))
7.24 (983, J7 1565, 9.0582) H0247049) (m)a8-85 () 8-44(d, J= 8.0412), 864 (s).B.6s) s, 1H),
8.94 (s, 1H); Anal. (CZ9H3, N50~0.25 H20) C, H N Exanple 34 - Preparation
of Conpigdh(l, 3= 6.6H2YI - 3-{' [ (S- Ami no) - 2- Phenvl - 6- Oxgl. 6-Di h, dro-1-
rrimdin~ll-~dn}~-E-Pronenoate. Preparation of Product

Et hyl - 3-{[ (5- Am no) - 2- Phenyl - 6- Oxo1, 6- Di hydro-1-Pyrim dinyl]-1,-G n}-E-Prop
enoate. Borontxi bromde (0.18 nmL of a 1.0 Msolution in CHZC12, 0.18 nmol)
was addgd to.a s

ti,0 .

oy - -gg&*wﬁ&fﬁ"%?t:%%kﬁg&?9%9Bkwfifb@!‘&\-kyé’ﬁla-_‘ﬁlwfwarﬁ{fm "
€] n}-E—'E)‘ At (0.050 g) 0.089 nmmol) in trifluoroacetic acid (4 nlL) at
23 C. The reaction mixture was stirred for 2 h at 23 C, then it was
quenched wi tUsigg tid procedine desctibed ircExemple & dor ththprepaatichud was t hen
partitioned between NaHCO3 (50 nl) and EtOAc (2 x 100 ni). The comnbi ned
or gani Cethply®(cyclopéfty Miib&ebehsi -INad SNavaPHe-1-GRRE-propenoate,

ethyl-3-(benzylthiocarbonyl-L-hPhe-L-N-Me-Phe-L-Gln)-E-propenoate was synthesized

from ethyl-3-[benzylthiocarbonyl-L-hPhe-L-N-Me-Phe-L~(Tr-GIn)}-E-propenoate in 81%

yield as a white amorphous solid (two steps from the aldehyde intermediate): mp =

64-67°C: IR(KBr) 3285, 1641, 1537, 1454, 1208, 700 cm™, '"H NMR (DMSO-4;) (mixture

of rotamers) & 0.42 (m), 1.19 (t, J= 7.0 Hz), 1.60-2.70 (m), 2.79 (s), 2.80 (s), 2.87 (m),
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7 J UN ~~~~ concentrated to afford ethyl-3-{ 17JUN2|
[ (5-am no) - 2- phenyl - 6- oxo- 1, 6- di hydr o- 1- pyri m di nyI] L d n}-E-propenoate
(0.013 9, 36 %) as a white solid: np = 175 C (dec); IR (thln filin) 3421,

1646 cm'; '"H NVMR (DMSO-db) 8 1.23 (t, 3H, J:72Hz)) 62164(m IH)

1.71- | 2. 06 4.37-4.51
(n 34;0911)1% B4ty 136560 (o Ty 5.0% 5 S0 d. o £ 82369940 1
7.09-7.82 (m 6H)) 8.28 (d, 1H, J = 8.4 Hz). Exanple 35 - Preparation of

Co rrpouads.S Hz) 8.7 (dd; 3169, 5F Hi)BK?S\I(rbs)pG.Sé o4 =d55, 53-HA16.9819300~~r xrol o
j1.2-al Pyrim'di ne 6- IrGI nl - E- Propenoat e. Preparation of Interrredi ate

J1
(S) g.;i)ohbﬁ" b@ms'e dAﬁL% dnléﬁtmhxgﬁ%a for@, 9@@ on of

Ut'am'c”’aci d 9’ ol acefa Wds added 70%

i zi)séwépgﬁ?mal R iy o 8 oy

sat. solution of NaHCO3 and extracted tw ce with Et QAc. The organi c phase
was dried over I\/gS04 and concentrated to provide
(S)-pyrrolidin-2-one-5-carboxylic acid t-butyl ester. (2.04 g) 85 %) as a

whi t e(gﬂiﬂngle';ﬂw %gmdagmmm@% (i ,z&“ﬂ@%@u%a&rgdeﬁl%( m 4H) 4.14 (m 19,
- - 1) 2 tom@pn reparation o
Intern%_at_ (Ns%VﬁFgrrgh‘éﬁer trln oneBb L,artgoxyllc Acid t-Butyl Ester. To a
sol ution of (S)-pyrrolidin-2-one-5- carboxyllc acid t-butyl ester (2.04 g,
11.01 ngnol ) in benzene was_a awesson''s Reagent (2.22 5.50 mmol ).
The 1 cBEPREAIGh Sk Ui mgiiats 2 BeaAELp F OBy S hro A Mot e Y-G9k Undie!
vacuuny- (@ﬁﬁnpbﬁliutmlmtowJ um chromat ography on silica gel (5 %

MeOHI CHC13) to provide - 139 17 J U N 2002

('S) - pyr r ol i Ukig the grbeudaredeseritied iy Ekample iSdot theptephratisi 6f (1.75 g, 79 %) as
a tan solid. 1H NWR (CDC13) 8 1.49 (s, 9H, 2.30 (m 1H), 2.S3 (m 1H))

cyrusnes e el epRar e Gro e gt ©° T
(ES% erz E%enéy@g lbf}&)(hg)l“t%;}ﬂia 8ﬁ? &Pﬁr’fﬁ?ﬁﬁ %r cYag 5?\}‘1%?0.8 ‘E‘,’?Sgut yIbut yl

‘ester (1.75 g, 8.71 nmol) in 35 nL of dry THF was added Mel (2.2 ni, 34.83
mol ) sinthesized frombexeylthiosgslzonyt-LhPbetLaY- MQ—PhﬁbL (Br-glutamdnatlandent r at ed under

vacuum CH2C 12 was added to the resulting oil which was poured into a sat.

sol uti @fp lﬁﬁnyl}ﬂlb@}ﬁran_flldé‘xlemsblﬁ%rbraa@hed) @vé maRsiaMdontanfiiiedd dith dried over
My S04, and concentrated to provide (S)-

o 57 St et Ssioissign PRI ol R Mnbnll, P00 R
E%DC'Z?’ RN UL N N X

(m), 2.80 (s), 2.82 (s), 2.10-2.95 (m), 3.10-3.28 (m), 3.85-4.05 (m), 4.24-4.40 (m), 4.45

(m), 4.62 (m), 4.82 (m), 5.07 (m), 6.26 (m), 6.39 (m), 7.02-7.30 (m), 8.05 (m), 8.49 (d, J=

8.0 Hz), 8.51 (s), 8.60 (s), 8.82 (d, J=6.0 Hz).

Preparation of Product - 2-(Benzylthiocarbonyl-L~-hPhe-L-N-Me-Phe-L-Gin)-
E-(o-Vinyl-y-Butyrolactone).

Using the procedure described in Example 5 for the preparation of

2-(cyclopentylthiocarbonyl-L-Leu-L-N-Me-Phe-L-Gln)-E-(et-vinyl-y-butyrolactone),
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Preparation of Internediate (S)-2-Am no-3, 4-Di hydro-SH Pyrrol e-5- &a?b.&km |2902
Acid t-Butyl EsterHClI Salt. To a sol ution of

(S)-2-nmet hyl sul fanyl -3, 4-di hydro- SH pyrrol e-5-carboxylic acid t-butyl ester
(0.42 g, 1.95 mmol) in 4.0 nL anhydrous MeOH was added anh NH4C 1 (0.11 g)
2.05 mml ). The reaction m xture was heated to reflux for 2 h, concentrated

i n vacde(benmytthioharbewsdilduRhened-Marihe- luﬁlﬂ)ﬁ-(@-ﬂtmlﬂ'bmwmneeml ids were
filtered, and the filtrate was concentrated to provide

(S) 2 8 WtR&iz3d 4n 909yl Sibla badedlon tho sRpPA¥M i ¢ acid t-butyl esterHO (0.41
as a light yellow solid 1H NW\R (CDC 13) 8 1.49 (s, - 140 -17 J

o 203%nqﬁwosm%g§wfa,-w vt ebedm b giSmtmetedladiles ™ 1

P 8- hyd | 1 2
pryref’?nr iB-CE TBUEHS SPRoxT b1 ol i 1528 1208700 el By EIMSO o

solution of freshly prepared sodi um net hoxi de (Na) 50 % by wei ght | n

par af f iofirotfin@8y0 §.54 {m3A1.38¢h), 1 B0ZMm), 2.0 BRA6 L)) 60/ as), 209 &), 8®@BHy to a
solution of (S)-2-am no-3, 4-di hydro-SH pyrrol e-5-carboxylic acid t-butyl

ﬁster HG 72(Doddmy) 3. 14 @6, 40PL4, .}'=nl326?l§?\la'3ﬂ-055(9ﬁ4"1’§‘@1".ﬁ@% 6oz, 30857C After 1

the resulting whi e precipitate ( was filtered, and the solution of

this fre d to thylene
mal onad @B 22 ) LAY BT A @nh%@ TR 1Y

m xture was stirred at OC overnight at which tine it was concentrated under
vacuum8.GHa), 8108 (.65 8018 4D (4.i/f4 88 Ha), &8 (dndh=EH} BontHRMEshaledder silica gel
(2% MeOH CHC13) to afford (S)-4-oxo-4,6,7, 8-tetrahydropyrrolo[1,2

a] pyri rGﬂLNﬁ%SGGQSGBIMmed 888.186%- AnzhL(CyJH.,ﬁ‘ﬁO@S OS‘S@HQ CGIS'[NEF (0.22 g,
40 %) as a yellow oil. 1H NWR (CDC13) S 1.49 (s) 9H), (rn 1H), 2.57
(m 1H), 3.09-3.33 (m 2H), 3.90 (s, 3H), 5.03 (m 1H)) 8 69 (s, 1H. M
cal cd C, 4H18Nz05+H 295, found 295. Preparation of Internediate

éS% éut 0-4,6 %nﬁtq‘liorégrB‘mGl_D[ear boxylic Acid
(S) - 4- dzl:=M ' = AQRANOBYR.r ol o[ 1, 2- a] pyrim di ne 3, 6-di carboxylic acid
B-t-butyl ester 3 rrethyl ester (0.22 g) 0.74 mmol) in MeOH cooled to 0OC was
added Mtepm@tionOof3¥utetmediaté4 nmol ) dropwi se. The reaction mxture was - 141
17 JUN RAQE3- B OQEd. duoL-NaMe-Bh o (Yr-Gin)]{E-Propesiédter ed overni ght. The
reaction m xture was washed tw cewith Et~O and the aqueous | ayer was

act difi ed ! aypingiethi\ashrbbarbd fom WiyEA- (80T %ggg%gﬁ gF@gﬁ%:}ééf\{ofs?ggdt h EtOAc.

The conbi ned organi c | ayers were ed "over

provi dg '53%)mmol) SB%(?-L-Le%-IE-ﬁI-I{/ﬁ- er((?.%; d’%l S]agygslcn e meExample

6 for the formation of 1-(2',3'-dihydroindol-1-

y1)-3-[BOC-L-Leu-L-N-Me-Phe-L-(Tr-GIn)}-E-propenone to give
ethyl-3-[BOC-L-Leu-L-N-Me-Phe-L-(Tr-GIn)]-E-propenoate (after chromatography, 44%
EtOAc in hexanes) as a white foam (0.412 g, 69%): IR (thin film) 3295, 1713, 1672, 1649
cm’’; 'THNMR (CDCI,) (mixture of isomers) 8 0.65 (d, J= 6.2 Hz), 0.66 (d, /= 6.5 Hz),
0.84 (d, J= 6.5 Hz), 0.88 (d, J = 6.5 Hz), 1.02-1.22 (m), 1.23-1.38 (m), 1.33 (s), 1.41 (s),
1.55-1.82 (m), 1.89-2.07 (m), 2.23-2.30 (m), 2.90 (s), 2.94 (s), 3.01 (dd, J=14.6, 10.9 Hz),

3.03-3.13 (m), 3.26-3.37 (m), 3.27 (dd, J = 14.6, 3.4 Hz), 3.42-3.54 (m), 4.00-4.22 (m),
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di carboxylic acid 6-t-butyl ester (0.14 g, 70 %) as a solid ye|1Jle$Nn2Q02
NVMR (CDC 13) 8 1.50 (s, 9H), 2.41 ~(m 1H), 2.68 (m 1H)) 3.21-3.41 (m

2H), 5.10 (m 1H), 8.94 (s, 1H). Ms calcd O 3H sNzGs+H, 281, found 281.
Preparation of Internediate

(S)-3-(CBZ- Am no) - 4- Oxo0- 4, 6, 7, 8- Tetr ahydr opyrrol o[ 1, 2-a] Pyri m di ne- 6- Car box
ylic A43U-473Rui)y4.8Esi 8 (m), 5.63-5.70 (m), 5.95 (dd, J=15.9, 1.2 Hz), 6.23-6.28 (m),
(S)-4-0x0-4,6,7,8-tetrahydropyrrol o[ 1, 2-a] pyri m di ne- 3, 6-di carboxyl ic acid
6-1-bugyk. 2 7@@“.)) t 07 mol ) and
di phen§¥kr§§;@ré99§§%§%%@g5 m., SM;@JJQW ﬁﬁzﬁl%r,(a@ (g aﬁe (10 m.) were
heat ed tgt& eflex for 2 h. Benzyl alcohol (0.24 ni, 2.28 mml) was added and
heat i n& reflex was continued for another 3 h. The reaction m xture was

t hen concentrated under vacuum and the residue was purified by colum
chromat ography on silica gel (2 % MeOH CHC13) to provide

(S)-3-(CBZ-am no) - 4- oxo-4, 6, 7, 8-tetrahydropyrrolo[ 1,2 -

al pyri py arwu&n eEIevNedisteaEHY1-B-[BEdiplthieGirbonyl9.-Geu-g)N-Me-Phd- as a yel | ow
solid (r odtel- 48 (s, 9H), 2.30 (m 1H), 2.56 (m 1H), 3.05-3.21
(m 2H§’ B°20 (s, 2H), 7.30-7.40 (m 6H)) 8.67 (bs) 1H) . MS

(F:’?leggr ];11(‘.) |r on %W&%&CQ&N Me: e:i (q'r-Gln)]Jf}-:gpropenoate (. 390] l‘{) % OOZOI)

(S)-3-(CBS- Ami no) - 4- Oxo-4, 6, 7, 8- Tet rahydropyrrol of 1 I)Pyrlmdl ne- 6- Car box
yl i c Awiagideprotected and coupled w1th ethyl chlorothiolformate (0.06 mL 0.60 mmol ) as

(S)-3-(CBZ-am no) - 4- oxo-4, 6,7, 8-tetrahydropyrrol o[ 1, 2-a] pyri m di ne
6- car bdds,éﬁbédﬁcﬂ)dntpieb@mtlmeﬁirmaﬁddbfzo g, 0.52 mol) was added 8.0 nL of a
1:1 solution of TFAICHC13 with 3 drops of H20. The reaction m xture was

stirreg 3aadh%amm rﬁthﬁ;cafﬁav\gl £ EE-N-MaPe- £qnE %ﬁ;ﬁ?fot“ fife yacuum cC

14 was xture S reconcentrate ated in

E~,O Filtrati S) - 3-

oxo- 4, BV eHAd ﬁf&kﬁ[}ﬁw P é@?’ﬁ?ﬂ% e r@"%] E&’F‘I?&S%?ﬂt? ¢faki g (0. 14 g)
82% as a tan solid "H NMR (CDC13 50-2.63 3.16-3.29 (m 2H))
5. 13 ( Alromajographg(44% EtQAK in Bexage msawmsfoam (@726(lsg, 68%0 IR/(tiio film) 1H)) 8. 70
(bs, 1H). M5 calcd for C, 6H1sN3Gs+H 330, found 330. Preparation of

| nt er mB29R11208, 1648 cm'; 'H NMR (CDCl;) (mixture of isomers) & 0.61-0.75 (m), 0.92 (d, J=
Et hyl -3-[(S) - 3- (CBZ- Am no) - 4- Oxo4, 6, 7, 8- Tet r ahydr opyrrol o 1 2-a] Pyri m di ne-

6- 1~ (B -0p8108! eao R 0 {AACT g T fMr I 5 2pshggoat e (0.28 9

0.52 mol gde rotectéd and cou Ied

Cat box i %‘Jlr@"%é‘*mﬁ‘§<t%%§ Tk Z R ebocated LT

Exanple 1 for the preparation of
ot hy | - )] BOBALANFEA.Pbrd S50 4. 84-A 5 (), ph B A mb 56565 76 6w, 834 (4, J =
ethyl -3-[(S)-3-(CBZ-am no) - 4- oxo-4, 6, 7, 8-t et rahydropyrrol o[ 1, 2-a] pyri m di ne

- 6- L- ( T6.7Gi2)) 3.9E(QUCPEND Blzy, 6,35-8.60 gn),SC'?SO(Qld Jos1817.508 H), 68ote:89 qayn af ter
col um chr omat ogr aphy (2% net hanol | CHCl 3) ~ ' H NI\/R (CDC13) b 1.28 (t) 3H) J

b g e ) 2L

2H)) S.86 (dd) 1H, J = 15.6) 1.6 Hz)) 6.79 - 143

Preparation of Product Ethyl-3-(Ethylthiocarbonyl-L-Leu-L-N-Me-Phe-L-Gln)-
E-Propenoate.

Ethyl-3-[ethylthiocarbonyl-L-Leu-L-N-Me-Phe-L-(Tr-Gin)]-E-propenoate (0.220 g,
0.273 mmol) was deprotected using the procedure described in Example 1 for the formation

of ethyl-3-(CBZ-L-N-Me-Phe-L-GIn)-E-propenoate to give
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'i 7 JUN 2002 (dd, 1H) J = 15.6) 5.3 Hz), 6.89 (s, 1H), 7.16-7. W?(&Uulmﬂz
7.53 (d) 1H, J = 7.2 Hz), 8.65 (bs, 1H)Ms calcd for Cg, 4H43N50~-f-CS, 886)
found 886. Preparation of

Product - Et hyl - 3-[ (S) - 3- (CBZ- Ami no) - 4- Oxo4, 6, 7, 8- Tet rahydropyrrol o[ 1, 2- a] Pyr

i m di ne- 6- -Pro ) CBZ- no) 4- oxo-

4,6,7,8h th%h&‘%{hq“g‘ebi[e }‘Eﬂgyé}}erﬁ bﬁ'ﬁep‘ CI(OFF )1 - E- pr openoat e
(0.25 g) 0.33 mml) was deprotected usi ng the procedure described in

Exanpl ehrdafographie5036 eq@éoratin haxants)es hywhit-féan K1  hg,d2%)b dR thid filndu- L- Pr o- 1.
G n) - E-propenoate, to provide ethyl-3-((S)-3-(CBzZ-am no)-4-0x04,6,7,8

tetrahygs0Rysd Gh® HNRIRR{GYC n‘ﬁkﬁ?ﬁ@hbmﬁ%r@]&ﬁﬁ@'(&@)&n@g 18, (P6AQ, 9= 59 %)
as a whité solid after col um chronato raphy on silica (5% nmethanol / CHO 3):

=2 dl 1.29 (t.
3 8”5%%"@53 1555 g (Y %%ﬁ%(fv 53%2‘&4%9%@ do-2. 51
3. (dd,
() 20s3 02l 138D a2 sh s 2omed 5y B Pn e A by Be00, 0
1H, J = 15.5) 1.4 Hz), 6.84 (dd, 1H, J = 15.6, 5.2 Hz)) 7.36-7.40 (m SH),
7. 44 (J=7PHHz),3.3394.00(m) H)96-5IR/Bnk 28.67(d, dr= IGLAH NG QO {d,s/ 643516 HE},)6. F2ound
644.1143; Anal (CuH29N50~) C, H N 3'he remaining conpounds illustrated
above ¢EBPE.ERXCAIERII6RY (dd o 51 & 5813y klo3ans), #1920 s@YI7 2P

experi nt at’ion, ner anal’ogous’ 'to thé vari ous Toce s%es descri bed
above | 4 17 JUN 2002 BI OCHEM CAL AND

BI O_CIBI@:AFX%ZE Mﬁ%ﬁgﬁﬁsﬁgﬁﬁ@é rNow rus Protease Stock solutions (50
mVv) in DMSO) of various conpounds were prepared; dilutions were in the sane

sol vent. Reconbi nant Rhi novirus 3C proteases from serotypes 14, 16, 2 or 89
were prepared by the follow ng standard chromat ographi c procedures: (1) ion

exchan@aufplatl LPesakaticicef Eamboind¥:f rom Pharmaci a; (2) affinity
chr Omtﬁgggg%ﬂﬁoéﬁbaﬂvlﬁ,%l-ﬁm I@é—!’ﬁe-fuiGME!-@-V%P?}HuS%Ma&o&EP g using
Sephadéx 00 Trom Pharnaci a. Assays contai ne mMtris pH

7 6) 1 EDLA Q entrations, approximtely
ﬂ?’éf‘%“ ogm]teg%&ia%lﬂ@#&-&a{!—&%—ﬁégg&wgﬂ erm nat i ons) t he conmpound

and the enz wer e ei ncubat ed for 10 m nutes _at 30C prior to addition of

The subst r akMesthscOMaHC I ar es iseolikih it ot Chef o sbposrebiaie s om

reactions initiated by addition of enzynme rather than substrate. RVP

acti vi tepmbimatiemsfité NaOH (age7 hil)and sat NaldCOe @S maln) eA forenmigingt thansdaaic assay.

The substrate was (N termnal) DABCYL- (Ay- Arg- Ala- Val- Phe- @dn- Gy-

Z’L g;\ CX?&&SS?J@Q%EQ&%@; anlithd DRiebIhaaRES Rantbdeith AL CERANSofhuprgRcence was

combined organic phases were dried over Na,SO, and concentrated to give the free base of
the amine as a clear colorless oil (1.69 g, 8.75 mmol). A solution of this amine and
diisopropylethylamine (1.68 mL, 9.62 mmol) in 10 mL of DMF was added dropwise to a
solution of BOC-L-Val (2.09 g, 9.62 mmol) and hydroxybenzotriazole-hydrate (1.30 g,

9.62 mmol) in 10 mL DMF cooled to 0 °C. 1,3-Dicyclohexylcarbodiimide (2.18 g, 10.59
mmol) was then added. The reaction mixture was stirred at 0 °C for 1 h, and then stirred at .
1t. for 48 h. The mixture was filtered to remove the precipitate, and the filtrate was

evaporated. The residue was dissolved in CH,Cl, (200 mL), washed with sat. NaHCO,
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proxi mal DABCYL noiety. Wen the peptide was cl eaved) the quencrﬁ‘r% J\HN 2002
relieved, and activity was neasured as an increase in fluorescence signal.
Dat a was anal yzed using standard non linear fitting prograns (Enzfit), and
are shown Table |I. TABLE 1 I MPOUND 1 > 100~cMK;) 2 ND (2) ND ~bs/I -~

| sec 1) 52 5,300 617 -145 17 J U N 2002 316) ND1, 03531 2~cM f ~; ) 16,

565( 2)(18Pwmd), dr@;qumgrzlgahSngzonmqm edgand purified by flash column chromatography

800( 2) ND541(16) ND2, 009ND17, 3206ND9, 500ND3, 824gND6, 885g4. 4~M K~57, 000l p2. O-~.

M K; ) 415 98B{IANRhex ) 1 DEBU@LW‘HD&SHTM@%Q—HNEB% HeAid Sl 156 99. 8~, M K;
) 56, 400( 2) ND80O( 16) ND1800152. 5~, M K; ) 36, 400( 2) ND3) S00( 16) 00161 2~cM K;

8, 30 927 - 146 17
?] ! N"’%ﬁé@@ﬁﬁﬁﬁrﬁ%%ﬁ%@éé%@d&q&ﬁ1%%%%&3%%&%’#) 50524 g-cMK.)
, 960( 2} NDY
T00( 16 RIBSRYEEDERDD 436 (NS Heh B KoF TR L. 00Hey b7 65 e 095 6 NDs7( 16) N
D902gSO~, M K; ) 1162gND4530 SS~, M K; ) 16331ND3932ND9833 86( 10)
36134ND% 8,9/40)( D3N AD87-6 )9RM0e) (BSBENRZE () G99 NI (16)) 0 BT §IANBS 5 49046 - ND2, 000( 2
) ND400( 16) ND7503~ND12, 400 -147 17 JUN 2002 38 39 40 41 42 43 44 45 46 47

48 49 Bs = =
ND4, oo%ﬁzD 8, %Ssoilgzz% ﬁgi (o)6 ﬁl[%?%%g) NDgldg)%ogg&r\E(iﬂ%%&%ﬁm) , 507 (@, 7=

“2ap55 160y hé’%s??‘%ﬁa?ﬂ%m%é%%éﬁ%%ﬁﬁmhe above. tabl e,

all data is for RVP serotype-14 unless otherwi se noted in parentheses. All
strains of human rhinovirus (HRV) were purchased from Aneri can Type Cul ture
Col l ection (ATCC), except for serotype 14, which was produced fromthe

i nf ect Preparatiod/ofdhteramedinte BOCLSalanN-MeRiei ed to us by Dr. Rol and Rueckert
at the

BOC-L-Val-L-N-Me-Phe-OMe (0.396 g, 1.01 mmo!) was dissolved in 10 mL of
MeOH and cooled to 0 °C. A solution of 2 N NaOH (aq 4.04 mL, 8.08 mmol) was added
. dropwise. The reaction mixture was stirred for 2 h at rt. and poured into 10% aq KHSO,
(80 mL) and extracted with CH,Cl, (2 x 100 mL). The combined organic layers were dried
over Na,SO, and concentrated to give BOC-L-Val-L-N-Me-Phe (0.38 g, quant.) which was

used without purification.

Preparation of Intermediate
2-[BOC-L-Val-L-N-Me-Phe-L-(Tr-GIn)}-E-(c-Vinyl-y-Butyrolactone).

2-[BOC-L-(Tr-Gin)]-E-(c-vinyl-y-butyrolactone) (0.546 g, 1.01 mmol ) was
deprotected and coupled with BOC-L-Val-L-N-Me-Phe (0.38 g, 1.01 mmol) using the
procedure described in Exémple 7 for the formation of the
2-[BOC-L-Leu-L-N-Me-Phe-L-(Tr-GIn)]- E-(a-vinyl-y-butyrolactone) to give

2-[BOC-L-Val-L-N-Me-Phe-L~(Tr-GIn)]- E~(a-vinyl-y-butyrolactone) as a white foam
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-148 17 J U N 2002 Institute for Ml ecular Virol ogy, Universi ty NZUUZ
W sconsi n, Madi son) Wsconsin. The colum designated | NH B represents t
percent inhibition, with the concentration of the conpound in p.Mindicated

i n parent heses, unI ess K; was assigned as designated by (K;), at 10 minute

prei ncg@ﬁ}gg% g &Mnﬁi\ffé r &5, | P52den A 1493, @17%&%“%@/@&8 used. The

‘data i esl gnat e kabsn was I'TE&SUI’G from progress curves in

enzyme start exper T, n t ,np_inhibition
vas ob{EIE8 oﬁmmr@ &i@wgﬁﬁﬁ‘éﬁ# R AR R AR DBl 25N

i ndi cates that a value was not determ ned for that conpound. Anti rh| novi r al
HI - He L &z5l.38- 045 (m),d . 78:2.80 (), 2.2/22.28 (1), 2 289 () 3 A8SA7 (mi h&S&Di | i ty of
conmpounds to protect cells against HRV infection was nmeasured by the XTT

dye f6@L59t3%1 hfmd4 o;ﬂ’ﬁmﬁ 4R hop (s 4desc46 (94, 741-4@05€m)\/2¢9($(cpwr-6:9 Ki ser,
D.L. Fine, J. Bader, Shoemaker) and M R Boyd, J. Cancer |Inst.

ot or ot # iﬂzﬁ?@ Vg"?fg 3RS B 140 (5 d €Y. 6 B ?9%@2@1%?1%2#@@ st not ed)
PR, PE VAR, BT A AN TN CIAE B Eg SR Tt as fo R SO

resuspended at 8 x 105 cells per nL and incubated vmth appropriate
concentH,®) CpHsNof conpounds of fornmulas | and Il. Two days later, XTT/PMS
was added to test plates ) and the anount of fornazan produced was
guantified spectrophotonetrically at 450/650 nm The ECso was cal cul ated as
t he concentrati on of conpound that increased the percentage of formazan

productj on | ound- rus—inf ect % t hat

pr oducéd ‘B2 gfy} t&"f”r"&‘éseai Tﬂ@yi’th‘“i"bonﬁfﬁﬁﬁf@ﬁ r%?; Eh ﬁefé%)]cel l's. The
50 % cyfrr¥y uyrolaetons)-was cal cul ated as the concentration of compound
that decreased the percentage of formazan produced in conpound-treated,

mock- i nf ec2e@Q@LI¥altloNIdeRBhofL-(Tai/n )] riouvinyl-7-hutymigtenedi(0. 376047 nock-
infected cells . The therapeutic index (Tl) was cal culated by dividing the

CCsO bynhbg waSaeprofobibd ahd 8bustedith iiGIchl dtbthidiforiaté (Y6 mi.00.49 $@nélad hi S

assay vvere purchased from Aneri can Type Culture Coll ecti on (AT , except
for HRY C ced fromthe infectious cDNA cl one)
construdgc a#gé p%Fﬁg%:tE{S‘fﬁ%ag&?gf Rol and Rueckert at the Institute for
Mol ecul ar Virol ogy, Unjver S'f&?f of Wscon Madi son) W sconsin. HRV stocks
ver e priolshylibiogarogng-lahey-Hil 'B%"s‘a}@f'@t’-ﬂ'bErfér‘ﬁ@flribﬁlwwlﬁm%@zgl@el | s

(ATCC). Cells were grown in Mniml Essential Mediun) avail able
2-[ethylthiocarbonyl-L-Val-L-N-Me-Phe-L-(Tr-G!n)]- E-(e.-vinyl-y-butyrolactone) as a

white foam (0.150 mg, 40%): IR (thin film) 3299, 2965, 2360, 1751, 1493, 1205 cm™; 'H
NMR (mixture of rotamers) (CDCl;) 8 0.36 (d, /= 6.9 Hz), 0.54 (d, /= 6.6 Hz), 0.71 (d, J
=6.9 Hz), 0.85 (d, J= 6.3 Hz), 1.21-1.31 (m), 1.82-1.84 (m), 2.28-2.30 (m), 2.64-3.03 (m),
3.31-3.41 (m), 3.62-3.78 (m), 4.24-4.33 (m), 4.45-4.52 (m), 4.60-4.66 (m), 5.81-5.89 (m),
6.33-6.36 (m), 6.41-6.49 (m), 6.86(s), 7.06 (s), 7.11-7.33 (m), 7.46-7.50 (m), 7.54-7.55 (m),

7:64-7.70 (m), 7.79 (d, J= 7.5 Hz). Anal. (C4H,N,0,5°0.5 H,0) C, H, N.
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fromLife Technol ogies, with 10%fetal bovine serum The corrpounds1 \?BJUN 2002
tested agai nst control conmpounds WN 51711, WN 52084, and WN 54954, all
obtained from Sterling-Wnthrop Pharnaceuticals, and control conpound

Pi rodavir, obtained from Janssen Pharnmaceuticals. Antiviral data obtained

for t test, co unds ta are for HRV
ser ot ;Eépmam 8 %myﬁ%%rrﬁoﬂﬁﬂa%e’ﬁﬂﬁ% lﬂ‘ﬁ%\IBL n}y Conpound

#ECso( (MWb(tﬁ!WV‘N‘&Q@Q@llSZl 0565630. 1841. 723240. 23200870 -150 17 JUN
2002 50.24S 1.421462.8151.45471.347.937810> 320>

3290. 2556. 22 pEthPithi8&behyl-1 10ala3N-MePhe-80T1-LHn)]-E-@26ayl-y-butyrolactone)
76130. 1217. 8148140. 3215. 849150. 26S0. 1192161. 73219170, S5310618S. 0126251950>

sz0- SRATIIAE O BIRIANIBBIE0 T e 520

632158 5 ~ 33> 32 340. 32>.100> 312350. 19>
100> 5%@3@% meaﬁlaé@% 5%66’& *ieé%?@dg Vi sY utyrolactone) to give

278391. 6180113400. 3245141412. 0189420. 4550. 1111433. 5S6. 216440. 5456. 2104451. 7
856. 232-{ahyldd @8y iLL 38144 9de-Bhe-LaSInpEA90iny-y7nopokcone) 8 wigt5112. 6> 100>
85232> 100> 3534.5> 100> 225417. 8> 100> 65550> 100> .

2561. 6&@3%56@8?&&98?3@&?55@&% 374401826 1390120040 %; (HIRNIR fhBedt@ of > 100> 250
15 ~1 ~ JUN 2002 59 (HRV 10)0. 40> 100> 250W N 5Z7110. 78> 60> 77W.N

520840 Jd Q

pot oo PRSP B L8 P LS s GV b s <o
pr ot ect ceI | s agai nst. CVA- 21 or. CVB- ction was neasured the XTT dye
ot (o LrhbtnGOBA 7665 () TRBUS @) LR (- Laoimr- G0 o CVE 3
at a multiplicity of infection (mo.i.) of 0.05 (CVA-21) and 0.08 (CVB-3)
or noclm), AR28et.eH(m), B164re6h (mm), 611235.18 (M)eﬁﬂw.%r(mm.m-éaﬁ én),634-6.39er e
resuspended at 4 x 104 cells per nL and incubated with appropriate

concenthRbimIS7PimpyIe.7 Biny eyslaetm), KIT(HYE nessddacs s@chpst pl ates)

and t he ‘anount o{ f or mazan produced was quantl f| ed spectropﬁotorretrl cally

et oatRIS U APERRCT.C B0 8 BbEhR B0, R B og 0P BB, 0

Virus-infected cells to 50% of that produced by drug free, uninfected

cel I s. Cithi. 50 % cyt ot oxi c dose (CCso) was cal cul ated as the concentration
of drug that decreased the percentage of formazan produced in drug-treated,
uni nfected cells to 50% of that produced in drug-free) uninfected cells.
The therapeutic index (Tn was cal cul ated by dividing the CCso by the ECso.

The COE%Q&;I@uSIPaﬁat{%n%ké&m&glﬁ.h)lﬁnd B-3 (CVB-3) were purchased from
AITET | C gl i /ECHiPRE-L D (4-Mb PR - Bl KE-PABhéndatPPagat ed and

Preparation of Intermediate FMOC-L—N-Me-(4-Me)—Phé.
This N-protected amino acid was prepared in approximately 80% yield from
FMOC-L-(4-Me)-Phe, purchased from Neosystem Laboratories, Strasbourg, France, using
the procedure described by R.M. Friedinger, et al.; J. Org. Chem. 1983, 48, 77-81, the
disclosure of which is entirely incorporated by reference herein. The crude product,
isolated as an oil, was used without further purification: IR (thin film) 3452, 2953, 1713, | -
1516, 1451, 1404, 1321, 1194, 1040, 738 cm™'; "H NMR (CDCl,) mixture of rotamers; &

2.27 (m), 2.77 (s), 2.79 (), 2.85 (s), 3.08-3.32 (m), 3.37-3.49 (m), 4.10-4.26 (m), 4.30-4.45
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17 J U N 200 assays were perforned in H -HeLa cells (ATCC). Cel Ia MUN 2002
growmn in Mninmal Essential Mediumw th 10 % fetal bovine serum Table 3.
Antiviral efficacy of conpounds against CVB-3 infection of H -HelLa cells.
Compound # ECso(wM CCso(p.M TI 2 2.0 56 28 WN 54954 > 100 > 100

Pi rodayir > 100 > 1QQ _Tabl . tjvi ficacy. of ounds agai nst
CVA-21\(@11‘4@9‘(‘}98%(%9&5-@31_&82@’92:.il&h%ﬁ)éf?fé @%cﬁ&@é‘zﬁm%@a( NM TI 2 3.3
56 17 4 1.8 ~ 200 111 WN 54954 > 100 > 100 Pirodavir > 100 > 100

Echovi 7@8-1135 @7 Z6(drov 7 .Addz)7 MImdsi forQ,HaN @ 4Na 438 sfayndr#i8. Echovi r us
strain 11 (ECHO 11) and Enterovirus strain 70 (ENT-70) were purchased from
Anerican Type Culture Collection (ATCC). Virus stocks were propagated and

antivir ITINNMAT 408 LB LA were grown in
i ol PR AR e EmBtalOF FROCHINAE T4 Phd ?e@gn(m; tufhind ty of
conpounds t t, C ai E 11 or - 70 infecti S nmeasured
by the xr BYBCIaSE SN She somToN RS sEFS indp e af G | 1o

i 7JUN2002 with ECHO- 11 or ENT-70 at a multiplicity of infection (mo.i.) of
0. 0013 ap¢EZrd afiPMiin dTathiseoutiorNRs 2ddedoN-hydiokysuwatiomnidel (0h3 &y 4ofentimol) onl y.
Infected or uninfected cells were resuspended at 2 x 104 cells per rnl, and

i ncubatsrd aldedio BRPESHIMRIRIFHAP G ESAinued snti fall dhd dlidOreredissolvad.er) XTT / PMS
was added to test plates, and the anount of formazan produced was

quant i figd B e al cul ated as
t he cofrﬁfgn?%gg%én)&gwdﬁ}g& @ﬁlh@taégl %é" ?éetggtg’gj\tg%gddgéeﬁr tgﬁ raegce%gf g‘?‘%&?‘in
productjion in drug-treated, virus-i rEect ed cells to 50% of that produced by
dr ug- f thsreagiiop yyas stiged aldpem temperatyemtor IV hus. cThegutyrewagthepdidtered| cul at ed

as the concentration of drug that decreased the percentage of fornmazan
pr oduc éuto iarsephratg flaskeanéai)ing hi-(Tr&dtichind) (1572t gy 450%mof) disselvedinoldunkbd i n dr ug-
free ) uninfected cells. The therapeutic index (Tl) was cal cul ated by

di vi di RgDVNIE r&SAnp the MR EfeiRlohd: recipithteV Thateabtfdnl hasi ounds
agai nst ECHOrll iﬁ ection gﬁem?ﬁ??lﬁ@npoundca : e Gl GRFBR

#ECso( ~ ~0(E T123.1561843. 2 2. 5W N, 54954> 100> QPi r odavi r>
Toos. 16 & om iR es B RR6 NP B A SRR 0T nf ect i on
of MRCS cells. Compound #ECso( EcM CCso(~. M Tl 20. 6569340. 3200667 - 155

resulting crude product was purified by flash chromatography (5% saturated anhydrous

NH; in MeOH/ CH,Cl,) on silica gel to give 3.72 g (90%) of a white solid: IR (KBr) 3407,

3312, 3059, 3032, 2932, 1665, 1516, 1491, 1447, 1319, 1188, 741, 700 cm™; 'H NMR

(DMSO0-d;) mixture of rotamers; 6 1.55 (m), 1.67 (m), 2.16 (bs), 2.23 (bs), 2.79 (s),

3.00-3.29 (m), 3.75 (m), 4.01-4.10 (m), 4.25 (m), 4.50-4.64 (m), 4.85 (m), 6.98-7.39 (m),

7.49 (d, J= 7.4 Hz), 7.60-7.75 (m), 7.87 (d, 1 H, J= 7.4 Hz), 8.50 (bsj. MS calcd for

CsoHyN;05+Na 794, found 794.

Preparation of Intermediate L-N-Me-(4-Me)-Phe-L-(Tr-Glutaminol).
FMOC-L-N-Me-(4-Me)-Phe-L-(Tr-Glutaminol) (3.32 g, 4.3 mmol) was dissolved in

11 mL of DMF. Piperidine (0.44 g, 5.2 mmol) was added dropwise to this solution. The
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17 JUN 2002 W N 54954> 100> 100Pi rodavi r> 100> 100 In descri bi ngﬂl?edUN 2002
I nvention, the inventors have set forth certain theories and nechanisns in

an effort to disclose how or why the invention works in the manner in which
it works. These theories and nechanisns are set forth for informational
purposes onIy Appl i cants are not.  to be bound by any specific chem cal or
physi cealutiachasrstisied forr 30 i rAtdhis gimeg thersalution wasgencantrated wndeevacusm, has been
described in detail and with reference to specific enbodiments thereof, it

wi |1 bandethe egsalting tceuderaeniskwhs pdified biyfiask chrombaigraphy (796 MeOBNOEL1HNnd

nodi fications can be made therein w thout departing fromthe spirit and

scope {hefiepkel td gﬂzé)z it °Q%tf§row éég?tf%&mmﬁﬁﬁﬁﬂﬁ f‘%ﬁﬁ%j‘sover t he

nmodi fi cati on vari a conme W|t e scopé of the

append ir e Y 5 .
conpoLtgts L8150 % %803,41%;510?41,5@2 o iy, pobte AR BT A
MsCorS; R is H F, an alkyl group, OH SH, or an O al kyl group; RZ and RS
are i nb3pémdei, (189, d#D).c2126 (soPil)}I2.30X(s,3E012.87 (n, W) 2467 (&2 IH, = B3B,0r an

al kyl group, wherein said alkyl group is different from X~Y~A~ Bl and

X' Y~Ai 9821z), P09 LA, \M{’;.Dl——tlbet l4r6CHZ)892(Dtt&i lmJ&%Mmﬁ) 942 @4, ), B32must  be

X~Y~Ai B~ or X Y2Ai Bz , D~ D2 and V\/nerfal n) when R2 or R5 is X A~ ’d I
D~ X 7 X Y
t oget Ihgn_l% %rgéngf; lﬁeg)%nﬁg r’?ga (Iihz% 712% "JQ?P#HN 1%%?’a%g (R i;] or
0-) X n C(al kyl') -

&3 55579 s czfl‘cddfor ¢ B, N0 4Cs 682, found 685
Preparation of Intermediate CBZ-L-hPhe-L-N-Me-(4-Me)-Phe-L~(Tr-Glutaminol).
Following the procedure of L. A. Carpino, J. Am. Chem. Soc. 1993, 115, 4397, the
disclosure of which is entirely incorporated herein by reference, CBZ-L-hPhe was coupled
with L-N-Me-(4-Me)-Phe-L-(Tr-Glutaminol) as follows. To CBZ-L-hPhe (0.32 g, 1.0
mmol) was added 3 mL of DMF. To this solution was added
L-N-Me-(4-Me)-Phe-L-(Tr-Glutaminol) (0.55 g, 1.0 mmol) and diisopropylethylamine
(0.26 g, 2.0 mmol). This solution was then cooled to 0 °C, and O-(7-azabenzotriazol-1-yl)-
1,1,3,3-tetramethyluronium hexafluorophosphate (HATU) (0.38 g, 1.0 mmol) was added.
The solution instantly turned yellow, and the mixture was allowed to warm to rt. Once the
starting materials were consumed as indicated by TLC, the reaction mixture was
concentrated under vacuum. The residue was taken up in an excess of EtOAc (200 mL),
and washed with 25 mL of H,0, 25 mL 10% HCl twice, and then 5% aq NaHCO,. The -

organic layer was dried over anh Na,SO, and concentrated. The residue was subjected to

flash chromatography (5% MeOH/ CH,Cl,) on silica gel to give 0.68 g (80%) of a white
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where R o and R11 independently are H, a hal ogen, -ar an al kyl gr oﬁ? e‘rUN 2002
together with the carbon atomto which they are attached ) forma

cycl oal kyl group or a heterocycl oal kyl group, or Xis -CHzZ-, -CFZ , -CHF-,

or -S-, and Yl is -0-, -S, -NR12-) C~13)~14) a -C(~)-, - C9) O

-C(CR13R14 r.ej i.S..H I i ndependently are
F)C( or %‘%l&%@%&ﬂ&%ﬁ?ﬁf@ggﬁ%w@ %‘%@ﬂé‘fﬁ%@g%ﬁ@m&i ﬁﬁ%r eybondeg?
forma cycl oal kyl group or a heterocycl oal kyl group; AL is C, CH CF, S P,
Se) N, (INMSSrdBadytyresd rapmers; 01R,45)(mr . B1-Aks5m).d, 75h85 i) 1R7Xsnd R16

i ndependently are an al kyl group, a cycloal kyl group, a heterocycl oal kyl

group, 287-B1%(m n.qarq?, P192.23540H! D37 fth), Q684394 @), 3 0835 &T), W4 (inf,he atom to
whi ch they are bonded, forma heterocycloallcyl group; DI is a noiety with

a lone,RAi L0 > ) ] ) g uanfd B, is H
' an ARy AR K TR . g1 4 B B L R R TG Loy
group) a heteroaryl group, -ORl~, -SR') -NRL7R18, -NRL19NRI ~RI B, or
-NRl?OIf@.stM&I*&SR?L,fo'{%h?”and R g i ndependently are H, an alkyl group, a
cycl oal kyl group, a heterocycl oal kyl group, an aryl group, a heteroaryl -
group, or an acyl group; -158 ~17 J U N 2002 and wi th the provisos that
when D1 is the noiety ---Nwith a |lone pair of electrons capable of formng

a_hydr pgem Qa6 of BltedRERa Al hRHS-SIN-MOAH-MRPhAL-(TF-GRtARRoHAr PO, B, is not
-NR1~R,$ When D, is the noiety -NRUR26 with a [ one pair of "el ectrons

capabl e of rm hydr ogen bend rein R~.and R2 .e [ ndependently H)
an allcyl gﬁféﬁxg,tﬂgc@ﬁ%@fcg%en g%ﬂ,éf?gégeuﬁee(ieé?@%ﬁ g’éﬂ‘ﬁ@?%‘r‘hﬁp, an aryl
group) or a’heteroarél group; and wherein DI -Al-Bl optionally forns a vitro
group wrepartion of &-(K- b,ﬁ@meBnheuammwaﬁmpmden qrentigativegieldfiomy2A~B2 | D2 X
is =CHor =CFand Y2 is =C) =CH or = CF) or X and Y2 together with Q

f or m a QBE-edPhemeNeH(4-Meg-Phe-1 WTir-Cluttdninio) .- WhRE glabdyl doid: IR (KB} 3378,1 s - CH-
or -CF-, and Y2 is -CH, -CF-) or -C(alkyl)-, where Rlo and R11

i ndepe tq] lco , I upy 1 with the
car bon%gtg @%0?%,@%?&65? hi(?;/lfsé??gétl ?gléﬁfegé? '7?%,?%9%&05& gmwgyc:% or a

e T O RS hanfli 83 P off e o Sl 20718, 25 Q22 By 237 aided )L °
wherein R 12 is H an al kyl group, a cycloal kyl group, a
(s), 2.77 (s), 2.82-3.30 (m), 3.¥5 (m), 4.30-4.80 (m), 4.90-5.0)(/) (m%, 6.9£7.43 (m),

8.35-8.55 (m). MS calcd for C,;HN,O,+Na 733, found 733.

Preparation of Intermediate Benzylthiocarbonyl-L-hPhe-L-N-Me-(4-Me)-Phe-
L-(Tr-Glutaminol).

Using the procedure described in Example 8 for the preparation of
benzylthiocarbonyl-L-hPhe-L-N-Me-Phe-L-(Tr-Glutaminol),
benzylthiocarbonyl-L-hPhe-L-N-Me-(4-Me)-Phe-L-(Tr-glutaminol) was prepared from
L-hPhe-L-N-Me-(4-Me)-Phe-L-(Tr-glutaminol) and benzyl chlorothiolformate in 96%
yield. White solid: IR (KBr) 3418, 3316, 3054, 3023, 2947, 1678, 1666, 1643, 1530, 1493,

1451, 1211, 700 cm!; 'H NMR (DMSO-d,) mixture of rotamers; 8 0.5 (m), 1.25-1.60 (m),
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het er ocycl oal kyl group, an aryl group, a heteroaryl. group, -OR 13}"7 dUN 2002
-NRnsR' | 4~ -C(0)-R113~ -SOZR113~ or -C(S)R 13~ and R 13 and R 14,

i ndependently are H, F) or an al kyl group, a cycloal kyl - group, a
het er ocycl oal kyl group) an aryl group, or a heteroaryl - 159 y ~~aN
z002 grou t oget i

or her th the at to i gh ey are attached) form a
cyol ity 95l B b Sk d2pdmuct R tmy2 R, A e 41587 (g P Se,
NR'S, S(O) Se(O, P-ORS, or P-NR15R 6, wherein R 5 and R 6 independently
are ar3.4 (my)l 3.65 Gmp,3.80-¢.406 (mp| 454-5.03 Gup,6.84-h29 em) Ivdl(dal=«§.l Hy),0LFH) an aryl
group) or a heteroaryl group or) together with the atomto which they are

bonde 0 helkg@Ches. 4ORBINM) 76 @, 2="108 ALY M one pair of
el ect gg’n‘é Z'?pa fgkgf(&fﬁo%%lg%i%g ﬁg’ggggg’%%zan@ a@ EE iNsﬁsh%lc%fdran al kyl

group) ou het er ocycl oal kyl group, an aryl group) a

het ero%ﬁ?%@@%t}?*%%f%{*&‘%ﬁ, ~, -NR ~R's, -NR 9NR ~RIS) or _NRi ~ORi s~
wherein R', R's, and R 9 independently are H, an al kyl- group, a cycl oal kyl
group) a heterocycl oal kyl group, an aryl group) a heteroaryl group, or an
acyl group; and further wherein any conbi nation of Y2, A2) B2, and D2 forns
a cyclmapkdtiot dTUftermelRit€Bonsytihiitalbotyl 3 -KRHL-NAMVRF(HME-RhER) Or a

heterqfriEyﬂl_qugHﬂ,‘mlggS and R6 are independently H F, an al kyl group, a
cycl oal kyl group, a heterocycl oal kyl group, an aryl group, a heteroaryl

group, -C(QRI ~.. .- ~ e 3y RGN a. or -NRl=OR s, wherein
R~ RS, W}W%ﬁ%@d&ﬁé&ﬁ\%&g&{%ﬁ%“&|&§‘?‘%@8§%€° aw%syl\&g%d&%kyl group,

a heterocycl oal kyl group). an aryl group,._ a ,heteroarall %oup, or an acyl

gr oup; usinggpiodoxybenzic reid dm anky DMBQ a5 dgscribed indgampls 4 fr ths preparatignBbn at om t o
whi ch they are attached, forma cycl oal kyl group or a heterocycl oal kyl

gr oup; cyctbpesty AinpcaboryditeewoL-PaMeePheeli-€Tyglutamirial). AippnRrkup, #8) t oget her with
the atons to which they are attached) form a heterocycloal kyl group; R~ is
S,r 033 agéﬁyhe WafHURed itnfeiF a3 MithouSfuAHE: purficRRine "ANIRGEDICL) nikiir an aryl

rotamers; & 0.89 (m), 1.26 (m), 1.67 (m), 1.85-2.05 (m), 2.13 (s), 2.22 (m), 2.28 (s), 2.35

(), 2.60 (m), 2.70 (s), 2.83 (5), 2.89-2.95 (m), 2.9 (), 3.01 (m), 3.25 (m), 3.90 (m),
4.04-4.25 (m), 4.30 (m), 4.61-4.66 (m), 5.85 (d, J=7.0 Hz), 5.95 (d,J="7.0 Hz), 6.22 (d, J

=7.0 Hz), 6.70-7.36 (m), 8.15 (d, J = 7.0 Hz). 9.35 (s), 9.40 (s).

Preparation of Intermediate
Ethyl-3-[Benzylthiocarbony)-L-hPhe-L-N-Me-(4-Me)-Phe- L-(Tr-Gin)]-E-Propenoate.

This intermediate was prepared from benzylthiocarbonyl-L-hPhe-
L-N-Me-(4-Me)-Phe-L-(Tr-glutaminal) and (carbethoxymethylene)triphenylphosphorane as
described in Example 4 for_ the preparation of ethyl-3-[cyclopentylthiocarbonyl-
L-I:eu-L-N-Me-Phe-L-(Tr-Gln)]- E-propenoate. White solid: IR (thin film}) 3297, 3057, -
3027, 2980, 2928, 1714, 1651, 1516, 1495, 1447, 1267, 1213, 1035, 735, 700 cm™; 'H

NMR (CDCl,) mixture of rotamers; 6 0.8 (m), 1.26 (t, J = 7.2 Hz), 1.44 (m), 1.61-1.80
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ra
heteroaryl group, -ORt~, -SRI) -NR ~RI B, -NRI9NRR18, or -NR~-~CRI eﬂ %J&erﬁﬂz
R ~, R18, and R19 i ndependently are H) an al kyl group, a cycl oal kyl group)
a heterocycl oal kyl groug, an aryl group, a heteroaryl group, or an acyl
group; or R~, together with R3 or R6 and the atons to which they are
attach 1f9<4r(ﬂ§ zalme%ezmm 0gloky)| 288 @mp:2.6%6(s), Qﬂﬁ)(s)aﬁ 90'(&?'2 %@r

kyl a he eroaryl

cycl oal K group, a eterocycloal yl group, an aryl group

AT SRR G D BN g i

aryl group) or a heteroar roup; .or er wwth R4 and the nitrogen
B o CHZRES- 960D, 608 (e d m . 647 6 I BT g (St RylS S50 Hor

het eroaryl group) or R8 and R3 or R6) together with the atons to which they
are at 682iimdl,6.877.08 (m),Iel147.0t Yo, deld kidl J g170LHz). M8rdlcd Forar e i ndependent |y H,
F, an al kyl group) a cycl oal kyl group) a heterocycloal kyl group, an aryl

group, r AORz,, -COZR21, -ON) -C(ONR2, Rte,
C(C))N(Ifgfl_lh@%9 8%%%&‘8&2) ~2i Rzx~ - NO2~ -SORZi, -SM2R21, -SO2NRZ1R22~
- SO(NR21) (ORza~, -SONR21, -SOBR21) -PQ(ORZi)a, -PO(Rzi)(R~,

-PO(NRz, RR~(OR~), -PO(NR21R2z) (NR~Rza), -C(O) NR2, NR~R~, or -

C(S) NRZ, NR22R23, -161 ~ | ~~N zoos wherein R2,) R22, R23) and R24 are
i ndepeRueparatjonof Brodaicky! group) a cycl oal kyl group) a heterocycl oal kyl-
gr oup, Eshiyla3-Bengyl¢thipearbohylbshPdveyll-NgMedd-MaRPhe ¥t Gi] oB{Propéncatd. hi oacy!
group, or wherein any two of R21, R22, Rz~, and R24) together with the

atoms) to WphghrdeYwal fre mﬁﬁ@d’ﬁﬂ@%@&&h yi&f&@rs?hg) ﬁr r§¥ dAffeap; or Zl, as

defl ned above toget her h R, as d |ned ab e atoms to which

21 bobhradhfet g Lgpa R e ErablFRE Wxsﬁ%kfﬁwt%héégsr” # ond

bonded forma c[ycl oal kyl or_ heterocycl oal kyl oup, With the proviso that
when Rethyk3-enzg thigeasbariyl-bthPhetlrMe-idnyie)Phg:L- &rﬁfa}]%ﬁémqoé@lussﬂgaccept abl e
prodrug, salt, active netabolite, or solvate thereof; and wherein said
conpouﬂfé,pr@dbﬂmﬁﬁedarhExarﬁpleapfbﬁﬂhbeymh@ﬂsmfg) salt) active netabolite, or
sol vate thereof has antipicornaviral activity wwth an ECSO | ess than or

caual blty9%eyeidfchithliBarbbayil-Rok e MM%;@S@.@%@& i WEAD proﬁﬂlud of claim

1, whe or a p armaceut 1 cal | g) salt)

F‘éta‘stveaﬁ@%@%wﬁ@ﬁ Y345 b 28R 2o, T SRR BTty e e M
phar maceut i cal Idé acceEHabI e gr odru salt) active netabolite) or solvate

t her eofi21% 1194,58Rsevin TH DR ((BMS Q-d.)whixtues ﬁratmneesaéto Brie)of-8RmpA.18S i s
(t,J=7.0 Hz), 1.33 (m), 1.7 (m), 1.92 (s), 2.05 (m), 2.20 (s), 2.40 (m), 2.57 (m), 2.7 (s),

2.80 (s), 2.84-2.90 (m), 3.05 (m), 3.94-4.14 (m), 4.36-4.60 (m), 5.01 (m), 5.63-5.73 (m),
6.01 (dd,J = 15.8, 1.1 Hz), 6.68-6.91 (m), 6.93-7.35 (m), 7.70 (m), 8.02 (m), 8.48 (d, J =
8.1 Hz), 8.65 (d, J = 8.0 Hz), 8.85 (d, J= 5.9 Hz). HRMS caled for C;;H,(N,04S+Cs

819.2192, found 819.2177. Anal. (C;iH,N,OS) C, H, N, S.
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~Y~ ,B~ X A~ , D~ or a pharnmceutically acceptabl e prodrug, sal t)ﬁéﬁIJUN 2002
netabolite, or solvate thereof. - 162 17 J UN ~~~~ 5. A conpound

according to claim4, wherein DI is -OR25) =0, =S, ---N, =NR25, or
-NRZSR26, wherein R25 and R26 are |ndependently H, an al kyl group) a

cycl o@zay DYed d( 4; Kxhelip-Meth Bermzyihipraxbongl-het er oar yl
group, he- ,p A e.tth ﬁoﬂ@omto V\/m ch they are bonded, forma
het er ocycl oal kyl group; or a p ar maceuti cal ly accept abl e prodrug, sal t)

activ msta ding to claim5,
wher elei)r%% noéfgt(g %?gﬁ% 'E\?ft@ﬁ §ﬁ%¥§g§{ g‘gﬁ‘?@ salt) active
net abdt 'iM ot kst~ drrropengates nnound accordl ng to claim4, wherein
At is C, CH S or S(0); or a pharnaceutically acceptable prodrug) salt,
active net alhmmteanedlatesr(alsmperedtfmnebénzykthlowmmdﬂ@eaccor ding to claim7)
wherein Al is C, or a pharnmaceutically acceptable prodrug, salt, active

et abql-NiMe- Fheat h@aal) WingAcABTRGY By BEGRItE RSy fphosh 4, wherein
Bl is NR1, R(%Ma/herel ﬁ‘rlgllﬁ Fz gr[% |ndepen()j,entlgl ti grllﬁa@kgfaﬁgroup, a

cycl oal kyl a het [ [ het er oar yl

gr oup)ngféc%%{@%@%th&%m y@ﬁéﬁ%pgﬁxgﬁ%oggh #’gdalfll%};l/ne acaéééip]% a@#@bﬁﬁpﬁr ug, salt)
active netabolite, or soI vat e thereof. npound according to claim1l)
wher eilixample 4 fos thegprepasationof sfhyks- [pxclgpevw#émmrbewl& btk MeaPhecht |y

accept abl e prodrug) salt, active netabolite, or solvate thereof. 11. A

c onpoyietGie)3-&r ptopghotite. oA feri coluthn chivematografiby dnssilicacg@@s,% MeOH/EHEL), --N, _ _ =
NR25) or - NRZSR26, wherein R25 and R26 are independently H, an al kyl

gr oup, @ FEKGLRALEY Eol@erc&'dp%%&n{b%}ce&ﬂ?w&%%ﬁﬂspﬂﬁ@%de Wi{c?]lgr oup, or a

het er oary group, or 17 J oget her e atons) to

whi ch t he e or.m t roaceutically
accoptaBpl) SPSale Benis ol 748, SOELHEH 2 g A I B AgRE s oo, W
conmpound according to cl a| m 11) wherein D2 is =0; or a pharnaceutically
acceptlélgﬁel4|590tﬂ5ﬁg)21§al750 780 e/ HiMB (FDE ) misitur of vasareers;fe.8b{m), 13. A
conpound according to claim10) wherein A2 is C, CH S, or S(O; or a

phar mec2aifn); 24731, 5C@e)p1 .88 17000 dr.08 Im) a[85,(d,alt il seHz)pl.8bah), 192 (8)J sol vate
thereof. 14. A conpound according to claim13) wherein AZ is C, or a

=1.5 Hz), 2.10 (s), 2.20 (m), 2.30 (s), 2.35-2.61 (m), 2.71 (s), 2.88 (s), 2.92 (m), 2.99 (s),

3.03-3.29 (m), 3.93 (d, J = 13.6 Hz), 4.06-4.23 (m), 4.35 (m), 4.52-4.69 (m), 5.94 (d, J =
7.4 Hz), 6.23 (d, J= 8.5 Hz), 6.28 (d, J= 7.7 Hz), 6.42 (dd, J = 9.0, 1.3 Hz), 6.58 (dd, J =
9.4, 1.3 Hz), 6.89 (bs), 6.92-7.17 (m), 7.20-7.33 (m), 7.64 (d, J = 7.7 Hz). MS caled for

CssH,N,OS+Na 965, found 965.

Preparation of Product - Ethyl-2-Methyl-3-[Benzylthiocarbonyl-L-hPhe-
L-N-Me-(4-Me)-Phe-L-G/n}-E-Propenoate.

This product was prepared in 89% overall yield (3 steps) from intermediate
benzylthiocarbonyl-L-hPhe-L-N-Me-(4-Me)-Phe-L-(Tr-Glutaminol) by the deprotection of

ethyl-2-methyl-3-[benzylthiocarbonyl-L-hPhe-L-N-Me-(4-Me)-Phe-L~(Tr-GIn)]-E-propenoa
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pharmaceutical ly acceptable prodrug, salt, active netabolite) r\&?&?&mtg}ag
t hereof. 15. A conpound according to claim 10, wherein B2 is ~ ,

wherein R~ and R 8 are independently H) an al kyl group) a cycloallryl
group) a heterocycloal kyl group, an aryl group, a heteroaryl group) or an
acyl g iy fm’?{ ?’%% ug, salt) active

nmet abo Q t&rpl%c va & hereo%j L_%,gl%%zf%gg@% l(?t'h?isrlsggif:ord| ng to claim1l,
vvhereln A i e S(O; or a
phar maetByir3- MP\WCWB@B?%‘?R‘H%&WIUBI%E@F)L é@’(ﬁ%"%’t"é‘ﬁo IWIP@)SOB@ sol vat e
t hereof. 17. A conpound according to claim1, wherein Z and Z~ are

i ndepelRIEB) 3362, 3223,2984, 2280901672, h@%%ﬂb%ﬁr,%S?]grl@ﬁﬁg)lZl‘C{l(b)Rﬂ,OO -C2R2,)
-CN, -C(O)NR2, R22, -C(ONRZ, OR2z, -C(S)Rzl, -C~S)NRz~R2z, -NOa, -SOR21)

- S02R2 - INR22R23,
or -qé*%‘NRzﬁ@W%M 350- AP el SOHRLR) 1 AR (it L 2

al kyl I tar n aryl grou
Ergsta ok dohtaones éﬁ”@mi&plf( SE GBS LA @ e e
any two of R2@8 R22, and R23, ether with the atons (}2@ to which they are
bonded2 88 Gmin30an)et 82 yo), da391<(yn) gﬁﬁ(rp) 4.851(g), 4.91 (m), 60Nd2l09.6ddz)z and zI,
together with the atons to which they are bonded, form a heterocycl oal kyI

group, 684 (& JEN&STRC ¢14),i 6 {r), 8T6SIB0RRN)ET.09 () U038, 1$af)ts)4mww5 gmE)bol i te,

or solvate thereof. 18. A conpound according to claim1l1l, wherein Mis O or

2, Bhar EReguL)Sal i) SBSARS Bhs HIAdi g0 AEL 833%349%&&%?5’?328‘. Snaf)f SOl vate

thereo aving t wher el n: R~y~ | Z~
5 H F, or an al kyl group; R52 is selected from one of
the fof@ﬁﬂﬂ?ﬁﬁ%ﬁeﬁt‘ss R35 ~ C~O R3~ ~ NR ~ C~S~R3~ ~'C~S R3~ H2 ~ , 36

H2 ~~' H2 ~' OH~0~00NB RN36 ~COR ~/ 36 36 ~~C R41 , HIIl . H
11H ~2000 ~~0R36 H_ICl ' O~/~s~ RB~ ~O-n C/~CN , and C-CN , H H2

wher ei n:

Example 14 - Preparation of Compound 15:
Ethv]-3-(Benzylthiocarbonyl-L-Leu-L-N-Me- Phe-L-Gli)-E-Propenoate

Preparation of Intermediate Benzylthiocarbonyl-L-Leu-OMe.

To 2-isocyanato-4-methylvaleric acid methyl ester (0.86 g, 5.0 mmol) dissolved in
50 mL of THF was added benzyl mercaptan (0.59 mL, 5.0 mmol). The reaction mixture
was stirred at rt overnight, and the solvent was removed in vacuo to give a yellow liquid
which was purified by flash column chromatography on silica gel (gradient; 5-10% of
EtOAc/hexanes) to give 1.39 g (94%) of benzylthiocarbonyl-L-Leu-OMe as a clear oil: IR
(neat) 3320, 2957, 1746, 1651, 1520, 1454, 1200, 839, 702 cm™'; 'H NMR (DMSO-d,) 6
0.97 (m, 6H), 1.65 (m, 3H), 3.74 (s, 3H), 4.16 (s, 2H), 4.60 (m, 1H), 5.72 (d, 1H, J=8.0

Hz), 7.32 (m, SH). Anal. (C;sH,,NO;S) C, H, N.
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R35 is H, an al kyl group, an aryl group, -OR38) or -NR38R39, -165 17 JUN
2002 wherein R38 and R39 independently are H) an al kyl group, Z:prpgn?
group, a heterocycl oal kyl group) an aryl group, a heteroaryl group,

acyl group; and R36 is H or an al kyl group, or R35 and R36) together with
the nitrogen atomto which they are attached, form a heterocycl oal kyl group

or a Imé miwIofm&uaed.%mr&fyﬁmoahmll:ygm@. an aryl group, or -NR38R39)
wherein 8 and R39 are as i ned above; R41 is H) an al kyl group, an

aryl group 9 0 80R39, or
R4, and R3 en@é@%‘%ﬁ on eph%Mgﬁﬁggf%Sm@\p E’Edﬁﬁo @ﬂ& forma
heteroc cl oal kyl group, and wherein R38 and R39 are as defined above and
Rao i sl fiﬁ Tonthig sojutiogr waadded ENIIGH] Ry mbr B pmal), Red e aeptiommiiye group) an
aryl group, a heteroaryl group, or an acyl group; and nis O, 1 or 2; R53
i S H owasasirrad kit og¢raight. Abhis timau additidnapl.o ufl, ofd N LIO lak yddedy dp, a

het erocycl oal kyl group, an aryl group, a heteroaryl group, an O al kyl

gr OUp) rea9n rﬁb@@k LA rravem@arfo{% hetﬁarggpmb% Aanruoqmt,@iaﬁmo aryl

group eteroar group, an S a group group, an

toget #@P%m%ﬂs% ¥ ki ORI 53 %ev“éh?eﬂ'v?%é'gr S vdhnca rorms 2

- heteroi@l oal kyl group or a heteroaryl group; R5, is Hor an alkyl
gr oup; 10% and the THi (v4s zemoverdSs vagioH Tharathlokg/phag¢ wapwa@;edymh&a,_l(kyl group,
- OR0, or - NR,0R~, ) wherein Ro and R~ are independently H or an al kyl

gr OUP; arngpaatdddnad adisted 1D SEPEDCTRS bibdikt vias eaffackid<with CHOTID, ahd &ecyc! oal kyl
group, a heterocycloallcyl group, an aryl group) a heteroaryl group,

o2, Otsig ARE ahunedbin i hBREOr Mg e it e Cicitgifen oy 1> %S
- POLOgL 2 O 22 L FOcairan( DReal PR ety

mercaptan: 'H NMR (DMSO-d,) & 0.83 (d, 3H, J= 6.0 Hz), 0.87 (d, 3H, /= 6.0 Hz),

. 1.45 (m, 3H), 4.04 (s, 2H), 4.22 (m, 1H), 7.27 (m, 5H), 8.46 (d, 1H, J = 7.0 Hz). MS calcd

for C,;H,;NO,S+H 282, found 282.

Preparation of Intermediate Benzylthiocarbonyl-L-Leu-L-N-Me-Phe-
L~(Tr-Glutaminol).

Using the procedure described in Example 4 for the preparation of
cyclopenylthiocarbonyl-L-Leu-L-N-Me-Phe-L-(Tr-glutaminol),
benzylthiocarbonyl-L-Leu-L-N-Me-Phe-L-(Tr-glutaminol) was synthesized from
L-N-Me-Phe-L-(Tr-glutaminol) and benzylthiocarbonyl-L-Leu in 58% yield: white
am-orphous solid: IR(KBr)-3289, 3057, 3027, 2953, 1638, 1493, 1449, 1206, 700 cm™*; 'H
NMR (DMSO-d;) (mixture of rotamers) 6 -0.19 (m), 0.60 (m), 0.79 (d, J= 6.2 Hz), 0.80 (d,

J=6.2 Hz), 1.12-1.77 (m), 2.12-2.36 (m), 2.84 (s), 2.90 (m), 2.96 (s), 3.12-3.40 (m), 3.63
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wherein R21, Rte, R-) and R24 are independently H) an alkyl group ) a
cycl oal kyl group ) a heterocycl oal kyl group, an aryl group, 7(9@126
group ) an acyl group ) or a thioacyl group, or wherein any t U?
Rte, Rte, and R24 ) together with the atons) to which they are bonded, form
a heterocycl oal kyl group or wherein Z and Zl, together with the atons to
whi ch -0A2ymyree8e@nded).2 Ha), 087 (ded e66cKe), d2B Ky V =gf.0 Hg), 16t( t=h20pr ovi so t hat
when Rs~ is H RS$ is a noiety other than H, or a pharnmaceutically

accept F4§’(rﬁ)jf1uﬂ(n§)ait102 dcngezmsé}bpburﬁ) 398 (@%‘I%ﬁ) tmr(gOJ— - 167

17 J npoun ccording to ¢iaimd, havin e formula |la:

R4 0 R5, R6,
and Rﬁi‘a{{%z)f-lg’ 9@%4 = é—éé—@& B%%ﬁ@oq%(m 53%5{6 @d("gt“\gg% §I4)n81a "R8 are
selected fromone of the follow ng grou S Zis H Z is
C02CHARB(M)ahd2 ke S5 16.0|Hz2), 6.0R(d, /s ldr&lﬂg) 6Z7|(§d|o( Iz56,|%0 Bk 683, and R8
iIs~0 NHOZisH ZisCOCHCHRIis z ~and Ris-12 ~3s 3HC~ ~
OCH~ SI=815"8560HZ)HDS-7§34$m) 8209@1 =20 Hz)®.43Hd CH= 8.0}, 863 &), 868 HZC \ /

G:H~>>I 38 CH3~zS~ HOR3 is CHzZPh, Zis H, Z is 2CHZCH3, and R8

0 CHZPh Z and Z, together form~~~- (wherein the C=0
|s Cl§s)(‘ %t‘d']%gro oandR$|s~OS' _NHO- 168 17 J U N 200g O
R3 is CHZPh, Z is H, Z,is/~,andR8is';cH,cH~s~iH

Preparation of Product Ethyl-3-(Benzylthiocarbonyl-L-Leu-L-N-Me-Phe-L-GIn)-
E-Propenoate.

Using the procedure described in Example 4 for the preparation of
ethyl-3-(cyclopentylthiocarbonyl-L-Leu-L-N-Me-Phe-L-GIn)-E-propenoate,
ethy1-3-(benzylﬂﬁocarb;nyl-L-Leu-L—N-Me-Phe-L-Gln)-E-propenoatc was synthesized
from ethyl-3-(benzylthiocarbonyl-L-Leu-L-N-Me-Phe-L-(Tr-Gln)-E-propenoate in 41%
yield (two steps from the aldehyde intermediate): white amorphous solid: mp = 60-63 "C):
IR(KBr) 3289, 2957, 1638, 1533, 1453, 1277, 1209, 700 cm™'; 'H NMR (DMSO-d,)
{mixture of rotamers) & -0.26 (m), 0.60 (m), 0.83 (d, /=6.2 Hz), 1.17 (t, /= 7.0 Hz), 1.20
(t,J=7.0 Hz), 1.03-1.60 (m), 1.66-1.98 (m), 2.01 (m), 2.80 (s), 2.92 (m), 2.96 (s), 3.25
(m), 3.92-4.18 (m), 4.38 (m), 4.48 (m), 4.68 (m), 4.86 (m), 5.08 (m), 5.69 (d, J=16.0 Hz),
5.99 (d, J= 16.0 Hz), 6.69-6.76 (m), 6.86 (dd, J=16.0, 6.0 Hz), 7.14-7.29 (m), 8.00 (m),
8.36 (d, J=8.5 Hz), 8.64 (;1, J=6.6 Hz). HRMS calcd for C,H,N,0,S+Cs 757.2036,

found 757.2008. Anal. (C;,H,,N,0,S) C, H, N.
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R3 is CHZPh, Z and Z, together form ~~ (wherein the C=0 group ci Q. the
Ri 0 group), and R8 is 0 ~y2s~ Hsue 0 Ph R3is CHZPh, Z is I-ﬁz.] 5\5
CO2CH2CH3, and R$ is ~; s Ho R3 is CH2Ph, Z and Z, together form ~~
(wherein the CO group is cis tothe R 0 h group), and RB is Il ; I .S~ H
OR3is CHZPh, Zis H, Z, is COZCHZCH3, and R8 is c~,cf-c~s~ HO R3 is
CHzZPh, (n2), 31.66((2,/ = b’géﬂzagrS Gy =136HE) 402 (#)Me310), gro6m) S0€(m),to the R 0
group) and R$ is 0 cH cHzs~ HO Ph RBisi..hc ~~~, Zis H Z is

goigfdggﬁmzzsqﬂg (& %HJ 91,{@ ?‘6(? ,&8 JJ=69;5 Hz)*8 is@< Yy, @99)’- 8 FgEf%%eLgoH\ 2 T

oo W Cabiid Eat B8 E OSﬁE’“RsZi 'ssqoéf’- 7 o CoEoecn, and

O CH, CHZs~~ 0 or a pharmaceutically acceptable prodrug, salt, active

met abolite, or solvate thereof. 21. A conpound according to claim1, having
the formula b: WW- ORz Z N~ Z1 (Ib), N..... R3 R~ Rs Rt R8 wherein R,
R3, RSPréparatiumcofdntermetiateZ i s CHZCHZC(ONHZ , and Z,, W W, and R$ are

sel ect Bghzylthiocarbonyl-L-Leu-L-N-Me-Phe-L-(Tr-Glutaminal).

-

Using the procedure described in Example 4 for the preparation of
cyclopenylthiocarbonyl- L-Leu-L-N-Me-Phe-L-(Tr-glutaminal),
benzylthiocarbonyl-L-Leu-L-N-Me-Phe-L-(Tr-glutaminal) was synthesized from
benzylthiocarbonyl-L-Leu-L-N-Me-Phe-L-(Tr-glutaminol) in 93% yield and was used
without further purification: white amorphous solid: '"H NMR (DMSO-d,) (mixture of
rotamers) 8 0.02 (m), 0.61 (d, /= 6.6 Hz), 0.64 (d, /= 6.6 Hz), 0.81 (d, J= 6.2 Hz),
1.05-1.75 (m), 1.98 (m); 2.23-2.48 (m), 2.84 (s), 2.93 (m), 2.96 (s), 3.23 (m), 3.84 (d, J =
13.6 Hz), 3.95 (d, J = 14.0 Hz), 4.01 (m), 4.12 (m), 4.42 (m), 4.71 (m), 4.83 (m), 5.18 (m),

7.11-7.28 (m), 8.27 (d, J = 8.0 Hz), 8.31 (m), 8.57 (m), 8.62 (s), 9.27 (s), 9.40 (5).

Preparation of Intermediate
Ethyl-3-[Benzylthiocarbonyl-L-Leu-L-N-Me-Phe-L-Tr-GIn)}- E-Propenoate.

Using the procedure described in Example 4 for the preparation of
ethyl-3-[cyclopentylthiocarbonyl-L-Leu-L-N-Me-Phe-L-(Tr-GIn)]-E-propenoate,
etl;yl-3-[benzyltlﬁocarbonyl—L—Leu—L-N-Me-Phe—L-(Tr—Gln)]-E-propenoatc was synthesized -
from benzylthiocarbonyl-L-Leu-L-N-Me-Phe-L-(Tr-glutaminal) to give 0.30 g of material
contaminated with triphenylphosphine oxide after chromatography which was used without

further purification: white amorphous solid: '"H NMR (DMSO-d,) (mixture of rotamers) &
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fromone of the follow ng groups: Z, is COZCHZCH3, Wis H W is Ph, and R8
iIs~~; ~ONIl i HOZ, is COCH2CH3, Wis H W is H, andR8r

170 OZ is COZCH2CH3, Wis OCHzPh, W is H and Rg is ~ K%@m
C02CHzCH3, Wis H, W is CH3, andR8isONiHO.Z,isCOZCHZCHB Wis
s H, andR8|s~~'andON|HOZ |SCOZCHZCHS Wis H,
L:Preparad mpownd,16: Fthxk2Methyk-3-(Benzylthioeanbonyk e prodr ug,

alCéu- k- +Grin 22 Acorrpound according to
claim1, hawngtheforrrulalc ORZZV\alN R3 RRs Rt Z 7 R8 wherein

R, Riimre atib] of Bfterfediae H RZ is CHZCH2C(ONH2, Rg is Z, are sel ected

from W is CHZ
and z“fﬂﬁg"’f Mﬁ'?ﬁwflé%ﬂﬂloﬁéa%%ﬁﬁ'-L-‘ﬁ% oo B St R i 2, o2 O
Z, is C02CHZCH, and. W and O or a phar maceutlcally accept abl e
pr odr ug, s&JStngth%m%d%fi%abﬂ@Ewp fathe RreRAratoR oL 171 17 J U N

2002 23. A conpound according to claim1l, having the forrmula Id: Nw Ph O R2
Z ~N Nthyl-3{[tyblepehtylithiocatbonyl-I-LRs-LRE-Me-Plt-Lyhe G&i) kERropeRBte,R5, R6, R, and Z
are H RZ is CHZCH-C(O)NHz, Z, is C02CHzZCH3, and O WB is H or ~o~

ethyl-2-methyl-3-[benzylthiocarbonyl-L-Leu-L-N-Me-Phe-L-(Tr-Gln)]-E-propenoate was

synthesized from benzylthiocarbonyl-L-Leu-L-N-Me-Phe-L-(Tr-glutaminal) (0.2 g, 0.25
mmol) and (carbethoxyethylidene) triphenylphosphorane (0.11 g, 0.3 mmol) in 5 mL THF
to give 0.12 g of material contaminated with triphenylphosphine oxide after column
chromatography on silica gel (gradient; 0-1% MeOH/CHCI,) which was used without
further purification. White amorphous solid: 'H NMR (DMSO-d,) (mixture of rotamers)

8 -.012 (m), 0.61 (m), 0.80 (d, J = 6.2 Hz), 1.10-1.34 (m), 1.38-1.74 (m), 1.76 (s), 1.81 (5),
2.10-2.48 (m), 2.83 (5s), 2.94 (s), 3.13 (m), 3.85 (d, /= 14.0 Hz), 3.98 (d, /= 14.0 Hz), 4.02
(s), 4.09 (m), 4.35 (m), 4.57 (m), 4.73 (m), 4.97 (m), 6.38 (d, J=10.0 Hz), 6.53 (d, /= 9.0

Hz), 7.10-7.28 (m), 7.98 (m), 8.35 (d, J = 8.0 Hz), 8.51 (s), 8.58 (s), 8.63 (d, J = 6.0 Hz).

Preparation of Product
Ethyl-2-Methyl-3-(Benzylthiocarbonyl-L-Leu-L-N-Me-Phe-L-GIn)- E-Propenoate.

Using the procedure described in Example 4 for the preparation of
ethyl-3-(cyclopentylthiocarbonyl-L-Leu-L-N-Me-Phe-L-GIn)-E-propenoate,
ethyl-2-methyl-3-(benzyltiliocarbonyl—L—Lcu-L-N-Me-Phe-L-Gln)-E-propenoate was
synthesized from ethyl-2-methyl-3-[benzylthiocarbonyl-L-Leu-L-N-Me-Phe-L-(Tr-GIn)}-

E-propenoate in 24% yield (two steps from the aldehyde intermediate). White amorphous
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or a pharmaceutically acceptable prodrug, salt, active netabolit
sol vate thereof. 24. A conpound according to claim1, having thq%f rﬂUNZgU?
la: RA ORs R Z N/ ~a)~ Rg/ ~ NZt RB R R~ Rt wherein R, R5, R6

are each H RzZ is CHZCHZC(O NHZ, R4 is CH3, and R3, Z, Z,, and RB are

selected fromone of the follow_ng groups: I S CHZPh Zis H Z is
Soocr e MRS ool ermsomt otherstd sl GmchBpR) D4, 7. <
COZCHZCH3, and RBis ~ SSNH' OR3 is CHZPh, Zis H, Z, is C(0)NCH3)OCH3,
and R$1.D&-1:83;(nﬂ)1—8%|25‘£‘1.%—(s§)2—.031(?@, 2.79 €s), 2:949 (s13-16+(np), RY7421C)PN3ISZ is H, Z,
is COZCHZCH3, and R~ is ~~; SNHI OOR3is CHPh, Zis CH3, Z is

C02CH, Hy O s CHZCHS,
an VG SR 3 (2 BT P PRGOS B

w1 s @) b0 6Ty b fid B0 B q%%ﬂ?da!cad'}gr @ﬁ@«%ﬂﬁ%"pﬁ

Zis H Z is COZCH2CH3, and RBis ~; ~SOOwWR3 is €HzPh, Z is CH3, Z,
i s C026H2493, found TR521 . -Anal €, 5O GIHN cHzPh, Zis H, Z, is
COzCHZCH3, and RB is =S~ ; O- |73 17 JUN 2~~ o SPh R3 is CHZPh, Z is
CH3, Z, is COZCHzZCH3, and Rg is ~S~; ~n RBis ~Z~~~3, Zis H Z is
COZCHZCH3, and R$ is ~~; ~I O

Example 16 Preparation of Compound 17: 1-[2'-Oxazolidon-3'-yl]-

Preparation of Intermediate
1-[2'-Oxazolidon-3'-yl]-3-[BOC-L-(Tr-GIn)]-E-Propenone.

To 3-[BOC-L-(Tr-Gln)]-E-propenoic acid (1.0 g, 1.94 mmol) in 12.0 mL of anh
THF was added triethylamine (0.68 mL, 4.86 mmol). The mixture was cooled to -20 °C
and pivaloyl chloride (0.24 mL, 1.94 mmol) was added. The reaction mixture was stirred
at -20 °C for 2.5 h, at which time solid lithium chloride (0.091 g, 2.14 mmol) and
2-oxazolidone (0.17 g, 1.94 mmol) were added. The reaction mixture was allowed to warm
to rt and further stirred overnight. The mixture was then concentrated to dryness, and the
residue was taken up in CH,Cl, and washed with 5% KHSO,. The organic layer was
separated, and the aqueous layer was reextracted twice with CH,Cl,. The combined
organic layers were dried over MgSO,, concentrated and purified by column
chromatography on silica gel (5% MeOH/CHCl,) to yield
1-_[2'-oxazolidon-3'-yl]-3-[BOC-L-(Tr-Gln)]-E-propenone (0.61 g, 54 %) as an off-white
solid foam. '"H NMR (CDCl,) & 1.23 (s, 4.5 H), 1.43 (s, 4.5 H), 1.81 (m, 1H), 1.98 (m, 1H), -

2.40 (t, 2H, J = 7.2 Hz), 4.02-4.08 (m, 2H), 4.37-4.44 (m, 3H), 4.88 (d, 1H, J= 8.1 Hz),
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OR3is ~2\ ~~3, Z1S CH3, Z, 1S COZCHZCH3, and RB is ~J( ; s OR3 is
CHzPh, Zis H ZI is CO2CHzPh, and Rgis ~~~; ~-NHO R3 is CHTFZ,~ 'anm
H Z is CCH CH CH3, and R8B is ~~ ~; and NH O R3 is CH2Ph, Z%i '-Ilﬁ& o
is CO2CH2CHZOCH3, and R$ is ~~ ~, N H O or a pharnaceutically acceptable
prodrug, salt, active netabolite, or solvate thereof. 25. A conpound

accor d6.8%(tsplH), 89 (dd, Fh ViS5 8062 He), Ml &a7.82(m\igH). MSedcdRrz ~~ R R3 R~ 5

RN OW wherein R, R3, R, R, W, W5, and Z are H, RZ is CH2CH2C( 0) NH2,

Z, is %@{5@1‘}%&6&5—84174 ~7JUN20~000is ~( ONH, ~, , or
oS _%qg O CH3CH2S' _NH or a pharmaceutically acceptabl e prodrug,

salt, active netabolite, or solvate thereof. 26. A conpound according to
claiml1, having the formula Ilh: R Zi ~~ Z, (~), 0 wherein R, R5, R,

and R~ are H RZ.is CHZCHZC(ONH2, R is CHZPh, Zis H Z, is COzCH2CH3, i
and WPreparationgfiiptenmediate phar maceuti cal |y acceptable prodrug, salt, active
net abol-i[l'é?xamlidm-\?hﬂé-?vt-[Iﬁ!gédf-LeQ-LrNMe-é’hp@nﬂ?haﬂcEerPﬂgotl@) claim 1, having
the formula Ij: N~0 ~z ~j)~ WO wherein R, Rs, R6, and R~ are H RZ is
CHZCHZC( O) NF& 1-[BoxaSolfdod Byl B-[BOCLL-Tr-Gln) ] LE- 460 gNdoM8mop ~11 or ~ (

ONH, S-NH _ O or .a pharnmaceutically acceptable prodrug, salt, active
et o4 AP 5T CEks . ACHETPRATSY 8 ) DB il g 1. v o
the reaction mixture was stirred at rt for 1.5 h. The mixture was then poured into an aq |
solution of 1N NaOH (3.0 mL) along with a sat. NaHCO; solution (30.0 mL) and was
extracted twice with CH,Cl,. The organic phase was dried over MgSO, and concentrated
to give the free amine (0.46 g, 0.96 mmol), which was coupled immediately with
BOC-L-Leu-L-N-Me-Phe (0.38 g, 0.96 mmol) using the procedure described in Example 1
for the preparation of eﬁlyl-B-[BOC-L—N-Me-Phe-L—(Tr-Gln)]- E-propenoate to provide
1-[2'-oxazolidon-3'-yl}-3-[BOC-L-Leu-L-N-Me-Phe-(Tr-GIn)}- E-propenone (0.33 g, 41 %)
as a tan solid foam after column chromatography on silica (2% methanol/CHCI,). 'H NMR
(CDCl,) 6 0.65 (t, J = 6.8 Hz), 0.72 (m), 0.84-0.89 (m), 1.07 (m), 1.24-1.44 (m), 1.63 (m),
1.84 (m), 2.08 (m), 2.28-2.36 (m), 2.90 (s), 3.01 (m), 3.34 (m, 4.01-4.06 (m), 4.16 (m),
4.38-4.42 (m), 4.64 (m), 4.73 (m), 4.85 (m), 6.76 (bs), 7.04 (dd, J=15.5, 6.1 Hz),

7.12-7.41 (m), 8.29 (d, J= 8.4 Hz). MS caled for CsH,N;O+H 858, found 858.

Preparation of Intermed}ate 1-[2'-Oxazolidon-3'-yl]-3-[Ethylthiocarbonyl-L-Leu- 3
L-N-Me-Phe-(Tr-Gin)]-E-Propenone.

1-[2'-Oxazolidon-3'-yl]-3-[BOC-L-Leu-L-N-Me-Phe-(Tr-Gln)}-E-propenone (0.32

g, 0.37 mmol) was deprotected with HCIO, using the procedure described in the previous
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H3C ~ OR2 Z ~-N~N/ Z H1~ R3 Rl wherein R, R6, and Z are H RZ is
CHZCHXC(O NHZ, R, is CHZPh, Z, is CI)ZCHZCI—B and R4 |s sel ecte omezd%{”
the followng: O~HONOSHOVAR-S "NHOOVARS _NH O H®MNA

VARRS 'NHOOCH3 SOVARS ' NHO~ Ph VARS'N' H~l O~r1 HOVARS
"N H.OOVARS - 176 17 JUN 2002 s N VaR~-s~ 1 O O C02H O VAR-S

"N H O f:péfifion and Makls&ds@quently coupled to ethylchlorothiolformate (0.042 mL, 0.40
mmol) using the procedure described in Example 6 for the preparation of
2,3-dihydroindole-3-[ethylthiocarbonyl-L-Leu-L-N-Me-Phe-L-(Tr-Gin)]-E-propenamide to
provide 1-[2'-oxazolidon-3'-yl]-3-[ethylthiocarbonyl-L-Leu-L-N-Me-Phe-(Tr-GIn))-
E-propenone (0.22 g, 78 %) as an off-white solid foam after column chromatography on
silica (2% methanol/CHCl,). 'H NMR (CDCl,) & 0.62-0.76 (m), 0.85-0.87 (m), 1.13-1.26
(m), 1.37 (m), 1.62 (m), 1.85 (m), 2.06 (m), 2.58-2.72 (m), 2.67-2.89 (m), 3.18-3.40 (m),
4.02-4.07 (m), 4.39-4.44 (m), 4.64-4.67 (m), 5.71 (m), 6.76 (bs), 7.00 (m), 7.14-7.35 (m),

8.06 (d, J= 8.4 Hz). MS calcd for C,H;;N;0,S+Cs 978, found 978.

Preparation of Product - 1-[2'-Oxazolidon-3'-yl}-3-(Ethylthiocarbonyl-L~Leu-L-N-Me-
Phe-GIn)-E-Propenone.

1-[2'-Oxazolidon-3'-y1}-3-[ethylthiocarbonyl-L-Leu-L-N-Me-Phe-(Tr-Gin))]-
E-propenone (0.22 g, 0.26 mmol) was deprotected using the procedure described in
Example 1 for the preparation of ethyl-3-(CBZ-L-N-Me-Phe-L-GIn)-E-propenoate to
provide 1-[2'-oxazolidon-3'-yl]-3-(ethylthiocarbonyl-L-Leu-L-N-Me-Phe-GIn)-E-propenone
(0.056 g, 35 %) as a white solid: mp = 110-111 °C; IR (thin film) 3272, 1677 cm *'; 'H
NMR (CDCl,) & 0.64-0.70 (m), 0.89-0.91 (m), 1.19-1.28 (m), 1.40 (m), 1.65 (m), 2.03 (m),
2.23-2.25 (m), 2.76-2.96 (m), 3.48 (q, J= 7.2 Hz), 4.04-4.10 (m), 4.41-4.46 (m), 4.65-4.67
(m), 5.48 (m), 6.12 (m), 6.24 (bs), 7.02 (m), 7.15-7.36 (m), 7.91 (m). HRMS calcd for

C,oHyN;0,S+Cs 736.1780, found 736.1803; Anal (C,sH,N;0;S) C, H, N.

-102 -



,», HVAR-S NHONO-~-N~H' VARS H OO VAR-S NHOMI&XABQNSZ
"NHSCH3 OVARRS NHOO VARS '"NHCI1 OOOHVARSNHODO 002
OCH2Ph VAR-S' ~ ' _ NI Hi HOO - 177 17 . JUN 200z O VAR-S NO2
VAR-S' ~OH SANAc OVAR-S 'NHOPh Ph OVARRS "NH. O

Example 17 - Preparation of Compound 18: :
Ethyl-3-[CBZ-L-Leu-L-(3R-Phenyl)-Pro-L-Gin]- E-Propenoate.

Preparation of Intermediate BOC-L-(3R-Phenyl)-Pro.

(2S, 3R)-3-Phenylpyrrolidine-2-carboxylic acid (0.10 g, 0.52 mmol) was suspended
in 1,4-dioxane and 800 mL of 1N NaOH was added to form a clear solution. Di-fert-butyl
dicarbonate (0.13 g, 0.58 mmol) was added over a period of 30 minutes, and the reaction
mixture was stirred o.vemight at rt. At this time, the reaction mixture was concentrated in
vacuo, and the resulting residue was taken up in a saturated solution of NaHCOQ;. This
solution was washed with ether, and the aqueous layer was acidified with IN HCI and
extracted with ethyl acetate. The organic phase was separated and dried over MgSO, and
concentrated to provide BOC-L-(3R-phenyl§:Pro (0.15 g, 97%) as a white solid. 'H NMR
(CDCl,) & 1.52 (s, 9H), 2.03 (m, 1H), 2.35 (m, 1H), 3.49-3.83 (m, 4H), 7.33-7.35 (m, 5H).

MS caled for C,H,,NO,+H 292, found 292.

Preparation of Intermediate
Ethyl-3-[BOC-L-(3R~Phenyl)-Pro-L-(Tr-Gln)]-E-Propenoate.

Ethyl-3-[BOC-L-(Tr-Gin)]-E-propenoate (0.28 g, 0.52 mmol) was deprotected and
coupled to BOC-L-(3R-phenyl)-Pro using the procedure described in Example 1 for the
preparation of ethyl-3-[BOC-L-N-Me-Phe-L-(Tr-GIn)]-E-propenoate, to provide
ethyl-3-[BOC-L-(3R-phenyl)-Pro-L-(Tr-GIn)]-E-propenoate (0.27 g, 73%) as a white glassy
solid after column chromatography on silica (2% methanol/CHCl,). 'H NMR (CDCL,) &
1.25-1.31 (m, 3H), 1.40 (bs, 9H), 2.03 (m, 2H), 2.41 (m, 2H), 3.48 (m, 2H), 3.67 (m, 2H),

4.14-4.21 (m, 4H), 4.68 (m, 1H), 5.62 (d, 1H, J=16.5 Hz), 6.32 (m, 1H), 6.75 (dd, 1H, J=
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O VAR-S Ph OVAR-S 'NH O O C02H O SCH2Ph VAR-S'" "N HOVAR-aggUN Zm?
0 VAR-s~ NH OO0 VAR-s~ - 178 17 JUN ?~*n ~N O VAR-S' "N

VARRS NHOSO~/ CH3 VARS 'NHOCH2Ph NOON~ VAR S VAR-S "'NH
~O0O~NVARS "NH. OO0 ARS ' NVHCH3 OOVAR-S _NHPh

15.9, 5.0 Hz), 6.96 (s, bs, 1H), 7.20 - 7.33 (m, 20H). MS calcd for C,(H,4N;O44+H 716,

found 716.

Preparation of Intermediate - Ethyl-3-[CBZ-L-Leu-L-(3R-Phenyl)-Pro-L-(Tr-Gin)]-
E-Propenoate.

Ethyl-3-[BOC-L-(3R-phenyl)-Pro-L-(Tr-GIn)]-E-propenoate was deprotected and
coupled to CBZ-Leu (0.10 g, 0.37 mmol) using the procedure described in Example 1 for
the preparation of ethyl-3-[B OC-L-N-Mc-Phe-L-(‘Tr-Gln)]-E-propenoate, to provide
ethyl-3-[CBZ-L-Leu-L-(3R-phenyl)-Pro-L-(Tr-Gln)]-E-propenoate (0.19 g, 60%) as a white
glassy solid. '"HNMR (CDCl,) 6 0.84 (d, 3H, J= 6.5 Hz), 0.93 (d, 3H, J=6.5 Hz), 1.94
(m, 1H), 1.29 (t, 3H, J=7.2 Hz), 1.34 - 1.51 (m, 2H), 2.07 (m, 1H), 2.23 (m, 1H), 2.37 (m,
1H), 2.44 - 2.48 (m, 2H), 3.50-3.52 (m, 2H), 3.67-3.69 (m, 2H), 4.04 - 4.19 (m, 4H),
4.45-4.52 (m, 2H), 4.86 (d, 1H,J=9.0 Hz), 5.05 (d, 1H,J=12.1 Hz), 5.12(d, 1H,J=12.1
Hz), 5.44 (dd, 1H, J=15.6, 1.9 Hz), 5.65 (d, 1H, J= 8.7 Hz), 6.66 (dd, 1H, J=15.7, 4.5

Hz), 7.17-7.38 (m, 25H); MS caled for Cy;HyeN,O,+H 863, found 863.

Preparation of Product -
Ethyl-3-[CBZ-L-Leu-L-(3R-Phenyl)-Pro-L-GIn]-E-Propenoate.

Ethyl-3-[CBZ-L-Leu-L~(3R-phenyl)-Pro-L-(Tr-GIn)]-E-propenoate was deprotected
using the procedure described in Example 1 for the preparation of
etl}yl-3 -(CBZ-L-N-Me-Phe-L-Gln)- E-propenoate, to provide
ethyl-3-[CBZ-L-Leu-L-(3R-phenyl)-Pro-L-GIn]-E-propenoate (0.098 g, 70%) as a white
solid after column chromatography on silica (5% methanol/CHCl;). mp = 72-75°C; IR

(thin film) 3311, 1709 cm; 'H NMR (CDCL,) & 0.97 (t, 6H, J=7.2 Hz), 1.30 (¢, 3H, J =
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OH O CH2Ph O S~CH3 O- 0 VAR S O- 179 ‘. 17 JUN 2~n~ O,;-_.Z)Fjj‘Nm
~, VARSHI OHVAR SHOOwherein VAR is selected fromthe gno
consisting of - CHZCH3, - CH(CH3)Z, - CHZCH(CH3)2, -CHzPh, , and , or a
pharmaceutically acceptable prodrug, salt, active nmetabolite, or solvate
thereof. 29. A pharmaceutical conposition conprising: (a) a therapeutically
ef f ectAQHzhAddnk.SDm AR k7o e LHY Mﬁmééﬂiﬁ&aﬁ&mﬂﬁ), 2334ph4d fraceutical | y
accept abl e prodrug, salt, active nmetabolite, or solvate thereof; and (b) a

phar madpus 5 € ah| VHRGCBAHR Y, 4 83-41201(m, 8H), Uesst4.66/@hj IH)E 5. 101(bsg 2H), B3Nt . 30. A
met hod of treating a mammalian di sease condition nediated by picornaviral

NP S R R A R L T DN R R v
[ laim1 h ticall t | t,, ti
ot abdk s 1e) 70575l Gl OVn el chisd T Bl P50 Aot Ry SRRt i vi cy of

a picornaviral 3C protease, conprising: contacting the picornaviral 3 C
pr ot easmal {O4HINgOP W@, pHMe of said inhibiting with an effective anount of a
conpound as defined in claiml1l or a pharmaceutically acceptabl e prodrug,
salt, active netabolite, or solvate thereof. -32. A nethod of inhibiting
the activity of a rhinoviral protease, conprising: contacting the

rhi noyir al t ease f t r fo R & o] effective
amuniﬁﬁﬂmt‘ n ' * tﬂ,ﬁ#&@g—%ﬁ%&:@g@% y acceptabl e
prodr Jigkrapgnoate. i jve - 180  -17 JUN ~Q-~ ~ SPh .and VAR S Hi ~ OH VAR S
"H-1 O O wherein VAR is selected fromthe group consisting of -CH2CH,, '

- CH( CH)eparationaCin@rmediate EHR3-[BOGHdPro-L-(Tr-Gln)]-E-Propenoate.

Ethyl-3-[BOC-L-(Tr-GIn)}-E-propenoate (0.30 g, 0.55 mmol) was deprotected and
coupled to BOC-L-Pro (0.11 g, 0.55 mmol) using the procedure described in Example 1 for
the preparation of ethyl-3-[BOC-L-N-Me-Phe-L-(Tr-Gln)]-E-propenoate, to provide
ethyl-3-[BOC-L-Pro-L-(Tr-Gln)}-E-propenoate (0.30 g, 85%) as a white glassy solid after
column chromatography on silica (5% methanol/CHCL;). 'H NMR (CDCl,) 6 1.27 (t, 3H, J
= 7.2 Hz), 1.43 (bs, 10H), 1.82-2.00 (m, 6H), 2.34 (t, 2H, J=7.2 Hz), 3.34 (m, 2H),
4.14-4.21 (m, 3H), 4.62 (m, 1H), 5.92 (dd, 1H, J=15.6, 1.5 Hz), 6.80 (dd, 1H, J= 157,

5.1 Hz), 7.18-7.33 (m, 16H). MS calcd for C;sH,N,O+Cs 772, found 772.

Preparation of Intermediate Ethyl-3-[CBZ-L-Leu-L-Pro-L-(Tr-G/n)]-E-Propenoate,
Ethyl-3-[BOC-L-Pro-L-(Tr-Gin)]-E-propenoate (0.30 g, 0.47 mmol) was

deprotected and coupled v;rith CBZ-Leu (0.12 g, 0.47 mmol) using the procedure described

in Example 1 for the preparation of ethyl-3-[BOC-L-N-Me-Phe-L-(Tr-Gln)]-E-propenoate,

to provide ethyl-3-[CBZ-L-Leu-L-Pro-L-(Tr-GIn)]-E-propenoate (0.24 g, 64%) as a white
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or a pharmaceutically acceptable prodrug, salt, active netaboli bfw? (EQJN 2002
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ethyl-3-[CBZ-L-Leu-L-(3S-methyl)-Pro-L-(Tr-Gin)]-E-propenoate (0.18 g, 52%) as a white
solid foam after column chromatography on silica (4% methanol/CHCI;). 'H NMR
(CDCl,)  0.83 (d, 3H, J= 6.2 Hz), 0.92 (d, 3H, J= 6.2 Hz), 1.10 (d, 3H, J= 7.2 Hz), 1.34
(m, 1H), 1.60-1.74 (m, 2H), 2.04-2.17 (m, 3H), 2.38-2.48 (m, 3H), 3.53 (m, 1H), 3.68 (d,
1H, J= 6.2 Hz), 3.91 (m, 1H), 4.17 (dd, 2H, J= 14.9, 6.8 Hz), 4.48-4.52 (m, 2H),
4.96-5.12 (m, 4H), 5.84 (d, 1H, J = 15.6 Hz), 6.49 (d, 1H, J= 8.1 Hz), 6.79 (dd, 1H, J =
16.2,4.7 Hz), 7.13 (bs, 1H), 7.19-7.33 (m, 20H). MS calcd for C,H,N,0,+H, 801, found

801.

Preparation of Product - Ethyl-3-[CBZ-L-Leu-L-(35-Methyl)-Pro-L-G/n]-E-Propenoate.
Ethyl-3-[CBZ-L-Leu-L~(3S-methyl)-Pro-L-(Tr-Gin)]-E-propenoate (0.18 g, 0.22

mmol) was deprotected using the procedure described in Example 1 for the preparation of
ethyl-3-(CBZ-L-N-Me-Phe-L-GIn)-E-propenoate, to provide ethyl-3-[CBZ-L-Leu-L-(3S-
methyl)-Pro-L-GIn]-E-propenoate (0.078 g, 64%) as a white solid foam after column
chromatography on silica (4% methanol/CHC15). IR (thin film) 3392, 1708 cm’'; 'TH NMR
(CDC1;) 6 0.92-0.98 (m, 6H), 1.17 (d, 3H, J= 6.9 Hz), 1.28 (t, 3H, J=7.2 Hz), 1.41-1.49
(m, 2H), 1.64-1.76 (m, 3H), 2.10-2.28 (m, 3H), 2.35-2.48 (m, 2H), 3.59 (m, 1H), 3.85 (d,
1H, J= 6.5 Hz), 3.96 (m, 1H), 4.1§ (dd, 1H, J = 14.3, 7.2 Hz), 4.54 (m, 1H), 4.68 (m, 1H),
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e 21 - Preparation of Compound 22: N-Methoxy, N-Methyl-3-[CBZ-L-Leu L-
(3R-Phenyl)-Pro-L-GIn]-E-Propenamide.

Preparation of Intermediate 3-[BOC-L~(Tr-G/n)]-E-Propenoic Acid.
Ethyl-3-[BOC-L-(Tr-GIn)]-E-propenoate (1.874 g, 3.46 mmol) was taken up in 20
mL EtOH, and IN aq NaOH (7.95 mL, 7.95 mmol) was added dropwise via an addition
funnel over 2 h. The resulting solution was stirred at room temperature for 1.5 h,
whereupon the reaction mixture was poured into water and washed with ether. The
aqueous layer was acidified to pH 3 with 1N HCI, and extracted 3 times with EtOAc. The
organic phase was driea over MgSO, and concentrated to provide 3-[BOC-L-(Tr-Gin)]-E-
propenoic acid (1.373 g, 77%) as a glassy off-white solid. No further purification was
needed: IR (KBr) 3315, 1698, 1666 cm™'; 'H NMR (CDC1,) & 1.42 (s, 9H), 1.76 (m, 1H),
1.83-1.98 (m, 1H), 2.37 (t, 2H, J = 7.0 Hz), 4.30 (m, 1H), 4.88 (m, 1H), 5.85 (d, 1H, J =

15.3 Hz), 6.86 (dd, 1H, J=15.5, 5.1 Hz), 6.92 (5, 1H), 7.25 (m, 15H).

Preparation of Intermediate N-Methoxy-N-Methyl-3-[BOC-L-(Tr-Gln)]-E-Propenamide.
This intermediate was prepared from 3-[BOC-L-(Tr-Gin)]-E-propenoic acid and N,

O-dimethylhydroxylamine hydrochloride as described in Example 1 for the synthesis of

intermediate BOC-L-(Tr-Gln)-N(OMe)Me. This intermediate can alternatively be prepared

by the reaction of BOC-L-(Tr-glutaminal) with
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10 10000U&' ()-s'a 410%n& ()-! 410%JU& ()-!Nr
410% [ghofeno@ by héfeactid@xE BOCS3(TZpdfakiBial))with the anion of diethyl
(N-methoxy-N-methylcarbamoylmethyl)phosphonate as described in Example 6 for the.
preparation of 1-(2',3'-dihydroindolin-1-yl)-3-[BOC-L-(Tr-Gln)]-E-propenone. IR (thin
film) 3307, 1704 cm™; 'H NMR (CDCl,) b 1.43 (5, 9H), 1.80 (m, 1H), 1.95 (m, 1H),
2.36-2.40 (m, 2H), 3.24 (s, 3H), 3.67 (s, 3H), 4.31 (m, 1H), 4.83 (m, 1H), 6.48 (d, 1H, J=
15.6 Hz), 6.79 (dd, 1H, J = 15.6, 5.6 Hz), 6.92 (m, 1H), 7.19-7.32 (m, 15H). HRMS calcd

for C33HysN;O5+Cs, 690.1944, found 690.1967.

Preparation of Intermediate
N-Methoxy-N-Methyl-3-[BOC-L-(3R-Phenyl)-Pro-L-(Tr-GIn)]-E-Propenamide.

N-Methoxy-N-;nethyl-B-[BOC-L-(Tr-Gln)]-E-propenamide (0.24 g, 0.49 mmol)
was deprotected and coupled to BOC-L-(3R-phenyl)-Pro (0.14 g, 0.49 mmol) using the
procedure described in Example 1 for the preparation of
ethyl-3-[BOC-L-N-Me-Phe-L-(Tr-GIn)]-E-propenoate to provide N-methoxy-N-methyl-3-
[BOC-L-(3R-pheny!)-Pro-L-(Tr-Gin)]-E-propenamide (0.22 g, 63%) as a white solid foam
after column chromatography on silica (3% methanol/CHC1,). '"HNMR (CDCl,) & 1.40
(s, 9H), 1.48 (m, 1H), 1.73 (m, 1H), 1.91-2.02 (m, 2H), 2.25 (m, 1H), 2.35-2.45 (m, 2H),
3.22 (s, 3H), 3.43-3.46 (m, 2H), 3.61-3.72 (m, 4H), 4.20 (m, 1H), 4.70 (m, 1H), 6.44 (m,
1H), 6.74 (m, 1H), 6.99 (m, 1H), 7.16 - 7.33 (m, 20H). MS calcd for C,HN,0,+Na 753, |

found 753.
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N-Methoxy-N-methyl-3-[BOC-L-(3R-phenyl)-Pro-L-(Tr-Glr)]-E-propenamide
(0.18 g, 0.26 mmol) was deprotected and coupled to CBZ-L-Leu (0.070 g, 0.26 mmol)
using the procedure described in Example 1 for the preparation of
ethyl-3-[BOC-L-N-Me-Phe-L-(Tr-GIn)]-E-propenoate, to provide
N-methoxy-N-methyl-3-[CBZ-L-Leu-L-(3R-phenyl)-Pro-L-(Tr-GIn)]-E-propenamide
(0.076 g, 33%) as a clear glass after column chromatography on silica
(3% methanol/CHCL;). 'H NMR (CDCl;) 6 0.79-0.93 (m, 6H), 1.01 (m, 1H), 1.22 (m,
1H), 1.40 (m, 1H), 1.51-1.95 (m, 2H), 2.01 (m, 1H), 2.19 (m, 1H), 2.31-2.52 (m, 2H),
3.15-3.20 (m, 3H), 3.53-3.68 (m, 6H), 3.92 (m, 1H), 4.08 (m, 1H), 4.57 (m, 1H),
5.02-5.15 (m, 2H), 6.25-6.35 (m, 2H), 6.63 (m, 1H), 7.15-7.35 (m, 25H). MS calcd for

Cy;H,oN;O,+H 878, found 878.

Preparation of Product -
N-Methoxy-N-Methyl-3-[CBZ-L-Leu-L-(3R-Phenyl)-Pro-L-Gin}-E-Propenamide.

N-Methoxy-N-methyl-3-[CBZ-L-Leu-L-(3R-phenyl)-Pro-L-(Tr-Gln)]-E-
propenamide (0.076 g, 0.090 mmol) was deprotected using the procedure described in
Example 1 for the synthesis of ethyl-3-(CBZ-L-N-Me-Phe-L-GIn)-E-propenoate, to provide
Nrmethoxy-N—methyl-3-[_CBZ-L-Leu-L-(3R-phenyl)-Pro-L—Gln]-E-propenamide (12.0 mg, .
21%) as a clear glass after column chromatography (5% methanol/CHCL,). IR (thin film) -
3290, 1708 cm™!; '"H NMR (CDCl,) 8 0.94 (d, 3H, J = 6.5 Hz), 0.99 (d, 3H, J= 6.7 Hz),

1.44-1.74 (m, 3H), 2.05 (m, 1H), 2.15-2.22 (m, 2H), 2.32 (m, 1H), 2.41 (m, 1H), 3.21 (m,
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Example 22 - Preparation of Compound 24: ;
thvl-3-(Ethvithiocarbonyl-L-Leu-L-Pro-L-Gin)-E-Propenoate.

Preparation of intermediate Ethyl-3-[BOC-L-Leu-L-Pro-L~(Tr-Gin)]-E-Propenoate.
A solution of HCI in 1,4-dioxane (4.5 mL of a 4.0 M solution) was added to a
solution of ethyl-3-[BOC-L-Pro-L-(Tr-Gln)}-E-propenoate (0.39 g, 0.61 mmol) in the same
solvent (4.5 mL) at room temperature. The reaction mixture was stirred for 2 h at rt and
then concentrated. The resulting foamy solid was dissolved in dry CH,C1,, and BOC-L-
Leu(0.14 g, 0.61 mmo.l), I-hydroxybenzotriazole hydrate (0.12 g, 0.92 mmol),
4-methylmorpholine (0.27 mL, 2.45 mmol), and 1-(3-dimethylaminopropyl)-3-ethyl-
carbodiimide hydrochloride (0.18 g, 0.92 mmol) were added sequentially. The reaction
mixture was stirred for 12 h at 23°C, and then it was partitioned between 1IN HCI and
CH,C1,. The organic layer was washed with aq sat solution of NaHCO,, dried over
MgSO,, concentrated, and purified by column chromatography on silica gel (2 %
MeOH/CHClI,) to provide ethyl-3-[BOC-L-Leu-L-Pro-L-(Tr-GIn)]-E-propenoate (0.31 g,
68%) as a foamy white solid. 'H NMR (CDCl,) 6 0.84 (d, 3H, J= 6.5 Hz), 0.92 (d, 3H, J
=6.5 Hz), 1.27 (t, 3H, J=12 Hz), 1.43 (s, 9H), 1.63-1.72 (m, 3H), 1.97-2.09 (m, 6H),

3.52 (m, 1H), 3.75 (m, 1H), 4.14-4.21 (m, 2H), 4.27 (m, 1H), 4.42-4.52 (m, 2H), 4.86 (m,

s
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10% & £ pidnoifl % & ()- @ ! 10% & () - glO%&()-PPPQ 0/ @

10%& ()-3 0%& ()- 10% ()- @L0%&: () - @10%& ()-% 10%&' ()- 10/ R RRSf SSSAE: /
10/ @0%& VR & ( 10% ocy 109%&
TYT?I’TTGJ&?EAﬁfg f W ( %@d%&é l\é olut%) was adée)d toa
S, #&10%&' () -! 10%& ( &%3 s109%& () - GUUUUJVhVnVnVonE / 10
10F: 10sakutionofsyb3eBOC-DEreaskr - Tr<Gmbgpropenoate (odd: g, 0-42 manobdn 3 ) - oVpWAN?
WANKY: /10, 9109%& () -f10%& ()-, z109%& ()- yyl0%& ()-,910%&' ()-|% 10%& ()-
10W XOmI X ildsiahe 402310 %e(r):aot'f)ﬂ' hﬁ%&re( \)las stirred for 2 h at 23 °C, and it was then

90100/& ()-, T109%&' ()-y109%& ()-,y@O0%& ()- YMYpYYY! ZDZdEé 10, f .
5 R A M bR o
y 0,

dusopropyl%tql/f‘amme M 6[m;[L\ bJ\91 mmol), and ethylchlorothiolformate (0.052 mL, 0.91
mmol) were added sequentially. The reaction mixture was poured into H,0, extracted with
CH,C1, twice, and dried over MgSO,. The solution was concentrated and purified by
column chromatographs' on silica gel (2% MeOH/CHCl,) to provide
ethyl-3-{ethylthiocarbonyl-L-Leu-L-Pro-L-(Tr-Gin)}-E-propenoate (0.24 g, 78%) as a glassy
white foamy solid. 'H NMR (CDCl,) 8 0.83 (d, 3H, J=6.7 Hz), 0.91 (d, 3H, J = 6.7 Hz),
1.27 (t, 6H, J = 7.4 Hz), 1.34 (m, 1H), 1.70-1.72 (m, 2H), 1.96~2.10 (m, 6H), 2.37-2.42
(m, 2H), 2.88 (dd, 2H, J= 14.6, 7.5 Hz), 3.54 (m, 1H), 3.72 (m, 1H), 4.18 (dd, 2H, J=
14.3, 7.2 Hz), 4.25 (m, 1H), 4.52 (m, 1H), 4.75 (m, 1H), 5.78 (m, 1H), 5.85 (dd, 1H, J=
15.8, 1.8 Hz), 6.79 (dd, 1H, J= 15.8, 5.2 Hz), 6.88 (d, 1H, J=8.1 Hz), 7.11 (s, 1H),

7.20-7.33 (m, 15H). MS caled C,,H,,N,0,S+Cs 873, found 873.
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94 09%& MeOH/CHb)go prpvidgetinds ((pthyktieearpnyinbdera-i- mLﬁ@i@mpegoaw 109 () -
(0.096 g, 60%) as a glassy white foamy solid. IR (thin film) 3292, 1717 cm™!; 'H NMR
(CDCl1,)  0.92 (d, 3H, J = 6.5), 0.98 (d, 3H, J = 6.7 Hz), 1.29 (t, 6H, J = 7.4 Hz),
1.46-1.51 (m, 2H), 1.69-1.79 (m, 3H), 2.00-2.34 (m, 6H), 2.86-2.94 (m, 2H), 3.62 (m,
1H), 3.80 (m, 1H), 4.20 (dd, 2H, J= 14.3, 7.2 Hz), 4.42 (m, 1H), 4.65 (m, 1H), 4.80 (m,
1H), 5.57 (m, 1H), 5.93 (dd, 1H, J = 15.8, 1.5 Hz), 6.41 (m, 1H), 6.49 (m, 1H), 6.86 (dd,

1H, J = 15.8, 5.2 Hz), 7.06 (d, 1H, J= 8.7 Hz). HRMS calcd for C;;H;sN,0,S+Cs

499.2590, found 499.2596; Anal (C,;HyN,0,S) C, H, N.

Example 23 - Preparation of Compound 25: Ethyl-3-[CBZ-1L-Leu-L-Pip-L-Gln}-E-
Propenoate.

Preparation of Intermediate CBZ-L-Leu-L-Pip-OtBu.

A suspension of CBZ-L-Pip-OtBu (0.52 g, 1.6 mmol) and Pd on C (10%, 0.10 g) in
EtOAc was stirred under a hydrogen atmosphere (balloon) for 1 h. The reaction mixture
was filtered through Celite_:, and the filtrate was concentrated. The resulting oil was coupled .
wi;h CBZ-L-Leu (0.43 g, 1.6 mmol) using the procedure described in Example 1 for the |
preparation of ethyl-3-[BOC-L-N-Me-Phe-L-(Tr-Gln)]-E-propenoate, to provide CBZ-L-

Leu-L-Pip-OtBu (0.57 g, 83%) as a colorless oil after column chromatography on silica
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Preparation of Intermediate CBZ-L-Leu-L-Pip.
Trifluoroacetic acid (3 mL) was added to a solution of CBZ-L-Leu-L-Pip-OtBu
(0.57 g, 1.3 mmol) in CH,C1, (6 mL) at 23°C. The reaction mixture was stirred at 23°C
for 1.5 h after which CC1,(6 mL) was added. The volatiles were then removed under
reduced pressure to afford crude CBZ-L-Leu-L-Pip as a colorless oil. The crude acid thus

obtained was immediately utilized in the following coupling procedure.

Preparation of Intermediate Ethyl-3-[CBZ-L-Leu-L-Pip-L-(Tr-Gin)]-E-Propenoate.

Ethyl-3-[BOC-L~(Tr-GlIn)]-E-propenoate (0.36 g, 0.67 mmol) was deprotected and
coupled with CBZ-L-Leu-L-Pip (0.26 g, 0.67 mmol) using the procedure described in
Example 1 for the preparation of ethyl-3-[BOC-L-N-Me-Phe-L-(Tr-Gin)]-E-propencate to
provide ethyl-3-[CBZ-L-Leu-L-Pip-L-(Tr-GIn)]-E-propenoate (0.20 g, 37%) as a foamy
white solid: IR (thin film) 3304, 2954, 1713, 1655 cm™!; 'H NMR (CDC1,, mixture of
rot;.mers) 0 0.86 (d, J= 6.5 Hz), 0.94-0.99 (m), 1.22-1.30 (m), 1.32-1.40(m), 1.43-1.50 |
(m), 1.62-1.68 (m), 1.79-1.98 (m), 2.26-2.45 (m), 3.25 (bs), 3.63-3.77 (m),

4.09~4.21(m), 4.50-4.58 (m), 4.73-4.78 (m), 4.88-5.10 (m), 5.27 (d, /= 7.2 Hz), 5.49 (d,
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L-N-Me-Phe-L-GIn)-E-propenoate, to provide ethyl-3-(CBZ-L-Leu-L-Pip-L-GIn)-E-
propenoate (0.082 g, 83%) as a foamy white solid: IR (thin film) 3306, 1713, 1667 cm™";
'H NMR (CDCl,, mixture of rotamers) 8 0.90-1.00(m), 1.23~1.30 (m), 1.41-2.08 (m),
2.12-2.22 (m), 2.44-2.59 (m), 3.41-3.48 (m), 3.80-3.84 (m), 4.12-4.22 (m), 4.54-4.60
(m), 4.79 (bs), 4.99-5.12 (m), 5.79-5.98 (m), 6.11(s), 6.27 (s), 6.79-6.92 (m), 7.14 (d, J =

7.2 Hz), 7.28-7.34 (m), 7.75 (d, J = 7.8 Hz). Anal. (C,sH,;N,0,+0.5 H,0) C, H, N.

Example 24 - Preparation of Compound 26: 1-[1', 2'-Oxazin-2'-y1]-3-(CBZ-L-Leu-L-
Pip-L-Gin)-E-Propenone,

Preparation of Intermediate 1,2-Isooxazinane-2-Carboxylic Acid Ethyl Ester.

1,4 Dibromobutane (2.84 mL, 24.0 mmol), N-hydroxyurethane (5.0 g, 48.0 mmo1),
and KOH (2.67 g, 48.0 mmol) were taken up in 27 mL of EtOH and refluxed for 6 h. The
mixture was concentrated in vacuo, and the residue was purified by column
chromatography on silica gel (50% EtOAc/hexanes) to provide 1,2-isooxazinane-2-

carboxylic acid ethyl ester (2.38 g, 68%) as a clear, colorless oil. '"HNMR (CDC1,) 6 1.31
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e organic phase was discarded, and the aqueous layer was concentrated in vacuo. Traces

of H,0 were removed by adding EtOH and reconcentrating. This yielded the HCI1 salt of
1,2-isooxazinane as a white solid (1.70 g, 92%) which was dried before subsequent use. 'H
NMR (CD,0D) 6 1.86-1.90 (m, 2H), 1.96-2.02 (m, 2H), 3.52-3.46 (m, 2H), 4.25-4.29

(m, 2H), 4.88 (bs, 1H). MS calcd for C,H,(;NO 87, found 87.

Preparation of Intermediate 1-[1', 2'-Oxazin-2'-yl]-3-(BOC-L-GIn)-E-Propenone
1,2-Isooxazinane-HCI (0.12 g, 0.97 mmol) was coupled with 3-[BOC-L-(Tr-Gin)]-
E-propenoic acid (0.50 g, 0.97 mmol) using the procedure described in Example 1 for the
preparation of ethyl-3-[BOC-L-N-Me-Phe-L-(Tr-GlIn)]-E-propenoate to provide 1-{1', 2'-
oxazin-2'-yl]-3-(BOC-L-Glin)-E-propenone (0.43 g, 76%) as a glassy white solid. '"H NMR
(CDC1,) 6 1.43 (s, 9H), 1.71~1.83 (m, 5H), 1.94 (m, 1H), 2.35-2.39 (m, 2H), 3.80-3.85
(m, 2H), 3.93-3.96 (m, 2H), 4.33 (m, 1H), 4.76 (m, 1H), 6.54 (d, I1H, J=15.3 Hz), 6.79
(dd, 1H, J=15.6, 5.6 Hz), 6.96 (m, 1H), 7.20~7.32 (m, 15H); MS calcd for C;H, N,O+H

584, found 584.
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described in Example | for the preparation of ethyl-3-[BOC-L-N-Me-Phe-L~(Tr-Gln)]-E-
propenoate to provide 1-[1', 2'-oxazin-2'-y1}-3-[CBZ-L-Leu-L-Pip-L-(Tr-GIn)]-E-propenone
(0.14 g, 26%) as a foamy white solid: IR (thin film) 3301, 1658, 1630 cm™'; '"H NMR
(CDC1,;, mixture of rotamers) 5 0.86 (d, J = 6.9 Hz), 0.94-0.99 (m), 1.28~1.40 (m),
1.52-1.57 (m), 1.64-2.01(m), 2.27-2.55 (m), 3.27 (s, bs), 3.73-3.94 (m), 4.46-4.64 (m),
4.73-4.92 (m), 5.05 (s), 5.10 (s), 5.30 (s), 5.52 (d, /= 9.0 Hz), 6.48-6.61(m), 6.74-6.79

(m), 6.81-6.95 (m), 7.17-7.37 (m), 7.72 (d, J = 8.4 Hz).

Preparation of Product;l-[l', 2'-Oxazin-2'-yl]-3-[CBZ-L-Leu-L-Pip-L-Gin)-E-Propenone.
1-[1', 2'-Oxazin-2'-yl]-3-[CBZ-L-Leu-L-Pip-L-(Tr-Gln)]-E-propenone (0.14 g, 0.17
mmol) was deprotected using the procedure described in Example 1 for the preparation of
ethyl-3-(CBZ-L-N-Me-Phe-L-G/n)-E-propenoate, to provide 1-{1', 2'-oxazin-2'-yl]-3-(CBZ-
L-Leu-L-Pip-L-Gin)-E-propenone (0.060 g, 59%) as a foamy white solid: IR (thin film)
3305, 1660, 1630 cm™'; '"H NMR (CDCl,, mixture of rotamers) 6 0.91 (d, /= 6.9 Hz),
0.94-0.97(m), 0.92 (d, J= 6.5 Hz), 1.26-1.82(m), 1.93-2.29(m), 2.45 (d, /= 12.1 Hz),
2.56~-2.65 (m), 3.47 (s), 3.73-3.96 (m), 4.49-4.83 (m), 4.99 (s), 5.04 (s), 5.09 (s), 5.13 (s),
5.60-5.66(m), 5.72-5.85(m), 6.18(s), 6.31(s), 6.54-6.63 (m), 6.79-6.91(m), 7.14 (d, J =

7.8 Hz), 7.28-7.34 (m), 7.71 (d, J = 8.1 Hz). Anal. (C;;H,sN;0,) C, H, N.
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in dry CH,C1, (10 mL) was added 4-methylmorpholine (0.21 mL, 1.91 mmol) and
trimethylsilylchloride (0.13 g, 1.04 mmol) at rt. A clear, homogeneous solution formed
after ~2 h. To this solution was added the FMOC-L-Leu-Cl (0.32 g, 0.87 mmol)

(Advanced ChemTech), and the mixture was stirred at rt overnight. At this time, the
reaction mixture was poured into H,O and extracted twice with CH,C1,, dried over MgSO,,
and concentrated to provide FMOC-L-Leu-DL-(4-BOC)-Pipz (0.45 g, 91%) as a pale
yellow foamy solid. '"H NMR (CDC1,) 6 0.87-1.04 (m, 6H), 1.44 (s, 9H), 1.51 (m, 1H),
1.74 (m, 1H), 2.89-3.10 (m, 2H), 3.67 (m, 1H), 4.03 (m, 1H), 4.21-4.42 (m, 7H),

4.56-4.77 (m, 3H), 7.25-7.77 (m, 8H). MS caled for C;;H;sN;0,+Cs, 698, found 698.

Preparation of Intermediate Ethyl-3-fFMOC-L-Leu-pL~(4-BOC)-Pipz-L-(Tr-GIn)] -E-
Propenoate.

Ethyl-3-(BOC-L-(Tr-GIn)]-E-propenoate (0.59 g, 1.23 mmol) was deprotected and
coupled to FMOC-L-Leu-DL-(4-BOC)-Pipz (0.70 g, 1.23 mmol) using the procedure
described in Example | for the preparation of ethyl-3-[BOC-L-N-Me-Phe-L-(Tr-Gin)]-E-
propenoate to provide ethyl-3-[FMOC-L-Leu-DL-(4-BOC)-Pipz-L-(Tr-Gin)]-E-propenocate
(0.60 g, 49 %) as a white foamy solid. 'H NMR (CDCl,) 6 0.87-1.03 (m, 6H), o
1.18-1.30 (m, 3H), 1.44 (s, 9H), 2.00 (m, 1H), 2.24 (m ,1H), 2.38 (m, 1H), 3.06-3.13

(m, 2H), 3.69-3.77 (m, 2H), 3.89 (m, 1H), 4.07-4.24 (m, 6H), 4.33-4.59 (m, 9H),
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1| h0" 1098 () s! 6" 10%CC& ()-510% & ()-! @O%JU&( )-1, @0%y9y& () - 0YY40%

9&0&35;(: bty R oA M oo M e BB U 1

10% QDE@’?L'G%U ug' ()-!
To a solution of ethyl-3-[FMOC-L-Leu-DL-(4-BOC)-Pipz-L-(Tr-GIn)}-E-

propenoate (0.60 g, 0.60 mmol) in CHC1, was added 4-(aminomethyl)piperidine (5§ mL)
at rt. The reaction mixture was stirred for 1 h and then sequentially washed twice with
sat brine, 5 times with 10% aq K,HPO, buffer (pH 5.5), and once with a sat solution of
NaHCOQ,. The organic phase was dried over MgSO, and concentrated. The resulting oil
(0.34 g, 0.44 mmol) was dissolved in dry CH,C1, (30 mL). 4-Methylmorpholine (0.24
g, 2.20 mmol) was added followed by benzylchloroformate (0.13 g, 0.88 mmol), and the
mixture was stirred fo£ 4 hat rt. This mixture was then poured into H,0 and extracted
twice with CH,C1,. The organic phase was dried over MgSO,, concentrated, and
purified by flash column chromatography on silica gel (5% MeOH/CHC1,) providing
ethyl-3-[CBZ-L-Leu-(4-BOC)-DL-Pipz-L-(Tr-GIn)]-E-propenoate (0.31 g, 77 %) as a
white solid foam. 'H NMR (CDC1,) 6 0.82-1.00 (m, 6H), 1.23-1.28 (m, 3H),
1.40-1.58 (m, 2H), 1.67 (m, 1H), 1.98 (m, 1H), 2.26 (m, 1H), 2.37 (m, 1H), 2.75 (m,
1H), 3.07-3.11 (m, 2H), 3.50-4.06 (m, 4H), 4.13 - 4.20 (m, 2H), 4.52-5.15 (m, 6H),
5.87 (m, 1H), 6.75-7.03 (m, 2H), 7.08-7.41 (m, 20H). MS calcd for C;,HgN;04+Cs

1_034, found 1034.
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S ser Sgbiy i%dé%@fkﬁtﬁ%ﬁ%%%@ ACGt TR0 (& () F 105"

U ()- 10% U& ( 10% U& ) f& 10% U& ()- 10 10 106ZdEbCf 10%&' ()- 10%

ug ()-!10%7Lbe H&C 2094iyt py Mm%gwp@)wa )fhwnw Ltrems,

U&' ()-e7dEbCF 109%& ()-, L' 10% U& ()-, 9%L0% U& ()-," 10% U& ()-3 10%

U8 () el UCBY-()ea-BBOCRDLIPIF-LEDEGINNE pdpeBdaE 040 g, 0.11 mmol)
with trifluoroacetic acid as described in Example 4 for the preparation of
ethyl-3-(cyclopentylthiocarbonyl-L-Leu-L-N-Me-Phe-L-Gin)-E-propenoate to provide
ethyl-3-(CBZ-L-Leu-DL-Pipz-L-Gin)-E-propenoate (24.0 mg, 39 %) as a solid white
foam. IR (thin film) 3308, 1704 cm™!; 'H NMR (CDC1,;) § 0.91-1.01 (m, 6H),
1.24-1.30 (m, 3H), 1.49 (m, 1H), 1.59 (m, 1H), 1.65-1.86 (m, 3H), 1.98 (m, 1H),
2.15-2.24 (m, 2H), 2.67-2.75 (m, 2H), 3.06 (m, 1H), 3.30 (m, 1H), 3.72-3.82 (m,
2H), 4.14-4.21 (m, 2H), 4.57-4.64 (m, 2H), 5.01-5.13 (m, 3H), 5.58 (m, 1H), 5.76
, 1H, J = 6.5 Hz), 5.90-5.98 (m, 2H), 6.88 (dd, 1H, J = 15.6, 5.6 Hz), 7.33 (s,
10H), 7.60 (d, 1H, J = 7.2 Hz). HRMS calcd for C,gH,N;0;+Cs 692.2062, found

692.2040.

Example 26 - Preparation of Compound 28:
hyl-3-(CBZ-L-Leu- 4- N-Pipz- -E-Pr

Preparation of Intermediate Ethyl-3-[CBZ-L-Leu-DL-(4-Benzyl)-Pipz-L-(Tr-Gin)}-
E-Propenoate.

A solution of anh HC1 in 1,4-dioxane (3.0 mL of a 4.0 M solution) was added to
a solution of ethyl-3-[CBZ-L-Leu-(4-BOC)-DL-Pipz-L-(Tr-GIn)]-E-propenoate (0.18 g,
0.20 mmol) in 1,4-dioxane (3.0 mL) at rt. The reaction mixture was stirred for 2 h at rt,
and then concentrated under vacuum. The resulting foamy residue was taken up in
EtOAc, washed with a sat NaHCO, solution, dried over MgSO,, and concentrated. The

resulting yellow oil was dissolved in 3.0 mL of DMF. To this solution was added Nak
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10%&’ (Jonédnliaféd unlier vM&%&nﬁ)lﬂSﬁD%&d wasShdded®o (he-residue. CH2C12 was used
10%: () - cw{ dEDCF 109%&' () - @ 10%& () -y+100& ()-yf) 10%& (

1(9)9%00}@("(‘@%]:‘%0 %8‘%3" t@%%@”ﬁ é%%«%@%é gi‘k%é%g’l‘ﬁ’ﬁié?‘(‘h?%low«& () fS

109 ()-FS ! 109%& és) 10%& é S109%& () - fmlO%& é% AHI JK& ot ?f10%& 10% V
& ()- wiognrep LC C7 deI(GHSY) eroyiging ethylolCBZ-L-Leu-DL-(4-benzyl)-Pipz-

L-(Tr-Gin)}-E-propenoate (0.10 g, 56 %) as a yellow foamy solid. 'H NMR (CDCl,) §
0.82-0.94 (m, 6H), 1.21-1.32 (m, 4H), 1.48-1.66 (m, 3H), 1.97-2.13 (m, 2H),
2.25-2.35 (m, 2H), 2.81 (m, 1H), 3.38-3.52 (m, 3H), 3.64-3.76 (m, 3H), 4.14-4.24
(m, 2H), 4.46-5.22 (m, 6H), 5.96 (m, 1H), 6.75-7.04 (m, 2H), 7.15-7.35 (m, 25H),

7.51 (m, 1H). MS calcd for Cy,HgNsO,+H 892, found 892.

Preparation of Product-Ethyl-3-{CBZ-L-Leu-DL-(4- Benzyl)-Plpz-L-Gln]-E-
Propenoate.

Ethyl-3-[CBZ-L-Leu-DL-(4-benzyl)-Pipz-L-(Tr-Gin)}-E-propenoate (0.090 g, 0.10
mmol) was deprotected using the procedure described in Example 1 for the preparation of
ethyl-3-(CBZ-L-N-Me-Phe-L-Gin)-E-propenoate, to provide
ethyl-3-[CBZ-L-Leu-DL~(4-benzyl)-Pipz-L-Gin]-E-propenoate (0.030 g, 45 %) as a solid
white foam. IR (thin film) 3323, 1708 cm™; 'H NMR (CDC1;) 6 0.94-0.99 (m, 6H),
1.27-1.32 (m, 3H), 1.48 (m, 1H), 1.56 (m, 1H), 1.71-2.17 (m, 6H), 2.83 (m, 1H),
3.37-3.50 (m, 2H), 3.68-3.72 (m, 2H), 4.19-4.24 (m, 3H), 4.60-4.70 (m, 2H),
5.00-5.28 (m, 2H), 5.61;5.92 (m, 4H), 6.03 (m, d, 1H, J = 15.6 Hz), 6.87-6.92 (m,
2H), 7.26-7.32 (m, 10H), 7.78 (m, 1H). HRMS calcd for C;H,;NsO,+Cs 782.2530,

found 782.2546.
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a solution of ethyl-3-[CBZ-L-Leu-(4-BOC)-DL-Pipz-L-(Tr-Gin)]-E-propenoate (0.16 g,

0.18 mmol) in 1,4-dioxane (2.5 mL) at room temperature. The reaction mixture was
stirred for 2 h at rt, and then it was concentrated under vacuum. The resulting foam was
dissolved in dry CH,C1,, and phenylsulfonyl chloride (0.046 mL, 0.36 mmol) and
4-methylmorpholine (0.10 mL, 0.91 mmol) were added at rt and stirred for 2 h. The
reaction mixture was poured into H,0 and extracted twice with CH,C1,. The organic
layer was dried over MgSO, and concentrated to give a residue that was purified by
column chromatography on silica gel (5% MeOH/CHCI1,) to provide ethyl-3-[CBZ-L-
Leu-DL~(4-phenylsulfonyl)-Pipz-L-(Tr-Gln)]-E-propenoate (0.057 g, 33 %) as an off-white
foamy solid. 'H NMR (CDCl,) & 0.86-0.93 (m, 6H), 1.25-1.32 (m, 3H), 1.48 (m,
1H), 1.63 (m, 1H), 2.25-2.36 (m, 4H), 3.52 (m, 1H), 3.71-3.78 (m, 4H), 4.12-4.25
(m, 4H), 4.45 (m, 1H), 4.64 (m, 1H), 4.92-5.39 (m, 5H), 5.94 (m, 1H), 6.34 (m, 1H),
7.18-7.31 (m, 20H), 7.48-7.67 (m, 5SH), 7.77 (m, 1H). MS calcd for Cs;HggNsO,S+Cs
1074, found 1074.
Preparation of Product Ethyl-3-(CBZ-L-Leu-DL~(4-Phenylsulfonyl)-Pipz-L-Gin)]-
E—}’ropenoate.
Ethyl-3-[CBZ-L-Leu-DL-(4-phenylsulfonyl)-Pipz-L-(Tr-Gin)]-E-propenoate (0.057
g, 0.06 mmol) was deprotected using the procedure described in Example 1 for the

preparation of ethyl-3-(CBZ-L-N-Me-Phe-L-GIn)-E-propenoate, to provide
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3H), 7.74-7.80 (m, 2H). HRMS calcd for C,,;H,sNsO,S+Cs 832.1992, found
832.1982.
E le 28 - Pr ar ion f 28

Preparation of Intermediate
Ethyl-3-[L-N-[(1,3-Dihydro-imidazol-2-one)-Phe]-L-(Tr-GIn)]-E-Propenoate.

A solution of Phe-OtBusHC1 (0.77 g, 2.99 mmol) and triethylamine (0.833 mL,
5.98 mmol) in CH,C1, (10 mL) was added via cannula to a solution of triphosgene
(0.295 g, 0.994 mmol) in CH,C1,(25 mL) at 23°C. The reaction mixture was stirred at
that temperature for 5 min, and then it was heated to reflux for 1 h. After cooling to
23°C, a solution of aminoacetaldehyde dimethyl acetal (0.314 g, 2.99 mmol) and
triethylamine (0.417 mL, 2.99 mmol) in CH,Cl, (10 mL) was added via cannula. The
reaction mixture was stirred for 3 h at 23°C and then partitioned between half-saturated
NH,C1 (100 mL) and EtOAc (2 x 150 mL). The combined organic layers were dried
over Na,SO, and were concentrated. Purification of the residue by flash column
chromatography (5% CH,OH/CH,C1,) provided the intermediate urea as a colorless oil

(0.36 g, 34 %).
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T )100 mL). The combined organic layers were dried over Na,SO, and concentrated to
afford crude L-N-(1,3-dihydro-imidazol-2-one)-Phe (0.125 g, 53 %) as a white solid.
This material was dissolved in DMF (10 mL) and crude ethyl-3-[L-(Tr-GIn)]-E-
propenoateeHC1 (0.603 mmol) (generated as described in the first deprotection step in
Example 1 for the preparation of ethyl-3-[BOC-L-N-Me-Phe-L-(Tr-Gin)}-E-propenoate),
l-hydroxybenzotriazole hydrate (0.122 g, 0.903 mmol), 4-methylmorpholine (0.2 mL,
1.81 mmol), and 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (0.173 g,
0.903 mmol) were added sequentially, and the reaction mixture was stirred for 18 h at
23°C and then concentrated under reduced pressure. The resulting oil was partitioned
between water (160 mL) and EtOAc (2 x 100 mL). The combined organic layers were
dried over Na,SO, and concentrated. Purification of the residue by flash column
chromatography (5% CH,OH/CH,C1,) provided
ethyl-3-[L-N-{(1,3-dihydro-imidazol-2-one)-Phe]-L-(Tr-Gin)]-E-propenoate (0.129 g,
33%) as a solid yellow foam: R, = 0.42 (10% CH,OH in CH,C1,); IR (thin film) 3265,
1671 cm™; 'H NMR (CDCl1;)  1.30 (t, 3H, J = 7.2), 1.68-1.78 (m, 1H), 1.89-1.95
(m, 1H), 2.27-2.33 (m, 2H), 3.06 (dd, 1H, J = 13.6, 7.3), 3.27 (dd, 1H, J = 13.6,

8.4), 4.18 (q, 2H, J = 7.2), 4.38 (bs, 1H), 4.96-5.02 (m, 1H), 5.62 (dd, 1H, J = 15.7,
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Preparation of Product - Ethyl-3-(L-N-[(1,3-Dihydro-imidazol-2-one)-Phe]-L-Gln)-
E-Propenoate.

Ethyl-3-[L-N _-[(1 ,3-dihydro-imidazol-2-one)-Phe]-L-(Tr-Gin)]-E-propenoate (0.129
g, 0.196 mmol) was deprotected according to the procedure described in Example 1 for
the preparation of ethyl-3-(CBZ-L-N-Me-Phe-L-Gin)-E-propenoate.
Ethyl-3-(L-N-[(1,3-dihydro-imidazol-2-one)-Phe}-L-Gin)-E-propenoate (0.037 g, 46%)
was isolated as a solid beige foam after removal of organic solvents and trituration with
4:1 Et,0:CH,CN, followed by filtration and washing with 2 x 10 mL Et,O and air
drying. R, = 0.15 (10% CH,0H/CH,Cl,); 'H NMR (DMSO-dg) 61.22 (t, 3H,J =
7.2), 1.61-1.80 (m, Zﬁ), 2.01-2.07 (m, 2H), 3.01-3.17 (m, 2H), 4.11 (g, 2H, J =
7.2), 4.32-4 .41 (m, 1H), 4.87-4.92 (m, 1H), 5.68 (dd, 1H, J = 15.7, 1.4), 6.24-6.26
(m, 1H), 6.63-6.72 (m, 2H), 6.74 (s, 1H), 7.12-7.25 (m, 6H), 8.44 (d, 1H, J = 8.1),

9.83 (s, 1H); Anal. (C,H,N,0,+0.5 H,0) C, H, N.

le 20 - ration of Com : -3-(CBZ-
-Di -imi 1-2- - - -E-

Preparation of Intermediate 1-CBZ-2-(2,2-Dimethoxyethyl)-Hydrazine.
Aminoacetaldehyde dimethy! acetal (0.430 g, 3.95 mmol) was added to a solution

of N-CBZ-3-phenyl-oxaziridine (1.11 g, 4.35 mmol) (prepared as described in

Tetrahedron Lett. 1993, 6859, the disclosure of which is entirely incorporated herein by

reference) in CH,C1, (20 mL) at 23°C. The resulting yellow solution was stirred at
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7.18 (m, SH).

Preparation of Intermediate Ethyl-3-[CBZ-amino-L-N-[(1,3-Dihydro-
imidazol-2-one)-Phe]-L-(Tr-GIn)]-E-Propenoate.

A solution of Phe-OtBueHCI1 (0.440 g, 1.71 mmol) and triethylamine (0.345 mL,
2.47 mmol) in CH,C1, (20 mL) was added via cannula to a solution of triphosgene
(0.168 g, 0.566 mmol) in CH,C1, (40 mL) at 23°C. The reaction mixture was stirred at
that temperature for 5 min, and then it was heated to reflux for 1 h. After cooling to
23°C, a solution of 1-CBZ-2-(2,2-dimethoxyethyl)-hydrazine (0.434 g, 1.71 mmol) and
triethylamine (0.173 mL, 1.24 mmol) in CH,Cl, (10 mL) was added via cannula. The
reaction mixture was stirred for 1 h at 23°C, and then it was partitioned between half-
saturated NH,C1 (100 mL) and EtOAc (2 x 150 mL). The combined organic layers were
dried over Na,SO, and were concentrated. Purification of the residue by flash column
chromatography (3% CH,OH/CH,C1,) provided the intermediate urea as a colorless oil
(0.56 g, 65%). This material was dissolved in CH,C1, (20 mL) at 23°C. Trifluoroacetic
acid (10 mL) was added, and the reaction mixture was stirred at 23°C for 1.5 h. CCl, - -
(10 mL) was added, and the mixture was concentrated under reduced pressure. The

resulting oil was partitioned between 10% NaOH (100 mL) and Et,0 (2 x 100 mL). The
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(10 mL) and crude ethyl-3-[L~(Tr-GIn)]-E-propenoate« HC1 (0.981 mmol) (generated as
described in the first deprotection step in Example 1 for the preparation of ethyl-3-[BOC-
L-N-Me-Phe-L-(Tr-GIn)]-E-propenoate), 1-hydroxybenzotriazole hydrate (0.172 g, 1.27
mmol), 4-methylmorpholine (0.323 mL, 2.94 mmol), and 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (0.244 g, 1.27 mmol) were added sequentially. The
reaction mixture was stirred for 18 h at 23°C, and it then was partitioned between water
(100 mL) and EtOAc (2 x 100 mL). The combined organic layers were dried over
Na,SO, and concentrated. Purification of the residue by flash column chromatography
(5% CH,0H/CH,C1,) provided ethyl-3-[CBZ-amino-L-N-[(1,3-dihydro-imidazol-2-one)-
Phe]-L-(Tr-GlIn)]-E-propenoate (0.449 g, 57%) as a solid white foam: R, = 0.44 (10%
CH,0H in CH,C1,); IR (thin film) 3284, 1681 cm™; 'H NMR (CDC1,) 6 1.23 (t, 1H, J
= 17.2), 1.42-1.44 (m, 1H), 2.00-2.16 (m, 3H), 3.08 (dd, 1H, J = 13.4, 7.5),
3.32-3.39 (m, 1H), 4.01-4.18 (m, 3H), 4.47 (bs, 1H), 4.90 (bs, 2H), 4.99-5.04 (m,
1H), 5.60 (dd, 1H, J = 16.0, 1.6), 5.86 (bs, 1H), 6.54 (d, 1H, J = 3.1), 6.66 (dd, 1H,
J = 16.0, 4.5), 6.94-7.32 (m, 26H), 7.83 (s, 1H); Anal. (C,sH,;N;0,0.5 H,0) C, H,

N.
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WMEDC 10, #Etl0%[CBZ-amino-L-N-[(1,3-dihydro-imidazol-2-one)-Phe]-L-(Tr-Gin)]-

E-propenoate (0.147 g, 0.182 mmol) was deprotected according to the procedure
described in Example 1 for the preparation of ethyl-3-(CBZ-L-N-Me-Phe-L-Gin)-E-
propenoate. Ethyl-3-(CBZ-amino-L-N-[(1,3-dihydro-imidazol-2-one)- Phe]-L-Gin)-E-
propenoate (0.042 g, 40%) was isolated as a white solid after removal of organic
solvents and trituration with Et,0O, followed by filtration and washing with 2 x 10 mL
Et,0 and air drying: mp = 216-218°C; R, = 0.27 (10% CH,0H/CH,C1,); '"H NMR
(DMSO-dy) 6 1.22 (¢, 3H, J = 7.2), 1.61-2.06 (m, 2H), 2.01-2.06 (m, 2H),
3.11-3.13 (m, 2H), 3.36-3.38 (m, 1H), 4.11 (q, 2H, J = 7.2), 4.34-4.38 (m, 1H),
4.90-4.96 (m, 1H), 5.09 (bs, 2H), 5.66 (d, 1H, J = 15.7), 6.53 (d, 1H, J = 2.8), 6.69
(dd, 1H, J = 15.7, 5..6), 6.75-6.77 (m, 2H), 7.21 (bs, 6H), 7.37 (bs, 4H), 8.52 (d, 1H,

J = 8.1), 10.14 (s, 1H); Anal. (C,H,,N;0;) C, H, N.

xample 30 - ation of Compound 34;
hyvl-3-(Ethvithiocarbonyl- I-L-N-Me-Phe- -E- n

Preparation of Intermediate Ethyl-3-[BOC-L-Val-L-N-Me-Phe-L-(Tr-GIn)}-E-
Propenoate.

This material was prepared from ethyl-3-[BOC-L-(Tr-Gln)]-E-propenoate (0.832
g, 1.53 mmol) and BOC-L-Val-L-N-Me-Phe (0.570 g, 1.51 mmol) using the method
described in Example 6 for the formation of 1-(2',3'-dihydroindolin-1-yl)-3-[BOC-L-Leu- .
L-N-Me-Phe-L~(Tr-GIn)]-E-propenone to give ethyl-3-[BOC-L-Val-L-N-Me-Phe-L~(Tr-

Gin)]-E-propenoate after column chromatography on silica gel (gradient: 43 % ~50%
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0.86 (d, J = 6.8 Hz), 1.23-1.37 (m), 1.35 (s), 1.42 (s), 1.62-1.85 (m), 1.88-2.06
(m), 2.20-2.27 (m), 2.83-3.03 (m), 2.88 (5), 2.99 (s), 3.31 (dd, J = 14.0, 8.2 Hz),
3.41 (dd, J = 14.0, 5.8 Hz), 4.03-4.10 (m), 4.16 (q, J = 7.2 Hz), 4.17 (q, J = 7.2
Hz2), 4.27-4.34 (m), 4.45-4.56 (m), 4.57-4.70 (m), 4.88-5.03 (m), 5.59 (d, J = 15.7
Hz), 5.87 (d, J = 15.7 Hz), 6.20 (d, J = 8.4 Hz), 6.66 (dd, J = 15.7, 5.1 Hz), 6.80
(dd, J = 15.7, 6.1 Hz), 6.89-7.05 (m), 7.12-7.34 (m), 7.88 (d, J = 8.1 Hz). Anal.

(C.sH:sN,0,+0.5 H,0) C, H, N.

Preparation of Intermediate Ethyl-3-[Ethylthiocarbonyl-L-Val-L-N-Me-Phe-L-(Tr-
GIn)}-E-Propenoate.

Bthyl-3-[BOC-L-Val-L-N-Me-Phe-L-(Tt-Gln)}-E-propenoate (0.366 g, 0.456
mmol) was deprotected and coupled with ethyl chlorothiolformate (0.057 mL, 0.55
mmol) as described in Example 6 for the formation of 1-(2',3'-dihydroindolin-1-yl)-
3-[ethylthiocarbonyl-L-Leu-L-N-Me-Phe-L-(Tr-Gin)]-E-propenone to give
ethyl-3-[ethylthiocarbonyl-L-Val-L-N-Me-Phe-L-(Tr-Gin)]-E-propenoate after column
chromatography on silica gel (gradient: 44%-50% EtOAc in hexanes) as a white foam
(0.217 g, 60%): IR (thin film) 3295, 1713, 1655 cm™!; 'H NMR (CDC1,) (mixture of
isomers) 6 0.48 (d, J = 6.5 Hz), 0.71 (d, J = 6.8 Hz), 0.80-0.89 (m), 1.17-1.22 (m),
1.58-2.06 (m), 2.19-2.32 (m), 2.65-3.04 (m), 2.84 (s), 2.97 (s), 3.29-3.43 (m), 4.18 - .
(q, J = 7.2 Hz), 4.49-4.59 (m), 4.65-4.71 (m), 4.75-4.83 (m), 5.65 (dd, J = 15.9,

1.6 Hz), 5.71-5.76 (m), 5.81-5.90 (m), 6.31-6.36 (m), 6.70 (dd, J = 15.9, 5.3 Hz),
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0.236 mmol) was deprotected using the procedure described in Example 1 for the
formation of ethyl-3-(CBZ-L-N-Me-Phe-L-GIn)-E-propenoate to give ethyl-3-
(ethylthiocarbonyl-L-Val-L-N-Me-Phe-L-GIn)-E-propenoate after column chromatography
(50% acetone in hexanes, then 6% MeOH in CH,C1,) as a white foam (0.076 g, 58%):
IR (thin film) 3307, 1660 cm™*; '"H NMR (CDCl1;) (mixture of isomers) 8 0.47 (d, J =
6.5 Hz), 0.77 (d, J = 6.8 Hz), 0.92 (d, J = 6.5Hz), 0.93 (d, J = 6.5 Hz), 1.25(t, J =
7.2 Hz), 1.29 (t, J = 7.2 Hz), 1.42-1.54(m), 1.64-1.79(m), 1.80-2.03 (m), 2.08-2.31
(m), 2.73-3.01(m), 2.92 (5), 3.04-3.15 (m), 3.07 (s), 3.31-3.47 (m), 4.16-4.26 (m),
4.19 (q, J = 7.2 Hz), 4.51-4.65 (m), 4.70-4.78 (m), 5.72 (dd, J = 15.6, 1.6 Hz),
5.85-6.05 (m), 6.19 (bs), 6.56 (d, J = 8.1 Hz), 6.75 (dd, J = 15.6, 5.3 Hz),

,6.80-6.89 (m), 7.15-7.35(m), 7.46 (d, J = 7.8 Hz). Anal. (CH,N,0:) C, H, N.

- i f : Ethvl-3- Ithiocarbonyl-1-Val-

Preparation of Intermediate Ethyl-3-[Cyclopentylthiocarbonyl-L-Val-L-N-Me-Phe-L- -
(Tr-Gin)]-E-Propenoate.

Ethyl-3-[BOC-L-Val-L-N-Me-Phe-L-(Tr-Gin)]-E-propenoate (0.365 g, 0.455

mmol) was deprotected and coupled with cyclopentyl chlorothiolformate (0.09 mL, about

~133 -



h& ()-Y10% h& ()-j 667e77 8}8dE:/ 10, @'!10% h& ()--M 10% h& () - * UN 2002
h& ()-1¢ 10% h& ()- , &10% h& () - $10% h& ()- }88(900TIUIVOVDeIX
10! F10% ()- 10 h 10 h 10 h9: 10% h& ()-, 6: 10% h& ()-3 10% h& ()-, 11! 10%

h& 990 : 2:\ .. dE 0% % Y& ()-f
oo 05 pedlusie {he o "ngi\?ejﬁé%% ‘S‘cﬁ’é“’%’g‘ﬁﬁfé‘) m@&:&@@ )°f)1 & 1((323/&' ()-f
109%& ()-f! 10%& () Sy10%& ()- >> 2t?y ozog) | 22xnbC 10! @&10% & ()- 10 10
10" 91Glkydryingsin-1 (e)thyl$1®admyl(l,&lﬁm§a1 ohfie Bhe > (Leitly A2 prepenone to

10!, M 10% & ()-@!10% & ()-3, @O% & ()-!10% & ()- ! 10% & ()-110% & ()-
AABBB%"@&Hﬁ @ @ ofarbdY4 Fal()-NPRWhE1(- Q’I’&Gﬂr@]’l&%ﬂ%ﬁeﬂoﬁe P & ()-

10445¢556j 6dE: / 10!'!110% h& ()- z 10% h& ()-S 10% h& ()- &10% h&’i%l 10%

10% & ()-Y? nbC 10! S9-f 10% & ()-S*10% &

0 L G ), O T e %é% -
RN Ot OIS b5 GH315854) 168 A0V e B i@

of isomers) 6 0.50 (d, J = 6.5 Hz), 0.73 (d, J = 6.8 Hz), 0.80-0.88 (m),
1.22-2.31 (m), 2.84-3.04 (m), 2.86 (s), 2.98 (s), 3.29-3.41 (m), 3.54-3.69 (m),
4.08-4.25 (m), 4.17 (q, J = 7.2 Hz), 4.48-4.63 (m), 4.67-4.82 (m), 5.64 (dd, J =
15.7, 1.6 Hz), 5.76-5.82 (m), 5.83-5.91 (m), 5.87 (dd, J = 15.7, 1.6 Hz), 6.39-6.45
(m), 6.70 (dd, J = 15.7, 5.3 Hz), 6.79 (dd, J = 15.7, 5.8 Hz), 6.93 (s), 7.06 (s),
7.12-7.33 (m), 7.72 (d, J = 7.8 Hz). Anal. (C;sH;N,045+0.5 H,0) C, H, N.
Preparation of Product-
Ethyl-3-(Cyclopentylthiocarbonyl-L-Val-L-N-Me-Phe-L-GIn)-E-Propenoate.
Ethy1—3-[cyclopentylthiocarbony1-L-Val-L-N-Me-Phe-L—(Tr-Gln)]-E-propenoatc
(0.179 g, 0.215 mmol) was deprotected using the procedure described in Example 1 for
the formation of ethyl-3-[CBZ-L-N-Me-Phe-L-GIn]-E-propenoate to give
ethyl-3-(cyclopentylthiocarbonyl-L-Val-L-N-Me-Phe-L-Gin)-E-propenoate after column
chromatography on silica gel (50% acetone in hexanes, then 6% MeOH in CH,C1,) as a
white foam (0.086 g, 68%): IR (thin film) 3295, 1713, 1666, 1631 cm™'; 'H NMR
(Cl_)Clg) (mixture of isomers) & 0.48 (d, J = 6.5 Hz), 0.77 (d, J = 6.8 Hz), 0.92 (d, J
= 6.5 Hz), 0.93 (d, J = 6.8 Hz), 1.29 (t, / = 7.2 Hz), 1.37-1.79 (m), 1.81-2.29 (m),
2.91-3.00 (m), 2.92 (s), 3.03-3.15 (m), 3.06 (s), 3.34 (dd, J = 14.0, 5.3 Hz), 3.43

(dd, J = 14.0, 6.7 Hz), 3.59-3.69 (m), 4.16-4.26 (m), 4.18 (q, J = 7.2 Hz),
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Preparation of Intermediate N-Methoxy-N-Methyl-
3-[BOC-L-Leu-L-N-Me-Phe-L-(Tr-GIn)]-E-Propenamide.

N-Methoxy-N-methyl-3-[BOC-L-(Tr-GIn)]-E-propenamide (O 29 g, 0.58 mmol)
was deprotected and coupled to BOC-L-Leu-L-N-Me-Phe (0.23 g, O 58 mmol) using the
procedure described in Example 1 for the preparation of ethyl-3-[BOC-L-N-Me-Phe-L-
(Tr-GlIn)]-E-propenoate to provide N-methoxy-N-methyl-3-{(BOC-L-Leu-L-N-Me-Phe-L-
(Tr-Gin))-E-propenamide (0.23 g, 47 %) as a white solid foam after column
chromatography on silica (2% methanol/CHC1,). 'H NMR (CDCl,) 6 0.63-0.66 (m,
6H), 0.71 (m, 1H), 0.86-0.95 (m, 3H), 1.06 (m, 1H), 1.31-1.44 (m, 9H), 1.84 (m,
1H), 2.00 (m, 1H), 2.25-2.28 (m, 2H), 2.91-3.00 (m, 3H), 3.23 (s, 3H), 3.66-3.68
(m, 3H), 4.13 (m, 1H), 4.58 (m, 1H), 4.71 (m, 1H), 4.86 (m, 1H), 6.35 (m, 1H), 6.55
(m, 1H), 6.80 (m, 1H), 7.10-7.33 (m, 20H), 8.20 (d, 1H, J = 8.7 Hz). MS calcd for

CyHgN;O;+Na 854, found 854,
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> 10% &ethyl-34[etypihioqaybongl-L.dgpd-Pyo-L-(Np GIMBE-propenoate, to provide N-methoxy-

N-methyl-3-[ethylthiocarbony!-L-Leu-L-N-Me-Phe-L-(Tt-Gln)]-E-propenamide

(0.041 g, 39 %) as a clear glass. 'H NMR (CDC1,) 8 0.61-0.75 (m, 3H), 0.80-0.88
(m, 2H), 1.15-1.27 (m, 4H), 1.34-1.44 (m, 2H), 1.65-1.96 (m, 5H), 2.25-2.33 (m,
2H), 2.72-3.05 (m, 3H), 3.20 (s, 3H), 3.66 (s, 3H), 4.61 (m, 1H), 5.77 (dd, 1H, J =
17.4, 7.5 Hz), 6.49 (m, 1H), 6.83 (m, 1H), 7.12 (m, 1H), 7.19-7.33 (m, 20H), 8.01 (d,

1H, J = 8.1 Hz). MS calcd for C,;H,;N;0,S+Cs MS calcd for 952, found 952.

Preparation of Product N-Methoxy-N-Methyl-3-(Ethylthiocarbonyl-L-Leu-L-N-Me-
Phe-L-Gin)-E-Propenamide.

N-Methoxy-N-methyl-3-[ethylthiocarbonyl-L-Leu-L-N-Me-Phe-L-(Tr-Gin)]-
E-propenamide (0.040 g, 0.049 mmol) was deprotected using the procedure described in
Example 1 for the preparation ethyl-3-[CBZ-L-N-Me-Phe-L-Gin]-E-propenoate, to
provide N-methoxy-N-methyl-3-(ethylthiocarbonyl-L-Leu-L-N-Me-Phe-L-Gin)-E-
propenamide (17.0 mg, 61%) as a white foam after column chromatography (2%
gethanol/CHCl,). IR (thin film) 3274, 1678 cm™*; 'H NMR (CDC1,) 8 0.63-0.64 (m,
3H), 0.91 (d, 2H, J = 6.2 Hz), 1.22-1.28 (m, 4H), 1.43 (m, 1H), 1.63 (m, 1H), -
1.95-2.02 (m, 2H), 2.80-2.98 (m, 4H), 3.25 (s, 3H), 3.69-3.70 (m, 3H), 4.42 (m,

1H), 4.62-4.66 (m, 2H), 6.09 (m, 1H), 6.18 (dd, 1H, J = 15.0, 7.5 Hz), 6.57 (m, 1H),
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Ethyl-3-[BOC-L-(Tr-GIn)]-E-propenoate (0.39 g, 0.72 mmol) was deprotected and

coupled with [(5-CBZ-amino)-2-phenyl-6-0xo-1,6-dihydro-1-pyrimidinyl]acetic acid
(0.28 g, 0.73 mmol) (prepared according to the procedure of C.A. Veale, et al., J. Med.
Chem. 1995, 38, 98, the disclosure of which is entirely incorporated herein by reference)
using the procedure described in Example 1 for the preparation of ethyl-3-[BOC-L-N-Me-
Phe-L-(Tr-GIn)}-E-propenoate), to give ethyl-3-{[(5-CBZ-amino)-2-phenyl-6-0x0-1,6-
dihydro-l-pyrimidinyl]-L-(Tr-Gin)}-E-propenoate (0.43 g, 73%) as a white solid after
column chromatography on silica (3% methanol/CHCL): mp = 106-112°C; IR (thin
film) 3297, 1722, 1658 cm™!; 'H NMR (CDC1;) 6 1.29 (t, 3H, J = 7.2 Hz), 1.76-1.86
(m, 1H), 1.93-2.04 (m, 1H), 2.36-2.52 (m, 2H), 4.07-4.30 (m, 5H), 4.51 (bs, 1H),
5.21 (s, 2H), 5.81 (dd, 1H, J = 15.6, 1.6 Hz), 6.73 (dd, 1H, J = 15.6, 4.8 Hz), 6.86
(s, 1H), 7.08-7.23 (m, 15 H), 7.29-7.54 (m, 11H), 8.73 (bs, 1H); Anal.

(CeHisN;O;#1.0 H,0) C, H, N.
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Ethyl-3-{[(5-CBZ-amino)-2-phenyl-6-oxo-1,6-dihydro-1-pyrimidinyl}-L-(Tr-
Gln)}-E-propenoate (0.22 g, 0.27 mmol) was deprotected using the procedure described
in Example 1 for the preparation of ethyl-3-[CBZ-L-N-Me-Phe-L-Gin]-E-propenoate, to
provide ethyl-3-{[(5-CBZ-amino)-2-phenyl-6-0xo-1,6-dihydro-l-pyrimidinyl}-L-Gin}-E-
propenoate (0.12 g, 79%) as a white solid after removal of organic solvents and
trituration with Et,0, followed by filtration and washing with 2 x 10 mL Et,0 and air
drying: mp = 200-205°C; IR (thin film) 3278, 1719, 1650 cm™; 'H NMR (CDC1,) &
1.22 (t, 3H, J = 7.2 Hz), 1.56-1.68 (m, 1H), 1.71-1.77 (m, 1H), 2.01-2.06 (m, 2H),
4.13 (q, 2H, J = 7.2 Hz), 4.39-4.55 (m, 3H), 5.18 (s, 2H), 5.78 (dd, 1H, J = 15.9,
1.6 Hz), 6.70-6.77 (m, 2H), 7.24 (s, 1H), 7.30-7.55 (m, 10H), 8.34 (d, 1H, J = 8.1

Hz), 8.45 (s, 1H), 8.94 (s, 1H); Anal. (C,0H;N;0,¢0.25 H,0) C, H, N.

Ex le 34 - Preparation of Compound 31: Ethyl-3-{[(5-Amino)-2-Phenyl-6-Ox
-Dihyvdro-1- imidinyl]- -E- n

Preparation of Product Ethyl-3-{[(5-Amino)-2-Phenyl-6-Oxo-
1,6-Dihydro-1-Pyrimidiny!}-L-GIn}-E-Propenoate.

Borontribromide (0.18 mL of a 1.0 M solution in CH,C1,, 0.18 mmol) was added
to a solution of ethyl-3-{[(5-CBZ-amino)-2-phenyl-6-ox0-1,6-dihydro-I-pyrimidiny1]-L-
Gin}-E-propenoate (0.050 g, 0.089 mmol) in trifluoroacetic acid (4 mL) at 23°C. The
redction mixture was stirred for 2 h at 23°C, then it was quenched with EtOH (2 mL)
and concentrated. The residue was then partitioned between NaHCO, (50 mL) and

EtOAc (2 x 100 mL). The combined organic layers were dried over Na,SO, and
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1.71-1.78 (m, 1H), 2.01-2.06 (m, 2H), 4.13 (q, 2H, J = 7.2 Hz), 4.37-4.51 (m, 3H),
5.14 (bs, 1H), 5.79 (d, 1H, J = 15.6 Hz), 6.53-6.78 (m, 2H), 7.09-7.52 (m, 6H), 8.28

d, 1H, J = 8.4 Hz).

X 1 - Preparation of Compound 37: Ethyl-3-[(S)-3-(CBZ-Amin¢)-4-Oxo-
4.6,7.8-Tetrahydropyvrrolo [1,2-¢]Pyrimidine-6-1L-Gin]-E-Propenoate.

Preparation of Intermediate (S)-Pyrrolidin-2-one-S-Carboxylic Acid t-Butyl Ester.
To a suspension of L-pyroglutamic acid (2.00 g, 15.49 mmol) in t-butyl acetate
was added 70% HCIO, (0.46 mL, 17.04 mmol). The suspension was stirred at rt in a
tightly closed flask ove;might. The resulting solution was poured slowly into a sat.
solution of NaHCO; and extracted twice with EtOAc. The organic phase was dried over
MgSO, and concentrated to provide (S)-pyrrolidin-2-one-5-carboxylic acid t-butyl ester.
(2.04 g, 85%) as a white solid- 'H NMR (CDC1,) 6 1.48 (s, 9H), 2.16-2.48 (m, 4H),

4.14 (m, 1H), 5.97 (bs, 1H). MS calcd for C;H;sNO,+H 186, found 186.

Preparation of Intermediate (S)-Pyrrolidin-2-thione-5-Carboxylic Acid t-Butyl Ester.
To a solution of (S)-pyrrolidin-2-one-5-carboxylic acid t-butyl ester (2.04 g,

11.01 mmol) in benzene was added Lawesson's Reagent (2.22 g, 5.50 mmol). The

reaction mixture was heated at reflux overnight, concentrated under vacuum, and

purified by column chromatography on silica gel (5% MeOH/CHCI1,) to provide

-139-



10f 1 (109& ()-f, & 109& ()-f$ 109%& ()-f!!109%& ()-109%& ()-f Sz109%& 6)724@_?@02
105 109& ()- 3109& ()-yYL!109& ()- vy,/ 109& ()-y, 109& ()-y* 109%& ()- ubC
10Y 10%<& ()- ! 10%& ()- "1 10%& ()- % 10%<& ()- 10 10 10: 10% ()-{=dEbC
10109%& ()-: 10%& () -1 @O%& ()-,! 10%& ()-!10%& ()-!10%& () - X] xdEbC

Il%(yi (@,@%@%ﬁe@ﬁﬁ&w{ gig(t)ﬁggg ester (1,75 ,79%) as a tan solid. 'H

- 109 & 610%<8& ( 310%<&' 1t 10%& () -, @10%<& ()-- YI0%& ()-KL[axY:/
0o e AR o Hohfas IR0, 23 b 2 58 G0)AHT\ 2 B b dan 3HD), & o ()
10<s9dE: / 10<Sf3rm0%& ()-f110%& ()- 109%& ()-fS@ 10%&' ()-f-109%& ()-f

109 (H; Ji% 0F7 Hz),058% (bs] QU (WS ciltd TorlOIBNQ,S 1 2020p48nd 202 f %8 109&' () -
f#109& ()-fs!!10%& ()-,uz{|}bC 10<f109B& ()-, &0%B& ()- 10 10

10910%&' ()-y1109%& ()-y.!109% ()- <1dEbC 10<S! 109B& ()- 109B& ()- @

109B& ()-0 FL09B&' () S109B&' () - MLOYB&' () -: 82dEbC 10<, $

109% & 0%3 @%0%3& ()-,Z109B& () - llO%B& ()-1109B& ()-22dEbC
10<Sy % 0119 &) - @ 109B& { 91 1098 &

(S)-2-Methylsulfanyl-3 4-Dihydro-5H-Pyrro e-5- arboxylic Acn t-Butyl Ester.

To a solution of (S)-pyrrolidin-2-thione-5-carboxylic acid t-butyl ester (1.75 g,
8.71 mmol) in 35 mL of dry THF was added Mel (2.2 mL, 34.83 mmol) at rt. The
mixture was stirred at rt for 3 h and concentrated under vacuum. CH,C1, was added to
the resulting oil which was poured into a sat. solution of NaHCO,. This was extracted 3
times with CH,C1,, dried over MgSO,, and concentrated to provide (S)-2-
methylsulfanyl-3,4-dihydro-5H-pyrrole-5-carboxylic acid t-butyl ester (1.63 g, 87%) as a
brown oil which was used without further purification: 'H NMR (CDC1,) 6 1.46 (s, 9H),
2.09 (m, 1H), 2.28 (m, 1H), 2.48 (s, 3H), 2.56-2.80 (m, 2H), 4.59 (m, 1H). MS caled

for C,;H;NO,S+H, 216, found 216.

Preparation of Intermediate (S)-2-Amino-3,4-Dihydro-5H-Pyrrole-5-Carboxylic
Acid t-Butyl Ester<HCI Salt.

To a solution of (S)-2-methylsulfanyl-3,4-dihydro-5H-pyrrole-5-carboxylic acid
t-butyl ester (0.42 g, 1.95 mmol) in 4.0 mL anhydrous MeOH was added anh NH,C1
(O._ll g, 2.05 mmol). The reaction mixture was heated to reflux for 2 h, concentrated in -
vacuo, and the residue was taken up in CH,C1,. The white solids were filtered, and the
filtrate was concentrated to provide (S)-2-amino-3,4-dihydro-5H-pyrrole-5-carboxylic

acid t-butyl estersHCI (0.41 g, 94%) as a light yellow solid' '"H NMR (CDC1,) & 1.49 (s,
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A solution of freshly prepared sodium methoxide (Na, 50 % by weight in

paraffin, 0.084 g, 1.84 mmol, 2.25 mL anh MeOH) was added slowly to a solution of
(S)-2-amino-3,4-dihydro-5H-pyrrole-5-carboxylic acid t-butyl estereHCl (0.41 g, 1.84
mmol) in 2.25 mL anh MeOH cooled to -10°C. After 1 h, the resulting white precipitate
(NaCl) was filtered, and the solution of this free base was slowly added to a solution of
dimethylmethoxymethylene malonate (0.32 g, 1.84 mmol) in 2.25 mL anh MeOH at
-10°C. The reaction mixture was stirred at 0°C overnight at which time it was
concentrated under vacuum, and the residue was purified by column chromatography on
silica gel (2% MeOH/CHC1,) to afford (S)-4-0x0-4,6,7,8-tetrahydropyrrolo[1,2-
alpyrimidine-3,6-dicarboxylic acid 6-t-buty!l ester 3-methyl ester (0.22 g, 40 %) as a
yellow oil. 'H NMR (CDC1,) § 1.49 (s, 9H), 2.31 (m, 1H), 2.57 (m, 1H), 3.09-3.33
(m, 2H), 3.90 (s, 3H), 5.03 (m, 1H), 8.69 (s, 1H). MS calcd CH;3N,0;+H 295,
found 295.
Preparation of Intermediate (S)-4-Oxo-4,6,7,8-Tetrahydropyrrolo-
[1,2-a]Pyrimidine-3,6-Dicarboxylic Acid 6-t-Butyl Ester.

To a solution of (S)-4-oxo0-4,6,7,8-tetrahydropyrrolo[l,2-a]pyrimidine-
3,6-dicarboxylic acid 6-t-butyl ester 3-methyl ester (0.22 g, 0.74 mmol) in MeOH cooled

to 0°C was added 2N NaOH (0.37 mL, 0.74 mmol) dropwise. The reaction mixture was
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109% ()-0,f10% & ()-, & 10% & ()-,t!10% & () - NNdEnb@ 10<! S.y 10% & ()- S, f
10% &1H).- MS calcd C13H,5N205+H 281, found 281.

Preparation of Intermediate (S)-3-(CBZ-Amino)-4-Oxo0-4,6,7,8-Tetrahydropyrrolo-
[1,2-a]Pyrimidine-6-Carboxylic Acid t-Butyl Ester.

(8)4-0x0-4,6,7,8-tetrahydropyrrolo[1,2-a]pyrimidine-3,6-dicarboxylic acid
6-t-butyl ester (0.58 g, 2.07 mmol), triethylamine (0.29 mL, 2.07 mmol) and
diphenylphosphoryl azide (0.45 mL, 2.07 mmol) in 1,4-dioxane (10 mL) were heated to
reflux for 2 h. Benzyl alcohol (0.24 mL, 2.28 mmol) was added and heating at reflux
was continued for another 3 h. The reaction mixture was then concentrated under
vacuum, and the residue was purified by column chromatography on silica gel (2%
MeOH/CHC1,) to provide (S)-3-(CBZ-amino)-4-0x0-4,6,7,8-tetrahydropyrrolo[1,2-
alpyrimidine-6-carboxylic acid t-butyl ester (0.62 g, 77%) as a yellow solid. 'H NMR
(CDC1,) 6 1.48 (s, 9H), 2.30 (m, 1H), 2.56 (m, 1H), 3.05~-3.21 (m, 2H), 4.98 (m,
1H), 5.20 (s, 2H), 7.30-7.40 (m, 6H), 8.67 (bs, 1H). MS calcd for C,0H,3N,05+H,

386, found 386.
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To (S)-3-(CBZ-amino)-4-oxo-4,6,7,8-tetrahydropyrrolo[1,2-a]pyrimidine-
6-carboxylic acid t-butyl ester (0.20 g, 0.52 mmol) was added 8.0 mL of a 1:1 solution
of TFA:CHC1, with 3 drops of H,O. The reaction mixture was stirred at rt overnight, at
which time it was concentrated under vacuum. CC1, was added, and the mixture was
reconcentrated, and then triturated in Et,0. Filtration provided (S)-3-(CBZ-amino)-4-
oxo-4,6,7,8-tetrahydropyrrolo[1,2-a}pyrimidine-6-carboxylic acid (0.14 g, 82%) as a tan
solid' '"H NMR (CDC1,) 6 2.50-2.63 (m, 2H), 3.16-3.29 (m, 2H), 5.13 (m, 1H), 5.20
(s, 2H), 5.45 (bs, 1H), 7.37 (s, SH), 7.40 (s, 1H), 8.70 (bs, 1H). MS calcd for

C,¢H,sN,05+H 330, found 330.

Preparation of Intermediate Ethyl-3-[(S)-3-(CBZ-Amino)-4-Oxo-
4,6,7,8-Tetrahydropyrrolo[1,2-a]Pyrimidine-6-L-(Tr-GIn)]-E-Propenoate.

Ethyl-3-[BOC-L-(Tr-GIn)}-E-propenoate (0.28-g, 0.52 mmol) was deprotected and
coupled to (S)-3-(CBZ-amino)-4-0x0-4,6,7,8-tetrahydropyrrolo[1,2-a]pyrimidine-6-
carboxylic acid (0.14 g, 0.41 mmol) using the procedure described in Example 1 for the
preparation of ethyl-3-[BOC-L-N-Me-Phe-L-(Tr-Gln)]-E-propenoate, to provide
ethyl-3-[(S)-3-(CBZ-amino)-4-0x0-4,6,7,8-tetrahydropyrrolo[1,2-a]pyrimidine-6-L-(Tr-
Gin)}-E-propenoate (0.26 g, 83%) as a solid white foam after column chromatography
(2% methanol/CHC1;) '"H NMR (CDC1;) 8 1.28 (t, 3H, J = 7.2 Hz), 1.83 (m, 1H),
2.;)1 (m, 1H), 2.29-2.36 (m, 2H), 2.49-2.51 (m, 2H), 2.97 (m, 1H), 3.19 (m, 1H),

4.18 (q, 2H, J = 7.2 Hz), 4.53-4.57 (s, 2H), 5.86 (dd, 1H, J = 15.6, 1.6 Hz), 6.79
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Ethyl-3-[(S)-3-(CBZ-amino)-4-oxo- 4,6,7,8-tetrahydropyrrolo-[1,2-a]lpyrimidine-
6-L-(Tr-Gin)]-E-propenoate (0.25 g, 0.33 mmol) was deprotected using the procedure
described in Example 22 for the preparation of ethyl-3-(ethylthiocarbonyl-L-Leu-L-Pro-L-
Gln)-E-propenoate, to provide ethyl-3-[(S)-3-(CBZ-amino)-4-0x04,6,7,8-
tetrahydropyrrolo [1,2-a]pyrimidine-6-L-GIn]-E-propenoate (0.10 g, 59%) as a white
solid after column chromatography on silica (5% methanol/CHCl;): mp = 204°C
(dec.); IR (thin film) 3282 1720 cm™'; 'H NMR (CDC1,) 6 1.29 (t, 3H, J = 7.1 Hz),
1.86 (m, 1H), 2.05 (m, 1H), 2.28-2.35 (m, 2H), 2.46-2.51 (m, 2H), 3.02 (m, 1H),
4.20 (q, 2H, J = 7.2 Hz), 4.62 (m, 1H), 5.00 (dd, 1H, J = 8.3, 3.6 Hz), 5.20 (s, 1H),
5.57 (m, 1H), 5.86 (m, 1H), 5.94 (dd, 1H, J = 15.5, 1.4 Hz), 6.84 (dd, 1H, J = 15.6,
5.2 Hz), 7.36-7.40 (m, 5H), 7.44 (s, 2H), 8.69 (m, 1H). HRMS calcd for

CysHyoNs0,+Cs 644.112, found 644.1143; Anal (C,sH;(N;O;) C, H, N.
The remaining compounds illustrated above can be produced by the skilled artisan,

using routine experimentation, in a manner analogous to the various procedures described

above in Examples 1 through 35.
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procedures: (1) ion exchange using Q Sepharose Fast Flow from Pharmacia; (2) affinity
chromatography using Affi~Gel Blue from Biorad; and (3) sizing using Sephadex G-100
from Pharmacia. Assays contained 2% DMSO, 50 mM tris pH 7.6,  mM EDTA, a
compound at the indicated concentrations, approximately 1M substrate, and 50-100 nM
protease. For K, determinations, the compound and the enzyme were preincubated for
10 minutes at 30°C prior to addition of the substrate (substrate start). The kg, values
were obtained from reactions initiated by addition of enzyme rather than substrate. RVP
activity is measured in the fluorescence resonance energy transfer assay. The substrate
was (N-terminal) DABCYL-(Gly- Arg~ Ala- Val-Phe-GiIn- 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 was relieved,
and activity was measured as an increase in fluorescence signal. Data was analyzed

using standard non linear fitting programs (Enzfit), and are shown Table 1.

TABLE 1
COMPOUND RVP INHIB Kanun (MseC™)
1 > 100uM(K) 52
2 ND 5,300
@) ND 617
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(16) ND 929
4 2.9uM(K) 43,800
) ND 541
(16) ND 2,009
5 ND 17,320
6 ND 9,500
7 ND 3,824
8 ND 6,885
9 4.4pM(K) 57,000
10 2.0uM(K) 41,800
11 ND 12,000
12 ND 5,070
13 ND 355,800
0] ND 3,980
(16) ND 11,680
14 0.8uM(K)) 56,400
) ND 800
(16) ND 1800
15 2.5uM(KY 36,400
) ND 3,500
(16) ND 5,600
16 12pM(K)) 8,300
@) ND 600
(16) ND 1,000
17 ND 750,000
18 7.0uM(K) 423
19 ' ND 1,927
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23
24

25

26
27

28
29
30
31
32
33
34

35

36

37

@)
(16)

@

(16)

@)
(16)

@
(16)

@)
(16)

Q)
(16)

ND
60uM(K)
8uM(K))
ND

ND

ND

ND

ND
34puM(Ki)
ND

ND

ND
S0uM(K5)
ND
55uM(K)
ND

ND
86(10)
ND

ND

ND

ND

ND

ND

ND

ND

ND

ND
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100
605
21,960
7,100
9,300
1,469
1,277
770
875
102

87

90

116

45

163

39

98

361
13,400
940
2,065
22,500
1,600
3,480
2,000
400
750
12,400
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h& ()- F" 10% h& ()- ~10% h& ()- 10% h& ()- & 10% h& ()-Y¥510% h& ()-E::: O
..... C ND 12’100

41 ND 2,350

42 ND 15,000

43 ND 2,200

44 ND 12,300

45 ND 2,300

46 ND 36,800

47 ND 6,500

48 ND 14,050

49 ND 1,910

50 ND 14,000

S1 | ND 43,900

52 ND 31,100

53 ND ' 242

54 55(10) ND

55 20(10) ND

S6 ND 15,400

57 ND 13,500

58 ND 24,300

59 2.8 108,000

In the above table, all data is for RVP serotype- 14 unless otherwise noted in
pafentheses. All strains of human rhinovirus (HRV) were purchased from American .
Type Culture Collection (ATCC), except for serotype 14, which was produced from the

infectious cDNA clone constructed and supplied to us by Dr. Roland Rueckert at the
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compound in M indicated in parentheses, unless K; was assigned as designated by (K)),
at 10 minute preincubation with 50 nM RVP prior to addition of substrate was used.
The data in the column designated k,; was measured from progress curves in enzyme
start experiments. The designation NI indicates that no inhjbition was obtained when 10

pM of a compound was used. The designation ND indicates that a value was not

determined for that compound.

Antirhinoviral HI-HeLa Cell Culture Assay

In the Cell Protection Assay, the ability of compounds to protect cells against
HRYV infection was measured by the XTT dye reduction method. This method is
described in O.S. Weislow, R. Kiser, D.L. Fine, J. Bader, R.H. Shoemaker, and M.R.
Boyd, J. Natl. Cancer Inst. 1989, 81, 577-586, which document is entirely incorporated
herein by reference.

HI-Hela cells were infected with HRV-14 (unless otherwise noted) at a
multiplicity of infection (m.o.i.) of 0.13 (virus particles/cell) or mock-infected with
medium only. Infected or mock-infected cells were resuspended at 8 x 10° cells per mL
and incubated with appropriate concentrations of compounds of formulas I and II. Two
da_ys later, XTT/PMS was added to test plates, and the amount of formazan produced
was quantified spectrophotometrically at 450/650 nm. The ECs, 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
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mock-infected cells to 50% of that produced in compound-free, mock- infected cells.
The therapeutic index (TI) was calculated by dividing the CCy, by the ECy,.

All strains of human rhinovims (HRV) for use in this assay were purchased from
American Type Culture Collection (ATCC), except for HRV serotype-14, which was
produced from the infectious cDNA clone, constructed and supplied to us by Dr. Roland
Rueckert at the Institute for Molecular Virology, University of Wisconsin, Madison,
Wisconsin. HRYV stocks wete propagated, and antiviral assays were performed in
HI-HelLa cells (ATCC). Cells were grown in Minimal Essential Medium, available
from Life Technologies, with 10% fetal bovine serum.

The compounds were tested against control compounds WIN 51711, WIN 52084,
and WIN 54954, all obtained from Sterling- Winthrop Pharmaceuticals, and control
compound Pirodavir, 6btained from Janssen Pharmaceuticals. Antiviral data obtained for

the test compounds are shown in Table 2 where all data are for HRV serotype-14 unless

otherwise noted in parentheses.

TABLE 2
Compound # ECs(1M) CCsy(uM) TI
1 20 251 13
2 1.0 56 56
3 0.18 41.7 232
4 0.23 200 870
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12 4.2 >320 >176

13 0.12 17.8 148

14 0.32 15.8 49

15 0.26 50.1 192

16 1.7 32 19

17 0.5 53 106

18 5.0 126 25

19 50 >320 >6

20 5.4 56 10.3

21 22 >320 >15

22 177.8 >320 >2

23 10 224 22

24 10 > 100 >10

25 14 >320 >23

26 56 >320 >5

27 >320 >320

28 6.9 125 18

29 46 251 5

30 7.2 177 25

31 56 >320 >6

32 158 >320 >2
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36 11.2 >100 >9

37 8.9 >100 >11

38 0.36 >100 >278

39 1.6 180 113

40 0.32 45 141

41 2.0 18 9

42 0.45 50.1 111

43 3.5 56.2 16

44 0.54 56.2 104

45 1.78 56.2 32

46 0.54 18 33

47 1.3 18 14

48 0.5 >10 >20

49 0.1 71 710

50 3.2 >100 >31

51 12.6 >100 >8

52 32 >100 >3

53 4.5 >100 >22

54 17.8 >100 >6

55 50 >100 >2

56 1.6 20 13

57 0.56 50 89

58 0.56 63 113

59 0.14 >100 >714

59 (HRV 1A) 0.40 >100 >250

- 152 -



S, 2=(10%& ()- S/ " 10%B& () - nnnRooppdEYNC 10 @ 10% ha: () - 10% ha (1 T1eIN 2002
h& ()- 10% h& ()-9!10% h& ()- 0$ 10% h& () - SpDppp?qqqdEYNC 10 S10% hé& () -
10% h& ()- 110% h& ()-, 10% h& ()- -10% h& ()-10% h& ()-q.r|rr#svssdEYNC 10
/10%h&() ,-10% h& ()- , F+ 10% h& ()-)m0% h& ()- &ML0% h& ()-$S 10%

h& ()- s 081008 () -10-h 10-h-10-hOy10%-ha () 10% hé&' () -
@4Y109 00840[) tZUJ uuuSv
109%& () : & : HErb 165 FHO%E
109%&' ()|-S 10%& () 199& ()- xxl\/yyy<zszrrbC 102M 109 ()-

0109%&' (WWW = L[LLLT v pC
10109%||& (WERNMILPH| & ([)0-Z8 109%%] & () -4 fﬁ@| & ()-Y 10 1B 77

10y99 “V{IIX I:DL, TOY T0VAI & [)- ST T0VAT & [,
!1%%1?& () é@f@ 0! h0%e| & ()- 1098 ()- Y11} 1-—+ %dé%c

10' " 110 /(4| 10/94 YT
109%4| & i"ﬁ%ﬂgﬁ ﬁfﬁ%%‘u& ()- 109783 () - 58HPORSAYRIE%10 104 [ 104
Pirodavir 0.03 >10 >300

VSEGDC 1010% () >3500% ()} Y 10% ()-
' 1109 ()-F

vvvvvv

Anticoxsackieviral Hi HeLa Cell Culture Assay

The ability of compounds to protect cells against CVA-21 or CVB-3 infection
was measured by the XTT dye reduction method. Briefly, HI-HeLa cells were infected
with CVA-21 or CVB-3 at a multiplicity of infection (m.o.i.) of 0.05 (CVA-21) and
0.08 (CVB-3) or mock-infected with medium only. Infected or uninfected cells were
resuspended at 4 x 10* cells per mL and incubated with appropriate concentrations of
drug. One day later, XTT/PMS was added to test plates, and the amount of formazan
produced was quantified spectrophotometrically at 450/650 nm. The EC,, was calculated
as the concentration of drug that increased the percentage of formazan production in
drug-treated, virus-infected cells to 50% of that produced by drug-free, uninfected
cells. The 50% cytotoxic dose (CCs;) was calculated as the concentration of drug that
decreased the percentage of formazan produced in drug-treated, uninfected cells to 50%
of that produced in drug_—free, uninfected cells. The therapeutic index (TI) was
c;lculated by dividing the CC,, by the ECj,.

The Coxsackie strains A-21 (CVA-21) and B-3 (CVB-3) were purchased from

American Type Culture Collection (ATCC). Virus stocks were propagated and antiviral
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104 * 910%4| & ()-0109%| & ()-.s! 10%4| & ()-S,y 10%| & ()-* 10%| &4(] -

dEYNC 10 ! 1098 ()-  10%G& ()-S 10%G& ()- & 19 JSUMZDDZ
10968 () - M 10%G& () - | %r10%6& ()-Z ] adEYNC 10 ! 10%G& () - 10%G& () -

10968 () -1 10%%’ ()-f 109%4& () - 10%&' ()- EKJEYNC 10 , -
1096& - *mLOYEE - Y( 10U - & 10968 - I 1096& -1 1096G& - PxnmbC
10()/&0%8%@/8(\7@!6 199'@(“)1@@( i lig Af&f&g/éﬁ‘i )Vﬁﬁ%gmg”)n in Mizmat

10968 ()-/s! 10%G8 () - 9qbaBnbC 10910% h& ()-z 10% h& ()- 10% h& ()- y' 10%
h& () - EQbaDMetigm Wit 109 fetabéyiné RiEmbC 10, - 10% h&' () - @ &10% h&' () - & 10%
h& ()-GLO% h& ()-!10% h&' ()-fGL0% h&' ()- KAJENbC 10Ss010% h&' ()- F@. ! 10%
h& ()- @& 10% h& ()-@ 10% h& ()- ' 10% h& ()-, &$! 10% h& ()-19: : <I bC
10°110% h& ()-3%40% h& ()- 10 h 10 h 10 h9 :2z10% h& ()-f5f 10% h& () -y2! 10%
h& () - INGERC, 10M 10% h& (L-f! 10% h&' () - 384 10%N& () +13:10% h&. () - smL0%

ne: () Taes randyirethelty of sompouds Agtihs KB5S ectiohlor sus et d'Ceils) oo -

M 10% h& ()- !'10% h& ()- =+~dEbC

Compound # EC;(uM) CCso(pM) TI

2 2.0 56 28
WIN 54954 >100 >100
Pirodavir  >100 > 100

Table 4. Antiviral efficacy of compounds against CVA-21 infection of Hi-HeLa cells.

Compound # ECq,(uM) CCeu(uM)  TI

2 3.3 56 17
4 1.8 - 200 11

WIN 54954 > 100 >100

Pirodavir > 100 ' >100

Echovirus-11 and Enterovirus-70 MRCS Cell Culture Assay
The Echovirus strain 11 (ECHO-11) and Enterovirus strain 70 (ENT-70) were
purchased from American Type Culture Collection (ATCC). Virus stocks were
propagated and antiviral assays were performed in MRC5 cells (ATCC). Cells were
érown in Minimal Essential Medium with 10% fetal bovine serum.
The ability of compounds to protect cells against ECHO-11 or ENT-70 infection

was measured by the XTT dye reduction method. Briefly, MRCS5 cells were infected
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10S110% h& ()-../:110% h& ()- @9! 10% h& ()- @ L1 10% h& ()-1 (10% nkl UN 2002
@10% h& ()-B-bC 10 S 109%] & ()- 109%| & () -y10%| & ()- &10%| & ()-Y 10 h 10

h 10 h9y10%h& ()-KkTAEDC 107 10%| & ()-° 1004 & ()-S10%) & ()- 10%) & ()-
109%| & ()- " 10%| & ()-G dEbC 10L' @ 10%| & () - #10%4& ()- 10%H & ()-

%‘iﬁfii!q‘ﬁ‘z PECHUT Doy Ny 96“5%8%@!@(5%%@%@?{ thgtomn e (1%%0

U& ()-10% U& ()- 10% U& ()-y& 10% U& () - 104 104| 9210%4| & () -] ZHIEbC
10 1098nde).0917% (BNTs T O(r)mockemfcsrgpd(wmn@dmml{) fodoUgnipfected celis,
U8 () - MdELC 101 (1 10% U& ()- , &L10% U& ()-$! 10% U8 ()-!10% U& () - S10%
U&' () - @R %esuspended at 2 x 10* cells per mL and incubated with appropriate concentrations
of drug. One day later, XTT /PMS was added to test plates, and the amount of formazan
produced was quantified spectrophotometrically at 450/650 nm. The ECs, was calculated
as the concentration of drug that increased the percentage of formazan production in
drug-treated, virus-infected cells to 50% of that produced by drug-free, uninfected
cells. The 50% cytotoxic dose (CCs,) was calculated as the concentration of drug that
decreased the percentage of formazan produced in drug-treated, uninfected cells to 50%
of that produced in drug-free, uninfected cells. The therapeutic index (TI) was
calculated by dividing the CC,, by the EC;,.

Table 5. Antiviral efficacy of compounds against ECHO-11 infection of MRCS5 cells.

Compound # | ECs(uM) CCs(uM) TI
2 3.1 56 18
4 3.2 200 62.5
WIN 54954 | >100 >100
Pirodavir | >100 >100

Table 6. Antiviral efficacy of compounds against ENT-70 infection of MRCS cells.

Compound # | ECy(xM) CCyo(uM) TI
2 0.6 56 93 -~
4 0.3 200 667
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Ug& ()-* 10% U& ()-W @ 10L10% & ()-!. 10% +(+& ()--10%& ()--% 1 &J‘U ”2002

10 U 10 U 10 Wy10% W& () - WKFdE_@ 10, 10%B& ()-Z109B& ()-1!109B& () -

1098&' () - 109B& () - 10%3&' ()-F; 2dE . @10SY% 109B& () - @, 1098& ()- @

1 109B& B&——2FE_@ 10y5Z2109B&' () -
210%3&'W1Nf5‘4954)0 '100-ff, 109 &(Q(} S) 1 1JoB& ()-S' s! 109B& () -, 2345BbC

10° I 10%h&— -;u"/u..&'(‘ &0 &)= 168168

10BL3: z1@®mgagir- | 2100B& () -; | SHBOC 10Y10% 9& () - F10% h& ()-10% h& ()- 10%

h& ()-sT IO N&E ()-3 Y 10%11& ()-UCEEDBT I0 % I0% h& ()-"s!10% h& ()- 310%

h& ()-st10% h&' ()-10% & () Y10% h&' () - GB1dEbC 10, 2! 10% h& ()- , L0 10%

TosyLove () 1 Seioin hw LB B e R R e e e

h& ()-K: dEbC 10f 109%& (
mechanisms in an effort to disclose how or why the invention works in the manner in

which it works. These theories and mechanisms are set forth for informational purposes
only. Applicants are not to be bound by any specific chemical or physical mechanisms or
theories of operation.

While the invention has been described in detail and with reference to specific
embodiments thereof, it will be apparent to one skilled in the art that various changes and
modifications can be made therein without departing from the spirit and scope thereof.
Thus, it is intended that the present invention cover the modifications and variations,

provided they come within the scope of the appended claims and their equivalents.
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fYL0%&' ()-yl09%&' ()-f& 109&' ()-f:10%& ()-SY @ 10%& ()-2.dEbC 10# 1qo@"gUN 2002
109&' ()-110%& ()- ylg 10%& ()-y,!10%& ()-f 10%& ()- *zHJEbC 10s0

109&' ()-33. & 109&' ()- , 10%& ()-) 109%& ()-'t10%&' ()- Y% 109%&' ()- Al JKLabC 10y
10%r8 ()- f&10%r& ()-G 10 10 10" : 10%& ()-5!10%& ()- 2- 10%&' ()- QedEbC 10
10%r8 () - frl0%r& ()-99! 10%& ()-Y 10%r& ()-s 10%m& ()- @ 10%r& ()- S5#wdEbC
109%&! WEGBLAIM!E 1 10%8' () - 10%v& ()-ff 10%r& ()- 9F10%r& ()- 9! 10%&' () -

w$h\ aBbC 105M 10%r& () -210%&' ()-!0! 109&' ()-F. GLO%&' ()-*

10%&: () - f &30%TEA(dompouRE ol Cormtul D@ () -, " ! 10% () - $&10%& ()-Z 10m 10m

10m y10%m& () - | 710%:15 ()-rdr.dEbC 1010%& ()- @s10%&' ()-- @A 0% () -,

109& ()-," 109%& ()-,3 10%2\1;)- S@ 10%& ()-S$

.~*~'§§bc
109 ()- @ & 109& () - @LOY& sM0vgq ) - F10%: () - y! wdEbC
0% ()-5,110p& ()-S*y 109& ()-

10f 3109%&’ () - Of OF" 109%& () - f
| #1098BE()- 10 10

SI(!110%& ()-gwxyz2~_ @ 10

10& z109%&' ()-f5! 109& (R§ 2./dB~ @ loL!! 0%3&'%1)- "1109B& () - !'109B& () -
109B& ()-L '109B& ()- M 109B&'{ ) - ff)@}&d ~ @10," 109B&' ()- @s!109B&' () -,
109B& () -, moYB&' ()-, ! 109B& ()-g 109B& () - &xmiE~_@

wherein:

MisOorS;

R, is H, F, an alky! group, OH, SH, or an O-alkyl group;

R, and R; are independently selected from H,

Y. _B B
Fxr 1\;?1/ " F{x’Yz“Pl\z/ 2
D1 D2

or an alkyl group, wherein said alkyl group is different from

| ?

Y: By Y. B2
Fxo 1\;’\1/ and 7ox” 2AT
D4 D2

with the proviso that at least one of R, or R; must be

Y- By _Y B2
¥y 1\/,\,/ or AX Z*pi{ ,
Dy D2

and wherein, when R, or R is

P o™
l ’
D+

X is =CH or =CF and Y,is =CH or =CF,
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10SLO109B& ()-GO 109B& ()- S+ !109B& ()- @) 1 7 JUN 2002
109B& () -SL' &109B&' () - @L! 109B& ()- ?bC 10ff 10%& () - &GLO%& () - S109%& ()--&
10%&' ()- 10B 10B 10B9y109B& ()- & fdEbC 10y109%& ()-y 10%& ()- yyg

109%&' ()-f9109%&k' ()-f 109k ()-f 10%&' ()- UHdEbC

0 0 O [0) oL - - 0
10) oty ) e X andotatoabits with O Jhgn thee hiethbered Fing ih whith QP& () -062 1 <&/
Y1 109& () -G/ 109&' () - s&- MLO%&' ()-<=0DxY:/ 10SS 10%& ()- SL- 109%& ()-S
109%&' ()- @ *QWRIRyy)-Gor 10%8X js-- O34 0v& QB~, 2nd oW HEH- 10GF 1008 () - f 3
109&' ()-f&10%& ()-f S 10%&k' ()-S 10% ()-S& 10%&' ()- MdE:/ 10Sy,z 109%& () -

y*z 10%&' () - @gg,k%%/& ()-f @L09%& ()-f$10& ()- f'ZlO%&' ()->dYNC 10 10 10
10L9z109%& () & ()-3T 109& () 14"1098& ()-ny, /' 1 10%& ()- PmddEYNC 10

ig%lg&l(()()) /&1?5)/0% %@%cglg‘)mde&)fﬁ %ré i—f 2 hJa gr‘?‘ ((r)an a%%f}%{&% ()} toge dBYNC

10%g& ()-,t!10%& ()- @0%& (). VH?aBYNC 10 OF 10%;& )-'@!'10%g9& ()-(S
109%g& () - garbpn aterptaywhich they arg gtigehed,) form geicloalicd aroup pr2 () - % 10%
h& ()-Z 10g 10g 10g9y10%g& ()- S6! 10%g& ()-310%& ()- @1dEbC 103Y10%
h& () -110% héefocysodiy grdup) - "y 10% h& () -
or X is -CH,-, -CF,~-, -CHF-, or -S-, and Y, is -O-, -S-, -NR,-,
-CR)Ry)-, ~C(0)-, - C(S)-, or ~C(CRzR)-,
wherein R,, is H or alkyl, and R,; and Ry, independently are H, F, or an
alkyl group, or, together with the atoms to which they are bonded, form a
cycloalkyl group or a heterocycloalkyl group;
A,is C, CH, CF, S, P, Se, N, NRy;, S(O), Se(0), P-ORs, or P-NR Ry,
wherein R,s and R, independently are an alkyl group, a cycloalkyl group,
a heterocycloalkyl group, an aryl group, or a heteroaryl group, or,
together with the atom to which they are bonded, form a heterocycloalkyl
group;
D, is a moiety with a lone pair of electrons capable of forming a hydrogen bond; and B,
is H, F, an alkyl group, a cycloalkyl! group, a heterocycloalkyl group, an aryl group, a
heteroaryl group, -OR;;, -SR,;, ~NR;R5, ~NR;(NR;R 4, or ~NR;OR 4,
wherein R;,;, Ryg, and Ry, independently are H, an alkyl group, a

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

group, or an acyl group;
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1 10% h& () -110% h& () - 1) sdEbC 10" 10% h& () - 10% & ().- 10% h& () - vided JUN 2002
h& ()-M 10% h& ()-sS 10% h& ()- g dEbC 10° OM 10% h&' {) - F. Z10% h& ()- +! 10%

h& ()- ) 10% h& ()-L'“10% h& ()- 9 10% h& ()-]xmbC 10@@0% & ()-1 10 h 10

h 10 h9z10% h& ()-3710% h& ()- 4f 10% h& ()- 2L( 10%\ & ()- k4] dEnbC 1010%

U& () - MLO% & () - MLO% F_110% 6 U&' () - 0% U8 ()-. RGIENbC

10, | miand with the provisos gmq mo}@woeﬁg @‘_’i K82 %383“ Q! ng 93513)@16

C& () -2) GIENbC 10@5/ 10% U& ()- @ 10% U& ()- @ & 10% U& ()- @f 10% U& ()-,f&
10% U&H formihg:DReduBgen) bonGVEORIEs mG: dxist@addwhen A) isiamnspReathon, B, is not

S109& ()--s&yO/aO%& ()-

-NR;;Rs when D, is the moiety —~NR,sR,s with a lone pair of electrons capable of

forming a hydrogen bond, wherein R,sand R,4 are independently H, an alkyl group, a
cycloalkyl group, a heterocycloalkyl group, an aryl group, or a heteroaryl group;
and wherein D,- A;- B, optionally forms a nitro group where A, is N;

and further wherein, when R, or R; is

B
P A|{ 2

D2
Xis=CHor =CFand Y,is =C, =CH or = CF,
or X and Y, together with Q' form a three-membered ring in which Q' is
-CR;p)R,)- or ~O-, X is ~-CH- or -CF-, and Y, is —CH—‘, -CF-, or
-C(alkyl)-, where R,; and R, independently are H, a halogen, or an alkyl
group, or, together with the carbon atom to which they are attached, form
a cycloalkyl group or a heterocycloalkyl group,
or X is -CH,-, -CF,-, -CHF-, or -S~, and Y, is -O-, -S-, -N(k'lz)-,
-CR'1pR'14)-, -C(0)-, -C(8S)-, or -C(CR';5R"' 1),
wherein R', is H, an alkyl group, a cycloalkyl group, a
heterocycloalkyl group, an aryl group, a heteroaryl group, -OR',,,
—NR'BR'“, ~C(0)-R'y3, -SO,R'y3, or -C(S)R'y3, and R';5 and
R'y, independently are H, F, or an alky! group, a cycloalkyl -

group, a heterocycloalkyl group, an aryl group, or a heteroaryl
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10 U 10 U 10 U 10% W& ()-1_SdEbC 10, 10% & ()- @10%& ()-@@ 17 JUN 2002
109% & ()-, 10% & ()-,110% & ()-, 10% & ()- SYCAELC

10S) 109% & ()-SL' M 10% & () - %40% & ()- @ 10% & ()- S@10% & ()- S 10% & () - C+{
dEbC 10y 7!10% & ()-y410% & ()-f2' 10% & () - S903" 109K& () - ZS- 10% & () -
S+s10% & ()- ()*+U bC 10s! 109% & () -- &GLO% & ()-g10% & ()- SMLO0% & ()- 10/
10/ 10/ &9210% & () -: Cohieulp diQ) 16@eitd¥ddth(the atom to which they are attached, form a

110% & ()-@L0% & (), 1! 10%E ()-&10% & () - 10% & () -; 32dELC

10S+10% & () - @) 10% & (,).- 9 i "T 10% & ()-,f -
10% & () - zc(:%)C 12)10% Y%I}’a’kﬁ%r@/&%g? Qe‘%%f%ﬁ %‘éuné "0/ 10/ 0

10/ 8910% & () - S 10% & XdEDC 10Y. 19% U& ()-"10% U& () -

10% U8 () - |() &1 E(g ° CF1808 U, - Rls%d), Se(07> 25'(ﬁ{ls, Op O

P-NR;sR6,
wherein R,; and R, independently are an alkyl group, a cycloalkyl
group, a heterocycloalkyl group, an aryl group, or a heteroaryl
group or, together with the atom to which they are bonded, form a
heterocycloalkyl group;
D, is a moiety with a lone pair of electrons capable of forming a hydrogen bond;
and B, is H, F, an alkyl group, a cycloalkyl group, a heterocycloalkyl group, an
aryl group, a heteroaryl group, -OR,,, -SRy5, -NR;R 3, ~NR;(NR;R 3, or
-NR;,0R g,
wherein R,;, Rs, and R, independently are H, an alkyl group, a
cycloalkyl group, a heterocycloalkyl group, an aryl group, a
heteroaryl group, or an acyl group;
and further wherein any combination of Y,, A;, B,, and D, forms a cycloalkyl
group, a heterocycloalkyl group, an aryl group, or a heteroaryl group;
R;and R are independently H, F, an alkyl group, a cycloalkyl group, a
heterocycloalkyl group, an aryl group, a heteroaryl group, -C(O)R,, -OR4,
-SRy7, ~NRy;Ryg, “NRsNR;Rg, or ~NR;0R g,
wherein R;;, Ry, and R, independently are H, an alkyl group, a
cycloalkyl group, a heterocycloalkyl group, an aryl group, a heteroaryl

group, or an acyl group;
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XQJEbC 109" s10% U&' ()-# 10% U& ()-110% U& ()-, 10% U& () - 10% UZ) UN%UZ
U8 () - $ygdEbC 10, 510% U&’ () -, 3210% U& ()- , Ylg 10% U& ()-,/ 10% *(]
10% U& ()- *10% U& ()- gopqrO~ @10 !109B& ()- 109B& ()-s! 109B& ()- ! $#F
1098B& ()-m 10 U 10 u 10 U9y10% U& () - +@ pdE~_ @1010%3& () 109B& () )

Tovpe: P} Toang Hpe gty f&%&e earbos ofido (JEBLEEY grriathdd Bl P () -
10BYy 109B&! () - 610%3& ()-,3109%B& () - @110%B& ()- /10%3& ()-,,! 109B& ()-[axY

./ 10BcHdodiyl (groupanoadmEerory goalsykaoyy;-R. is engsuitaple opganiomeiety), -or R 094G8" () -
10BaVQIE: /

igg&o%&k ( br %&%’%%hér)wiui&?ﬁorﬁé td WhioK@fey(are attMes; foim A MbefocytioflkplE: / 10B- @
()- +109 F(109%6&' () - #1096 ()-I 1109%6&" () - F! 1096&' () -

group;
R, is H, an alky! group, a cycloalkyl group, a heterocycloalkyl group, an aryl group, a
heteroaryl group, -OR;;, -SR,;, -NR;R3, ~-NR;(;NR{;R 4, or ~NR;0R s,

wherein R, R,s, and R,,independently are H, an alkyl group, a cycloalkyl
group, a heterocycloalkyl group, an aryl group, a heteroaryl group, or an acyl group;
or R,, together with R; or R, and the atoms to which they are attached, forms a
heterocycloalkyl group;
R, is H, an alkyl group, a cycloalkyl group, a heterocycloalkyl group, an aryl group, a
heteroaryl group, - NRyoRy,, ~OR,g, or ~C(O)Ry,,

wherein R,, and R,, each independently are H, an alkyl group, a cycloalkyl

group, a heterocycloalkyl group, an aryl group, or a heteroaryl group;
or Ry, together with R, and the nitrogen atom to which they are attached, forms a
heterocycloalkyl group or a heteroaryl group, or R, and R; or R, together with the
atoms to which they are attached, forms a heterocycloalkyl group;
Z and Z, are independently H, F, an alkyl group, a cycloalkyl group, a heterocycloalkyl
group, an aryl group, a heteroaryl group, ~-C(O)R;;, -~CO,R;,, -CN, -C(O)NR; Ry,,
-C(O)NRy;,0Ry;, —~C(S)R;;, ~C(S)NRy Ry, ~NO,, -SOR;;, ~SO,Ry;, ~SO,NRyR;,,
-SO(NR;;)(OR;,), ~SONR;,, -SO;R;;, ~-PO(OR,,),, ~POR;,)(Ry,),
~PO(NR;;R,)(ORy3), ~PO(NR,,R;)(NRyR,,), ~C(O)NR, NRy,R,,, Or

- C(S)NRQ_‘NR22R23 s

- 161 -



$| (dYNC 10B 10G 10G 10@X@y10%:& ()-6! 10%& () - 4@ 1Q%& () - 1 7 JUN 2002
f2M 109%&' ()-90s! 10%&' () - G#?dEYNC 10B
10968 ()-" 109%6& ()-L 10%&' ()-L109%& ()-y- 10%& ()- &310%=%' () - FMUEYNC 10B
10968 () - 1096& () -! 1096 ()-'10%3& ()-" 109 ()- 10%=%' ()-< 2dEYNC
10B + 10%38%( RO %inlapendenty HE3ar dlky ' R85 al dycloalkyl
"1 109! m)%U?&O% 1 R penent} Ly 188 o oyeloalky
10z 10%3& 0%3& c)l 0%3& /&0%3&@;%6@ 10%3& (/ﬁ NdEYNC
10B @ 109%& “P» al %aﬁ%é &TPYPs 2 Y BTOPID 130 Yf) : RAEYNC
10B 3! 10%&' ()-S10%&' ()-1 10%& ( ) S' 109&' ()-109& ()-! 10%&' O)- KAdEYNC 10B
, 109&' () - lgroum %k a( thioadylgoyp), -ovamiievdn ey two oDBR, R)yr Bbs, a0DR:( Jogether
1OBy! 10% & ()-'10% & ()- 10 10 109y109& ()- 1109 ()-.T 10%&' ()-uvdEbC
with the atom(s) to which they are bonded, form a heterocycloalkyl group;
or Z,, as defined above, together with R,, as defined above, and the atoms to which
Z, and R, are bonded, form a cycloalkyl or heterocycloalkyl group,
or Z and Z,, both as defined above, together with the atoms to which they are
bonded, form a cycloalkyl or heterocycloalkyl group;
with the proviso that when R, is H, R; is a moiety other than H;
or a pharmaceutically acceptable prodrug, salt, active metabolite, or solvate thereof;
and wherein said compound, pharmaceutically acceptable prodrug, salt, active
metabolite, or solvate thereof has antipicornaviral activity with an EC,, less than or equal
to 100 pM in the HI-HeLa cell culture assay.
2. A compound of claim 1, wherein R, is H or F, or a pharmaceutically
acceptable prodrug, salt, active metabolite, or solvate thereof.
3. A compound of claim 1, wherein at least one of R, and Ry is an acyl group
or a sulfonyl group, or a pharmaceutically acceptable prodrug, salt, active metabolite, or

solvate thereof.

4, A compound of claim 1, wherein at least one of R, or R, is

Y, B
Fx

|
D4

1

or a pharmaceutically acceptable prodrug, salt, active metabolite, or solvate thereof.

-162 -



10B,110% & ()- , 10%& ()- ,z 10%& ()-,1 110% & ()- ,,!10% & ()-

10% & () - v3WIEDC 2
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u& ()-5ul Al JKLdYNC 10B 10 U 10 u 10 W9y10% U&' () - @1&10% U& ()-,.!10%
cycloalkyl group, a heterocycloalky! group, an aryl group, or a heteroaryl group, or
together with the nitrogen atom to which they are bonded, form a heterocycloalkyl
group; or a pharmaceutically acceptable prodrug, salt, active metabolite, or solvate
thereof.
6. A compound according to claim 5, wherein D, is =0O; or a
pharmaceutically acceptable prodrug, salt, active metabolite, or solvate thereof.
7. A compound according to claim 4, wherein A, is C, CH, S, or S(O); or a
pharmaceutically acceptable prodrug, salt, active metabolite, or solvate thereof.
8. | A compound according to claim 7, wherein A; is C; or a pharmaceutically
acceptable prodrug, salt, active metabolite, or solvate thereof.
9. A compound according to claim 4, wherein B, is NR;R,;, wherein R, and
R, are independently H, an alkyl group, a cycloalkyl group, a heterocycloalky! group,
an aryl group, a heteroaryl group, or an acyl group; or a pharmaceutically acceptable

prodrug, salt, active metabolite, or solvate thereof.

10. A compound according to claim 1, wherein at least one of R, or Ry is

Y- B2
Aoxo 'z Alz/ ,
D2

or a pharmaceutically acceptable prodrug, salt, active metabolite, or solvate thereof.
) 11. A compound according to claim 10, wherein D, is ~-ORy, =0, =S, =N,
=NRys, or ~NRysR,6, wherein Rys and Ry are independently H, an alkyl group, a

cycloalkyl group, a heterocycloalkyl group, an aryl group, or a heteroaryl group, or,
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US () 10% UE (). Y(:10% US ()-LX-2  JEYNC 10B SSLOV () SMLOY (3
109%&' ()-Z 10%& ()- @10% ()-$10% ()- .!ly!!1""|["dEYNC 10B f 10% '?)J N 2002
100& ()- SSI 109 () - S& 10%& ()-S! 109%&' ()-SO! 10%& ()- |"", #z##3kSdEYNC 10B

f,)100& ()- f's!10%& ()-f$F10%& ()-S" 10%&()-33

| % T00g %gy—t%r:r?w &ﬁ% ?‘l‘(’ﬁéﬁ%‘%\( &y Atechory 9)310f08{§?§3)h§%?95§5’(9%y } $TOUBL KA vwems vgH

10B, 100Z& ()-92, 109%Z& ( -92 109%Z& ()-92$10%& ()- 10 10
1099z 1phmm@9ewtwalm deyg salt, actlve metabolite, or solvate thereof.

10B, 109Z& () - g2, 10928 () - gz 100/<z& ()-g2, 1092& () - g2#3
, 109Z& () - 92292 Y#EDeoHprshd Yeodyding @B#3im 11, wherein D, is =0; or a
(, 1092& ()-g2(, 109Z&' () - g2, 109Z& ()- g2, L09%Z& () - g2#3 LIDMSWOZY % %6 %I OH

, 1097 &
LorwapbaitigedafbaceodBiEhrodre, sal, sotive metahalite, or soluats thereat, o0 o1
109Z&' 2.10
Toves () - I8 100 ddinodad sepprdiog fo glaim 40 uherein dy iy GeHeSEeiGHON: or a
, 1092, 109Z& () - g2, 109%Z& ()-g2, 109Z& () - g2#3

, 10W&p@mg2¢lﬁﬁm¢cﬁpgmﬂ*ﬂ% $alt;-active metabolite, or solvate thereof.
, 1092, 109%Z& () -9g2, 109%Z& ()-92, 109%Z& ()-g2, 109%Z& () - g2#3

, 1092& () - 9248000086¢hdou hh%@B@&n?)to BRfh3 13, wherein A, is C; or a
' 100@8& ()- g2, 10%& ()- g2, 1002& () - g2, L00%& () - g24#3

% ?‘Jfooﬁ/ﬁ/g&é‘)f?gérf e %@95%%1%@%&}/& tPeredbwe () - g2, 10028

()-92, 10%Z& g) g2, 10%Z& g2#3 , 10%Z& %’i 820/8/8/8/8/8/8/8/ F, H 10%&1{) g2#3
L 1008 () - g23:109AEqYROYAS @m@zng)to glrim d97w ?[FmglbfﬂB iRys, Wherein
UBBBBRES] OOH, 10928 () - g2, 109Z& () - g2, 109Z& () - g2#3

and R are independently H, an alkyl group, a cycloalkyl group, a heterocycloalkyl

group, an aryl group, a heteroaryl group, or an acyl group; or a pharmaceutically
acceptable prodrug, salt, active metabolite, or solvate thereof.

16. A compound according to claim 1, wherein A, is C, CH, S, or S(O) or
wherein A, is C, CH, S, or S(O); or a pharmaceutically acceptable prodrug, salt, active
metabolite, or solvate thereof.

17. A compound according to claim 1, wherein Z and Z, are independently H,
an aryl group, or a heteroaryl group, ~C(O)R;,, ~CO,R,;, -CN, -C(O)NRy, R,,,
~-C(O)NR,,0R,,, ~C(S)R;,, ~C(S)NR,R,,, -NO,, ~SOR,,;, ~SO,R,,, ~SO,NR;R,,
-SO(NR;,)(OR,,), SONR;;, - SO3R,,, ~C(O)NR,NR,,Ry3, or ~C(S)NR,;NRy;R,,;

wherein Ry, Ry, gnd R;; are 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 wherein any two of R,,, R,,, and R,;, together with the atom(s)

to which they are bonded, form a heterocycloalkyl group,
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2, 109Z& 2, 1092& 2, 1092&
8&EEE] KOI(—|) 18%2&( 10f(y<)z&g() 92, 10f(y<)z& ()- 02, 10%& ()- g2, 109%2& ()- 9243 JUN 2002

, 10928 () - g28&8&" &Y&, & &eAOH, 10%+3
(,109%Z& ()-g2(, 109%Z& ()-g2, 109Z& ()-g2, 109&& () - g2#3

- & 838G ETEHAM Rk WiHESe ftbmd 4o WRYERShéy ar@Bbaded, form a heterocyc oalg
10028 (5 -2 T00FE () - 02, 1002& ()02 1092& () - g2 GRKERESETExE] feFDH, 100@& (.

10 ot b T e S vt . 1S YRR 6 SIS 100 () - 02

109Z& () - gz 100/<z& ()-g2#3 , 109%Z& () - g2n&oé&r &s8&~8&&&j F, H, 109Z&' () - g2#3
. 109zZ&thereod2, 10928’ () - g2 109Z& () - g2, 10928 () - g2#3
288_&&&EF, H, 109Z& ()- g2, 109Z& () - g2, 1092& () - g2#3

(, 109Z&' () - 98, 10%Rnipbuti® adddvdisg (dcl@i%r&%&ﬂ&&&leHﬂl,m&h@m@Euﬁcﬁw& ()-9g2,1
09%Z& ()-9g2, 109%Z& ()-g2#3 , 109%Z& ()- g2, 109%Z& () - 928&&8&8&&eA, H, 109Z#3

&&&g;%é%ﬂ%fé%g §a)t 8&1%%‘?(@ Qﬁg‘)wl@gthéﬂzoﬁz#:g

,109%28&' ()-g 100 09Z& () - & () - 928&88&8&&&j P1H, 109%Z&' () - g2, 10
078 ()-g2, 1 )cogQO%ed/é@yl{ls ﬂ&zfﬂ ula%ﬂ

, 1092& () - g2, 10%2& ()-09288&&&" "' i J+H, 10%2& ()-92, 1092Z& ()-g2g, 109%Z& ()-9g2, 1
ow&' ()-g2#3 , 1092& ()-g2,100 R &) {z 1L109&1&8& ()-f2 .

" 9409818&& () - @LO&L0&10&Rs, Y INYES o'»' ()- tEr g
> @dH, : L109R18&&! () - f 216109818 ()Y f2L210%&1 ) - f2#3t
KL109%&1&&& () - f2L10%81&&&' (gy- f R OURI&ER () -f2@J' K O P S' T' ¢G, : L10YR1&&KE (
) - f 2L10%R1&&&' () - f 22L10%R1&&&' () - f 22#3t
KLlO‘V&é@g}%ﬂ )-f2L10%818&& () -f2L109R1&&& ()-F2T W['\' ' "' j' cC : LIO%RI&E& (

L10%&1 -f2L109R1&&& () - f 22L10%&1&&& () - f 2#3t

KL109%&]8&&' ) f2L10%&1&&& ()-f2j'n"o'r's't'}' ~ gGr: L10%R1&&&' () - f 2L10%R1&8E&&
() - f 289105 @Al 2oopl 8&& () - f 2L10YRI&R&’ () - f 2#3t

KL109&18&&' ()-f2~ """" 2+ L10%R18&&L109R1&8&' () - f2L10%R1&8&&' () - f 2L10%R1&&
& () - f Ri,1i0 ssledaRirpin dpAsithfADvdngdletips:f 2 ' ' ' ' <+: L109&1&8#3t

KL109818&& () -f2L10%R1&8&' () -f 2L10%R1&&& () - f2L109R18&&&' () - f 2#3t

K dH+: L10%R1&#3t L109R18&&' () - f 2#3t

KL109%1&&& () - f 2L10%&1&&&E () - f2k 0YR1&&S& () - f2L10%&1&&& ()-f2r e { 7+ L1
0%&1 &#L.10%#1 Ry 2L 1QU&1 &&&: f2#3 Ray

KLlOO/&l&g?g& ) - 1827/&1 &\’{J " v '}{@+- |_1\fr%i7&#|_10fy&1&&&'
()-f2L10YRHE&S ) - f 2L109&1 ()- f2#3t H,

KL109R1&&&' () - f 2L109%R1&8& ()-¢p2' ' """ " cC+: L10‘<9«1?21&#L10(V&1&&& () - f2L109%R18&&

()-f2L109%R1&&& () - f 2L10%R1&’&' () - f 2#3t
KL109R1&&& ()-f2' ' """ <t L10%&1&#
K)LlO%&l&&&'()-fZLlOfV&l ' () - f 2L10Y@&&S& ()-f%lO‘V&l&&@'}{jé-fZ#St

"((((( D+: LIQYBL&#3L] gq,&& ?}3 AN#3t Ry,
KLlO%&l&&& () -FL109RIEEE () - T 21T @/&mﬁﬁkﬂ f2L1H2/e&l CO)-t20 (((((
(dH+: L109&18#3L Mdog188& () - f 2L109dHh88&8:! ) - f 243t
KL109R1&&& () -f2L109&18&&" () -f 2L109R1&R&' () -f 2
(#(&(' (*(+(, (cG+: L10%1&#3L109%R18R& () - f 22110981888 () - f 22110981888 () - f 2#3
t KL10%R1&R&! () - f2L10%&1&&& ()-f2, (6(7(

(<(?(@c V&L, 10%& ﬁzggl_l 9R1EKE&' () - f22#3t
KL10%&1 L10%] -f T09%&] &%&é -f Jﬁ;(CN(/&ENL,lofVe&l&#LlO
2L1 H,

YR18&&' () - H2L10 ®1&8& () - f 1&&& () -H2#3t

KL10%818&&: () - f2L10%81&8& () - f "QROU V(W (_(gGF: L109%818&&! () - f 2L10%818&&
'()-f2LI0%R1&&&' () - f 2L10YRI&&& () - f 2L10YRI&&&E () - f 2#3t

KL109%&1&&& () -f2_(c(d(g(h(k(r(cC+: L10%818&&&' (L10YR1&&&E ()-f2L109%R1&&& ()-f2 -
L10%&1 &detefn):- f 2L TOYR1&LE () - f 2#3t

R;5 is H, an alkyl group, an aryl group, ~ ORq, or —NR3gR,,

- 165 -



KL10%&1&8&' ()-f2r (s(t (x({(((" <+: L10%&1&#3t 17 JUN 2002
K) L1OY&1&&&: () - f 2L 10%R1&8&&’ () - f 2L 10%R18&&' () - f 2L10%R18&& () - f 2#3t

K(((((( (" D+: L10%18#3L10%8188&" () - f 2) #3t

KL109&18&& () - f 2L10%R18&&’ () - f 2L 109%81&&8& () - f2L10%&1&&&' ()-f2(((((((dD+: L10

9&18#3L10%&1 8&8& wherdin IR §ddepent are H, an alkyl group, a cycloalkyl
KL10Y&1&&&' () - f 2L 10YR1E&S! () f2L10%&1 8& () - f2((( ((( 2+ L109818#L109%818&&

 L0vaLons O %&%EW Q%Y Bft® anacs! 2rup, 3 BT EINR O D) | 01 e

()-f2L10%R1&R&E () - f 2L10%&1&&& - f 2#3t
KL109R1&&E () - fzel(l(&fe(llz L10%&1&#3t
K) LLOY@1&&&’ () -f 2L10%RI&RE" () - f 2L10YR1&&&" () - f 2L10YR18&&' () - f 2#3t

KOC((((( DR} ibEYRE &t AYDGMNERE’ () -  2) #3t
KL109%&188&' () - f 2L10%R1&&&' () - f 2L10%R1&&L&E' () - f 2L10%R1&LE ()-f2( (((((((eD7: L1

010' ° 9y10%.& 0%
KLlO%&lé&& B Rid f&ﬂo@&%%& @?fiﬁ'g% iAo to which they are attaghed, forma s & () -

10%" & 0%x
0/<10%< & (§Ref%éfyfg"ﬁ?f¥ﬁ18)q(ﬁ)%%ﬁf?%%‘%ko%< & ()- ( 10%' & ()- (
10%' & ()- ( 10% - 109" & () - XX@ 109 & ()- (
10%" & () - Rar lsm%akxl gryup (anjayykerQup,) or <N§;s§99> )vgwrﬁms andBsg'age 89 - (
10%' & ()- ( 10%' & ()- ( 10%' & ()-
defined above;

R, is H, an alkyl group, an aryl group, -OR;;, -SR;p, ~NR3Ry5, ~NRNRyeR;,
or -NR;;0R;, or R, and Ry, together with the atoms to which they are attached,
form a heterocycloalkyl group, and
wherein Rygand Ryoare as defined above and Ry is H, an alkyl group, a
cycloalkyl group, a heterocycloalkyl group, an aryl group, a heteroaryl
group, or an acyl group; and
nis 0, 1 or 2;
Rs, is H or an alkyl group;
Rs, is an alkyl group, a cycloalkyl group, a heterocycloalkyl group, an aryl group, a
heteroaryl group, an O-alkyl group, an O-cycloalkyl group, an O-heterocycloalkyl
group, an O-aryl group, an O-heteroaryl group, an S-alkyl group, an NH-alkyl group,
an NH-aryl group, an N,N-dialkyl group, or an N,N-diaryl group;
or—R54, together with Ry, a'md the nitrogen atom to which they are attached, forms a -
heterocycloalkyl group or a heteroaryl group;

Ry, is H or an alkyl group;
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10% & ()- ())))))))sWO0 10%" & ()- ( 10%' & ()- €. 10%" & ()- (‘]7JUN20[)?
10% & ()- ( 10% & ()- ))N))))))XX@  10%' & ()- ( 10%" & ()-

100 & ()- ( 10% & ()- ( ))))))))pX<0 10% & ()- ( 10%' & ()- (

10% & ()- (10% & ()- (" 10% & ()- ()*******swzo 10% & 0 ( ‘@

109" & ( Ye 109 R . * ) xy

10% i‘-‘%?‘i é 160" éf%u?) cycldiiil glo (‘% R o (’k)" Sieirl Ry 820 Ry

independently H or an alkyl group; and

Z and Z, are independently H, F, an alkyl group, a cycloalkyl group, a heterocycloalkyl
group, an aryl group, a heteroaryl group, ~C(O)R;;, ~CO,R;,, -CN, -C(O)NR,R,,,
~C(O)NR;;0R,,, ~C(S)R,;, ~C(S)NR,;Ry5, ~NO,, ~SORy;, ~SO,Ry;, -SO,NRyR,,,
~SO(NRy)(ORy,), ~SONR,,, ~SO3R;;, ~PO(ORy);,~POR; )Rz,
-PONR,,R,)(OR,3), ~-PONR, R)INR;R,,), ~C(O)NR;;NRy,R,5, or
-C(S)NRy;NR,R;3,

wherein R,;, Ry, Ry, and Ry, are 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 wherein any two of Ry;, Ry, Ry;, and R,,, together

with the atom(s) to which they are bonded, form a heterocycloalky! group,
or wherein Z and Z,, together ;vith the atoms to which they are bonded, form a
heterocycloalky!l group;

with the proviso that when Ry, is H, Ry; is a moiety other than H;

or a pharmaceutically acceptable prodrug, salt, active metabolite, or solvate thereof,
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" Dyx81#3! 10%EY%ES () - 3#3
7! 1 QAR Sind Ry 33 10%E9 ( - 3;10%E%ES () - 3! 10%EYES ()-3=;B;E;H |;L; Q
{ _?2yX81#! 109EYE&u{Os; YE& ()-3#3
z! 109%E%E&' () - 3! 10%2%2&“()@3I 10%E%E& ()-3Q T T; X, Y;\;a;g;
_?2yX81#! 10%EYES () - 3! 10%EYES () - 3! 10%EYES () - 3#3
z! 10989, () - 3! 10989, () - 3g mn; z; Ph

o 2y X814 1099 %E%E&() 3! 1OYEYES' () - 3#3
z! 10%5%5% &g,i, b %1@1{ %*J/ i%’)"m %100/&& N/if)%&lO?&ElO?&
!3:210%7&& ()-llo‘%E(%E& ()-3#3 z; N

Lo OyX81109&& () - 109&& () - #3109&&: () S %&& ()-P09%R& ()-;;;;;;; dDyX8110
9R& () - 10%&R& ()- 10%&& () - #310%&&' () - 109&& () -

i 04 10% -109%R& () - 109%R& () -; <

<<<<< <y%i%¢é%d%%§( %‘Fjﬁ ﬁ‘% fo %w)é‘%éfﬁ&&&%)é%%ﬂl?éciﬁ%@f Ey X81#310%

&&! () - #310%&& () - 109R& () - 10%&& () 109R& () - 6<d<<=U===|[:yX81 S @ 10%&& ()-
1098& ()- 1098& ()- !10%R& ()-' @ 109R& ()-

9109@& () - =N>>>Mp??| [ 1 yX81 - 109%R& ()-( +S 10%& ()- @ 10%& ()-

' 10%iip),)and R§HL09RE' () - YR&: () - 2] @UATAAAAA| [ NAA10&10&10&( ~9y109&& () -
‘61 109R& () - fA41L8%& 09%R& () - 08109&& () - A) At AAA#BOB| [ : NA410
10% & ()-( L10% '()- 10%& () 10%& ()- S
10%&&' () - OBBBCRSCT]| [ NA410 . 10% & ()-( y, MLO% & ()- 9*10% & () -

10%"& ()-3 ' 10% & ()-3 L!I10% & ()- C*Di DDEEEEE| [ NA410' 10' 10 (

#3

- 31 109EYEEH s 3
T 100EYES: ()-3#3 T 0O

& z10% & ()- @f 10% & ()- 5 10% & ()-' @31 10% & ()- @
10% & () REEOERPEE|i§ HNBAECECHIHE\BdR i @ ! 1 N)- . '110% & & () -
L1100 & & ()- ', 110%& & ()- |, &10% &\ &afdss DHH| [ NA410
S3109% &\ & ()-( SL0%& & ()- S 10%&& ()- @ 10 &o& ()-' @B10% & & () -
@O0% &\ & ()-HHHI 111 _; NAA10 #3BXt ClO% & & ()- Xt CLO% & & () -
CL0% & & ()- Xt CLO% & & () - &\ & ()-1111_111# DNA4L0 #3Xt
C10% & &Rsls C%é’éxlaeé dadogetdey SOMXt;ﬁ)@«f&rw he CQ sonpds @ & thy R, Xt
CL0% &\ & ()- #I'1+101112131{ CNA4EO #3Xt CLO% & & ()-
group), and Ry is 2 :
CH,CH,S N
H o
Ph
“R,is HZC—@—% , Z is H, Z,is CO,CH,CHj, and R, is i .
Sha:
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Xt ClO% & & ()- #3BXt CLO% & & ()- Xt Cl0% & & ()- Xt cm%&&lEQUN 2002
31415161 @FI LI ADNA410 #3Xt ClO% & & ()- Xt ClO% & & ()- Xt CLO% &
#3BXt Cl0% & & ()- Xt Cl0% & & ()- LIM N X ~ldl el  DNAALO #3Xt 010%&\&()
Xt CLO% & & ()- Xt ClO% & & ()- Xt Cl0% & & ()- #3BXt Cl0% & & () -
elflglilll"> @410 #p/>10% & ()-"p/ >10% & ()-"p/>10% & () -~ ,f-40% & () -

Cl0% & & ()- #3BIILLI11_?NA410
#pl >10% &Ri} - fp! @ &k )»-Zi8/CH0% 18 QQ,CHCH; 08 &, (19 -A#Szpl)ofl % & ()- 111111
| <NA410 S

##3=p/ >10% & ()-"p/ >10% & () -"p/ >10% & ()-"p/ >10% & - #3114 111 Il Q4
,99210% & ()-p/ >10% & () -~/ #3=p/ >10% & () -~/ p/ >10% & ()-"~p/ >10% & () - ~p/ >10
% & ()-"JJJJJJ$J*J+JXX<

, 9~kMLO%' &' () - ~kMLO%" ~k|\/|10%3 & Ig)-~k|vrmty% &
., &10%' &Ryi3 L 4Bh, Zois F: Zws X< ;
, O#3K~KMLO%e' & () - ~KMLOY%e' & () ~k|\/|10%3 & ) YRV OvEeNs:! () #3KDJIEJJJ ?KKKa@ X<

L O# y10% & ()- y9'110% & ()- vy 10% & yy 10% & ()-
Y@ 10% & () - ~kMLO%' & () - KKZLLM MoMIM [ : - <10+ y" 9y10%- & ()- y 10%" & ()-
yy 10% & ()- y9 10% & ()- y!10% & ()- y@o%' & ()|- dMeM M M MVMVbA<10+'

) Paroseduds Brih i R AT R 1D 8u 98 1)

10% && () -
yS@o09%9d' 9& ()- ySFF1099d' 9& ()- yS1099d' 94 Y
O [: A<1O+ y . MLO%d' 9& ()- yy@ S10%d' 9&' ()< o( 10%°& ()- V. %40%8d" 9& ()-
rOs! @0%d' 2& ()- y,10%0d' 9& ()- ; Cad § kA QzOOPvU410 y10%@d' 9&' () -
y@o099d' 9& ()- y%d0%9d' 9& ()-1®9d' 9109d' 9109d' 9/{L3: 1090d' 9& () -
(

yy31099d'Rés CHL, IR ZHPPRZY : vU4 , wdBI3YO&I& y@f 1099d' 9& () -
y10909d' 9&' () - yl0%d' 9& ()COy<s09 d 9&' () - opdenmes
10980d' 9&' ()-4Q QQQ<RRR| [ : vU410 W~y "F10%0d' 9& () - f} yo 1099d' 9& () -y
ySs31090d' 9&' ()- y 3S109%0d' 9&' ()- y 109®d' 9& ()- vy

or a pharmaceutically acceptable prodrug, salt, active metabolite, or solvate thereof.

21. A compound according to claim 1, having the formula Ib:

W Mo g =z
by @
’ 5
If R g "R
Rg

wherein Ry, R3, R, Ry, and Z are H, R, is CH,CH,C(O)NH,, and Z,, W, W,, and R, are selected

from one of the following groups:

Z, is CO,CH,CH,, W is H, W, is Ph, and R, is 3 J:K;
i

Z, is CO,CH,CH,, W is H, W, is H, and Ry is 2 Jw* :
N7
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9109%09d' 9&' () - RSSsSSTQT| [:vU410 v y L010%0d' 9& ()- Yy yS. Y109®d' 9& (1)7ijU:‘N
1099d' 9&' ()- yS) & 1099d' 9& ()- y '109%®9d' 9& ()- vy 2&02
%40909d"' 9& ()-QITTTTTTT) WU410 y!'10% "' "& ()- Yy@&

10% ' " & ()-109d' 9109d' 9109d' 9 y9: z109®d' 9& ()- y 4MLO%®d' 9&' () -

2nt 1090d" 9& () -) UWUBVWWV| [ : vUAL0 y y, Y210% & ()-y ¥, T10% ' " & ()-

y, 10% &() 109 ' 8@;&%{ ¥,F 10(V & ( o 1 & () -

VWb WANB p[s Cﬁsywls 3Ph, (.)lslgwn 81‘®(V F0% " & ()-
y10% ' & ()- y10%' & ()- 0 10% & ()-8X%h Pv yy/lO‘V & ()-Qy

y -310%"' & ()- y I +10% "' & ()- yO ,)yl0% "'~ ()- y&&lOO/‘ & ()-
$10% "' " & ()-YYZ Z(Z2)Z*Z29Z~ZvU410 vy 10%Y&y& () yl %
10%&y& ()-10"" 10" 10" y& :10% "' & ()- y 410%"' & ()- vy
,210% " & ()-~Z2ZZzZ6[v[[|[:vW4l10 v v 310%&y& ()- y 0%W&y& () -
&310% &y &, (s)CO,CEECH,OW/iSIR' W) is CH, ] add/Ryi&’ () - OPy &y &' () -
[['\r\\\]|[:vU410 v y& " 10%&y& ()-y yfF109 Q NYHh10% &y &' () -
yfy 10%&y& ()- yS9l0%e&y& ()- y 10%&y& () 1911108 [: vuat0 y
yy. @O0%&y& ()-y yysS,' 10%/&y& ()- yf*10%&y& ()- yf'10%&y& ()-
ysl:yl0%&y& () - yS7910%/&y& ()- ySSh10%y&y&' () - yc@sl Wy&y& () -
0 - NRVAI TN ¢ . S VR () - oA’ MR () -
Y010 &8, lcactcr, W il dCRMAIN, W RARRNS VK (S F@1gaN M ()- v@
) [ ] (o}

Z, is CO,CH,CH,, W is H, W, is H, and R, is S Ji\ ,
CHCHS N
(o]

or a pharmaceutically acceptable prodrug, salt, active metabolite, or solvate thereof.,

22. A compound according to claim 1, having the formula Ic:
0O R Z
Wy
{ = I|\J I\ Z 7, (Ic),
N\ 3 R7 > Rl
Rg
wherein Ry, Ry, Ry, R, and Z are H, R, is CH,CH,C(O)NH,, R, is OiN é\ , and W, and

Z, are selected from one of the following groups:
Wz is CH2 and Zl is C02CH2CH3;

W, is CH, and Z, is qO)—ND;

W, is NCH,Ph and Z, is CO,CH,CHj; and
W, is NSO,Ph and Z, is CO,CH,CH,,
or a pharmaceutically acceptable prodi'ug, salt, active metabolite, or solvate thereof.
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y@ 109K M& ()- y,' 100K M& ()- yYUF10%Ak' M& ()-Z af aabsb| ] (- JIN @002 s
1000K' M&' () -y yS10%WK' M ()- ySI0%K M ()- y@S 109K M& ()- vy

1000k’ M () - y@/10%vk Ve () - |bbb>ccc&d|[ NA41010 yfy) 109K° M& () -y

Y19 MOYA M () YTOR00MK' NE: () v 1008 M { 1000K' M&' () - yS

fomi 4 o el L0 At 0 O

yf+ 1 10%K" M& () - eeeeeef UFf vU410 y10%' ' s& ()- yl0%' s& ()- y@10%' s& ()-
9-10% & ()-S10Mk" MLOMK' MLOMK' M y9910%WK' I\/& ()-ffEgghLhh|[:vU410 y

y1l0%'s& ()-y y F10% s& "'()7 y10%' s& ()- ySs!10%' s& () -
y&GlO%; s& ()-hhM{iijQ ()-y y$glO%; s& -y

y"10%' s& ()- yS &1;0%3' Si& - 1yl0%s' 5&(1&9 j ] kkbk|[:vW410 vy
y, 410%' s& ()-y J &0t 310%" s& ()- vy, |+10%' s& ()-
y,,)!10%' s& ()-bkj kkBH knk{lkkl gEvU41 B 10% Ie O)- yle% 8( & ()- yfl0%
8( & ()- y$y 10% 8( & ()-nmDOs' SRYs’ KOs Ry9y10%' s& O)-gl I MR [ vU410 y
y,y10% 8( & ()-y yf910%8( & ()-y Y, 10%8( & ()-y yf1l0% 8( & ()- yfyzZl0%
8( & ()- yf 9310% 8( & - m@nnonoo| [: vW410 vy yy$ 10% 8( & ()-y yy" 10%

8 & () b ¥ @ 1q00 B( (& ;(( and 7 oo ARG ZCHZ(%%)?\IHZ, Z,is CO,CH,CH,, and

o
W3 is HOI@/\OJ N

or a pharmaceutically acceptable prodrug, salt, active metabolite, or solvate thereof.

/\N

24. A compound according to claim 1, having the formula Ia:

R4 O Rg R, Z

N

Ry B¢ BR; Ry

(la),

wherein Ry, R;, Rg, and R, are each H, R, is CH,CH,C(O)NH,, R, is CH;, and R;, Z, Z,, and R,

are selected from one of the following groups:

0
R,is CH,Ph, Z is H, Z, is CO,CH,CH,, and Ry is CH;CH,S N;g
o)

S” NH
0

. . * O
Ry is CH,Ph, Z is H, Z, is CO,CH,CH;, and Ryis  {_\. L ;
|

R, is CH,Ph, Z is H, Z, is C(O)N(CH,)OCH,, and R, is S)CL ;
CH,CH,S” “NH

|
o)
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8( & ()- yf10%8( & ()-00BpLpppDy| [: vUA10 y yF410%8( & ()-y y117(m(mmz
& ()- y y/10% 8( & ()-y O+10%E&&' ()- ySS)10% 8( & ()- vyy' GlO% i
& ()-Dggqqaqq r\rvu410 vy, " 109w M& ()- vy, t!10%w' M& ()- vyl %iO%M( M& ()-Z10
8( 10 8( 10 8( yL910%8( & ()- y6 10% 8( & ()-\rrr7ssst|[:vU410 vy

y@ &10%WK' M&' ()-y y 10%WK' M& () -y y@clO%M( IV& ()- y lo%wk' M&' () -

it s i g g T e e 0

y10%wk' M&' ()-uvTvvvbw [:vU410 vy vy, 9010%W’ I\/R? (%f - 10%w" M& () -y
yy+10%wk' M& () - yfy)10%W' M& ()- y@®' 10%wk' M& () - f
% 10%vK" ME' () - wwWoXNXVXWXXXYXX| 0bU410 yS&310%WK' M&' () 10MK'" MLOMK' MLOMK" My

yL910%wK' M&' () - y@10%wk' M& ()- y@10%wK' M& () - %40%vk' M&' () - xx2y;
b 10 ME() -

zg)(;‘l%g/k %%?%?b%%%@gwc%@my‘y Z: znzgf[ bU410 v vy

310%vBME' ()- y@O%WK' M& ()-y y@10%wK' M&' ()- | 10% - le%M'I\/&()

y, OMLO%WK' M&' () - zzzz{{{|[ bU410 y U-F10%9 X' )& ()-s -10%‘5$"& O)-'y
-109%" & ()-' L>0 310%! & ()- 310% x$ & ()- 490 310%" & () -
{5{>{{{{{{{{]|0obU4l0 y%d 0% s& ()-, 10MK" MLOMK' MLON) rfyé y1090K' M&' () -

y5- 10%vK'RyB5 CHzPIg{,@&%,O%ik'GQ&CH)ZeHbSnd@{%@/A{JJ OLL| |:| | [:bU4l0 y
yS10%' s& ()- y,10%'s& ()- y vy

o)
R, is CH,Ph, Z is CH,, Z, is CO,CH,CH,, and R, is O/\S /uNH/d\;
]
0]

O
S” NH
6]
. . 0
R, is CH,Ph, Z is CH,, Z, is CO,CH,CH;,, and R; is O\ P ;
S
0]
. . . . o
R;is CH,Ph, Z is H, Z, is CO,CH,CH;, and R, is /l[ ;
S
0]
. . . . O
R, is CH,Ph, Z is CH;, Z, is CO,CH,CH;, and Ry is /l[ ;
S
0]
SPh

R, is CH,Ph, Z is H, Z, is CO,CH,CH,, and R, ISO\ )lw/[“
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10%' s& ()- yl 10%'s& ()- yl 110%'s& ()- yl gl0%' s& ()- 17 JUN mz
|3*}}3}>~|[:DU4LI0 y v &I10%'sS& ()- vy 10%'s& ()-y yl:10%' s& ()-
y,10%"'s& ()- yl0%' s& ()- y@o%' s& ()->~~~~~ %/|[ bU410 y yY+10%;' s& () -
y)10%'s& ()-y y& 10%'s& ()- y$@o0%' s& ()- "10%s' s& () -

109" s& () -vi |[ -410s' sy ys910% ' s& ()- y6 10%: S& ()SPX yY4@O°/cs s& () -

y013( 109%"' s& ()- y/10%'s& ()- y-!110%' s& 0P 10g" Sy y y@10%' s&' () -

y 110%s' B&s(C)HzPizrﬂd%Hs&@CO;@MMR(IF@\ JH{GEG

109% & ()-10s' s10s' sB~m [: A410s' sy y10%' s& (V- ¥ ‘Vl's& ()- ynl0%' s& () -
y10%' s& () - ySnTLO%: s& ()- @0% & ()-mrqg|[: A410s' sy ¥R10%' s& () -

y$109%' s& ()- y"10%'s& ()- y@' 10%' s& ()- yFl0%' s& ()

y10%s' s& () %anvUu410 yP3 I10%X) & ()- 3 110%Z" Y& (

Stk Sl BerieT o e S A

1 10% ! & () 9# 1090 & &' ()-9# 10% ()- y 9# 10% X)I- &(
A0&10% & () - F &10%()& () Fy &0% -& ()-F68jpt|[:vU410 y Z(1 o%& ()-- LS)
10%(X)Y&'()-@OLS) 109%8d"3& ()-@ 'LS) 10% & ()-@y LS) 10% - - & (
<"09# 10%( & ()--< 10 +sff 10909%0&' () - yKsffl1l0% %&, &9
109 & () RY#0-0) = X0- N).- &l XP-is O, %18 GOFHECHT, anDRE 0% ' ,11-< [: 4410
s10% & () -ny yle () ny 10% & () - y 109KY&' ( )
10%9 & ()->X b][:vU410 sI"10% & ()- y dsl"10% %& ()- vy |10%&'(
& ()- y10% (& ()- "S10%& ()-TZ|[:vU410 /!10%& ()-y yf/!10%%: ()-y

S*10% & ()- y S*100P% ()- y+MIO%E& ()- q's' 0%&'()-Zbcdetva410y

& 4 % & ( 0) 10) 10

y9glo%§h€)ﬁg%%’cj§% %ﬁ)Zﬁ%%égﬁhﬁ @@i‘sﬂu '(52 Nélog/aE#z&'()-y
y 10% & ()- yL 10% & ()- ,10% ' & ()- n]lnz | [vU&10ly y, S Z10% " & () -
vy 10%4& ()- y10% & ()-y '110%@& ()- M 10%%& ()- }s1098& ()-9<(|[:vU410

yy +10% & ()-F
R,is CH,Ph, Z is H, Z, is CO,CH,CH,CH,, and Ryis o ; and
O,

o

R, is CH,Ph, Z is H, Z, is CO,CH,CH,0CH,, and R, is O\ S)OL J;L
N

o

or a pharmaceutically acceptable prodrug, salt, active metabolite, or solvate thereof.

25. A compound according to claim 1, having the formula Ig:

R, &, RoR, dg),

wherein Ry, Ry, Rg, Ry, W5, W, and Z are H, R, is CH,CH,C(O)NH,, Z, is CO,CH,CH,, and W,
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+10%($& () -F y)lo%&'()-y ys' y#10% & ()- 2z, S Z10%& () - g} /;g ng
Z109% & ()-(089:; xzvU410 z10% k& ()-3 Slef%C(C& ()- y;,  Syl0Wé& “
10(10( 10( y9y10%{& ()- +1098& ()-F '5|[:vU410 y@O% & ()- 10%2&& () -y
y 10% & ()- 210%3] &6& ()-3 z109B(3& ()-3 1210%/& ()-3 )[|[ vu410
y3+|\/|100/& - y( 10%&() @100/(@#@() @lo%P(P&()- y @ 10% & () -

ysl (jis? HIO 1004 & y y510% & ()-

21 ySt 10% & ( Z[\ 10 &J:@%& O)-
gsfglo%& ()- #10%{ M 109% A% & () - AD|[ vU410 g
y10% & ()-vy 9 098Y&' () y y910% & ()- ysS 100/(& () u f &10% & ()-

f&IOU & ()-:a|[:vUW410 g y& 10% & ()-y y##10% & () - D 10%& ()- yI

10% & () - % & ()- yS10% & ()-W(ab| [:-410(g y910%{&' -y W ,10% & ()-y
y ,10% & ()-Jly8, 109 & ()- 3(10% & ()-M y3(109%KY%&' () - MocdgsbA410(g vy
*109EHRCHP. NHWRE ()- 109& ()- 10%"& ()- yL$

10%&&' ()-f10(10(,5r|[: A410(g sSF 10%& ()- 10%#& ()- yl0% & ()- 10%&R& () -
igcygg?hﬁﬂﬁ cé’ut{]:Qlli/f Q&eétllbl?(p?&{rxg'%ﬂll%tly&éﬁﬁélﬂe@@ sblvate'thereft; GLO% ! 1! & () -

SUSF10%R& () - vUA10 0 109U he' () -
" 10988 195108102 v} Gyl 006e 1090’ () - =} { Z9v U410
{1om & (%% y%o%@&"t“}‘a at %%? d ‘(’3/H¥ 16?37“%1"‘ F()-Gy 1 10%& ()-G
# 10%) h&' () DI[:vW410 . s*10%& ()- U, s*lO% & ()- y,s*10% & ()-
Yy & 810% & ()-  y$10% & ()- s () 2V aouvUA10 g 210% & () -
i z109®&' ()- vy $10°/¢(& % & ()- #1099 & ()-F=BR| [: vU410
g y$10% & ()-i y 10K& () rry e (fem yst e e ()- ye10% & ()-
yz109%& () - Ybi |[:vUA10 g %ﬁg%{ (9 Ry 900N UB! () -y ysT #109% & () -
y&l 10% & ()- " 10% 2,9 ()->y 1096 & ()-ikF|[: vUA10 g y410%4 & ()-]

y210% & ()-y 10-S10% & ()- y-S10% & ()- yY+10%& ()- } %0% ()-m/U410

10%v&1e(-QinR,, TRE abd R, aredY4H&, i6 CH, L L{ Ryid CHIRH, 10is Hy Zy 060 I({
DI OTA| [ VU410 YP31098& () - 3109% & () - - YA 0%z 2& () - y Y@L &

10% & () 0K () Abnr}IL:vUA10 . 1001 Y& ()-
. andW,isé\/OYNH,

0)

or a pharmaceutically acceptable prodrug, salt, active metabolite, or solvate thereof.

27. A compound according to claim 1, having the formula Ij:

SR O ROT
' N

WY \Q/L'ﬁfis\%\zl @),
O R R 7R

wherein Ry, Ry, Ry, and R, are H, R, is CH,CH,C(O)NH,, R, is CH,Ph, Z is H, Z, is

COzCHzCH3, and Ws is O\ 0 or @\/O NH ,
DS Y

ora bhannaceutically acceptable prodrug, salt, active metabolite, or solvate thereof.

28. A compound according to claim 1, having the following formula X:
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109! & ()- 109% & ()-y '0109%(T& ()- yF 1098& ()- 20310% (1 & ()- W[;vm
s" @OYRE ()-- s" @OYA] 8A&' ()-- y<s" @O% & ()--y YA & z10%&' ()- - 2002
& Z10% & ()--  10% 9% & ()-|[>14110(+GLO% & ()-F y910% & ()-

yAl . 10% (& ()-'y vy ,Y 109%A(& ()- *O Y 109\ W& ()- y*10% & () - bA4110(

L09%&&! () - y10%R& ()- = 1Q% 3& (3- " 0/63$62§ ()- yl 9%d0%&& ()-10(10(*.0|[: A4110
&10% & ()-  2f &109%6& ()- %PR%%% "
1098&' () - 0@KX\ h| [: A4110 NP |1 0%&:

‘0f 10%@B@ ()- yPf 10986 & ()- .f
10994 () - m 50&10% & &RyY- V& ow ) -
ysf &109&&' ()- yF# 109B% () <& y#HT10%8& ()- yS109&& ()- vy, 10%&& ()-|[: A4110
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or a pharmaceutically acceptable prodrug, salt, active metabolite, or solvate thereof.

29. A pharmaceutical composition comprising:

(a)  atherapeutically effective amount of a compound as defined in claim 1 ora
pharmaceutically acceptable prodrug, salt, active metabolite, or solvate thereof; and

(b)  apharmaceutically acceptable carrier, diluent, vehicle, or excipient.

30. A method of .treating a mammalian disease condition mediated by picornaviral
protease activity, comprising: administering to a mammal for the purpose of said treating a
therapeutically effective amount of a compound as defined in claim | or a pharmaceutically
acceptable prodrug, salt, active metabolite, or solvate thereof.

31. A method of inhibiting the activity of a picornaviral 3C protease, comprising:
contacting the picornaviral 3C protease for the purpose of said inhibiting with an effective
amount of a compound as defined in claim 1 or a pharmaceutically acceptable prodrug, salt,
active metabolite, or solvate thereof.

32. A method of inliibiting the activity of a rhinoviral protease, comprising:
contacting the rhinoviral protease for the purpose of said inhibiting with an effective amount of a

compound as defined in claim 1 or a pharmaceutically acceptable prodrug, salt, active
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wherein VAR is selected from the group consisting of -~CH,CH;, -~CH(CH,),, -CH,CH(CH,),,

~CH,Ph, ‘s_o ,and @

or a pharmaceutically acceptable prodrug, salt, active metabolite,.or solvate thereof,

29. A pharmaceutical composition comprising:

(a) - atherapeutically effective amount of a compound as defined in claim 1 ora
pharmaceutically acceptable prodrug, salt, active metabolite, or solvate thereof; and

(b)  apharmaceutically acceptable carrier, diluent, vehicle, or excipient.

30.  Use of a compound as defined in claim 1 or a pﬁai‘maceuiicalf}; acceptable
prodrug, salt active metabolite or solvate thereof in the preparation of a medicament for
the treatment of a mammalian disease condition mediated by picornaviral protease

activity.

31.  Use of a compound as defined in claim 1 or pharmaceutically acceptable prodrug,
salt active metabolite or solvate thereof in the preparation of a medicament for inhibiting

the activity of a picornaviral 3C protease by contacting the picornaviral 3C protease.

32.  Use of a compound as defined in claim 1 or pharmaceutically acceptable prodrug,
salt active metabolite or solvate thereof in the preparation of a medicament for inhibiting

the activity of a rhinoviral protease by contacting the rhinoviral protease.
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33. A compound according to claim 1, or a pharmaceutically acceptable prodrug, salt,
active metabolite, or solvate thereof, wherein said antipicornaviral activity is antirhinoviral activity.

34. A compound according to claim 1, or a pharmaceutically acceptable prodrug, salt,
active metabolite, or solvate thereof, wherein said antipicornaviral activity is anticoxsackieviral

activity.
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