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conpositions and therapeutic treatnments for rhinoviral infections. The
invention further relates to processes for synthesizing such conpounds and
conpounds useful in such syntheses. BACKGROUND OF THE | NVENTI ON 15 The
pi cornaviruses are a famly of tiny non-envel oped positive-stranded RNA-
containing viruses that infect humans and ot her animals. These viruses
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coxsacki evi ruses, human echoviruses, hunman and bovi ne enteroviruses,
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proteases, where the sulihydryl group nost often cleaves the
gl ut am ne- gl yci ne aANTIPIOORNAVIRALICOMPOUNDS AND mesnmﬂsgl ieved to
bl ock prot eol yti c cl eavageTHEIRTFHARMACBUTIOAL USES, AND

MATERIALS FOR THEIR SYNTHESIS

5 EIELD OF THE INVENTION

The invention pertains to certain peptide-like and peptidomimetic compounds that
édvantageously inhibit the enzymatic activity of picornaviral 3C proteases, especially
thinovirus 3C proteases (RVPs), and that retard viral growth in cell culture. The
10  invention also relates to the use of such compomids in pharmaceutical compositions and
therapeutic treatments for rhinoviral infections. The invention further relates to

processes for synthesizing such compounds and compounds useful in such syntheses.

BACKGROUND OF THE INVENTION

15
The picornaviruses are a family of tiny non-enveloped positive-stranded RNA-
containing viruses that infect huméms and other animals. These viruses include the
human rhinoviruses, human polioviruses, human coxsétckievimses, human echoviruses,
human and bovine enteroviruses, encephalomyocarditis viruses, meningitis virus, foot

20  and mouth viruses, hepatitis A virus, and others. The human rhinoviruses are a major



10 which in turn can retard the maturation and replication of the viruses
by interfering wwth viral -particle production. Therefore, inhibiting the
processing @f, diQisd4 CYSteine protease with selective snal pcvubmpudees t hat
are specifically recogni zed should represent an inportant and useful
approach to treat and cure viral infections of this nature and, in
particul ar, the common cold. 15 Sone small-nol ecule inhibitors of the
enzymatic activity of picornaviral 3C proeeases (i.e., antipicornaviral
conpounds) have been recently discovered. See, for exanple: U S. Patent

. 9, , , d , , bb | . U
,I:gpl ;chtS ?oﬁB(RI&aL%%L%S}Qﬁ%‘%g;‘%{ %/qliegéag‘%’eth%g Iarve\ﬁ%o 8?@5% ﬁﬁ?pﬁgxés&?ﬁg%ﬁ%}:m%l o

U S. Patent 2QuAB Eithb BoldionlydskBRdns B refidve e r 16, 1997, by
Webber et al.; and U S. Patent Application No. 09/301,977, filed April 29,
1999, by Dragovich et al. See also: Dragovich et al., "Structure-Based

i novi rus. 3¢ LR flRibdy e il B Ay e SORUBHS 3B S Thesy )

no. 7, 1203 1ZhZymés24rs-rkaiided foncdhOmnamenli mitumtionlof,thé pidommivivhses.e Bhayt iresi s

of 25 Irreversible Hunman Rhinoviyus 3C Protease Inhibjtors,. . . _" Bioorg.
@ Nbd. Chom  TEPogubls Tonfhe auiocsmblis leavegs s Goaipy scpeReliFFitsin ey . ¢ o
di scover smal lef@lifCutaf preifihR O Wikdtbels 6t the 3T BrodRSe Bnhily RRIGBikine proteases,
antipicornaviral agents. Inhibitors of other related cysteine proteases

such as' cat hepehers theasulfhydoh ssupcmpgceftenncleavey the glutaminesglyrige amideydond.
5.374. 623, issued: 16 ' -1k 0894
PCTI US00/ 2 106§Hﬁ9§£ﬁ§? gﬁﬁ‘(’ﬁ{%&%ﬁ%@?"éﬁg‘,’ E%JS@]SQ PR léul“ gee J'1%9‘3‘%3? M?%'% Pl ano
“et al.; afd WA inltoean adard thel mauratioraxid replichtion of il Giausedy7Rrerlen®Bith5 749,

WO 97/19231, and, WD, .97/ 49668. There vyet.rema ns a need.for inhibitors
targeting the WREBAHCG ipf‘élm% &F&?’ﬁéﬂﬂ‘yﬁ&g progessipg gL this cysiene protease

phar naceut i calwifl{ Sdléutive QfnallSH6lBc1dés tha BreSRPREREAIR fekogndzed IHMIR Yeftesehtfan
| NVENTI ON Thus, an object of this invention is _to_discover small-nolecule
conpounds t hatimpertangjapd usafid Appeeach tol trestand svre yirak infgctions of thispagire pnds ipot ent

anti pi cor navi rpghicﬁggqﬁescmﬁ]gntgower
- 15

Some small-molecule inhibitors of the enzymatic activity of picornaviral 3C proteases

- (i.c., antipicornaviral compounds) have been recently discovered. See, for example:
U.S. Patent No. 5,856,530, issued January 5, 1999, to Webber et al.; U.S. Patent
Application No. 08/991,282, filed December 16, 1997, by Dragovich et al.; U.S. Patent

20  Application No. 08/991,739, filed December 16, 1997, by Webber et al.; and U.S.
Patent Application No. 09/301,977, filed April 29, 1999, by Dragovich et al. See also:
Dragovich et al., “Structure-Based Design, Synthesis, and Biological Evaluation of
Irreversible Human Rhinovirus 3C Protease Inhibitors . . . ,” J. Med. Chem. (1999), vol.

42, no. 7, 1203-1212, 1213-1224; and Dragovich et al., “Solid-phase Synthesis of

25  Irreversible Human Rhinovirus 3C Protease Inhibitors . . . ,” Bioorg. & Med. Chem.
(1999), vol. 7, 589-598. There is still a desire, however, to discover small-molecule

compounds that are especially potent antipicornaviral agents.

" Inhibitors of other related cysteine proteases such as cathepsins have been described in,
30 e.g., U.S. Patent No. 5,374,623, issued December 20, 1994, to Zimmerman et al.; U.S.



10 object of the invention is to provide internedi ates useful for the

synt hesi s of protease inhibiting conpounds and synthetic methods useful for
such synt weoesi0s9s yet further object of the invention PeTABNRLKEEeVe
pharmaceutical conpositions that are effective for treating nal adies.

medi ated by inhibition of picornaviral 3C proteases, such as the conmobn
cold. 15 Such objects have been attaineq through the discovery of conpounds
of the following general fornula |I: OA4, (a3)P 41 A1-'(A2 M R3 R8 O
CRSR6 RANYNR HWHO2RO(lI) wherein: 20 Yis N(R)-

-C(W (R ") -, pdnt -No., SHIEER5, cRGlad R¥latch 12109955 A8 Niallarhb O&t Llowﬁﬁdahiﬁd R

IS unsubstltuted or substituted al kyl, cycloalkyl het erocycl oal kyl, aryl,
‘heteroaryl, lmematwr@} RublicatipreNes. WO 9404132 0WE 9715748 WO SUBE3i; andeWnl ky| |
cycl oal kyl

het er ocycl oa% oxy, Ogﬁréﬁ% %)?k/e!ﬁymﬁeat §¥%t§’rr @ib?{o%%a%étgﬁﬂheﬁ %Kba‘ﬁ.yff %@g{ﬁg’)’(

PCT/ USOOI 21Qﬁdxease4wthlaﬁsmblé phimacentieslphopenids,Ractiatighyspktifiity. or unsubsti t ut ed
or subst ist uted al kyl, cycloal kyl, heterocycloal kyl, aryl, or heteroaryl;
R3 and R~ are each independently H or unsubstituted or substituted al kyl,

cycl oal kyl , sthahveroe oF!Tose WVENRION . heteroaryl, -ORl7, -SR 7, -NR 7R18,

NR 9NR17 R18, or 5 NR'OR 8, where R 7, R18, and R 4 are each independently
H, al kyl, cycloal kyl, heterocycloal kyl, aryl, heteroaryl, or acyl;

Thus, an object of this invention is to discover small-molecule compounds that inhibit
picomnaviral 3C proteases and are especially potent antipicornaviral agents. A further
10 object of the invention is to provide intermediates useful fof the s;}nthesis of protease-
inhibiting compounds and synthetic methods useful for such syntheses. A yet further
object of the invention is to achieve pharmaceutical compositions that are effective for

treating maladies. mediated by inhibition of picornaviral 3C proteases, such as the

common cold.
15 .
Such objects have been attained through the discovery of compounds of the following
general formula I:
O Pe,
(Aa)p
1~ '(Az)m
89 c:R5R°
R /i\n/ \’)L /,Y
R® H R’
M

wherein:

20 e Yis-NR"-, -CR)R)-, or -O-, where each R’ is independently H or lower alkyl;
| . R’ is unsubstituted or substituted alkyl, cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, or ~C(O)R'®, where R'® is unsubstituted or substituted alkyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, alkoxy, cycloalkoxy, heterocycloalkoxy, aryloxy,

. heteroaryloxy, or amine;



R4 is a suitable organic noiety; RS, Rb and R are each independently H,

F, or lower alKkyl; msOorl; 10 p is an integer of fromO to 5; A Is
CHor N egghifideelr €sent is independently C(R O(R'), N(Rc2psenRioss(O),

S(O 21 or 0, where each R10, R" and R 2 is independently H or |ower alkyl;
each A3 present is independently C(RO(R'), N(R2), S, S(O1 S(O2, or O,
where 15 each R10, R' and Rte is independently Hor Iower alkyl; when p
is 1,2, 3, or 4, A is NR13), C(RlO)(R"‘)“,‘ or 0, and when pis 0 (i.e., A3
is not present), A4 is N(R13)(R14), C(RID)(R')(R ), and Q'R 4), provided

< i ndependent yRHERE R jagt ol Bichende o lor BiaubRf 67 SlgiuedialgLr F12
ﬁh? eac? R14 is d:j,cloa]k&ylhetfr_mby?ﬁatl_kyl,i?ﬂ,oﬂrbeterbaijalg t_hat 30 nore than two R
2y o OTha) i, Roanaggrasaed Mfpemdectlt Bh st e g sphpopier skl e el s
singl e bond menhe?@oéy%loﬁfkgﬁe%l,( hetroaryl] =OR)’, aBR2 JNRITROYCINRPNRVRWh R A2
is absent (i.e., m='0). 25 In addition to conmpounds of the fornula I,

ant i pi cor ndvi r al -NRIIOR'S where R, iRi% and iR arej each dudependonthu &k atkyl, cycloalkyl,

phar maceutical ly, activ lijes. .a harmaceutically acceptable salts
and sol vates of l% eé-ﬂcyg%an%ggggghe{eﬁoaglb&gf fred enbodi nent of formula I, R2

and R8 are note brtisaliitibleaeganicuibielyy and R 30-are not both hydrogen. In
anot her preferred, epbodinent of formula |- R2 is benzyl WO 01/10894

PCT/ US00/ 21062 R Ropnd Ry e pachdndspendeptheld, Hior lower plkyogen; R is a | ower
alkyl; R4 is (bzyiapde 7, R8, and R9 are each H In a preferred

enbodi ment, R is a substituted nethylene group, for exanple, 5

- CH2NR2ORA0, -«CHpi3RalntegeCrPBBaOtR30, - CH20NR20R2", or - CH2SR20, where R20

and R21 are e.a%u‘ f’sreﬂfé)r%,dent |y selected fromH, optionally substituted
al kyl, cycl oal kyT™ et erocycl oal kyl, aryl, heteroaryl, and -C(O R22, where

R-7- is sel ecteedeath ) prezkntds dddependently C(R')NR'), N(R"), S, S(0), S(0),, or O, where
each R'’, R" and R" is independently H or lower alkyl; ' o
e each A, present is independently C(R')R'), N(R"), S, S(O), S(0),, or O, where
15 - each R'’, R" and R" is independently H or lower alkyl;

‘e whenpis1,2,3,or4, A;is N(R?), CR')R"), or O, and when p is 0 (i.e., A;is not
present), A, is NR)[R"™), CR™R'")R'), and O(R'), provided that when p is 0
and A, is OR"), A, is not CH, where each R, R" and R" is independently H or
lower alkyl, each R" is H, alkyl, aryl, or acyl, and each R" is H, alkyl, or aryl.

20 e provided that no more than two heteroatoms occur consecutively in the above-
depicted ring formed by A,, (A,),, (A;),. A,, and C=0, where each dotted line in the
ring depicts a single bond when-Az is present (i.e., m = 1) and a hydrogen atom

when A, is absent (.e.,,m=0).

25 In addition to compounds of the formula I, antipicornaviral agents of the invention
include prodrugs, pharmaceutically active metabolites, and pharmaceutically acceptable

salts and solvates of such compounds.

In a preferred embodiment of formula I, R? and R® are not both hydrogen, and R? and R’

30  are not both hydrogen. In another preferred embodiment of formula I: R? is benzyl



substituted al kyl, cycloal kyl, heterocycl oal kyl, aryl, heteroaryl, alkoxy,
cycl oal koxy, heterocycl oal koxy, aryl oxy, heteroaryloxy, and am ne, and
optional | yweawnyisgo of R20, 10 R2i, and R23, together w troTwse/ae0ns to

whi ch they are bound, forma 4- to 7-nenbered ring. In an alternative
preferred enbodinent, R is -CR23=CR24R2S or -C=CR26, where R23, Red, Res
and e are each independently selected fromH and optionally substituted

al kyl, cycloal kyl, heterocycl oal kyl, afyl, and heteroaryl. In yet another .
preferred enbodinent, R -is a -C(OR 6 group, where R16 is -NR -' R28,
wherein R27 Gnﬁ uagtﬁutedlauﬁamo;ﬁaxdapgmw AMKFACRERICW; dnd Q) RF, apdIR®
optionally substituted al kyl, cycloal kyl het erocycl oal kyl', " aryl’, and
heteroaryl, aree®@R'H.and R28 together with the nitrogen to whi ch they are
bound forma 4- to 7-nmenbered heterocyclic ring. In another preferred
enbodiment, R is a nono- or bi-cyclic heteroaryl or aryl group. 20
Especial ly pllhei qfrétéﬂecbfaﬁibadinﬁﬁt &R'e ﬁ&pisﬁbsﬁdn&y lﬂsﬁiybnbagxbu;ﬁ, for @xadhple, (A3) P

RO 0 CRSR6 R2 O | h R6 A, h h A4,
D TSy SHNRERA L OR, FRn D oM e, SNBRE B SR e R ot de o

the fornmul a g [ I t eroaryl
and aryl gr olt gre é\/g\f)h 6@?&18‘%@%%%65%%/ 2?{0 ’Hfﬁ@ﬁélﬁ duBstﬁaEtE’d QH&M Cc&élﬁali&ﬁ

preferably slvleewddalkﬂowhmmml,tmdeﬁ(m et R m%tpclsérﬁpm omgmﬂnps

f bly b t wh
prererabl Y, AGaiiiod RO LRSI WEH-REARY. o Seblatichidn) Subitiy) oo
al koxy, and Hmmgelnalk&;yRaryllacyphaérexryhky, and amihe andtlobt;omujoany twid ofIR¥| kyl

(o5 CiEudelmbe Recoarter tlibe i o s ermpouns Tora 4 410 Y méinblered

ring. In an alternative preferred embodiment, R' is -CR®=CR¥R? or -C=CR?, where
R, R*, R¥ and R? are each independently selected from H and optionally substituted -

alkyl, cycloalkyl, heterocycloalkyl, aryl, and heteroaryl. In yet another preferred'
embodiment, R' is a —C(O)R'® group, where R'® is -NR”R?, wherein R? and R? are
.15 each independently selected from H and optionally substituted alkyl, cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl, or R” and R? together with the nitrogen to which
they are bound form a 4- to 7-membered heterocyclic ring. In another preferred

embodiment, R'is a mono- or bi-cyclic heteroaryl or aryl group.

20  Especially preferred compounds are depicted by formula I-a:

“Ask
A= (Adm
R® 0  CR%R®

.0 R? o) I-a
wherein R through R, A, through A,, m, p, and Y are as defined above.

In preferred embodiments of compounds of the formula I-a, R' is selected from

25 monocyclic and bicyclic heteroaryl and aryl groups.



napht hyl methyl). 10 Ris preferably a suitable organic noiety selected from
-LC(O]-R', where nis Oor I and R5 is optionally substituted al kyl,

cycl oal kyl , va ¥inogddet eroaryl:, al koxy, cycl oal koxy, aryl oxora@sios

het eroaryl oxy. In especially preferred enbodinents, Ris

benzyl oxycar bonyl, arylcarbonyl, . or heteroaryl carbonyl, nore preferably
het er oaryl car bonyl, where the heteroaryl noiety is a five-nmenbered

het erocycl e having 15 fromone to three héteroatons selected fromO0, N, and
S, nore preferably a five- nenbered heterocycle having at | east one
nitrogen heteroatom and at | east one oxygen heteroatom (e.g.,
unsubstituted or substituted 1, 2-oxazolyl (i.e., isoxazolyl), 1,3- oxazolyl

(7. e., oxazol ) in frmalabh 42 prefiralil} , séledte® it amGIbglitted, shddsubkimticaZehyl, or
1,2,5- oxadiazolyl). Wien the hetergaryl noiety is oxadi azolyl

unsubst i t ut ed SPRPSoRICISHREReNEH mermubsiititied enzyb and disehstined) benZyl, where the
ferred. | Al Ly ' ety |
D ool yl | GrBEfen ardinIEhE i1 CeleRBPRAN TES{Er Syt WS SHEICP b Bl ¥, 10

3-isoxazolyl or 5-isoxazol
or two netWyl groups and/or halogens (F, €, Br or 1), with chlorine and

fluorine beingapreferred. 25 P bl i 4 i
LAy m A Crof o PhersibEnBrsliod 101 6 - 2bepml imepy SApRESL, or
- CH2CH2C( O) NH2-methyRIpRSYP) ohtarinéthyl (e.&HandubtiRied 3r sabitioudd H\énghﬁem)ﬁ\"dr

where nis 1 or 2. The noiety is nore preferably ' In preferre

enbodi nent s, t‘ﬁBh‘EﬂWﬁﬁ‘XHds, prodrugs, pharnmaceutically acceptable salts, 5
and pharnmaceutically active netabolites and sol vates have an
antipicornaviral activity wth an EC50 | ess than or equal to 100 pMin the
Hi- HeLa cdP &liis preferablys a yuitable organic moiety selected from -[C(0)],-R", where n is 0 or 1

and R is optionally substituted alkyl, cycloalkyl, ary, heteroaryl, alkoxy, cycloalkoxy,
aryloxy, or heteroaryloxy. In ‘especially preferred embodiments, R' is
benzyloxycarbonyl, arylcarbonyl, . or heteroarylcarbonyl, more preferably
heteroarylcarbonyl, where the heteroaryl moiety is a five-membered heterocycle having
15 from one to three heteroatoms -selected_ from O, N, and S, more preferably a five-
membered heterocycle having at least one nitrogen heteroatom and at least one oxygen
heteroatom (e.g., unsubstituted or substituted 1,2-oxazolyl (i.e., isoxazolyl), 1,3-
oxazolyl (i.e., oxazolyl), or oxadiazolyl (1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl, or 1,2,5-
oxadiazolyl). = When - the heteroaryl moiety is oxadiazolyl, unsubstituted and
20  monomethyl-substituted 1,2,4-oxadiazoly] are preferred. In especially preferred
embodiments, the heteroaryl moiety is 3-isoxazolyl or 5-isoxazolyl, either unsubstituted
or substituted with one or two methyl groups and/or halogens (F, Cl, Br or I), with

chlorine and fluorine being preferred.

25  Preferably, the moiety:

O A
‘_(AS)p

Aym- (A2)m

596
/ZECR R



The invention is also directed to internediates of fornmula 11, preferably
of the subfornula 11-a, which are useful in the synthesis of certain
conpounds whof/aseul a 1: R51 D-A" 0 1 Wala \ (CHZ) q at2uSwbRs R56 e
N'CR52RS3R54 ~N CR62R R 10 RSg Il R6s Il-a wherein: q is an integer of
fromO to 5, preferably 1 or 2; A" is C CHor N Al2 and each Al13 are
each independently selected from C(R6t) (R62), N(R63), S, S(O, 15 SO 2,
and 0, where each of R61, R62 and R63 i's i ndependently H or | ower alkyl;
Al4 is NR60O, where R64 is H, alkyl, aryl, or acyl, and R64 is preferably a
sui tabl e prt@etiedFrdih QER,EIRC(OIN _-CHR'EI@,@%@{)NH—B&?}“ @‘?ﬂNH@?(t) C19,; '3hg © than
two heteroat oms occur consecuti vel y I n ove- dépi cted ri ng n fornul a
Il formed by A Q, Al12, (At3)p, Al4, and C=0, 20 RI141 and R 42are each

i ndependently H FFNdr |ower alkyl, or R 42 is absent; th dotted l'i ne
depicts an o al (cwg), ence bond, and when such bond is prgs tht,  R142 s

absent and Ais C S Kk ably a
protecting group for aﬁ?gghﬁl géganL%Q@E%&fﬂ@%ﬁ%%%#¢U200/21061 -8 R52,
RS3, and e are each independently sel ected fron1H hydroxyl aIkyI acyl,
aryl, heter ui,t Ie protectln for rpo ydroxy,
GRS | and N8 pedfmredgRRoRmeits] 8 OPRosmd Prodrih BIRRDICCUEAJY acraptalt S 3. and
R58 is s¢g ecaxﬂﬂohm@k&w acnvametabomkkwsolﬁieéllﬁwan ax&qne%h(al%ﬁ&)a%uvwer e

each R59 i's independently al kyl or arﬁf1
with an EC,, less than or equal to 100 pM in the Hl-HeLa cell culture assay.

The invention is also directed to intermediates of formula II, preferably of the

subformula II-a, which are useful in the synthesis of certain cdmpounds of formula I:

o. Ay
Tarsde
) 3!
gy
c R'IMR“Z
R%.
\T CRORFRS
10 RS II
wherein:

e qisan integer of from 0 to S, preferably 1 or 2;
e A,isC,CHorN; '
e A, and each A,; are each independently selected from C(R*)(R®), N(R®), S, S(0),
15 S(0),, and O, where each of R*, R®? and R® is independently H or lower alkyl;
e A, is NR*, where R* is H, alkyl, aryl, or acyl, and R* is preferably a suitable
protecting group for amide nitrogen; |
e provided that no more than two heteroatoms occur consecutively in the
above-depicted ring in formula II formed by A,,, Ap,, (A}3),, A}y, and C=0;
20 e R"'and R™are each independently H, F or lower alkyl, or R'# is absent;
e the dotted line depicts an optional valence bond, and when such bond is present,
R'? is absentand A,,is C;

» R isH, alkyl, aryl, or acyl, preferably a protecting group for amide nitrogen;



5 any two of R52, R53, and R54 together form =0, and R55 and R56 are each
i ndependently H or a suitable protecting group for nitrogen. Fornula II

conpounds WK @1/fked €ast one of R52, R53, and Rya. is NRS7Rafeseezieef erred.
In preferred fornula Il1-a enbodi ments, RS2 and RS3 together form =0 and R54
is 10 selected fromal kyl, acyl, aryl, heteroaryl, OR', and NRS RSS, where
R57 and R58 are as defined above. In other preferred enbodinents, R52 is
H R5Sis OH and RS is selected fromaldyl, acyl, aryl, heteroaryl,
ORS7, and NRS7R58 where RS7 and R58 are as defined above. - 15 The

invention is S@s0hie . ' h
conpounds of o?rsm aézﬁjltdﬁg‘aér‘]rg e%ﬁ?é@%ﬁdeé}xéli \géé%]c%{eid??]&gﬂé E%rrg’f)g’?%ﬁ ,[%B'l,tary?,
~phar maceut i cal cheproarnyl,isoitsble proteeting poyups fdreampayltordatitoxy, ORTcadd NR7RfOUNt

f at | t d t f | |, . d . 20
har maceut i cal |y “BEEdD: Seiected fom Rk Aat and SIRPy R e sohetedsom alyLor
sol vate ther eof ﬁ@glah&gy,iaiy%bﬁsf, and®SRRTS, Where ElIH ﬁ@ﬁde#éﬁdeﬁti}ﬁalk%lﬁi%l;gc%}e” g

rel ates to nethods of |nk512 iting picornavi ral 3C protease "by
a therapeutd cal | gnyetwoaf Ry B” sand(Rit togéthertfoine ; anbne such agent. 25 DETAI LED

art, is used i B PSR o ReREESR T s i B areg Mo Bnaetoest | < 1 he

poi nt of attachment of the noiety or substituent to the core or backbone
structure. WD 01/10894 PCT/ US00/ 21061 -9 As.,usgd herein he term "al kyl
group" is int r?&’@ﬂlatgig"?w" where atyigast opg of RS ﬁe@d&fg SrNRSE‘%SEGVdPl‘éﬁFCd-
radi cal of satiritfededféthidla HRS &hibsBihEtts CR drgg 540415,
such as net hyl (]lj\}/b%),eeth I a( Et), propyl, Fs%?oﬁlﬁ@gﬁgg?ml é@bﬁb F i8>
t-butyl, diOherfglected ﬁem@gbsu acyh atybrheteroanylo Ry and NRERHywherd B \and| R* preaasy ny | ,

pentynyl, hexy ? t I nl.ess ot hepw sndi a%ﬁgﬁ“suc ,oups
may be unsubstdlg'l%‘ihtfdeag’Ia ?@%tﬂekgﬁe{ ea‘t'lgﬁ ilglr%%glrrﬂe)?&’ al’%%ﬁRaﬁsgbﬁy eff)segft%d
substituted byronnelkel, acyl ayls hetervbiyl, GRT,SAndINRTRS whereRY afR®Gire as'Béffhed .
hal ogens, such.as F, Cd, Br, or.- I, with F and C_ being preferred). A "l ower

al kyl  group" 8bQve. i ended to nean an al kyl group having from1 to 4 carbon
atons in its chain. :

15  The invention is also directed to pharmaceutically acceptable salts of the compounds of

formulae II and II-a.

The invention also relates to pharmaceutical compositions containing a therapeutically
effective amount of at least one .comﬁound of the formula I, or a prodrug,
20  pharmaceutically acceptable salt, phannaceutically active metabolite, or solvate thereof
(collectively, “agents™). .Additionally,- the invention relates to methods of inhibiting

picomaviral 3C protease by administering a therapeutically effective amount of at least

one such agent. .

25 DETAILED DESCRIPTION OF THE INVENTION

/7
In accordance with a convention used in the art, ‘}"L is used in structural formulas

herein to depict the bond that is the point of attachment of the moiety or substituent to
the core or backbone structure.



10 A "cycl oal kyl group” is intended to nean a non-aromati c nonoval ent
nmonocyclic, bicyclic, or tricyclic radical containing from3 to 14 carbon.
ri ng at omswoesmgsof which nmay be saturated or unsat ur atrem/usediass

ot herwi se indicated, such groups may be unsubstituted or substituted by
one or nore suitable substituents. Illustrative exanples of cycl oal kyl
groups include the following noieties: 35 a , D, 0, ID, 0, CO$, , and .
A "heterocycl oal kyl group” is intended ™t nmean a non-aronati c nonoval ent
nmonocyclic, bicyclic, or tricyclic radical, which is saturated or

unsat ur at ed, AS Q1SR the tehh "tk Erdui"Qs iferkibd xaéaaq%mrgﬁal 6Pbrafthedidftn f rom 1

to 5 heteroatom; sel eCted fromnftrogen, oxygen, and fur. Unless
ot her wi se i nuipnoyalest radigaltofisattifated| and/on yndatirated casban atorne dncbhydregeh stonsut ed by

t [ ] I trat
et erocy ol ot e ANl D, phopht iickRint ufle FRRER, Phuyl sthsay
PCT/ USO0/ 210&htenyllﬁut€hym ;&pebleMxydyl N&ynj)l, Erobyr(yu)peh&yﬂyl}heﬁy@lﬁnﬁtﬁ lik.ci R C
O ONNCR and -aryl group” is |ntendedto nmean
an aromatd ¢ Hﬁﬁw%m |SP?!1 SIBPP,%/E‘PY de ‘B‘F“bSPWF%‘y@Fp gontgining gnly
cont ai ni ng f &8P Ginli BydiBg é‘n%?%bsﬁduqu t&%::d&?é&ﬁgbgtshﬁs&meﬁé (EBdIRELES

such radi cals may be unsubstltuted of substitute one or e sultable
subst i t uent smorejhalogensy such e Fellla Bpl azd, with Hrapd Cgbgngprqfewﬂhde “Idveer 2alklyl owi ng

ol et es: group” is intended to mean an alkyl group having from 1 to 4 carbon atoms in its chain.

10 A "cycloalkyl group" is intended to mean a non-aromatic monovalent monocyclic,
bicyclic, or tricyclic radical containing from 3 to 14 carbon ring atoms, each of which
may be saturated or unsaturated. Unless otherwise indicated, such groups may be
unsubstituted or substituted by one or more suitable substituents. Illustrative examples

of cycloalkyl groups include the following moieties:

s lelcel
@Omb

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

monocyclic, bicyclic, or tricyclic radical, Which is sfaturated or unsaturated, containing
20 from3to 18ring atoms,'which includes from 1 to 5 heteroatoms selected from nitrogen,
oxygen, and sulfur. Unless otherwise indicates, such radicals may be unsubstituted or
substituted by one or more suitable substituents.  Ilustrative examples of

heterocycloalkyl groups include the following moieties:



and 10 A "heteroaryl group” is intended to nean an aromatic nonoval ent
monocyclic, bicyclic, or tricyclic radical containing from4 to 18 ring
atons, incl ughpphdssOm | to 5 heteroatonms sel ected fr9m nigdpgnioprygen,
and sul fur. Unless otherw se indicated, such radicals may be unsubstituted
or substituted by one or nore suitable substituents. 15 Illustrative
exanpl es of heteroaryl groups include the follow ng noieties: WO 01/10894
PCT/ US00/ 21061 -11 NN NOQSNc/ N RI&ERSSNN 00, , , NN ~NXQN _
ts, RONNNWN )/ NN NMNMNMN/ Il I Il NNNRRN31c:cO ~ N-\ i
/I NKNCC," cc NN _/ 1 _J1 5V N XNNRS231 N~(X)K°,\ I N/

SNe) () [:j E:] oo

5  An "aryl group" is intended to mean an aromatic monovalent monocyclic, bicyclic, or
tricyclic radical containing from 6 to 18 carbon ring atoms. Unless otherwise indicates,
such radicals may be unsubstituted or substituted by one or more suitable substituents.

Ilustrative examples of aryl groups include the following moieties:

clcoNecoless

A "heteroaryl group” is intended to mean an aromatic monovalent monocyclic, bicyclic,

10

or tricyclic radical containing from 4 to 18 ring atoms, including from 1 to §
heteroatoms selected from nitrogen, oxygen, and sulfur. Unless otherwise indicated,
such radicals may be unsubstituted or substituted by one or more suitable substituents.

15 Illustrative examples of heteroaryl grohps include the following moieties:



A "heterocycle"” is intended to nean a heteroaryl or heterocycl oal kyl group.
10 An "acyl group” is intended to nean a -C(O-R radical, where Ris a

sui tabl e wobgisssquent. A "thioacyl group” is intended t®CmEsm/2a061C(S)-R
radical, where Ris a suitable substituent. 15 A "sul fonyl group” is
intended to mean a -SO2R radical, where Ris a suitable substituent. WO
01/10894 PCT/ USCO 21061 -12 A" hydroxy“group is intended to nean the
radical -OH. An "amine" or "amino group” is intended to nean the radical
-NH2. An "optionally 5 substituted” amnes refers to NH, groups wherein

none, one or mof t he hydr ogens is replac Ny a sui tabl e substl tuent.

Di substituted/ any nes have i ts t gl ng forma
het er ocycl i c | wg strfict re t (é (ﬁs th An
"al kyl am no grgup" i SN he radgca vvhe e N is an

al kyl 10 group. A “di kyJ ani h’o grou i»s int nded to Yrean thSradical

-NR, Rb, where and Rb are each |ndependent Iby an al kyl group 15 An..
"al koxy grou is i
12

' in ed an aIkyI
group. Exe al Hox}\ gf oupg| |nclud net xy Iet hpxy, lbropgxy, fand the
i ke. "Lower 'glkoxy ou e a havi A on1ﬂ§%§/ﬁ
carbons. An "al'koxycarbonyl group” is |nbende to>-mean't hesrad

-C(OOR, where R is an 20 al kyl group. An aIkyIsquony

intended to t he radi - S2 ve e k n al kyl An_

"al kyl am noc®i boryl gro I|nt ) rre ] r|ca O NyRa, where
R is an al kyl oup /N"dl Kyl ampd bon IS |nNnee H to nean

t he radical - NR Rb, where Ra and RB‘a;e ed i r§iep,endent I y al kyl

@0 e o
Neoes]

G:)@DQ::Q

A “heterocycle” is intended to mean a heteroary! or heterocycloalkyl group.

10-  An "acyl group” is intended to mean a -C(O)-R radical, where R is a suitable

substituent.

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

15
A “sulfonyl group” is intended to mean a -SO,R radical, where R is a suitable

substituent.



30 WD 01/10894 PCT/USO0/ 21061 -13 A "nercapto group” is intended to nean
the radical -SH An "alkylthio group"” is intended to nmean the radical -SRa,
where Ra isyadefdokes! group. 5 A "car boxy group” is intendeaisosman the
radical -C(O OH A "carbanoyl group” is intended to nean the radica
-C(ONH2. An "aryloxy group"” is intended to nmean the radical -ORS, .where Rd
is an aryl group. 10 A "heteroaryloxy group"” is intended to nean the
radical -ORd, where Rd is a heteroaryl ¢gidup. An "arylthio group" is
intended to nean the radical -SRi, where R, is an aryl group. 15 A
"heteroarylthio group” is intended to nean the radical -SRd, where Rd is a
heteroaryl group. The term"'suitable organic moiety" is intended to nmean

any organi ¢ noA ehydrodero @ dintenadd 18 meak @it radicd)YOHOUt i ne testing, to those
skilled in the art as not adversely affecting the inhibitory activity of

the inventive conpounds [Ilustrative exanples of suitable organic
noi eti es incl £ 8f Sl gidug* ‘ihem d {Mgéﬁ%e %‘?&éﬁ’%m M «“ gﬁ&’ﬁﬁﬂ?
OX0 groups, cyc yl “groups, erocyc oal groups, argl grotp

het er oar yl Sgr csuhsn,tutecﬁmpimc;rre&pso —~NH], groops wberemprane e metptocnf gﬂedlyldiogens is

al kyl thio grou l, kox 25 0 ou no groups,

al kyl ani no gr dgégceﬁchy & ‘R’Sﬁt{j ug)é %é%?%ﬁgﬂﬂvpes may su éﬁ“??‘i“hp@t ¥Foups,
het er oar yl t hi GbridgingPise., foftla hétérotycki€ rind bt%crnﬁ'é tHat ﬁ:@ﬁaés'tﬁé'ﬁﬂirne nﬁfoger?u' t abI e

substituent" is intended to nmean any suitable substituent tha
recogni zed or sel ected, such as through routine testing, by those 30

skilled in th &4 bl S b tglent s inel ude
hydr oxy group?‘ﬁa l|(>g U : 1§’ een ghel 'H’tc% mﬁ’ﬁ% l#i idnn al"f(i
01/ 10894 HOT/ ¢80P/ 21061 - 14

A “dialkylamino group” is intended to mean the radical -NR,R,, where R, and R, are
each independently an alkyl group.

15 An “alkoxy group” is intended to mean the radical -OR,, where R, is an alkyl group.
Exemplgry alkoxy groups include methoxy, ethoxy, propoxy, and the like. “Lower
alkoxy” groups have alkyl moieties having from 1 to 4 carbons.

An “alkoxycarbonyl group™ is intended to mean the radical -C(O)OR,, where R_ is an
20  alkyl group.

An “alkylsulfony] group” is intended to mean the radical -SO,R,, where R, is an alkyl
group. - .

25  An "alkylaminocarbonyl group" is intended to mean the radical -C(O)NHR,, where R,
is an alkyl group.

A "dialkylaminocarbonyl group" is intended to mean the radical -C(O)NR_R,, where R,
and R, are each independently an alky! group.
30 '



hal ogens, oxo groups, al kyl groups, acyl groups, sulfonyl groups, nercapto
groups, alkylthio groups, al koxy groups, cycloal kyl groups, _
het er ocyclweabisiogesgr oups, aryl groups, heteroaryl groupecTassidey groups,
am no groups, al kylam no groups, dialkylamno groups, carbanmoyl groups,
aryl oxy groups, heteroaryloxy groups, arylthio 5 groups, heteroarylthio
groups, and the like. The term"optionally substituted” is intended to
expressly indicate that the specified 'b’rbup is unsubstituted or
substituted by one or nore suitable substituents, unless the optional
substituents,a LA htd i mchycase the termindicates that
the 10 groupAi é’gﬁgﬁsﬁﬂgg%?t%tleg{%g!r!f[ds@gasntq]{lﬁ% \?\AH'E h the specified .
substituents. Various groups nmay be unsubstituted or substituted (i.e.,
they are optiopal l.y.subst,.tute as i ndicated. "prodrug” is intended to
mean a corrpo%ﬁaaq%ﬂé‘logrg“pcdﬁwtfpﬁ °Eff?5‘éﬁ'e %‘a’?tﬁl@g‘f'&? f%ﬂ#@‘%ﬂ@'or by

sol volysis or netabolically to a specified conpound that is 15
pharmaceutically active, A "pharmaceutically active netabolite” is intended
to mean & phAreaskesy SERuRaisiiptended te/meantheradisAlc CAPXMiced t hrough metabol i smin
t he body of a specified conmpound. 20 A "solvate" is intended to nean a

phar maceutical ly acceptable solvate formof a specified conpound that

retai ns the Ai'citagioybgrou"figintendedtomeanthesadi¢al «(@)NHRd. Exanpl es of

sol vates include conmpounds of the invention in conbination with water,

i sopropanol, ethanol, nethanol, DMSO ethyl- acetate, acetic acid, or

et hanol am neAn %iyléxy grbdp"iintniedtd medn tecaidabLOR, GRérk R, isanlaffi gRABd t0 mean a
salt that retains the biological effectiveness of the free acids and bases
of a spe]cﬂ fied conmpound and that is not biologically or otherw se

undesi rabl e. ﬁi%?é?ﬂiﬂr_fl SR&RAA toadd ¥ t s nbkﬂ'gl
sul f at es, py“}osul fa E?Dérgﬁgﬁlgf at-es, t sul %ﬂ%ﬁﬁg ?lﬁ“?‘g?%gh" Eshd()ﬁgg)ék]at S,

nonohydr ogerg®Wsphat es, di hydrdgenphosphat es, mnet aphosphat es,
pyrophosphates, 30 chlorides, brom des, iodides, acetates, propionates,
decanoat es, caprylates, acrylates, WO 01/10894 PCT/US00/ 21061 " -15
formates, i sablatylthixt greyp” dsintendddts meamthic 2akical SR, whiedpR ik ah &3] growpl at es,
mal onat Ny succi nates, suberates, sebacates, funmarates, nuleates,

but yne- I',74- di oat es, hexyne-1,6- dioates, benzoates, chlorobenzoates,

net hyl benzoa Yeeterslirylihid £IOE517i9 itéied to mean the radical -SR,, where R, is a heteroaryl

group.

The term "suitable organic moiety” is intended to mean any organic moiety
20  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
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,
25  carboxy groups, amino groups, alkylamino groups, dialkylamino groups, carbamoyl

groups, arylthio groups, heteroarylthio groups, and the like.

The term "substituent” or “suitable substituent” is intended to mean any suitable
substituent that may be recognized or selected, such as through routine testing, by those

30 skilled in the art. Illustrative examples of suitable substituents include hydroxy groups,

This Sheet Has Been Replaced
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hydr oxybenzoat es, net hoxybenzoates, phthal ates, sul fonates,
xyl enesul fonates, 5 phenyl acet ates, phenyl propi onates, phenyl butyrates,

citrates, | 3gbaifRges Y- hydroxybutyrates, glycollates, tartg@igfionios
nmet hane- suI fonates, propanesul fonates, naphthal ene- |-sulfonates,

napht hal ene- 2- sul f onat es, and mandel ates. If an inventive conpound is a
base, a desired salt may be prepared by any suitable 10 nmethod known in
the art, including treatnment of the free-B4se with an inorganic acid, such
as hydrochloric acid, hydrobromc acid, sulfuric acid, nitric acid,
phosphori c aci and_the | | r with an organi such as acetic
acid, maleic a@a’l%ger% Ners{R it o 8{‘%‘) EroBh JEY' &° I??’{Xfrﬁfques’dﬁ‘?’&am?r&lrmﬁ’c
acid, pyruvic gikylthio @epsC alkekyl ,grﬂlpﬁcejrdhfalky@%rdups SeletdeyélbAkyAC krdups, aryl
pyranosi dyl acid, such as glucuronic acid or "gal acturonic acid, a? 15
hydr oxy acid, &’8%" a}%et?,fPWPcBr%HPFd caFboxir STAVRSe HRiNG, 2w@hps: oalliylpminos lePa,s

aspartc 20! O Gl et BUEH, SRRy o BURASI Bl

et hanesul f ohi cgraupscihetcmatvhhogrdups, ahdtlmrhk_e nventive conpound is an acid, a
desired salt may be prepared by any suitable 20 nethod known to the art,
i ncluding treatnent of the free acid with an inorganic or organic base,

such as an aniTike fefh i“Optichall$ CARARMTY is ﬁfteﬂd@d Ttd @k’ﬁﬁsslyaﬂdﬁhtg%dt tﬂf«‘%ﬁécnl%ﬁ
mpl €5 o

al kaline earth nmetal hydroxide; or_the |ike l'ustrative exa
sui tabl e sal t SBFO¥S| %%b%?%?rcswawtsd 8% 10n¢ o1 ﬂiqf@) Ayiteblensubstitiicigs, sleks the

glycine and arqpiBhdl Substitanii e e 5&]2‘%5&2% Glﬂﬂf%aseatﬂg teél%r Bh%&tgstfiﬁﬂ R-ne

and cyclic am nes, such as pipe i ne
wel | as i nké gagwllp §a1n§l$bsdmtedv@'dsubsmte¢ m‘luhuhg smifmdwubsutmtsasvm groups

magnesi um nma al um, nu nd lithium In the
case of corrpour]ﬂ%g% %ﬁgﬁstx{u?egrorg%}%@ ééls(' tgﬁy%ﬁ@l’%ﬂaﬂgﬁ?i’sﬁ“f’@%aﬂﬂﬂéﬁtﬁ -00d by
those” skilled in the art that the inventive conpounds, salts, and sol vates
may exist in djfferenf .  This dSheet Has Been Replaced | 111111 thu 1111111
WO 01110894 P /P‘?é@@/ 35 éntended 1¢; meag, &t comppund that ig ¢onyertedander ahxsmlqrgxeaaded

to be within tBgdifeMPer Oy SHRONEESEN nddbSRANYOD 2 WfeciRACLILSSahOMRY 185

15  pharmaceutically active.

A "pharmaceutically active metabolite" is intended to mean a pharmacologically active

compound produced through metabolism in the body of a specified compound.

20 A "solvate” is intended to mean a pharmaceutically acceptable solvate form of a
specified compound that retains the biological effectiveness of such compound.
Examples of solvates include compounds of the invention in combination with water,

isopropanol, ethanol, methanol, DMSO, ethyl acetate, acetic acid, or ethanolamine.

25 A "pharmaceutically acceptable salt” is intended to mean a salt that retains the
biological effectiveness of the free acids and bases of a specified compound and that is
not biologically or otherwise undesirable. Examples of pharmaceutically acceptable
salts include sulfates, pyrosulfates, bisulfates, sulfites, bisulfites, phosphates,
monohydrogenphosphates, dihydrogenphosphates, metaphosphates, pyrophosphates,

30  chiorides, bromides, iodides, acetates, propionates, decanoates, caprylates, acrylates,



The inventive conmpounds may exi st as single stereoi soners, racenates,

and/or mxtures 5 of enantioners and/or diastereoners. Al such single

st er eoi songns1/1ogmcenat es, and ni xtures thereof are integdadornode wthin
the broad scope of the present invention. Preferably, however, the

I nventive conpounds are used in optically pure form As used herein, the
term"optically pure” is intended to neig a conpound conprising at 10

| east a sufficient anbunt of "a single énantioner to .yield a conpound .
having the desired pharnacological activity. Preferably, an optically pure

conpound of  fdimates)V sdbinPRtesC Bte €S h@;ttadoeé§t pRIDISIRLs, AoRifiey, Cmafolatey, (80%
enanti oneri c excess), nore pre erably at | east 95% (90%e. &.), even nore )

preferably aSucrisaiss sgherajos, (SSEwates, dumaratgs cmaleates, bplyaé-dAativagesahexyoed 16- 99%

98% e. e. ef th of and, t.

E)har(;raceut i c&]l f’yg’ ac g‘é‘%?éa‘%‘i e %Plﬁpo%p&égggr ug@wg%%%te‘het ab m’b@fomﬁﬂd

sol vat es havbydimtybp\zomesna\methixybm‘zoilues‘, y,phﬂﬁra&s pmfoaTtaé:)l »clygagtegmf&mésvl {ﬁl
activity, _ corres |ng ess .t or equal to P in the
ML HeLa cBl | P *F&Y‘?‘Eﬁ‘ assasgfny H’Pf%a'ﬁi"ef Shenylbubaiss meHTates, ¢ Hacttesmuiva |

conpounds  ar BydabxySutprates) Nhllydollates, aﬁn@k%és' nﬁﬁmaﬁ&anﬁna@ pe&b@&kéﬁ ﬁﬁﬁ&er red

enbodi nents of the invention have fornula I-b ~{
0 R2 o |-b wpaphthakene-]plfonates, Raphtialens-2omforsses, %nﬂdwdellamespem ally preferred
enbodi nents of 25 formula I-b, R is nono- or bi-cyclic heteroaryl.
Preferably, RZ is selected from unsubstituted, nono-substituted, and

di subst i t ut el abenveptiveycamgrsnd ida bese; hadesifdd saltShacbe prparBe &y angphistde | 111

(riel 10 method known in the art, including treatment of the free base with an inorganic acid,

such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid,

and the like, or with an organic acid, such as acetic acid, maleic acid, succinic acid,
mandelic acid, fumaric acid, malonic acid, pyruvic acid, oxahc acid, glycolic- acid,

. sahcyhc acid, pyranomdyl acid, such as glucuronic acid or galacturomc acid, alpha-
15 hydroxy acid, such as citric acid or tartaric acid, amino acid, such as aspartic acid or
glutamic acid, aromatic acid, such as benzoic acid or cinnamic acid, sulfonic acid, such

as p-toluenesulfonic acid or ethanesulfonic acid, or the like.

If an inventive compounci is an acid, a desired salt may be prepared by any suitable
20 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. Illustrat.ive 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,
25  morpholine, and piperazine; as well as 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

/
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Frrer el 1l W 01/10894 PCT/ LJS00/ 21061 -17 substituents are

i ndependently sel ected fromlower alkyl, |ower alkoxy, and halogen. R3 is
preferably akdwinogn- 9., 2-propyl, 2-nmethyl-2-propyl, or 2-poanisghziesipropyl)
or arylnmethyl (e.g., unsubstituted or substituted phenyl nethyl or

napht-hyl methyl). The variable R4 is preferably benzyl oxycarbonyl,

aryl carbonyl, or heteroaryl carbonyl, nore preferably heteroaryl carbonyl,
where the heteroaryl noiety is a five-merd8red het er ocycl e having from one
to three heteroatons selected fromO, N, and S. More preferably R4 is a
five-menbered bgtar gl of Whidhreindndedio R\Gitth heOd6pe M@E{%@%ﬂ Hvertish at

| east one oxygen heteroatom (e.g., unsubstituted or substitute

1, 2- oxazol yl ( pndespecifiedfornylas-y| ), 1, 3- oxazolyl (i.e., oxazolyl), or

oxadi azolyl (1, 2, 3-oxadi azolyl, 1,2,4 10 oxadi azolyl, or

1, 2, 5-oxadi azol yl); preferred oxadi azolyls are unsubstituted and

nononet hyl - sub¥he inwtreite tordpsndxmay aistlay bingle3teroitofier| taterRited, Bid/6nixtures

enbodi ments, th het er oar gpl ety is 3-1soxazolyl or 5-isoxazolyl, either
insubsti tuted 8¢ BAPGTE ARUET RFETROBRE- oAl sheh singls starepisemers; arcemetes, andom
met hyl and hal ggeies téteol afth iRl 1B within URL 'be‘”aFQ@é&goﬂ%‘é‘f ?ésgxﬁck Oéi‘mB?.e“

f I'a gl e to Tornulae

substituents. 15 Varying the group Y in formnu ves ri

| -c (pepti des)Prefergbly, bewerer.shainvensivy corapriinds are (ibedtin pptically pwefdm. wher e al |
vari abl es are -as defined previously: O A4 ~A3~p Al- -(A2)m 4 RB Ry O
CRSR6 1 Re R~ N/R HR9OzHR-0RI-c O

As used herein, the term "optically pure" is intended to mean a compound comprising at

10 least a sufficient amount of a single enantiomer to yield a compound having the desired
pharmacological activity. Preferably, an optically pure compound of the invention
comprises at least 90% of a single isomer (80% enantiomeric excess), more preferably
at least 95% (90% e.e.), even more preferably at least 97.5% (95% e.e.), and most
preferably at least 99% (98%c.c.). '

15
Preferably, the compounds of formula I and their pharmaceutically acceptable salts,
prodrugs, active metabolites, and solvates have antipiéornaviral activity, more
 preferably antirhinoviral activity, corresponding to an EC,, less than or equal to 100 uM
in the H1-HeLa cell culture assay.
20

In preferred embodiments, the formula I compounds are of sub-formula [-a as defined

above. Especially preferred embodiments of the invention have formula I-b:

0,
NH

rR® (o}
R4 1
~ N/kn/Y\/u\ ” R
o 2 o) I-b

where R' through R are as defined above. In especially preferred embodiments of

2 fie

25 formula I-b, R' is mono- or bi-cyclic heteroaryl. Preferably, R? is selected from

unsubstituted, mono-substituted, - and disubstituted benzyl groups, where the

-
—
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(AQ"p AI- -(A2)m RBRBOCRSR6 R~ YOR HRO HR7 0O R Ol-d WO 01/10894
PCT/ US00/ 21061 -18- (A3)p Al- (A2 m R38 ORBRB R RNCRy)z NRH HRO H
+FV O R2 Gwbomosysef erred enbodi nents of fornula |-a arerpshwss/ziesif or nul ae

|-f, I-g and I-h below. a (e)p O0-"i ~. 1---(A2)m R3 R 0O CRGRB N! R N
=HoR2oOoI-f 0AM (AB)PR30RRE RANO~-ANY R oR2Ii ol-g 0'1A
(A3)p Al --- (A2), 17-

substituents are independently selected from lower alkyl, lower alkoxy, and halogen. R?
is preferably alkyl (e.g., 2-propyl, 2-methyl-2-propyl, or 2-methyl-1-propyl) or
arylmethyl (e.g., unsubstituted or substituted phenylmethyl or naphthylmethyl). The
variable R* is preferably benzyloxycarbonyl, arylcarbonyl, or heteroarylcarbonyl, more

5  preferably heteroarylcarbonyl, where the heteroaryl moiety is a five-membered
heterocycle having from one to three heteroatoms selected from O, N, and S. More
preferably R is a five-membered heterocycle having at least one nitrogen heteroatom
and at least one oxygen heteroatom (e.g., unsubstituted or substituted 1,2-oxazolyl (i.e.,
isoxazolyl), 1,3-oxazolyl (i.e., oxazolyl), or oxadiazolyl (1,2,3-oxadiazolyl, 1,2,4-

10  oxadiazolyl, or 1,2,5-oxadiazolyl); preferred oxadiazolyls are unsubstituted and
monomethyl-substituted 1,2,4-oxadiazolyl. In especially preferred embodiments, the
heteroaryl moiety is 3-isoxazolyl or 5-isoxazolyl, either unsubstituted or substituted
with one or two substituents selected from methyl and halogens, with chlorine and
fluorine being preferred halogen substituents.

15 :
Varying the group Y in formula I gives rise to formulae I-c (peptides), I-d

(depsipeptides), and I-e (ketomethylenes), where all variables are as defined previously:

o§( A“an)p

A1~ =(Adm

| R®
R N R
RS N &7
0 R R

. o A4\
SAS)p

A1 -= (Az)m
R® 0 CRR®

Rﬂ
P by
H Rgo H R

R2 o) I-d

I-c

RS



R30CRSRB R., C(RY)2 RL ~jy O Rz O I-h In the conmpounds of fornul ae
l-c, I-e, I-f, and I-h, R"' is preferably Hor methyl. Preferred specific

conmpounds i %mﬁ;sg“hose of. the Exanpl es bel ow, especial | y:pd#ddoosoly O N N N
QHIQ ONNSNS5HOOONHO- | 0 and F WD 01/10894 PCT/ USO0/ 21061 -19
I n anot her aspect, the invention is directed to internedi ates of fornula
I1, preferably of the sub-fornula il-a, which are useful in the synthesis
of. various conmpounds of formula |: R5 OIBAU A++\Al (CH2)4 . CR+4+R+e2
R56 e N CR2RS3R$4 ~N CR 2fft5'" R55 Il Re Il-a 5 wherein all variables are
as defined above. Preferred R55 and qu‘groups are H and suitable
protecting groups for nitrogen, for 3( nm,g Boc (t-butyl oxycarbonyl), Cbz
(benzyl oxycarbonyl ), FMOC (fl uorene- n?/[ oxycar bonyl ), other

al kyl oxycarbonyls (e. g met hyl oxyca/r bony and trityl (triphenyhnethyl).

O her suitable ni troge -pr ot eqthng Bups may be readily sel ected by
artisans (see, e.g. R\W %)]\
H R7 .

I-e
Preferred embodiments of formula I-a are shown in formulae I-f, I-g and I-h below:

N,

A1'"(Az)m
o CR"’R‘

F’ I-f
o Ay

~

R N/k!.l/

(Aa)p
A" i (Aa)m
cn‘-‘n‘

ey

A,
Ag),
?1- =~(A2)n
(o} CRR®

Hym

In the compounds of formulae I-c, I-e, I-f, and I-h, R is preferably H or methyl.

I-g

w
%lh

I-h

Preferred specific compounds include those of the Examples below, especially:

and F



10 Wits, Protecting Goups in Chemical Synthesis (31 ed.), John Wley &
Sons, NY (1999)). Preferred groups for RS2, R53, and RS4 are H, al koxy,
hydr oxy, ogoboiges, OR59, and suitable protecting groupgcraseeashonyl or
hydroxy. A preferred protecting group for hydroxy is t-butyldi nmethylsilyl
(TBS). 15 Preferred exanples of the fornula 11 useful as internediates

I ncl ude the foll ow ng: WO 01/10894 'PCT/liJ 00/ 21061 -20 cH30 ocH3 cH30 ocH3
rr:rar ONONGCH3 Boc,N OH Boc, N N, 0O HOHOCHOalCCH3 H ONO N
NN Nr I Boc'NSBoc~-NSOHOand H3COOCH3 ONN Boc,Nf S. H CH and
phar Maceut i cgd kiR EHRARL veRidnSis URERROD intcmElfeR LE R I0\RALEAY S 2 SO
directed to a nethod of inhibiting picornavirat 3C protease activVity, _
conpri si ng cthesub-famuylatha whidy ase usefuliin the synthesisof varians sowpoinds 6f fermdapound
of formula §, or a pharmaceutically acceptable salt, prodrug,
pharmaceutically active netabolite, .or solvate thereof. For exanple,

pi cornaviral 3C protegse activity nmay be inhigtited in mammalian tissue by
adm ni stering a comnpou A% formula | or /

(A1a)q
A, (CHa)g
c§.“1 R“‘z
R R-"‘\
N CRS2RSIRS4 T CRIZRSRS
R®® I R%® [I-a

5 . wherein all variables are as defined above. Preferred R* and R* groups are H and
suitable protecting groups for nitrogen, for example, Boc (t-butyloxycarbonyl), Cbz
(benzyloxycarbonyl), FMOC (fluorene-9-methyloxycarbonyl), other igllgyldxycarbonyls
(e.g., meihyloxycarbonyl-)', and trityl (triphenylmethyl). Other suitable
nitrogen-;larotecting groups may be readily selected by artisans (see, e.g., Greene and

10  Wuts, Protecting Groups in Chemical Synthesis (3@ ed.), John Wiley & Sons, NY
(1999)). Preferred groups for R®, R®, and R* are H, alkoxy, hydroxy, carbonyl, OR*,
and suitable protecting groups for carbonyl or hydroxy. A preferred protecting group
for hydroxy is t-butyldimethylsilyl (TBS).

15  Preferred examples of the formula II useful as intermediates include the following:



10 pharmaceutically acceptable salt, prodrug, pharmaceutically active
metabolite, or solvate thereof. Mre preferably, the present nethod is
directed at weobhi/fagés Ng rhinoviral protease activity. Thi spciimgsat2toas Been
Replaced | L1LELEL T Erer reer el 1l W 01/10894 PCT/ USOQ 21061 -21
"Treating"” or "treatnment” is intended to nean at least the mtigation of a
di sease condition in a mammal, such as a human, that is alleviated by the
inhibition of the activity of one or moré pi cornaviral 3C proteases, such
as human rhinoviruses, human poliovirus, human coxsacki eviruses,
encephal onyocar di ti gugol r Us€Sochagni ngitis virus, 5 and hepahidi s
and includes: (a) proph ic treatnment in a mammal, partic
the manmal is found t oA gredi sposed to having the disease _eapa tion but
not yet diagnosed as having it; (b) inhibiting the disease clondition;
and/or (c) alleviagpfly, in whole or in part, the disease ition. 10 The
activity of the invekgti/ve conpounds as inhibitors of piconmd al 3C

y be measured by any of the suitable
'}, including in vivo and in vjtro assa

protease activity et ppods known to
t hose skilledigth d‘t AN :
exanple of a surt assay for activity measurenments oty Mhe mrt‘i"'i?i ral

H - HeLa cell cultilfe @ssay described herein. 15 Admi ni stHatigon of the |
conpounds of the fornula | and their pharmaceutically acceptable prodrugs,
salts, active net ab@isPies afBHsol vates nay be perforned according to any
of the generally accept pdes of admi nistration available to those
skilled in the art. | gstrative exanpl es of suitabtl_le nodes of

adm ni stration includg oral, nasal, parenteral, topgcal, transdermal, and

rectal . Intranasal® ery is preferred. 20 An P/@éndi ve conpound of
formula | or a phar

utigahly acceptable salt, pr ug, ~Aactive
netabolite, or solvfite N @ may be adm ni steredfas '@ aceut i cal
.conposi tion i nBexR etifi cal form recognagabll tdlt 3\ kil'led artisan
as being suitabl % i t &bl e pharmaceutical for ng i £l u8e solid, senisolid,
izl 25 fornukations, such as tabl®ts, powders, cagdul es,

liquid, or |yophi
suppositories, susg%eai ons, &iﬂ_gosomes,

w 5D

OH ~; and pharmaceutically acceptable salts thereof.

—a

Irz

5  The present invention is also directed to a method of inhibiting picornaviral 3C protease
activity, comprising contacting the protease with an effective amount of a compound of
formula I, or a pharmaceutically acceptable salt, prodrug, pharmaceutically active
metabolite, or solvate thereof. For example, picornaviral 3C protease activity may be
inhibited in mammalian tissue by administering a compound of formula I or a

10 pharmaceutically acceptable salt, prodrug, pharmaceutically active metabolite, or
solvate thereof. More preferably, the present method is directed at inhibiting rhinoviral

protease activity.

This Sheet Has Been Replaced




and aerosol s. Pharmaceutical conpositions of the invention nmay al so include
suitable excipients, diluents, vehicles, and carriers, as well as other
phar maceutwegaisiggesact i ve agents, dependi ng upon the i nt eotwsoozsesior node of
adm nistration. In preferred enbodinents, the inventive pharnaceuti cal
conpositions are delivered intranasally in 30 the form of suspensions.
Thi s Sheet Has Been Repl aced 1111111111}%11 L0 ~rr. WO 01/10894
PCT/ 11800/ 21061 -22 Accept abl e net hods“of preparing suitable .
pharmaceutical forns of the pharmaceutical conpositions nmay be routinely

det er m ned byT/eiRge o¢iehidnt s tiltenddlitto i 2X1RAH!tRe milghRbATE Hiseak
preparations may be prepared follow ng conventional techniques of the 5
phar maceut i ceenditiparina mamingl, shehyassa byman; thay is alleyiated by the inhibition; ofgthe and
conpressi ng | , L X] o fil L d

di ssol vi ng tﬁ%ﬁ&?gﬁﬁéaé E&Fnaa%%%igg?ré{gge%&t%%?%ﬁaﬁghﬁé{g%%g’burno ucts
for oral, papdivvirns hunianmorsackievinkesaeagphaitmyocarditisaviases, , méenixigitisowious; hi al |
i ntraocul gar, intraaural, .and/ oy .rectal mnistration, 10 Solid or |iquid
phar macew? i ¢34 @él?f&&% apve é”é‘{ r‘ﬁ“’_i‘f‘ie?’ d&? u@'ﬂf@f‘*@‘éh‘?@%@,‘ 18ra aRmBilent s
may be enpl o%x@dcmamyt Blerd i FRARIA i€ Fbun@OIEPBS iprddiypdsed! ol hiirgR eV @issit | d
carriers include starch, |actose, calciumsulfate di hydrate, terra al ba,
sucrose, t al eondifien &u not yejadiagnased gebaving it; (binhibiting thesditeaseronditionsdndforar i c
acid. Il1lust [ L1 qui i | p, peanut oil, olive oil,
sal i ne sol ut(cgal?ewgﬁhé’%?@?g%ﬁ'ﬁﬁ;% Plgérag%‘?ongl)qog'ent may include a suitable
15 prol onged-rel ease material, such as glyceryl nonostearate or glyceryl

di stearate, alone. .or with a wax. Wien,a |iqui.d catrier i.,s ed, the

pr epar at F‘gn ﬁ%?ya%’é{“? r?f\t,¥h% aasia eof°’%?°“§‘§fr B IO PY PERTRY ﬁ% B¥aSYel atin
capsul e, st edetivity ingy 66 hivBdueed byl Gf {HR sGitablSMEMbA hown b tifbse SQMRAGHIRG!S OF
aqueous |iquid_suspension. 20 A dose of the pharnmaceutical conposition

contains at Fedraluding irovaandin virq 4ssayss dax ppmplegfrusvitable asspe faacHviy
compound (i . ReasuRmeATRAHE tafmufmr.ﬁwaacehceﬁuraagg,aaemg@' hefegl |y acceptabl e
salt, prodrug, active netabolite, or solvate thereof), and preferably is
made up of one or nore pharmaceuti-cal dosage units. The sel ected dose nmay

be adm niSSt e;&&ginistration of the compounds of the formula I and their pharmaceutically
acceptable prodrugs, salts, active metabolites, and solvates may be performed according
to any of the generally accepted modes of administration available to those skilled in the
art. Illustrative examples of suitable modes of administration include oral, nasal,
parenteral, topical, transdermal, and rectal. Intranasal delivery is preferred.
20
An inventive compound of forrm.lla I or a pharmaceutically acceptable salt, prodrug,
active metabolite, or solvate thereof may be administered as a pharmaceutical
composition in any pharmaceutical form recognizable to the skilled artisan as being
suitable. Suitable pharmaceutical forms include solid, semisolid, liquid, or lyophilized
25 formulations, such as tablets, powders, capsules, suppositories, suspensions, liposomes,
and aerosols. Phanna.ceutical compositions of the invention may also include suitable
excipients, diluents, vehicles, and carriers, as well as other pharmaceutically active
agents, depending upon the intended use or mode of administration. In preferred
embodiments, the inventive pharmaceutical compositions are delivered intranasally in

30 the form of suspensions.
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to a mammual, for exanple, a human patient, in need of treatnent nediated by
I nhibition 25 of picornaviral 3C protease activity, by any known or

sui t abl e nmety@ehfikegadm ni stering the dose, including: toppceidonsziobOr
exanpl e, as an ointment or cream orally; rectally, for exanple, as a
suppository; parenterally.by injection; or continuously by intravaginal,

I ntranasal, intrabronchial, intraaural, or intraocular infusion. This Sheet
Has Been Replaced 11111111111111 | | N 1-#211111 WO 01/ 10894 PCT/ USOQ 21061
- 23 A "therapeutically effective ambunt” is intended to nean the anount
of an inventive agent that,. when adm nistered to a manmal in need
thereof, is sufficient to effect treatnent for disease conditions

al'l evi at ed by Abwepiableirhéthdds of gfephisg mbmiphmema fofms 6f0the aaxﬁﬁemwr al
3C proteases, such as huma rhlnow‘{uses, human pol i Qvi r us, ﬁ

coxsacki evi r usEEIPOSHHERs WAy W%@Fléﬁ %mmeﬁ&yébosen%megdwhwt §ﬁﬂe¥?@ﬂi&?»l tis
Avirus. The anRgicuttl frefiritihs ST bl K5iVehiRUhal @nidhlel be B

therapeuticall'y effective vary end| ng up actors suc
particul ar i:onml@m@eut!qabcmnsﬁas\@l\owdcps such aamixmg,egramﬂamgl yndt ¢ompreskingt he

i dentit ft her eof t |
Lle'?grlm' %eg byh‘glr1 g ggn ar&%ﬁ%ﬁﬁlﬁ&ﬁ e&l 'F'P‘E&gr '}goﬁn‘i]glsfmi%ﬂﬂlg}ft‘{"gﬁl‘]fd’jle&% %asal
del i very of thipprdpvielal m/gueomamefm protduct$ F&a6MAE Nparediterdl idpicdl, rﬁtra\va@hﬁpt I ons

may |ncludeacoar:§o gwjrulal that is_ mcronized to a reduced
particle size PHaLgSE, 8 %‘} > &WrResHlar, intrasural; andfor sestal administrptign. of  from

about 0.01%to about 2% of the active conpound, preferably about from 0.2%
to 15 2%_An exenplary nasal formulation is as follows: 2.0 weight percent
of m croniPed Satigmsdigwd piarmagenti¢ally Iaces,ptablezcamerghdlhpms,cmhﬁclst on exdipients e  Of

m crocrystalli th cel 0se S

Avi cel >IéC/ CL); 'H%t%eév@ %@%@?@H@%e&?% CB'BF%% t s%“’eﬁglﬁjl ("ﬁﬁgl“ﬂ%r cent
of di sodi um etstayéhg thzbsanalmntsalfmadﬁgﬂﬁteete(ﬁﬁlw sucro@e @ﬂc,\gﬁlaﬁﬂtpeaﬁf @6difa, Of
benzal koni um chl ori.de sol uti O‘{; BzCl) ; I ght ercent of

9% .
dextrose (anhytfegERY™ sigAtgic,ap "&'F'dpuﬁ pstralive R&?‘@Famefs include syrup, peanut

oil, olive oil, saline solution, and water. The carrier or diluent may include a suitable

15 prolonged-reléase material, such as glyceryl monostearate or glyceryl distearate, alone
or with a wax. When a liquid carrier is used, the preparation may be in the form of a
syrup, elixir, emulsion, soft gelatin capsule, sterile injectable liquid (e.g., solution), or a

nonaqueous or aqueous liquid suspension.

20 A dose of the pharmaceutical composition contains at least a therapeutically effective
amount of the active compound (i.e., a compound of formula I or a pharmaceutically

. acceptable salt, prodrug, active metabolite, or solvate thereof), and preferably is made

up of one or more pharmaceutical dosage units. The selected dose may be administered

to a mammal, for examplé, a human patient, in need of treatment mediated by inhibition

25  of picornaviral 3C protease activity, by any known or suitable method of administering
the dose, including: topically, 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.

This Sheet Has Been Replaced
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GENERAL SYNTHESES 25 The inventive conpounds of fornula | may be

advant ageously prepared by the nethods of the present invention, including
t he gener avooriokiads descri bed bel ow. In each of these gemesmlioset hods, the
vari abl es are as defined above. This Sheet Has Been Replaced I11I1I1111 ~
~I1irrr~~ 1~i~1. W 01/10894 PCT/ US00/ 21061 -24 \Wen stereochem stry is
not specified in chem cal structures, ei't her stereocenter may be utilized.
The foll ow ng abbreviations al so apply: Boc (tert-butoxycarbonyl), Ac .
(acetyl), - Cbz (benzyl oxycarbonyl), and Tr (triphenyl nmethyl). General Schene
|+ PI_PL PL AGufdebiichlly Qrdive et NHidnded tohlln e Ghiotht of 0 Fblndive H O H O
HO 5 ABCIn this general synthesis schene, an am no aci (prepared by
st andar d pepagenicthat ovheh iadginissered to ermaramal by needttherdef, i enfficiemt toheffeat t ) |

-where Pt is an, appropt.iate protectin [ oup .f.or...nit en.(e. Boc or Ac)
and Ris a stﬁﬁaf'ﬁ%\gé‘mgér'ﬁeﬁﬁ tonFEeat éﬁe gedlgby %8 'EB&’-“E'—’ L°£ ! Lﬂcﬁ%ﬁl ?f oneor
transfor ned mode@iddéianiral3CprbEsses) sudhoasintiad ridnovirubésCingdh polibVirusQhufacess of
an organometal lic reagent (e.g., an_alkyllithiumor Gi &réar d . reagent) to
provi de pt odt9¥Eackievinses, iipecppRlomyocardifis 1Arusks, (RELRAYIES: d dep#isgh oiBiSpr esent
in Cmay be mxehRR06S ditth BMhpAiddcir ﬁvé&ioﬂﬁﬁeaaﬁwméﬁpamcaxﬁoafe%&éﬁanged
for Ac). CGeneral Schenme 2. P1"P1 P1 NH CN

will vary depending upon factors such as the particular compound, the disease condition

and the severity thereof, the identity of the mammal in need thereof, which amount may

be routinely determined by artisans.

10
By way of illustration, a formulation for nasal delivery of the inventive compounds for
treatment of rhinoviral infections may include a .compound of formula I that is
micronized to a reduced particle size in a suspension containing a final concentration of
from about 0.01% to about 2% of the active compound, preferably about from 0.2% to
15 2%.

An exemplary nasal formulation is as follows: 2.0 weight percent of micronized
compound of formula I-a; 1.2 weight percent of a mixture of microcrystalline cellulose
and carboxymethyl cellulose sodium (e.g., Avicel RC/CL); 0.1 weight percent of

20 polysorbate 80; 0.01 weight percent of disodium ethylenediamine tetraacetate (EDTA);
0.02 weight percent of benzalkonium chloride solution (50 wt.% BzCl); 5.0 weight
percent of dextrose (anhydrous); and balance of purified water.

L4

GENERAL SYNTHESES

25  The inventive compounds of formula I may be advantageously prepared by the methods
of the present invention, including the general methods described below. In each of

these general methods, the variables are as defined above.

—_—
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| P2.NOH - P29 NOCH3 P2 NZ HOHNHOHODEF1P, P1LONHNH R-NZ
H2ZN Zz H OO 15 C G WD 01/10894 PCT/US00/ 21061 -25 An alternate method of
preparing predugiosds | S depicted above. In this general netgadgsoygiasno aci d
D (prepared by known nethods), where P 1 is an appropriate protecting
group for nitrogen (e.g., Boc or Ac) and P2 is an appropriate orthogonal
protecting group for nitrogen (e.g., Cbz), is transforned into Winreb
ami de E. Conpound E is 5 treated with an-&cess of an organonetallic
reagent (e.g., an al kyIIithi umor Gignard reagent) to provide

e’ ooul t1 g WimhgertschB R S bt Sodtisdin BeRE bolcirss, pind: SERoater v e,
suitabl e or ganmhzm)l eme (oﬂo@mg SBbzeviatiofs! also Pipply: tmca(tér@-lbdtoﬂf'é&%bﬁ&l),CAcAS

descri bed aboyve, ni trogen protecting grou resent in C may be
exchanged at t@ﬁ%ﬁb&%ﬁﬂb%ﬂoxmbawlhwﬂh@&lﬁm nﬁg’é’sssar y (e.g., Boc

exchanged for Ac). daoal Sdhemgehene 3: P3 P3 23 ONHONHONH 10" OCH3 O
RAN OH R N N. ©' CH3 RKNZ HOHOHHI J 1

JL/[n,OH — /U\/gf T — RJOLN/[Wz

5 A B Cc

In this general synthesis scheme, an amino acid A (prepared by standard peptide

coupling conditions and/or methods known in the art), where Py is an appropriate

. protecting group for nitrogen (e.g., Boc or Ac) and R is a suitable organic moiety (e.g.,

10 Cbz-L-Leu-L-Phe-), is transformed into Weinreb amide B. Compound B is treated with

an excess of an organometallic rcagent. (e.g., an alkyllithium or Grignard reagent) to

provide product C. At this point, the P; nitrogen protecting group present in C may be
exchanged for an altemnate if necessary (e.g., Boc exchanged for Ac).

General Scheme 2:

N 1 P1

NH NHCH3 NH
Pa. /[n/OH — 'Pz\N/[n/rLo,CHa — P /[n,z

H ) ‘ H o H o

D _ E F

"I:I ?1

o NH NH

R’U\N/[n’Z -— HzN/[n/z

H o

15 c .G



ONH ORNZ HO K15 In this general process, an amno acid H (either
comercially avail able or prepared by standard peptide coupling conditions
and/ or mnetwodsidkswown in the art), where P3 is an appropcrase/zpet ecti ng
group for the amde nitrogen (e.g., Tr) and Ris any suitable WO 01/ 10894
PCT/ USO0/ 21061 -26 organic nmoiety (e.g., Cbz-L-Leu-L-Phe-), is transforned
into Weinreb amde 1. Conpound | is trgated with an excess of an
organonetal lic reagent (e.g., an aIkyITifhlun1 or Grignard reagent) to
provi de product J. If necessary, the P3 protecting group present in Jis

t hen re”DVEdAhﬁlt&Bzfté’ﬁﬂﬂ@HQﬂgﬁklaﬂﬁf ‘ﬁarea@&epﬁeéa%avé Inis génelat nigthod) NH O
NH ONH ONH clb P2 ----~P2,N 7z H2NZ HOHO OLM

N O ?3 0 NHzmigo NFid D (prepradiby. krwm rgethags)s| wber«PtL;cs. mamromwtmugmod of
DL eReri 9 e RS Mo B PR o boe By PR " "
group for nitrogen (e.g., Cb2), is transformed into Weinreb amide E. Compound E is
5 - treated with an excess of an organometallic reagent (e.g., an alkyllithium or Grignard
reagent) to provide intermediate F. The P, protecting group present in F is then
removed, and the resulting amine G (or salt thereof) is derivatized (coupled) with a
suitable organic moiety (e.g., Cbz-L-Leu-L-Phe-) to afford product C. As described
above, the P nitrogen protecting group present in C may be exchanged at this point for

10  an alternate if necessary (e.g., Boc exchanged for Ac).

General Scheme 3:

s o b
O _NH Ox_ _NH Ox_ . NH
I Lo — AL . 1
OH :
R™ N R” N N‘o’CH“ R)LN z
H & H o H o
H 1 J
O NH>
' A
RN Z
H o
K

15  In this general process, an amino acid H (either commercially available or prepared by
standard peptide coupling conditions and/or methods known in the art), where P3 is an

appropriate protecting group for the amide nitrogen (e.g., Tr) and R is any suitable



where P3 is an appropriate protecting group for the am de nitrogen (e.g.,

Tr) and P2
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propriate orthogonal protecting group for nitrogen
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(e.g., WO 01/10894 PCT/ USOY 21061

-27 Cbz-L-Leu-L-Phe-) to afford product

J. As descri bed above
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15

in J is then removed to afford product K.

ml_s.sb_em_%:
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An alternate method of preparing products J and K is shown above. In this general
method, amino acid L (either commercially available or prepared by a known method),
where P3 is an appropriate protecﬁng group for the amide nitrogen (e.g., Tr) and Pz is
an appropriate orthogonal protecting group for nitrogen (e.g., Boc or Cbz), is
transformed into Weinreb amide M. Compound M is treated with an excess of an
organometallic reagent (e.g., an alkyllithium or Grignard reagent) to provide
intermediate N. The P, protecting group present in N is then removed and the resulting

amine O (or salt thereof) is derivatized (coupled) with a suitable organic moiety (e.g.,



5V WIn this general nmethod, am no al cohol P (prepared by known nethods)
where P3 is an appropriate protecting group for the am de nitrogen (e.qg.,-
2, 4-di met payhemayl ) and P2 is an appropriate orthogonacrusei»aati ng group
for nitrogen (e.g., Boc or Cbz) is oxidized to aldehyde Q This
internediate is then further oxidized to carboxylic acid R, which is WO
01/10894 PCT/LTS00/ 21061 -28 subsequenEJ’y transforned into Wei nreb am de
S. Conpound S is treated with an excesS<’0of an organonetal lic reagent
(e.g., an. alkyllithiumor Gignard reagent) to provide internediate T.
The P3 prot ecbt.meqrmﬁ-)%aasgi ]zx‘oﬂuc-{.l'. SAd BRBBarmYRd ﬂ?@gi g#a?ecﬁﬁé gllobgng

amde Uis further deprotecte by renoval of the P2 pr cting group) to
af f ord am neptesé¢npin JKia then rdngoved to affibrd prothect Koifineessaly. i s t hen derivati zed
(coupled) with a suitable organic noiety (e.g., Cbz-L-Leu-L-Phe-) to
afford product W General Schenme 6: 0 P3 0 P3 0 P30 NN?NM NH OO P2. N
Z H2N Z -~ R&kheralBéne 31 0O HOH O T XY W 10 An alternate nethod of
preparing product Wis depicted above. In this general process,
internediate T (descli bedyabove), wher e PBF,F?S an appr opr ioqt e 3 ot ect i ng

group for the ani de W-tNogen (e.g., 2, nmet hoxybenzyl) P2 is an

appropriate orthogonal rotecting gro r nitrogen (e gnBoc or Cbhz),
is deprotected by r | of the P2 plotecting grou gi ve am ne (or
salt thereof) XrF.CoMQo X—isot heT HET IR | zod-d5 (Fg Hwith a

sui tabl e organic iety (e.g., Cbz-LHLeyL-Phe-) to afHorg internediate Y.
The P3 protecting group present in Y is then renpoved to provide product W
WO 01/ 10894 PCTI USO0P21061 -29- Cener@l Schene 7: R

) o, M
NH N N
Pae z — B, — ,CHy
2~y 2N z Pa<n N
H o Ho§ H
U : T
! 0 '
NH NH
e A
z - z
HoN R” N
) H o

5 \'/ W
[n this general method, amino alcotiol P (prepared by known methods) where P3 is an
appropriate protecting group for the amide nitrogen (e.g., 2,4-dimethoxybenzyl) and P
is an appropriate orthogonal protecting group for nitrogen (e.g., Boc or Cbz) is oxidized
to aldehyde Q. This intermediate is then further oxidized to carboxylic acid R, which is



OP3 OP3 OP3 NNN P2-1 NZ-.~P2NZHNzZHOHOBKHO TZA 00Z
P3 p P3?NIHNN OOp RNRANZRNZHOHOHOHd WY BB An additional
al ternate saohgdhidgey preparing product Wis depicted abovepctioudonbfiredi at e
T (prepared above) where P3 is an appropriate protecting group for the

am de nitrogen (e.g., 2,4-dinmethoxybenzyl) and P2 is an appropriate
orthogonal protecting group for nitrogen (e.g., Boc or Cbz) is reduced to
al.cohol Z. The P2 protecting group presed8-in Z'i's then removed and the
resulting amne (or salt thereof) AA is derivatized (coupled) with a

sui tabl e organms%gﬁhy"&g%gm?d% nlc'ja % Yiia §eCéthn%le ign‘trf 8eéjWB-€t eryrrgdl ate

BB. At this point errvatize necess ary I ng

any protecti ngogammmnmaamntre(gehhferg,t b}aalkE?Bi)hnamdorCGﬂgdmmgeagBM? chl(ﬁfd%%em |
S) Wt

unprotected rea t|v rpup e am nes or al cohg

sui t abl e or gant®® thtLilnathet H’%BW&‘P BB“PeﬁtrE'F‘ﬁ’é“Gla&f’Q? TEWRHS al |

appropriate de Fyda

performed to glﬁr\*}l\eaetlye%one Ygeé%m&ﬁ%ﬁg%? gg@%"g‘%‘%ﬂ‘ﬁ gg&' @2 “Te

t hen renovell tr palt)thmtet)pf ohitmhedute ms(ﬂiehlﬁﬂ%mmhiﬂ%)/ﬁﬂlﬂ@émtab@%ga%ner al

Schene 8: P1 Pl Pl N‘-I f}\ll} R'~NN--- R NCHyBr z
~Phe-) to aftor productW

olety (e 2., €bz-L-Leu-L

General Scheme 6:

T . X Y W
10 An alternate method of preparing product W is depicted above. In this general process,
intermediate T (described above), where P3 is an appropriate protecting group for the
amide nitrogen (e.g., 2,4-dimethoxybenzyl) and P; is an appropriate orthogonal
protecting group for nitrogen (e.g., Boc or Cbz), is deprotected by removal of the Py
protecting group to give amine (or salt thereof) X. Compound X is then derivatized
15  (coupled) with a suitable organic moiety (e.g., Cbz-L-Leu-L-Phe-) to afford intermediate
Y. The P3 protecting group present in Y is then removed to provide product W,



HOHOHOACDD1PL NH ORANCH0O(COA HOEE In this nethod, an
am no acid A (prepared by standard peptide coupling conditions 5 and/or
met hods) , wbei/figdd i S an appropriate protecting group forcniussegen (e.g.,
Boc or Ac) and Ris any suitable organic noiety (e.g., Cbz-L-Leu-L-Phe-),
Is transforned into diazo conpound CC. Conpound CC, in turn, is converted
to the bromde DD. This internediate |$ subjected to a dISp| acenent
reaction enploying a carboxylic acid nb % to afford product EE. At this
point, the P nitrogen protecting group present in EE may 10 be exchanged
for an alterggh&alisehdgcpessary (e.g., Boc exchanged for Ac). WO 01/10894
PCT/ US00/ 21061 -3I- Ceneral Schene 9: P3 P3 P3 O NHO NHO NH P2, N CH

-+ P2,N N2 P21 N CH26| ~PsH O HO H O oL FFPsGG P3 P3 P3g O N O'NH O NH O
RAN CH20(CO A, ~ - H2NNEHPO(CO Ar P2. N cO) Ar Ho/gs

T Z AA

o) o s o Ps
NH N N
X R i
Z —ee B
N R” N z RJLN z
H o H o H OH

W . Y BB

An additional alternate scheme for preparing pi'oduct W is depicted above.
5 Intermediate T (prepared above) where P3 is an appropriate protecting group for the
amide nitrogen (e.g., 2,4-dimethoxybenzyl) and P2 is an appropriate orthogonai
protecting group for nitrogen (e.g., Boc or Cbz) is reduced to alcohol Z. The P>
protecting group present in Z is then removed and the resulting amine (or salt thereof)
AA is derivatized (coupled) with a suitable organic moiety (e.g., Cbz-L-Leu-L-Phe-) to
10  afford intermediate BB. At this point, BB may be further derivatized if necessary by
removing any protectin'g groups present (other than P3) and coupling any and/or all
unprotected reactive functional groups (e.g., amines or alcchols) with suitable organic
moieties to afford additional BB intermediates. When all appropriate derivatizations of
BB have been completed, an oxidation is performed to give ketone Y. The P3

15  protecting group present in Y is then removed to provide product W.



JJ Il HH ONH2 o RAN CH20(CO Ai O KK In the above-illustrated. nethod,
an amno acid L (either cormmercially available or 5 prepared by known

met hods), WRgh Bi/figes S @an appropriate protecting group for ddigusaii@é
nitrogen (e.g., Tr) and P2 is an appropriate orthogonal protecting group
for nitrogen (e.g., Boc or Cbz), is transforned into diazo conmpound FF.
Compound FF, in turn, is converted to the chloride GG This internediate
is subjected to a displacenent reaction -8fploying a carboxylic acid noiety
to afford internediate HH The P2 protecting group 10 present in HHis then

rembved and tw_am’ ne (or salt thereof) Il is derivatized WO
01/ 10894 PCT/ =32 (coupled) with a suitable organic noiety
(e.g., Cbz-L-Leu-L-Ph&) to afford intermggdiate JJ. The P3 protagting
group present in_JJ isHthen renoved to prdmi de product KK. To il lstrate,
the specific synghedes of the conpoupds [of Exanples 21 and %8 afe 5
summari zed bel g« BCHE—CyO ;Y. - RHBoe. N
OH -~ HH--" soc,i OHO P1 0 oHs cH3o ocis H NIO N O N N
~~NCH Ng ~ aoc.NN5 ~ sac, NN, DO, 0

A _ cC DD

|

‘1’1
NH

0O
RJL N/[n/ CH.O(CO)Ar
H

o

EE

In this method, an amino acid A (prepared by standard peptide coupling conditions
5 and/or methods), where P, is an appropriate protecting group for nitrogen (e.g., Boc or
Ac) and R is any suitable organic moiety (e.g., Cbz-L:i.eu-L-Phe-), is transformed into
diazo compound CC. Compound CC, in turn, is converted tc; the bromide DD. This
intermediate is subjected to a displacement reaction employing a carboxylic acid moiety
to afford product EE. At this point, the P} nitrogen protecting group present in EE may

10 be exchanged for an alternate if necessary (e.g., Boc exchanged for Ac).



HOOHOULTL131 0OONN-A CozINNHFI 5 O-1 ~0 W (21) To
prepare WL (conpound 21), al cohol P1 (prepared as described in Dragovich et
al., J. Medoyfsssm (1999), vol. 42, 1213) is oxidized rorgsaeietdehyde QL
which, in turn, is 10 transformed into carboxylic acid RL. This

internedi ate may ' be converted without purification to Weinreb am de Si.
Exposure of Si to an excess of 2-lithi ogﬁnzot hi azol e (generated from nBuLi
and benzot hi azol e) provides ketone T1. "The 2,4 WD 01/ 10894 PCT/ |1 S00/ 21061
- 33 di nmet hoxybenzyl nitrogen protecting group is subsequently renmoved from
Tl to .give GelleralNeRedgo®: protecting group present in Ul is renoved under
acidic conditions and the resulting amine salt (not shown) is coupled with
comerci al ly avai |l abl ef’Cbz- L- Leu-L- Phe-Offto afford W (conpodpd 21). 5
The synthesis of sp®yr™ c conpound W8 Px-B¥ follows: H c oM Hoc-t O NO
NNN ~NSOw S ONOHT7 Z1 HcJoct the It ONONHS5 NN/

Pax OH — Pesy, n, —_— Pasy, CH,CI
H o H o H o
L FF GG
. 'PS 73 73
(o] NH [o] NH (o] NH
0O .
RJLN cmocow <~ CHOCOAr  =——  Paq CH,O(CO)Ar
H -9 o H o
W n HH
Oy NH,
o .
RJL y CHO(COAT-
H o
KK

In the above-illustrated. method, an amino acid L (either commercially available or
5  prepared by known methods), where P; is an appropriate protecting group for the amide
nitrogen (e.g., Tr) and P2 is an appropriate orthogonal protecting group for nitrogen
(e-g-, Boc or Cbz), is transformed into diazo compound FF. Compound FF, in tum, is
converted to the chloride GG. This intermediate is subjected to a displacement reaction
employing a carboxylic acid moiety to afford intermediate HH. The P3 protecting group

10  present in HH is then removed and the resulting amine (or salt thereof) II is derivatized



NNBANNH OHOON ONONI1-0F BB2BBI i &It M NONO-~uDY HO/
=NS -/ H1lr jj~NS O-NOOO-NOI OFF Y1 W (28) Ketone T1
(prepared a@djﬁﬁg,{gj,bed above) is reduced to al cohol ZI (i potmsesties a 1:1
10 m xture of diastereoners). The- Boc protecting group present in Z1l is
renoved under WO 01/10894 PCT/ US00/ 21061 -34 acidic conditions and the
resulting amne salt (not shown) is coupled with Boc-L-Val-L- Phe(4-F)-CH
(prepared using standard peptide coupling3%echni ques) to afford
intermediate BB1 (isolated as a 1:1 mi xture of diastereoners). The Boc

protecting grou esent 1n.BBl i.s al so reppyed undgr aci di Ld:k.QNS
and the resul t@%‘%‘%%‘”h aguitar ?°’§%¥ mg'ﬁg'v&% i s¥§'gIF%H\)g? pezgg a\(/}mb?%ﬁ%g%’?m&?gi ally
avai | abl e 5- meyInyIHe P9 prEcttifg group present i JIS kirhireiRoled tgproeide producrdkKat e BB2

(isolated as a 1:1 m xture of diastereoners). xidation of BB2 provides
ketone Yl, and subsequent renoval of the 2,4- dinmethoxybenzyl nitrogen

L AL b SRR S, el b p g

used to make conpounds ounds of fornul a
| are set f%r tdammarizéttbedod.l owi ng il lustrative exanpl es.
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w1 (21)

To prepare W1 (compound 21), alcohol P1 (prepared as described in Dragovich et al.,
J. Med. Chem. (1999), vol. 42, 1213) is oxidized to give aldehyde Q1 which, in tum, is
10  transformed into carboxylic acid R1. This intermediate may be converted without
purification to Weinreb amide S1. Exposure of S1 to an excess of 2-lithiobenzothiazole

(generated from nBuLi and benzothiazole) provides ketone T1. The 24-



EXAMPLES The structures of the conpounds of the follow ng exanpl es were
confirnmed by standard 15 anal ytical techniques including one or nore of

t he fol | owwegr/i0pssot ON nagnetic . resonance spectr oscopyCTusiaeed
spectroscopy, elenmental mcroanalysis, and nelting point. Proton magnetic
resonance (1H NMR) spectra were determ ned using either a Varian 20

UNI TYpl us 300 or a General Electric CE-§00 spectroneter operating at a
field strength of 300 negahertz (MHz) T Them cal shifts are reported in
parts per mllion (ppm 8) downfield froman internal tetranethylsilane

standard. Al g4 i , 't}ééeh"}ﬁ)téd?ﬁg$@g i%ﬁﬁnﬁgﬁ"%ﬁn}%ro%gﬂgﬁm@ﬂ% pr_oti C

sol vent signals as” follows:™ CHC13 = ppm )
7.15 ppm Pe¥M. iFh¢ Bogprotertinggroup prestatin §i1ds mehoxed drslet apidic caiitiops arsd the | et ; d,

doubl et; dd, d | et. of ubl.ets: .t, triplet; ' rtet:. b broa
resonance; 11 @H‘?ﬁﬁ"i"g IsaelF.&ogBl??M ﬁsgéoggl:?gt ﬁt‘:’?ﬂ%}eécq‘aﬁ'v‘gﬁﬁ?bﬁe {:Eﬁ"}‘.e“? Af rar ed
absor pti on ( Phd-OHpesfférd Wivdothpoadd Hi)ned using a Perki n-El nmer 1600 series

FTIR spectronmeter. Elenmental mcroanalyses were perforned by Atlantic
Mcrolab #nc., Norcross, GA and gave' results for the elenents stated

wthin 0.4% : +4 : .01/ 10894 PCT/ USOQ/ 21061 - 35
0 Phe §yh@ne§1@@&b€%ﬁ&%n;ﬁ6%}é¢?mls dﬂllm.

Fl ash col um chromat ograp med using Silica gel 60 (Merck Art
9385). Analytical thin la Brmat ogr aphy (T ““er f or med usi ng
precoated sheets of Silica 254 (Merck Art 57 . Melting points (nip)
were determ ned on a Mel - apparatus and ae. ncorrected. 5

Al'l .reactions were perfor i eptum seal ed fljask nder a slight
positive pressure of gggo rTQs ot-herwi se ot ed: | commercial reagents

were used as received framtHeir respective sfipfi®ers with the follow ng
exceptions: tetrahydrofuran (THF) was distilled trom sodi um benzophenone
ketyl prior to use; dichloroftethane (CH2CI2) was 30 distilled from cal ci um
hydride prior to use. Et20 refers to diethyl ether \DW refers to

NN- di met hyl f ormam de. DMSO refers to di met hyl sul foxitle. MIBE refers to

S o X
MI«%EQ - E%ﬁﬁ

F

*P@rm | iy
G G

Y1 . W2 (28)

Ketone T1 (prepared as described above) is reduced to alcohol Z1 (isolated as a 1:1

10 mixture of diastereomers). The Boc protecting group present in Z1 is removed under



butyl nmethyl ether. O her abbreviations include: CH3CH (nethanol), EtOH
(ethanol), EtOAc (ethyl acetate), DMVE (ethylene glycol dinmethyl ether), Ac
(acetyl), Myéopioka4! ). Ph (phenyl), Tr (triphenyl nethyl) pcqgsooniosr
(benzyl oxycarbonyl), Boc (tert 15 butoxycarbonyl), TFA (trifluoroacetic
acid), DIEA (N, N-diisopropylethylam ne), TMEDA (N. ,, N,N,N

-tetranet hyl et hyl enedi am ne), AcOH (acetic acid), Ac20 (acetic anhydride),
NVM ( 4- net hyl nor phol i ne), HOBt (1-hydroxyBérzotriazole hydrate), HATU

[O (7-azabenzotriazol-1-yl)-N,N,N, N -tetranet hyl uroni um

hexaf | uor ophosphate],.. EDC [ 1- ( 3-dj nmet hyl am nopr opyl ) - 3- et hyl car bar bodi i m de
20 hydrochl ori %é‘?‘? °%5@E§‘ F@@g grsuliipg apunesal (notskawn) iggoupled with Boc-L-Val-L-

(2, 3-dichloro- e - 0 HARN S Lot : ;

(4. di et hyl ani ﬁ‘B‘S‘;?? T feﬁaéé% ?ﬁﬂ%%%) ff’)”’L"eduE ﬁ“&’&’c’:‘? nischniges) to  afford

( phenyl al ani neipterpedigta -BB1 (isolated @s @phrd rmpixdire oif rdidsteredaders)y The Bey pratetting- Al a

(2,3- diam nop lonic. acihd),. and (S)-Pyrrol-Ala .. . .
(25,35 - o aniop B REBRL 55 FSF relpelvecbhded midis hanitipps and dheypesing amine
Addi tional |y, salt” (HoehewsNiss deriatizedl WithOEdththércially 2dVaileble GLidléthylaxdole-3-
sinplified namng s qséqe{,m enpl oyi ng am no acid abbreviations is used to
i dentify sonecaf'tfﬂxlég/ 1dstegive iermediate BB Gsplated as\aplsh mivtuse of disstersomers),,
italicized am ind SR pPL8s ' ratj 0 ket pne
ety at t ho Coamn|of 20y odlatd Wuch Ve 38l WAGAREY, Mgl Ur e %
Boc- AA- C( O) - CHiimethexybenzyil aitrogen protevidg(BrovpOfsent YRGTTopds VRN @hipoind 286 Exanpl e
1: Cbz-L-Leu-L-Phe-L-(Tr-dn)-CH SCH3 cPh3 O NH OHOC O-NNS HONO
' 1) ( At 0 C and under an argon atnosphere, TMEDA (0.81 nL, 5.37 mmol)
and di met hid, Detailedl pdeedufes4seliito thaled doHPoIndsC2E aAAOES 2h@ StRtlbxdndpla$ M in

hexane; 3.4 nL, 5.37 .
- compounds of formula I are set forth in the following illustrative examples.

EXAMPLES

The structures of the compounds of the following examples were confirmed by standard
. 15 analytical techniques including one or more of the following: proton magnetic |
resonance spectroscopy, infrared spectroscopy, elemental microanalysis, and melting

point,

Proton magnetic resonance (!H NMR) spectra weré determined using either a Varian
20 UNITYpIus 300 or a General Electric QE-300 spectrometer operating at a field strength
| of 300 megahertz (MHz). Chemical shifts are reported in parts per million (ppm, &)
downfield from an internal tetramethylsilane standard. Alternatively, 1H NMR spectra
were referenced to residual protic solvent signals as follows: CHCl3 = 7.26 ppm;
DMSO = 2.49 ppm; CsHDs = 7.15 ppm. Peak multiplicities are designated as follows:
25 s, singlet; d, doublet; dd, doublet of doublets; t, triplet; q, quartet; br, broad resonance;
m, multiplet. Coupling constants are gi'ven in Hertz. Infrared absorption (IR) spectra
were- obtained using a Perkin-Elmer 1600 seri—es FTIR spectrometer. Elemental
microanalyses were performed by Atlantic Microlab Inc., Norcross, GA and gave’

results for the elements stated within +0.4% of the theoretical values.



mmol ). The m xture was stirred for 5 hours (h) while being brought to 23 C
The reaction m xture was cooled to -40 C and a sol ution of

Cbz- L- Leu-wio Pimsds- ( Tr- GLn) - N(CH3) O CH3 (prepared as degcrivbetion W PO

I nternational Publication No. WO 97/43305) (0.85 g, 1.03 mmol) in 9 nmL THE
was added. Upon consunption of the 10 starting material (as indicated by
TLC) the m xture was quenched with 15 of 2 N AcOH at -40 C and
extracted with an excess of Et OAc. The'r%ﬁ-[ of the aqueous phase was nade
basic with solid Na2CO3, and extracted with Et OAc. The organic |ayers were

conbi ned, wapRgflcsi@fn eRboimldgya Fed% pérkoHnad @einDladifidalych 60 ébfeh:'keArt%B over

MySOH4, flltered and concentra under vacuum: The Tesidue was subjected to

col unmm 15 chApaticelthiplayer chewpamatapby KELGhwhs pesfaamed nsing precontesoshests a§ a

white solid gm 6

1. I536( m I2H)$‘ﬂia g}}’s@%ﬁﬁ %&Amf W“{‘Q‘%@ﬁ?ﬂ%&g‘# ﬁ*‘?ﬁi‘}é@}'@?@‘ﬂﬁnﬂ »3.15
(m 2H), 3. 9appasdtus andfre udcondetedn 1 H), 4.70 (m 1H), 4.90 (m 2H), 6.50
(m | H, 6.95(d, 1H, J = 7.0), 714741(m 27H). RS cal ¢ for

CA9HBANACES (M+Cs), 959.2818; found, 959.2850. Anal .

CA9H5ANA06SK % oSk EEaR, I
|(| TRTINRE \/\o;é;moidl]&}s1089‘%'f P%hr/ uggé’/“gﬁg%t{ i vl 23 Bﬁghgf&ﬂ“}e phesturt bt

Cbz- L- Leu- L- munmssml)en&isp so:uela AlHgommGercialreugerss weté wed\awr@ewmﬁ)ono 0 (2)
Cbz-L-Leu- L- Phe- |- gv e @qzlz&&g.ao 0,363 syl md%e)d to 10 ni
of 5 1:1 CHITY 5BH erﬁ‘if’?d” Qfipg BHPeplgns) o . -

reaction m xdistilled fiom svdiversbénzéphesond kel pictao wse; aiwlloﬁ'@kah‘anHIQCHfClQ wegss
Et OAc. This solution was washed twice with saturated NaHCO3 and bri ne,

dried ovkr istitled from qalcivmghygdyige prior to use. EtyO refers to diethyl ether. DMF refers to
N,N-dimethylformamide. DMSO refers to dimethylsulfoxide. MTBE refers to tert-

butyl methyl ether. Other abbreviations include: CH30H (methanol), EtOH (ethanol),
EtOAc (ethyl acetate), DME (ethylene glycol dimethyl ether), Ac (acetyl), Me (methyl),
Ph (phenyl), Tr (triphenylmethyl), Cbz (benzyloxycarbonyl), Boc (tert-
15 butoxycarbonyl), TFA (trifluoroacetic acid), DIEA. (N, N-diisopropylethylamine),
| TMEDA (N,N,N'.N’-tetramethylethylenediamine), AcOH (acetic acid), Ac2O (acetic
anhydride), NMM (4-methylmorpholine), HOBt (1-hydroxybenzotriazole hydrate),
HATU [O-(7-azabenzotriazol-1-y1)-N,N,N",N “tetramethyluronium
hexaﬂuorophosphate],. EDC  [1-(3-dimethylaminopropyl)-3-ethylcarbarbodiimide
20  hydrochloride}), DCC (dicyclohexyl-carbodiim.ide), DDQ (2,3-dichloro-5,6-dicyano-1,4-
benzoquinone), DMAP (4-dimethylaminopyridine), Gin (glutamine), Leu (leucine), Phe
(phenylalanine), Phe(4-F) (4-fluorophenylalanine), Val (valine), amino-Ala (2,3-
diaminopropionic acid), and (S)-Pyrrol-Ala [(25,3°S)-2-amino-3-(2’-oxopyrrolidin-3’-
yl)-propionic acid]. Additionally, "L" represents naturally occurring amino acids.
25
A simplified naming system employing amino acid abbreviations is used to identify
some intermediates and final products. When naming compounds, italicized amino acid
abbreviations represent incorporation of a ketone moiety at the C-terminus of that
residue [e.g., Boc-44-CH3 = Boc-AA-C(0)-CH3 (methyl ketone)].



concentrated under vacuum The residue was triturated wth Et20, giving
0.15 g (71% vyield) of the p_roduct as a white solid. 1H NWMR (DVBO-d6) S
0.80 (d, 3H,wdom0§946) 10:0.83 (d, 3H, J =7.0), "1.33 (m lfﬂ'i'hisoﬂ/zﬁo& (m |
H, 1.72 (m H, 1.98 (s, 3H), 2.05 (m 2H), 2.83 (dd, I H J = 14.0,
8.0), 3.05 (dd, 1 H J=14.0, 4.4), 3.27 (m 2H, 3.98 (m | H, 4.3 8
(m 1H, 452 (m I H, 502 (m 2H), 6.78 (s, 1 H, 7.14-7.35 (m 1l H),
7.42 (d, 1H, J =7.7), 8.03 (d, | H J =3-7), 8.42 (d, | H J =17.4).
HRVS cal ¢ for C30H40\I4068(I\/H—I) 585. 2747; found, 585.2720. Anal.
(C30HA0N406YS) H. N 3: CE g¢ L- Phe L- (N- Ac-am no

Al a)-CH OC(O - <O~NH .OANN { HO\ O
(3) Preparat|on of Interrredl ate Cbz-L-Leu-L-Phe- LeF@N-Ac am no- Al a) - CHN2:
20 To a solution of Cbz-L-Leu-L-Phe-L-(N Ac-am -ma) OH (prepared as
described in Exanple 9 below) (0.381 g,]0.71 ) in 8 nmL of THE was
added NEt3 (0.072 g, 99 This Sheet @Ha en@Repl aced ~I 11111 211211 liii
[ fill 1 WD 01/10894 PCT/ -88./& ool ). The mi xture was
cooled to -15 C and i sobutyl o9, 92 L, 0.71 mmol) was
added. After stirring for 10 mn, the mxtur\@s cooled to -35 C, and
excess di azonet hane in Et20 (generated from al d) wqp careful ly added.
The stirred reaction mxture was gradually warmed to 23 C over a period of
2 h, and 5 AcOH was then added to quench any excess di azonet hane. The

quenched ni xt UA0WESnd dhder b rgbh faﬂndéaﬁéré nﬂwﬁﬁw(é%tl oL ‘c’? éﬁm%&a%.gggﬁed?}l

Et OAc. The organic |ayer was washed w th brine, dried over

filtered, ahd swidec@Omk.c4i67 mmpl) werg adilod torrBudd (1.58 M in hexane; 3.4 mL, 5.37
mmol). The mixture was stirred for 5 hours (h) while being brought to 23 °C. The

reaction mixture was cooled to —40 °C and a solution of Cbz-L-Leu-L-Phe-L-(Tr-Gln)-
N(CH3)O CHj3 (prepared as described in WIPO International Publication No. WO
97/43305) (0.85 g, 1.03 mmol) in 9 mL THF was added. Upon consumption of the
10 starting material (as indicated by TLC) the mixture was quenched with 15 mL of 2 N
AcOH at —40 °C and extracted with an excess of EtOAc. The pH of the aqueous phase

was made basic with solid NazCO3, and extracted with EtOAc. The organic layers
were combined, washed sequentially with saturated NaHCO; and brine, dried over
MgSOsq, filtered and concentrated under vacuum. The residue was subjected to column
15 chromatography (45% EtOAc/hexane) to afford the product as a white solid in 60%
yield. TH NMR (CDCl3) 5 0.86 (m, 6H), 1.31 (m, 1H), 1.53 (m, 2H), 1.75 (m, 1H),
2.00 (s, 3H), 2.27 (m, 3H), 3.06 (m, 2H), 3.15 (m, 2H), 3.93 (m, 1H), 4.54 (m, 1H), 4.70
(m, 1H), 4.90 (m, 2H), 6.50 (m, 1H), 6.95 (d, 1H, J = 7.0), 7.14-7.41 (m, 27H). HRMS
calc for CgqoHsqN4OgS (M+Cs), 959.2818; found, 959.2850. Anal.
20  (C49Hs54N406S#0.50H,0) C, H, N.
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di azoketone (26% along with Cbz L-Leu-L-Phe-L-(N Ac-am no-Al a)-0OCH3 (13%
as determned by 1H NMR integration and M5 [ (M+H) 565 and 555]. 10 :
Prepar at i apoefnoat er nedi ate Cbz- L- Leu- L- Phe-L- ( N- Ac- am maTAsan214812Br . To a
0 C suspension of crude Cbz L-Leu-L-Phe-L-(N Ac-am no-Ala)-CHN2 (-0.095 g,
-0.17 mmol ) in 10 nL of 1:1.benzene: CH2C12 was added 0.2 nlL of 48% aqueous
(aq) 15 HBr. After 1 h of stirring, another 0.2 nL of 48% aq HBr was
added. After an additional 2 h at 0 C -8he reaction nixture was poured int.o
H20 and extracted with a large excess of CH2Q 2. The organi c phase was
washed with ed and concentrated. The residue
was subjecte g a gradient of 80 to 100%
Et QAc/ hexane and af forded. 0. 034 g (33% of t 820 br onmonet hyl ket one as a
yell ow solid. 1H NWMR (CDCI3) 6 0 d, 3H JJ=6.3), 0.90 (d, 3H, J =
6.3), 1.36 (m | H, 1.55 (m . 3.01 (dd, | H J =14.3,
8.5), 3.17 (dd, 1 H, J , ,-J=14.0,4.6), 3.84 (m

IH, 4.04 (m 2H)), 427 13 1 90) 4.61 (m | H, 4.85 (m |
H, 5.04 (m 2H), 5.11 ( 1 648 , 6.57 (d, | H J =7.0),
7.18 (d, 1 H J =7.7), 7.22- 7 42 (m | HRVS caic(%S for C29H37NAOBBr
(M+H), 617.1975; found, 617.2001. Anal. (C29H37N4OGBr) N.

Preparation of Product Cbz- L-Leu-L-Phe-L-(N-Ac-am no Al a)- CHZOC(O) (2,4, 6-

T P i, Pk O 5 il g o 1
Cbz- L- Leus L- PRepch U aD0 Al Ad <l 45 nfruts $n%r|)?‘ T?JW%)OE%&&% ved in

2 mL DMF was added KH (35 wt %dlsper5|on|n m ne 1.02
mol ). Aft erwas congerdtated under 2acdw- andi takenhyp bre exvessc EdAel THis 8dition, w@s 347 5

Concent rat ecesid e i heihiah R0 el Siedovi HMGSn i e
organi ¢ | ayedon¥ératé@ ahds vacuum. The residue was triturated with Et,0, giving 0.15 g (71%
yield) of the product as a white solid. 'H NMR (DMSO-ds) & 0.80 (d, 3H, J = 6.6),
10 0.83 (d, 3H, J=7.0), 1.33 (m, 3H), 1.47 (m, IH), 1.72 (m, 1H), 1.98 (s, 3H), 2.05 (m,
2H), 2.83 (dd, 1H, J = 14.0, 8.0), 3.05 (dd, 1H, J = 14.0, 4.4), 3.27 (m, 2H), 3.98 (m,
1H), 4.38 (m, 1H), 4.52 (m, 1H), 5.02 (m, 2H), 6.78 (s, 1H), 7.14-7.35 (m, 11H), 7.42
d, 1H, J = 7.7), 8.03 (d,_ IH, J = 17.7), 842 (d, 1H, J = 7.4). HRMS calc for
C30H40N406S (M+H), 585.2747; found, 585.2720. Anal. (C39H49N405S) C, H, N.
15

Example 3: Cbz-L-Leu-L-Phe-L-(N-dc-amino-Ala)-CH,OC(0)-(2.4.6-trimethylpheny])

)
\© @)

Preparation of Intermediate Cbz-L-Leu-L-Phe-L-(N-Ac-amino-Ala)-CHN>:

20 . i
To a solution of Cbz-L-Leu-L-Phe-L-(N-Ac-amino-Ala)-OH (prepared as described in
Example 9 below) (0.381 g, 0.71 mmol) in 8 mL of THF was added NEt3 (0.072 g, 99
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sequentially with H2O saturated ag NaHCO3, and brine, and then was dried
over Na2SH4, filtered and concentrated. The residue was purified by col um

chr omat ogr aRiy of/1088p Et OAc/ hexane) affording 0.054 g (229 sdradagzfesoduct as
a 10 white solid. 11l NWR (CDC13) 8 0.89 (t, 6H, J=6.3),1.42 (m 111),
1.56 (m 2H), 2.05 (s, 3H), 2.32 (s, 3H), 2.35 (s, 6H), 3.03 (dd, 1H,
J=14.0, 8.1), 3.16 (m 1H), 3.67 (m 2H), 4.4 (m | H, 4.59 (m 1 H),
4.65 (m 1 H), 4.86 -(m 2H), 5.06 (m 2HBR-5.23 (d, 1 H J =7.0), 6.49
(t, 1 H J=6.1), 6.71 (d, 1 H J =6.6), 6.86 (s, 2H), 7.18-7.34 (m | 1

, 7.65 (d, | = Q.3). HRVMS cal c for 8 8 +Na),, 723 0;
1|‘_?)und, 15( 723%"33‘5@?’%‘?& ﬂi%@#&mﬂﬁ’ﬁd@ H;?))ggé‘ W%@l%aﬁﬂ“é‘e@-gy&
Cbz- L- Leu- L- Phez LE (0 BesroBds addda el Girmin® for' Y0 ridk, thOMidueNiesidBoleditd-33 (4)
20 Followi ng the procedure described belowto prepare _
Cbz- L- Leu- L- PhéG,|and \gxerss digzpmeshang| in Etz0 geaneratadafrer Dinzalipwasredrefilly addedtit| e

d i,zed..f Chz- |- o .
compound vies. L ETTER AR ek vl w23 5C avgc PR v
et al., J.5MeAcOHResthenldd&) to quéch afyl excéssifidzonitthadd) TFlbUjuénched Riktuie wasd %0
yield (75% bas ﬁq on recovered Weinreb am de) as a white solid. 1H NWR
(CDC13) (rot an& ted With{ FHaQ yand gxtracted witlsgn excessi9f EtQAgg The omgppic layerswas 63

Repl acbe 111 11T7PeE St i el opé oSS, Suteld sl bomsedieRt B FEiZSE 4
(m | H), 3.58digawketdilet{26%).aldng(With CbL.Lefl-14Phedr. G0 Actimidd-Ala)-GCE2 (139%)%as( M
1), 5.06 determined by 1H NMR integration and MS [(M+H) 565 and 555].
10 -
Preparation of Intermediate Cbz-L-Leu-L-Phe-L-(N-Ac-amino-Ala)-CH5Br:

To a 0 °C suspension of crude Cbz-L-Leu-L-Phe-L~(N-Ac-amino-Ala)-CHN; (~0.095 g,
~0.17 mmol) in 10 mL of 1:1 benzene:CH,Cl; was added 0.2 mL of 48% aqueous (aq)

15 HBr. After 1 h of stirring, another 0.2 mL of 48% aq HBr was added. After an
additional 2 h at 0 °C, the reaction mixture was poured into HoO and extracted with a
large excess of CH2Cly. The organic phase was washed with H>O0, dried over NaySOy,
filtered and concentrated. The residue was subjected to column chromatography.using a
gradient of 80 to 100% EtOAc/hexane and afforded 0.03;1 g (33%) of the a-

20 bromomethylketone as a yellow solid. 'H NMR (CDC13) 8 0.86 (4, 3H, J=6.3), 0.90
(d, 3H, J = 6.3), 1.36 (m, 1H), 1.55 (m, 2H), 1.91 (s, 3H), 3.01 (dd, 1H, J =14.3, 8.5),
3.17(dd, 1H, J=10.7, 5.9), 3.48 (dt, 1H, J=14.0, 4.6), 3.84 (m, 1H), 4.04 (m, 2H), 4.27
(dd, 1H, J = 13.1, 9.0), 4.61 (m, 1H), 4.85 (m, 1H), 5.04 (m, 2H), 5.11 (m, 1H), 6.48
(m, 1H), 6.57 (4, 1H, J=7.0), 7.18 (d, 1H, J = 7.7), 7.22-7.42 (m, 10H). HRMS calc

25  for C29H37N4O¢Br (M+H), 617.1975; found, 617.2001. Anal. (C29H37N406Br) C, H,
N.

Preparation of Product Cbz-L-Leu-L-Phe-L~(N-Ac-amino-Ala)-CH;0C(0)~(2,4,6-
trimethylphenyl):
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(m 2H), 5.10-5.20 (m 1H), 5.37-5.50 (m 1H), 6.86-6.96 (m 1H), 7.22 (m
514), 7.34 (m 5H). HRMS calc for C32H44N407 (MtCs), 729.2264; found,
729.2231. wobitassal € 5. Chz-L-Leu-L-Phe-L-(N-Ac-am no Al a{T/CsboRYo6CHO NH

Ooi kr(rc3 NN --AN '~CH3 (5) Follow ng the procedure described below to
prepare Cbz-L-Leu-L-Phe-L-(NAc-am no- Al a)-2-Pyridine (corrpound 8), the
title conpound was synthesized from Cbz-L-Leu-L 10 Phe-L- (N Boc-ani no

Al a) - CH3 (conpound 4) in 85%vyield as a3%hite solid. 1H NWR (CDClS) 8 0.88
(d, 3H J=6.6), 0.90 (d, 3H, J=6.6), 1.38 (m 1H), 1.53 (m 2H), 1.90
(s, 3H, 2.24 (s, 3H),.3.04 (m | H, 3.17 (dd, I H J = 13.6, 66)350
(m I H, 3.76 (m 1H) 4.11 (m IH, 4.47 (m 1H), 4.63 (m 1H), 5.07 (m
2H), 5. 23 antio a. ﬁﬁreﬂ?sdluinbh of c& 19L¢u-5-P85L((MAcLarhi)10-Aﬁa)4I{2@m(0.21 H,,0.% 72 (t,

Il H J 6.1), g . HRVE cal ¢ 15 for, C29H38N406 SI\/H—I)

539. 2870: fo@ﬁ’é?l) 43%9”2‘!392 mM?MF(vezgﬂsM\KH(( 5 wigkpdispersion in migeral ofty o

L ey kg oasen i gt O R 1 ) O
01/ 10894 FCTihte)0¥a8 bodet, andithe Tnixtare-wds smre:bfomtlllnn’l'lafmimmwmmmtmeﬁo 226 g,
The r eact 1 orirsaBLPangptecss of Fftiar. i Fiog i pdacd” T Srpan s s oy o
Cbz- L- Leu- L- h@mtiallyNoiiR G700 ARnatP hq NWaH G2 1And brine, and then was dried over
Na2804; fillered and concentrated. The residue was purified by column
chromatography (70% EtOAc/hexane) affording 0.054 g (22%) of the product as-a
10  white solid. !H NMR (CDCl3) 5 0.89 (t, 6H, J = 6.3), 1.42 (m, 1H), 1.56 (m, 2H), 2.05
(s, 3H), 2.32 (s, 3H), 2.35 (s, 6H), 3.03 (dd, 1H, J =14.0, 8.1), 3.16 (m, 1H), 3.67 (m,
2H), 4.14 (m, 1H), 4.59 (m, 1H), 4.65 (m, 1H), 4.86 (m, 2H), 5.06 (m, 2H), 5.23 (d, 1H,
J=17.0), 6.49 (t, 1H, J = 6.1), 6.71 (d, 1H, J = 6.6), 6.86 (s, 2H), 7.18-7.34 (m, 11H),
7.65 (d, 1H, J = 6.3). HRMS calc for C39H4gN4Og (M+Na), 723.3370; found,
15  723.3358. Anal. (C39H4gN40g°0.5 sz) C,H,N.

‘ @

20  Following the procedure described below to prepare Cbz-L-Leu-L-Phe-L-(N-Boc-amino-
Ala)-2-Benzthiazole (compound 6), the title compound was synthesized from Cbz-L-
Leu-L-Phe-L-(N-Boc-amino-Ala)-N(CH3)OCH3 (prepared as described in Webber et al.,
J. Med. Chem. (1998), vol. 41, 2786) and 10 equiv. CH3Li in 44% yield (75% based on
recovered Weinreb amide) as a white solid. 'H NMR (CDCls) (rotameric mixture), 5

25  0.88 (m, 6H), 1.38 (s, 9H), 1.43-1.63 (m, 3H), 2.20 (s, 3H), 3.05 (m, 2H), 3.26 (m, lH).,
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(prepared as described in Wbber et al., J. Med Chem (1998), vol. 41,
2786) (0.107 g, 5 0.17 mmol) in 1.5 nL of THE was added dropw se. The
reaction m XyQof10ess Sti rred for 1 h at -78 C and then grasuedobyioger med to
23 C. When TLC indicated that nost of the starting Weinreb am de was
consuned, the reaction m xture was quenched with H20 and extracted with

Et CAc. The organic | ayers. were conbined, dried over Na2SO4, filtered and
concentrat ed under vacuum The residue vva'540pur|f| ed by colum 10

chr omat ogr aphy using a gradi ent solvent system (30,. 50, 80% Et OAc/ hexanes)

Tateri aly. 1h K LS ot B8 oo P 4TS, o360 Y 853158 1k e

1”31 (s, 9H), ImAZHI, $105:90 (m, LHH15.6M5.503 ) 1HR . 6185-6.96 (BHH), 3.20qn3 SHY, 1M |

s ores . g s HgMS pdid ghe E&az%«so?fws:sx 785 a4h b 83530 or) Y. o7

(t, IH J =8.1), 817 (d, .1H, J = 7.0). HRVs calc for C38H45N507S (MtH)
716. 3118; found, 716 3100 Anal (C38H45N507Sl 5 HO C, H N Example 7:
Cbz- L- Leu- L3 Ph&xt & Ahe in-A 4 OHONHNIT OAN NN H
O510 (7)) 20 Usi ng t he procedure descrl bed aobo to prepare

Cbz- L- Leu-L- Phe-L-(N-Boc-am no- Al a)-2-Benzthia z*(p‘l'e (conpound 6), the title
conpound was synt hesi zed from Cbz- L; Leth - Rhe- Ni(N-Boc am no- Al a) - NCH3OCH3
and 2-lithiopyridine (generated fr tﬂ\ﬂgp j,ne and nBuLi) in 83%
yield. 1H NWVR (DMSO- d6) 6 O. (do 3M : H .82 (d, 314, J 6.6),
1.26 (s, 9H), 1.35 (in, 2H), 47(m 19H) X 1°(m 1H) 301(m 25 1H),
3.39 (m 2H), 3.58 (m IH, 3 08 (m 1H, 4. (m 1H), 00 (s, 2H), 5.77
(m This Sheet Has Been Replaced | ~1IttillIYTI~ |~||(ﬁ| | ~~I WO 01/ 10894
PCT/ USQQ 21061 -42

_Pollowing the procedure described below to prepare Cbz-L-Leu-L-Phe-L-(N-Ac-amino-
Ala)-Z-Pyridine (compound 8), the title compound was synthesized from Cbz-L-Leu-L-
10  Phe-L-(N-Boc-amino-Ala)-CHj (compound 4) in 85% yield as a white solid. 'H NMR
(CDCl3) 8 0.88 (d, 3H, J = 6.6), 0.90 (d, 3H, J= 6.6), 1.38 (m, 1H), 1.53 (m, 2H), 1 §0
(s, 3H), 2.24 (s, 3H), 3.04 (m, 1H), 3.17 (dd, 1H, J = 13.6, 6.6), 3.50 (m, 1H), 3.76 (m,
1H), 4.11 (m 1H), 4.47 (m, 1H), 4.63 (m, 1H), 5. 07 (m, 2H), 5.23and 5.30 (2d, 1H, J=

5.9), 5.85 (m, 1H), 6.47 (m, 1H), 6.72 (t, 1H, J=6.1), 7.13-7.41 (m, 10H). HRMS calc
15  for CaoH3gN4Og (M+H), 539.2870; found, 539.2852. Anal. (C20H3gN406°1.0H20) C,
H,N. '

()
20
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1H, 6.78 (m IH, 7.19 (m 5H), 7.33 (m 511), 7.41 (d, 1H, J= 8.8), 7.68
(dd, IH, J= 6.4, 5.7), 7.92 (m 1H), 8.01 (m IH, 8.24 (d, IIl, J =7.7),
8.74 (d, Xbothososd.0). HRMS calc for C36H45N507 ( M+H) , P6EBOs®RI61 f ound,
660.3384. Anal. (C36H45N5070.5 H20) C, H, N. 5 Exanple 8:

Cbz- L- Leu-L-Phe-L-(N-Ac-amno Ala)-2- '"dine Oycl43 NI OHJNO-N\ HO
" O(8) Cbz-L-Leu-L-Phe-L-(N Boc-am no GI a)-2-Pyridine (conpound 7)
(0.04.9g, 60.6 nol) 10 was dissol ved i 70 5 nL TFA. The sol ution was
stirred at 0 Cfor 30 mn, and then was concentrated under vacuum To the

resul ting TFA, gabg mamagﬁgﬂbénzaauag&ewmﬂ?nﬁsvf.ﬂhdémﬁisbam%firmiw% Ac20

(excess). The m xture was stirred overnigh concentrated under
vacuum and saddpdoBdd (067 odl, 3rMan hmc)o@ﬂ)amtlfémﬁxtl@blmm 3Q mimpr ovi de’

9 89 6.6
091 (4, 3 tty21% 3, tiehy SBkiSh ph LN Trh) - focmipe Alpycitiogh ()
240, 359 (ol as bl Wbl . 12D Chent 1598, 9 @m278%)%,105§1§ “m

3H), 5.89 (m mg 111), 6.63 (d, IH, .35
(m SH), . 4@11m0|l)r4;l157 f THE was-gddeg drypwisg, mﬂmastlmmmqrev@smdd, IH J

Exgrrgl)e 9RN30 %%f_ 1< e-%&l& %%A?% ggsenztﬁﬂgg’gl‘cg%t%?%’s‘o H NHN

J~ 1 - - Q fthe sthrkilng\l“&mreb amide was consumed, the reaction mixture was quenched with

HyO and extracted with EtOAc. The organic layers were combined, dried over
NayS0y, filtered and concentrated under vacuum. The residue was purified by column

10  chromatography using a gradient solvent system (30,. 50, 80% EtOAc/!xexanes)
providing a white solid in 16% yield (26% based on recovered starting material). 1
NMR (CDCl3) (rotamerié mixture) § 0.90 (t, 6H, J = 5.9), 1.31 (s, 9H), 1.44 (m, 2H),
1.61 (m, 3H), 3.12 (m, 2H), 3.62-3.67 (m, 1H), 4.16 (m, 1H), 4.62-4.77 (m, 1H), 5.07-
5.24 (m, 2H), 5.75-5.85 (m, 1H), 6.65- 6.79 (m, 1H), 7.18 (m, 6H), 7.36 (m, 6H), 7.56 -

15 (m, 2H), 797 (t, 1H, J = 8.1), 8.17 (d, 1H, J = 7.0). HRMS calc for C3gH45N50S
(M+H), 716.3118; found, 716.3100. Anal. (C5gH45N507S+1.5 H,0)C,H, N.

. 0]

20  Using the procedure described above to prepare Cbz-L-Leu-L-Phe-L-(N-Boc-amino-
Ala)-2-Benzthiazole (compound 6), the title compound was synthesized from Cbz-L-
Leu-L-Phe-L-(N-Boc-amino-Ala)-NCH30CH3 and 2-lithiopyridine (generated from 2-
bromopyridine and nBuLi) in 83% yield. TH NMR (DMSO-dg) 5 0.79 (d, 3H, J = 6.6),
0.82 (d, 3H, J = 6.6), 1.26 (s, 9H), 1.35 (m, 2H), 1.47 (m, 1H), 2.81 (m, 1H), 3.01 (m,

25 1H), 3.39 (m, 2H), 3.58 (m, 1H), 3.98 (m, 1H), 4.58 (m, 1H), 5.00 (s, 2H), 5.77 (m,
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HOO(9) This Sheet Has Been Replaced [I1II1 I11IITi 111211 11T WO
01/ 10894 PCTI US00/ 21061 -43 Preparation of Internedi ate

Cbz-L- (N-Ac hiMazddl @) - N(CH3) OCH3: To Cbz-L- (N- Ac- ami no- Alggrnédintfakepar ed
as described I1n Wbber et al., J. Med. 5 Chem (1998), vol. 41, 2786) (1.5
g, 5.36 mol) dissolved in 30 nL CH2Cl 2 was added EDC (1.08 g, 5.63 mmol),
N, O di net hyl hydr oxyl am ne hydrochl oride (0.55 g, 5.64 nmol) and

4- et hyl norpholine (1.35 g, 13.35 nmol). -#Re reaction m xture was stirred
overnight at 23 C, diluted with 250 nL of CH2Cl2, and washed with 50 niL of

and evapor at od! b 6ciidae DGR sh PHChm 20, 241 BB 750 Tagiadnits 5=
chr omat ogr aphys, QSSKW),%%%@%MH QIersM?(é oH(J 8%, 7018, 74he1 ap d&nro?duct
as a viscous 0jl. ( DNBO- d6§. I—% 3.108 2 (m
2H), 3. 70 (s EWS 4caé® tqsd C3ghlysN397  Mst), 566@1’:3? fownd, ¢6@33!(4m SAnal. 7. 43

(d, | (C 1 5H21 N305.0.50H20) C, H, N 15
Pr epar atlon of ¢ #ﬁﬁ@ﬁ?@dl a%zég% }I{_Aﬁ]eu L- Phe- L- (N- Ac- ami no- Al a) - N( CH3) OCH3:
To Cbz-L-(NsAc-am no-Ala)-N(CH3)OCH3 (0.87 g, 2.69 mmol) dissolved in 20 nL
of CH3OH was added 0 4 g of 10% Pd/ C. The bI ack suspen5| on was stirred
under an ipig: €b g ag - i , then was filtered
and concentrated to give 0.51 g of L- (N-Ac an c,gl a) N(CH3) OCH3 i n
gquantitative yield as an oil. Th|s nmajeri al Eusedlm*redlately wi t hout

N

further purification. The corrmerC| II
Cbz-L-Leu-L-Phe-OH (1.0 g, [P _
and 6-7 drops of DWF. N-hyd succini de\é
®

Cbz¥L-Leu-L-Phe-L-(N—Boc-amino-AIa)-2-Pyridine (compound 7) (0;04 8, 60.6 pmol)
10  was dissolved in 0.5 mL TFA. The solution was stirred at 0 °C for 30 min, and then
was concentrated under vacuum. To the resulting TFA salt was added 1 mL of pyridine

followed by 0.5 mL of Acy0 (excess). The mixture was stirred overnight at 23 °C,
concentrated under vacuum and subjected to column chromatography (1%

CH3;0H/CHC;) to provide 0.023 g (63%) of a white solid. 1H NMR (CDCl;) 5 0.89

15 (d,3H,J=6.6),0.91 (4, 3H, J=6.6), 1.41 (m, 1H), 1.58 (m, 2H), 1.87 (s, 3H), 3.08 (m,
2H), 3.59 (m, 1H), 3.95 (m, 1H), 4.12 (m, 1H), 4.64 (m, 1H), 5.08 (m, 3H), 5.89 (m,
1H), 6.51 (m, 1H), 6.63 (d, 1H, J= 7.0), 7.19 (m, 5H), 7.35 (m, SH), 7.49 (m, 1H), 7.85
(m, 1H), 8.01 (d, 1H, J = 7.7), 8.67 (d, 1H, J = 5.3). HRMS calc for C33H39N5O0g
(M+H), 602.2979; found, 602.3002. |

20

&)

e,
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2.52 mol ) was added foll owed by (upon honogeneity), DCC (0.526 g, 2.55
nmmol ). After approximately 2 h of stirring at 23 C, the m xture was
filtered dvoegioBy i nto a solution of L-(N- Ac-am no- Al apeipsidRidecH3 (0. 51
g, 2.70 mol) in 10 nL CH202. The reaction m xture was stirred for 12 h at
23 C and the solvents were renoved under This Sheet Has Been Repl aced
1111212121222232 1EEE I~1 1111 WO 01/10894 PCT/ USOQ' 21061 -44 hi gh vacuum
The residue was purified by col um chr o ography (5% of a saturated . .
met hanoli ¢ NH3 solution in CHC13) to give 1.26 g (89% of the tripeptide as
a white solid. IR (KBr) 3300, 3067, 2955, 1657, 1537, 1262 cm 1. 1H NWR
(DVSO-d6) 8 0.79 (d, 3H, J =6.6), 0.82 (d, 3H J =6.6), 1.31 (m 2H, .
1.47 (m 1H)Prefaration(of IntGediats CbzA(N-Actamind-Ald)-N(Q33)0CH3: 8), 3. 00 (dd, 1H, J
= 14.0, 4.4), 3.10 (s, 3H, 3.27 (m 2H, 3.67 (s, 3H, 3.96 (in, 1H,
4.51 (m 1H), 4.91 (in, 1H, 5.01 (s, 2H), 7.17 (in, 5H), 7.33 (m 5H),
7.43 (d, | Hrg J:‘ﬁzs‘L(MAc-Zmﬁ;% Al&ﬁ @reglred%s%escr?be&?m(ﬂebﬂeﬁet HE, J: Med 8- 19
(bd, I H J . T) . 50H20) C, H, N. 10 Alternate

Pr epar at ion 6’#8"1 ﬂ9@8)?rﬁd+ ﬁb@nﬁ)ﬂ b gL %36 $§010’Bd mc30aml. €31261z0yas alded-3) OCH3:

To a sol uti f Ac:.a a escribe n Webber
o0 o oo Rl a iR, s el M Ao it R bt Biorg 20,55 i 5440 6 e
of 3:6:1 15nﬁbﬁara Asftiyhisiphlie QLSEE 13.39 xﬂﬂolj.ome'?édcﬁon Hmm@wa&w@ed/vas

stirred under an _atnpsphere of H2 at 23 C u&qr;g al |l oon for . Renoval

of the cat al%Vﬁfm@&a‘fz?-’l Q’il‘i‘%‘“ﬂa%?p mbof Gt les ﬁ”ﬂﬂ‘edt‘ﬁ'éh $9 T“!-r"ﬁtl@ HGlder

it hout °f ur (RAR O HRORCRRNERE Bl ity Hlded 3l Eorf 057

H J= 1318, uhdédy ,vaauuﬁ'B 3.The- ('dilduQH)vas Adhrified By Céodhrhiy EHdbrhtd@ephy (5%
Cbz- L-Leu-L-Phe-OH (1.9 g, |) was dissolved in a mxture of 20 niL
CH2C12 and £HaOH/C toxtyetlﬁﬁsg @s%a of the aptide produchessa wigerss oi. 'H NMR

%[;’Xysucc'(ﬂb&g@%@r T5Gs; ﬂ-i),ﬁoﬁj(b{”?ﬁ} 12%‘5‘511?,'3??0%,"%, 4.'89%4,‘3}1?% 9, 4.61
: 5.9), 5.01 (s, 2H), 7.34 (m, 5H), 743 (d, 1H, J = 7.7), 7.90 (m, 1H). Anal.
(Ci5H21N305+0.50H,0) C, H, N.

15
Preparation of Intermediate Cbz-L-Leu-L-Phe-L-(N-Ac-amino-Ala)-N(CH3)OCHj:

To Cbz-L-(N-Ac-amino-Ala)-N(CH3)OCH; (0.87 g, 2.69 mmol) dissolved in 20 mL of
CH30H was added 0.4 g of 10% Pd/C. The black suspension was stirred under an
20  ammosphere of Hy (balloon) 4t 23 °C for 2 h, then was filtered and concentrated to give
051 g of L-(N-Ac-a;nino-Ala)«N(CH3)OCH3 in Quantitative yield as an oil. This

material was used immegiately without further purification.

The commercially available dipeptide Cbz-L-Leu-L-Phe-OH (1.0 g, 2.43 mmol) was
25  dissolved in 25 mL of CH;Cl; and 6-7 drops of DMF. N-hydroxysuccinimide (0.29 g,
2.52 mmol) was added followed by (upon homogeneity), DCC (0.526 g, 2.55 mmol).
After approximately 2 h of stirring at 23 °C, the mixture was filtered directly into a
solution of L-(V-Ac-amino-Ala)-N(CH3)OCH3 (0.51 g, 2.70 mmol) in 10 mL CH,Cl,.

The reaction mixture was stirred for 12 h at 23 °C and the solvents were removed under

This Sheet Has Been R eplaced
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was added and the reaction was stirred at 23 Cfor 3 h. At this tine, the
m xt ure was 25 filtered directly into a solution of L-(NAc-am no-Al a)-0ONa
(prepar ed (?91 ving L& {('N- Ac- am no- Al a) - OHAcCH (0. 95. gcTas®L10emol ) in |
of 1:1 and adding 9.21 nL of | N ag NaOH at 0 C). The reaction
mxture was stirred for 2 h at 23 C and the solvents were then renoved
under hi gh vacuum The residue was partitioned between 150 nL of I N HCO
and 500 nL of EtOAc. Any solids fornmed wefde- filtered This Sheet Has Been
Repl aced 1211112220001 {11 I ~I~I~il tili tI WO 01/10894 PCT/ USOO/ 21061

-45 and col l ected. The qQrganj hase shed wt @) ver
Na2SO4, fil t dvsigvacupp: EB%B‘@H‘P'F B pun %ﬁ? ‘F%Féwa‘mgm%%ﬁ‘y &'ﬂ"’ k‘Bﬁ‘ﬁ? fied
by colum chrpast, % AeHly'16 Yaveidsd§ Pof thé eiptptide &58aaite t he
tripeptide Cbz-L- ﬁgﬁﬂﬁagﬁyo{;’%& ar;‘?r% Al a) gﬁgs a Whlx'%g sol i d. '?—I NVR
(CD30D) S 0. 84%ofid.( AR (RBr) 330063067 2958,816(50 IXH,, 1.262 &mﬁ‘; 1H NﬂR((ﬁMSG)ds)l 56

I 1.91 dd, 1
0 o0 ) 3 Y Gt T bR, G886, BH, F=66), b3k n, TN 14T i, TH, 41737@,3

7 065950 B 2 Ae g 28l .00 Big b = 4 G A4 (Chin 587 chDe

541.2678. 10 Bo67(s3H)3.96 (moFH)CHS1 (m) H); 49Plﬁm LHY, 5:0As, ezmi)nbmrm)smw 33) 64

o per i di ne-( 0 (e 784 Tt oty B, e (B SN T30 sl S To SR BB 1Y 1

mol ). The m < ure A (ggdmmgb;.@soﬁib)cpm,lq and a sol ution of
NO-di met hyl hydr oxyl am ne hydrochl oride (0.116 g, 1.19 mmol) 15 and 1-nethyl

pi peri di ne (0 12 g, 1.21 rrm)l) in 3 mL CH2Cl 2 were added dropw se. The
reaction Hext Wikmals ALANARD & it (Ch R0 AR 20N RRGlALD-

The_ mxture vva conce Ped Undel vact excess o
Et CAc, and waN(CHi;)OCHA HZO. The organic Iayer was dr| ed over Na2SO4,
filtered, and concentrated under vacuum The residue was purified by
col um chr omat ogr aphy (5% CH3OH/ CHCl 3)

To a solution of Cbz-L-(N-Ac-amino-Ala)-OH (prepared as described in Webber et al.,
J. Med. Chem. (1998), vol. 41, 2786) (1.10 g, 4.62 mmol) in 20 mL of 3:6:1
15 CH30H:AcOH:H;0 was added 1 g of 10% Pd/C. The mixture was stirred under an

atmosphere of Hy at 23 °C using a balloon for 3 h. Removal of the catalyst by filtration
and concentration of the ﬁltrat.e under vz.u:uum gave the amino acid*AcOH salt inr 99%
yield. This material was used without further purification. YH NMR (CDsOD) 5 1.97
(s, 3H), 3.54 (dd, 1H, J = 13.8, 6.1), 3.63-3.75 (m, 2H).

20 _ '
Commercially obtained Cbz-L-Leu-L-Phe-OH (1.9 g, 4.61 mmol) was dissolved in a
mixture of 20 mL Cstle and 4 mL of DMF. To this stirred solution was added N-
hydroxysuccinimide (0.53 g, 4.61 mmol). Once dissolved, DCC (0.951 g, 4.61 mmol)
was added and the reaction was stirred at 23 °C for 3 h. At this time, the mixture was

25 filtered directly into a solution of L-(N-Ac-amino-Ala)-ONa (prepared by dissolving L-
(N-Ac-amino-Ala)-OH*AcOH (0.95 _é, 4.61 mmol) in 1 mL of 1:1 DMF and adding
9.21 mL of 1 N aq NaOH at 0 °C). The reaction mixture was stirred for 2 h at 23 °C
and the solvents were then removed under high vacuum. The residue was partitioned
between 150 mL of 1 N HCI and 500 mL of EtOAc. Any solids formed were filtered

N
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20 yielding a white solid in 59%yield. Preparation of Product

Cbz- L-Leu-L-Phe-L- (N Ac-am no- Al a) - 2- Benzt hi azol e: Thi s conpound was

prepar ed ivipdifdsesi €l d from benzot hi azol e and Cbz- L- Leu- kePluson210625
(N-Ac-am no- Al a) - N(CH3) OCH3 as descri bed above for the preparation of

Cbz- L- Leu- L-Phe-L-(N-Boc-am no-Al a)-2-benzthiazole (conmpound 6). 1H NMR
(CDC13) S 0.90 (m 6H), 1.38 (s, 1H), 1.57 (m 2H), 1.88 (s, 3H),
3.05-3.23 (m 3H), 3.55-3.72 (m 1H), %16 (m 2H), 4.70 (m 1H), 5.10 (m
2H), 5.78-5.90 (m 1H), 6.81 (m 1H), 7.15 (m This Sheet Has Been

e aced | sk bk, W ARGl BRI hin 9. 3y o000

C35H39N506S ﬁlt&reaa)and68&ceﬁaa9ad fqmedsohasawe?é%mbﬁreanmde dsified" by column

Cbz-L-Leu-L-Phe-L-(N.Ac-a %HO)NHCHB NH OHOOCrNZS(lO)
Prepar at i on gyroqlﬁggpﬂgd(oaqlé AcOHI % 30H/CHCI3) yielding 68% of the tripeptide

1- (A | |
E)hogpﬁgwl ?%ﬁ%ﬁ%‘%y bam%g&xﬁgéﬂnzylvaﬁég }eﬁrld )%N%R gCD%({%)ran%m ate was
prepar ed $jeng@| 38 y= am;pa ds (tu3mJt=m:6mI4qu:, Qm\naseseﬁi,rmn 1391 ed 3H), 295 O g_
Chem (1994), .vol 43 arti
(3 acet yT am @ B AR 1351 0y 322 BehdFadenifdh A oML (el th { T 96 36 mrol |

equiv) in %-4.0)24. r 11190 1.05
equi v) andcg\A%Pﬁ%gﬁglrrgj%hoq)?o% i,lllﬁé).e:lTad ui'v) @FXQ “'p 478 gﬁ ]fﬁ) mkm
(cyanonet hylliﬁe)7t1|4i-7p3ﬂeﬁ94 bOHs p HRMS: galt d'peﬁasfé:{tl\h% IM'*tBﬁséﬂl 2662; ffound,

Fr eudenr ei chsfeé %e . Am Chem Soc. (1984), vol. 106, 3344) (2.50 g,
8.30 mol 8 qui v) in CH202 (16 nL) was added to the acid solution

dr opwi setgover 20 mn. After stirring 2 hat 0 C the reaction m xture was
partitioned between dej oni zed water (30 nL) and CH202 (3 x 50 niL). The
conbi ned or gkh# golptignepfsC %P‘ée\!vhﬂé‘&( ¢-aminorAla)-PH(0,64 )2, 149 mamobhinr2 MySO4,

filtered, ang; GRACHY 5 IS eH,EC96@URas"Gtiled 1-methy] piperidine (0.12 g, 1.21
mmol) and isobutylchloroformate (0.163 g, 1.19 mmol). The mixture was stirred for 10
min, and a solution of N,0-dimethythydroxylamine hydrochloride (0.116 g, 1.19 mmol)

15  and 1-methyl piperidine (0.12 g, 1.21 mmol) in 3 mL CH2Cly were added dropwise. -
The reaction mixture was brought to 23 °C and stirred for an additional 3 h. The.
mixture was concentrated under vacuum, taken up in an excess of EtOAc, and washed
with HyO. The organic layer was dried over Na3SOy, filtered, and concentrated under
vacuum. The residue Wa_s purified by column chromatography (5% CH3OH/CHCls3)

20  yielding a white solid in 59% yield.

Preparation of Product Cbz-L-Leu-L-Phe-L-(N-Ac-amino-Ala)-2-Benzthiazole:

This compound was prepared in 21% yield frem benzothiazole and Cbz-L-Leu-L-Phe-L-
25  (N-Ac-amino-Ala)-N(CH3)OCH3 as described above for the preparation of Cbz-L-Leu-
L-Phe-L~(N-Boc-amino-Ala)-2-benzthiazole (compound 6). 'H NMR (CDCls) & 0.90
(m, 6H), 1.38 (s, 1H), 1.57 (m, 2H), 1.88 (s, 3H), 3.05-3.23 (m, 3H), 3.55-3.72 (m, 1H),
4.16 (m, 2H), 4.70 (m, 1H), 5.10 (m, 2H), 5.78-5.90 (m, 1H), 6.81 (m, 1H), 7.15 (m,
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20 purified by flash col um chromat ography (5% CH3OH in CH202) to give [I-
(acetyl am nonet hyl ) - 3- cyano- 2- oxo- 3- (triphenyl - M phosphanyl i dene) propyl ] - ca
rbam c aC'Q'ot?ﬁ)éﬁ%g ester“(1.98 g, 70%yield) as:a col orl egpui@maine Rf = 0. 40
(10% CH3COH | IR (cm 1) 3312, 2175, 1716, 1437. 1H NMR.(CDCl3) S
1.91 (s, 3H), 3.66- 3 79 (m 2H), 5.04-5.06 (m | H), 5.10 (s, 2H), 5.94
(br s, 1 H, 6.21 (br s, I H, 7.26-7.70 25 (m 21 H). Thi's Sheet Has Been
Replaced (112100 tEEerr ter e Jill WO 0410894 PCTI USOQ 21061  -47 -
Preparation of Internediate [1-(Acetylam nonethyl)-2-nethyl carbanoyl -

oxoet hyl ] car bangj.c id n (ES ; | pLi
- [I-(acetyl am %ﬁ%?ﬁik'}”@é?ﬁéﬁt}@o”% ﬁt ?l?’p gcq’j g(gs @ 1H, /=7.0). HRMS
phosphanyl i de&e});ﬂ'ﬁxcrpggH];mm(M&m;iGGO.DQdeun&,S&&eI‘ZS(&%GQ 9 ny, 1.01 mmol, |
equiv) in CH2Cl2 (11 nL) at -78 C was treated with ozone gas for 3 h. The
chilled solution was then purged with Ar for 30 min until the color had
changed from% 0 , 1.2 equiv) and
met hyl am ne h T : ; 3 ui v) were added.
After 1.5 h at -78 C, a second portion of DI E%C(ho 25 m., 1.43 mol, 1.4
equi v) and methyl am ne hydrochl oride J(80.0 18 mmol, 1.17 equiv) were
added, and stirring continued at@78¢C Yor 02. %OI onger. The vol atiles were
renoved under reduced pr ﬂ\pgq Hpurified by flash

col um chromat ogr aphy ( @u &—l i (H2GL2)u t ¢! giwe

[ 1- (acet yl am nomet hyl ) -2 met hyl car arrﬁﬁg?- oxoet hyl ] carbam ¢ acid benzyl
ester (55.8 ng, 17%yield) as. a pale yell solid. Rf= gog3 (10% CH3CH in
CH2Cl 2). IR (cm 1) 3302, 1709 1658, 1539. 1H NWR (CDC13) (rot aneric
m xture) S 1.89, 195(25 2.77 and 2.89 (2 d, 3H, J 5.2),

3.47-3. 54 236 64
(br s, (m é,; @?’Bﬁ (Stl I?tﬁ%edff%e[}((&etgémﬁﬁemyl)élw(m 055(1]—71)% %‘%ﬁ%ﬁar ation
of Pr oduct Cb@hbsphawlxﬂezﬁb]ﬁoﬂyikﬂbﬁﬁmaﬂmmmﬂyaﬁst@( O) NHCHS: N HCl (solution
in water) (0.17 mL, 1.0 equiv) was added to a solution of [I- _

(Dluly

10 This intermediate was prepared generally according to the method of Wasserman et al.,
J. Org. 'Chem. (1994), vol. 59, 4364. In particular, to a solution of .(3-acetylamino-2-
benzyloxycarbonylaminopropionic acid (1.40 g, 5.0 mmol, 1 equiv) in CH2Cl3 (50 mL)
at 0 °C were added EDC (1.00 g, 5.25 mmol, 1.05 equiv) and DMAP (61 mg, 0.5

~ mmol, 0.1 equiv). A solution of (cyanomethylene)triphenylphosphorane (prepared as

15 described in Freudenreich et al., J. Am. Chem. Soc. (1984), vol. 106, 3344) (2.50 g, 8.30
mmol, 1.66 equiv) in CH2Cl (16 mL) was added to the acid solution dropwise over 20
min. After stirring 2 h at 0 °C, the reaction mixture was partitioned between deionized
water (30 mL) and CH,Cl> (3 x 50 mL). The combined organic layers were washed
with brine (30 mL), dried over MgSQ, filtered, and concentrated. The résidue was

20 purified by flash column chromatography (5% CH3OH in CH>Cly) to give [1-
(acetylaminomethyl)-3-cyano-2-oxo-3-(triphenyl-A’-phosphanylidene)propyl]-carbamic
acid benzyl ester (1.98 g, 70% yield) as a colorless foam. Rr=0.40 (10% CH30H in
CHxCl). IR (em) 3312, 2175, 1716, 1437. 'H NMR (CDCl3) 5 1.91 (s, 3H), 3.66-
3.79 (m, 2H), 5.04-5.06 (m, 1H), 5.10 (s, 2H), 5.94 (br s, 1H), 6.21 (br s, 1H), 7.26-7.70

25 (m, 21H).
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(acetyl am nonet hyl ) - 2- met hyl car banoyl - 2- oxoet hyl ] car bam ¢ aci d benzyl ester
(55.8 25 ng, 0.17 mmol, 1 equiv) in absolute ethanol (5 nL). After purging
with Ar, 58opfidssdi um on carbon (42 ng) was added, and troeussctieme stirred
under a hydrogen atnosphere for 5 h. After filtration to renove the

catal yst and concentration of the filtrate, the residue was dissolved in
DVF (2.0 nL) and added to a solution of _comrercially obtained

Cbz- L- Leu- L- Phe-OH (70.1 mg, 0.17 mmol ;410 equiv), EDC This Sheet Has Been
Repl aced X1111 ~I11-I1 1212 1L ~I1i | 11 WD 01110894 PCT/ USOCQJ210GL -48
(36 ng, 0.19 mol, 1.1 equiv), HOBT (26 ng, 0.19 mmol, 1.1 equiv), and DI EA
(66 ng, 0.51 mml, 3.0 equiv) in DMF (1.5 nL). After stirring at 23 C for _
4 h, the voPmparation wepf r dntemesfiase der[1+(Ackiyladinpmethgl)+2emethylearbasoyli2e was

taken up intg 21 .2 washed sequentially with I NHO (5 nm),
saturated Na 52‘@' R&ﬁ?@ﬁ% WE (5 nL). The organic 1ayer was dried
over MgS™, filtered, and concentrated. The resi due was purified by flash

col um chy omat ograpRF\(I (5% CH3OH in CHZCI 2) to
Cbz- L- Lew? L- Phe- LSPINEO: - ani ¢o- Al 4} -(asew) -svang-Z-ta@eA gmzheayl-hs a

APRGIHT
3202 1633, PUIRANIBEROP erRnl i fer (it Bsbi . Tonb, 1 D)
in, 3H), 1. 8€H2C112 ol k) 2t 678 °C 9k treatedawithr e2one Qasm Z{ ki, Th’fl-d;hnllbd%oﬁxﬁoﬁ?vas
\,Z,)H? > g 4113 E sthem Egu-’gcé;witg Ar g‘S 3%)ntflln| H‘}gl ‘Ei‘§7 éercri] frgr;') greeArfn t%Byeﬁov%Z (m
ﬁ-bf Ah heuNL\ Btclgaxok(z/m?k #E; @m HRmbY, 2)2 &uid)- dﬂﬂﬂﬁéﬂxﬁiuﬁﬁe Hyaidenlohlid (759 Hg; O O-N
10 1.11 mmol, 1. l equlv) were added. After 1.5 h at —78 °C, a second portion of DIEA
(0.25 mL, 1.43 mmol, 1.4 equiv) and methylamine hydrochloride (80.0 mg, 1.18 mmol,
1.17 equiv) were added, and stirring continued at -78 °C for 2.5 h longer. The volatiles
were removed under reduced pressure, and the residue was purified by flash column
chromatography (5% CH30H in CHxCly) to give [l-(acetylaminomethyl)-2-
15 methylcarbamoyl-2-oxoethyl]jcarbamic acid benzyl ester (55.8 mg, 17% yield) as a pale
yellow solid. Ry=0.23 (10% CH3OI':I' in CH2Ch). IR (em-1) 3302, 1709, 1658, 1539.
IH NMR (CDCl3) (rotameric mixture) 5 1.89, 1.95 (2 s, 3H), 2.77 and 2.89 (2 d, 3H, J
= 35.2), 3.47-3.54 (m, 1H), 3.61-3.69 (m, 1H), 4.29 (m, 1H), 5.10 (s, 2H), 6.64 (br s,
1H), 6.85 (br s, 1H), 7.06 (br s, 1H), 7.34 (s, 5H).
20 ’
Preparation of Product Cbz-L-Leu-L-Phe-L-(N-Ac-amino-4la)-C(O)NHCH3:

1 N HCI (solution in ;vater) (0.17 mL, 1.0 equiv) was added to a solution of [I1-
(acetylaminomethyl)-2-methylcarbamoyl-2-oxoethyl]carbamic acid benzyl ester (55.8
25 mg, 0.17 mmol, 1 equiv) in absolute ethanol (5 mL). After purging with Ar, 5%
palladium on carbon (42 mg) was added, and the mixture stirred under a hydrogen
atmosphere for 5 h. After filtration to remove the catalyst and concentration of the
filtrate, the residue was dissolved in DMF (2.0 mL) and added to a solution of
commercially obtained Cbz-L-Leu-L-Phe-OH (70.1 mg, 0.17 mmol, 1.0 equiv), EDC
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Preparation of Internediate [1-(Acetylam nomethyl)-2, 3-di oxo-3-piperidin-I-
yl propyl ] carbam ¢ Acid Benzyl Ester. A solution of

[1- (acetyl ag; yI) 3-cyan- 2-oxo-3-(triphenyl -%5- 20 pcT/USN/21061
phosphanyl i dene opyl]car bam c acid benzyl ester (prepared as described in
Exampl e 10) (572 ng, 1.01 mml, | equiv) in CH2C12 (11 nm) at -78 C was
treated with ozone gas for 2 h. The chilled solution was then purged with
Ar for 10 min until the color had changet8<from green to yeIIow. Pi peri di ne
(0.110 m, 1.12 nmml, 1.1 equiv) was added dropwi se over m n, and

tirring continued at -78 C. for til nder
?ehuc;dgpress:ﬁ?émgaﬂd t“?f%drééle&li'é')’ﬂ'm&i(ﬁmgy :1 I bﬁﬂ'ﬂv 3}#8 ggﬁgphy

(5% CH3CH in %? H%qﬁﬂv{ﬁtﬁwykﬁfnmnekh&' Stirdngd aflDP*Q-f8r 4Tth|tae Sheet
Has Been Repl ace 1111111I 171117111111 'l 1111 WO 01/ 10894 PCT/ USOO/ 21061

-49- piperidi rvolan;es Mpmpyio]/e;hur@amedueaé pu:smﬂ]he resides wasitaeniprigto Gy i el d)

| orl 53
NNR (CDCL3) 8 A0BES g rvaghe‘?!mue pitid NG ) sl feeol et a3, o
[ 5509 red;hn 5
I(Dp]ep:a'r_i)at [ 03 ofbﬁé’r 8%5% —gl)g&% Leu Lwa%hgied &ﬁl?%lcg@g‘ﬁ ﬂée a)d %"(ﬂ%?méfﬁgeﬂ%l ne:
By a net hod anﬁdmxgm purifiedby flasheedlvim thmmo@'amrm%mﬁﬂlﬂ in CH;Clp) to give
[1-(acetyl am ngnet hy [

benzyl ester (Chpidld -i’be-wmf&x»?mq‘?’-fi G O] A clbol S ok 0% ot od

th Cbz-L-L Ph
bt sgrapg; iAok Ythop ey oo o0,
am NoAl a )]
om oAt ) O e it o8Ol ) iyt s 8, s o2

(CDC13) s 100. 80316 Oanfers), @30, (d13BAS £.192),(285-343 (m33ﬂ)3 355106 (m, ma) 3 97-

5575 20 O Sl A a0

Cbz- L- Leu-L-Phe-D (N-Ac-am no Ala)-C(Q - Pi peridine

_4—

[+ 2 0
\© an

Preparation of Intermediate  [l-(Acetylaminomethyl)-2,3-dioxo-3-piperidin-1-

15
ylpropyl]carbamic Acid Benzyl Ester:

A solution of {1-(acetylaminomethyl)-3-cyano-2-0xo0-3-(triphenyl-A*-
20  phosphanylidene)propyl]carbamic acid benzyl ester (prepared as described in Example
10) (572 mg, 1.01 mmol, 1 equiv) in CH3Cl (11 mL) at ~78 °C was treated with ozone
gas for 2 h. The chilled solution was then purged with Ar for 10 min until the color had
changed from green to yellow. Piperidine (0.110 mL, 1.12 mmol, 1.1 equiv) was added
dropwise ovér 1 min, and stirring continued at —78 °C for 15 min. The volatiles were
25 removed under reduced pressure, and the residue purified by flash column
chrorﬁatography (5% CH3O0H in CH2Cb) to give [1-(acetylaminomethyl)-2,3-dioxo-3-

This Sheet Has Been Replaced
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c OHo, NHO~) \ SANNNtN- FI O (12) 20 As a byproduct of the

synt hesi s of conmpound 11, Cbz-L-Leu-L-Phe-D (N Ac-am no-

Al a) - C(O) -wbppeiossh ne (16.7 ny, 18%yield) was obtai ned peTwsehew! ess,
crystalline solid. Ri= 0.36 (5% CHBO—I in CH2C12). IR (cm1) 3310, 165%,
1537. 1H NVR (CDC13) S 0.88 (br s, 1.39-1.82 (m 8H), 1.93.(s, 3H),
2.99-3.02 (m 1H), 3.15-3.22 25 (m 11n3 3.40-3.75 (m 6H), 4.07-4.12 (m
2H), 5.07-5.18 (m 4H), 6.27-6.57 (2 i™92H), 7.18-7.36 (m 10H), .
7.53-7.60 (m 2H). M5 (FAB) 636 (MH*). Thi s Sheet Has Been Repl aced

111111111111}, 1 1 Q Ie 13
Cbz- L-Leu-L- Eﬁendl_n-bm_g\%)p(yil:ln an%)aq%é l%ﬁf) 70 iouﬁﬁ—%ey ld)d§ {ﬁfﬁ )
(13) Preparﬁmom{ﬁﬁfomqﬁwmdlm(cﬂr%aodr1020 A\ssgarrm W ’RMRACDT15%01.59 5
Using a slightly dified version of the nethod descri bed above to prepare
Cbz L-Leu- L(bPheZH) (WBoéHhrﬁMSNl@)-&)h@i&ﬂﬁS&molﬁ),éwr{pc&hﬁdﬁ@ (brishe
reaction bet ??ur L1 1)1-3@ no- Al a) - N(CH3) OCH3 (prepared as descri bed
in Exanple9 (}{)5 g v7of the 2-thiazole anion (generated from

t hi azol e and nBuLi) was perfor rred Once 10 quenched with H2O, the m xture
was then acidified with 10%citric acid foll owed extraction with EtOAc.
Dryi ng (Na2gt8 m"é’&ﬂgé tébéﬂ"l'%fﬂd lﬁﬁ)‘r(ﬁ‘i“‘é’&t"ﬁ"lﬂ’if‘gg‘q‘ﬂb Piperdingie by col urm
chromat ography using a gradi ent of 2-5% CH3OH CHC13 gave an 87%

—

By a method analogous to that used to prepare compound 10, [1-(acetylaminomethyl)-
2,3-dioxo-3-piperidin-1-ylpropyl]carbamic acid benzyl ester (54.4 mg, 0.14 mmol, }

10  equiv) was deprotected and coupléd with Cbz-L-Leu-L-Phe-OH (59.4 mg, 0.14 mmol,
1.0 equiv). After chromatography (5% CH30H in CH2Clp), Cbz-L-Leu-L-Phe-L-(N-Ac-
anino-Ala)-C(O)-piperidine (10.5 mg, 12% yield) was obtained as a colorless film. Ry
= 0.40 (5% CH3OH in CH2Cl). IR (cm-1) 3302, 1657, 1537. 'TH NMR (CD.Cl3) &
0.80-0.97 (m, 6H), 1.34-1.98 (m, 9H), 3.09-3.19 (m, 2H), 3.37-4.20 (m, 5H), 4.54-4.79

15 (m, 3H), 5.05-5.22 (m, 2H), 5.95-6.58 (m, 3H), 7.12-7.46 (m, 10H). MS (FAB) 636
(MH"), 658 (MNa"). |

Yy
. i \ (12)

As a byproduct of the synthesis of compound 11, Cbz-L-Leu-L-Phe-D-(N-Ac-amino-

20

Ala)-C(O)-piperidine (16.7 mg, 18% yield) was obtained as a colorless, crystalline
solid. Ry= 0.36 (5% CH3;0H in CHyCly). IR (em-1) 3310, 1651, 1537. 1H NMR
(CDCl3) 5 0.88 (br s, 6H), 1.39-1.82 (m, 8H), 1.93 (s, 3H), 2.99-3.02 (m, 1H), 3.15-3.22

25 (m, 1H), 3.40-3.75 (m, 6H), 4.07-4.12 (m, 2H), 5.07-5.18 (m, 4H), 6.27-6.57 (2 m, 2H),
7.18-7.36 (m, 10H), 7.53-7.60 (m, 2H). MS (FAB) 636 (MH").
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yield of the product as a white solid. 1H NVR (CDC13) S 1.88 (s, 3H), 3.88
(m 2H, S 12 (m 211), 555 (m | H, 6.11 (in, 1 H, 6.23 (d, I H J =
6.6), 7.36 Woolddges 7- 75 (d, 151 H J = 2.9), 8.05 (d, | srasoanie?). HRVS
calc for C 16H 17N304S (MtH), 348.1018; found,. 348.1028. Preparation of
Product Cbz-L-Leu-L-Phe-L-(N-Ac-am no Al a)-2-Thiazole: 20 To a sol ution of
Cbz-L- (N-Ac-am no- Al a)-2-thiazole (0.225 g 0.65 mmol) in 5 n CH2C 2 was
added 5 nL 30% HBr/ AcOH. The m xture was~ ®trred for 1.5 h and was
concentrated. The residue was washed thoroughly with Et20 and dried to give
L-(N- Ac-am no . : éa\tlveyleld I H NWR
(CD30D) 6 1.8 ZH ), o.17 (m 214). 25 This
Sheet Has Been Repl aced LT 1111 1111~ Piy-c#11111 WO 01/ 10894
PCT/1JSO0 21061 -51 To a -20 C sol utifn of Csz,.,L Leu-L-Phe-OH (0. 267 g,
0.65 mmol) in 5 nL THE was added°Et \/ﬁﬁl? g, MT\95 nmml ) and

I sobut yl chl orof ormate (89 irring for 10 mn the

reaction mxture was cool e 40 C 2 m_) sol ution of
L- (N- Ac- am no- Al a) - 2- t hi azol ehydr obr om de added. The reaction 5 m xture
was warnmed to 23 C and, after | h of stirring, was quer@8ed wth H20 and

extracted with CHC13. The organic | ayer was washed with brine, dried over
Na2SO4, filtered, and concentrated. The residue was purified by colum
chr omat ogr aphyPregraipn af Infermediate (CHR1L-v-Abamihbkla)-2iGhizble: provi de the product
In 64%vyi eISd (2 steps) as a white solid. 1H NVR (CD3OD) S 0.86 (d, 3H, J=
6.3), 0.90°(d, 3H, J=6.3), 1.37 (m 10 2H, 158(m 1H), 1.83 (s, 3H),

2.93 (m 1H), I3su?é)a Q@htl%hﬂ:dlﬁ%d eérs{omofaié)me abyk 19 ﬁ]e%gg& Lét%l@ 4. 66

(m 1H), 5.09
IH, J= 2.9), z;-lihe I -Bgﬂamam aabg-bexHRn&otmﬂcmnpmmd cxlherwmﬁsbe(wdeiﬁ)cbz-r.-

608. 2543; f Ou'tﬂlLAég‘ﬁmg%ar’)-le)OCﬁC?t%rkc%grw 06 escn 432 91) Exdmplé 9Nabove) and 5

equiv of the 2-thiazole anion (generated from thiazole and nBuLi) was performed. Once

10 quenched with H>0, the mixture was then acidified with 10% citric acid followed by

extraction with EtOAc. Dryixig (Na380y), concentration, #nd purification of the residue

by column chromatography using a gradient of 2-5% CH3OH/CHCI3 gave an 87%

| yield of the product as a white solid. !'H NMR (CDCl3) 5 1.88 (s, 3H), 3.88 (m, 2H),

5.12 (m, 2H), 5.55 (m, 1H), 6.11 (m, 1H), 6.23 (d, 1H, J = 6.6), 7.36 (m, 5H), 7.75 (d;

15 1H,J=29), 8.05 (d, 1H, J=2.9). HRMS calc for C;gH;7N304S (M+H), 348.1018:
found, 348.1028.

" Preparation of Product Cbz—L-Leu-L-Phe_—L-(N-Ac-amino-Aia)-2-Thiazole:‘ .

20 To a solution of Chz-L-(N-Ac-amino-Ala)-2-thiazole (0.225 g, 0.65 mmol) in 5 mL
CHCl; was added 5 mL 30% HBr/AcOH. The mixture was stirred for 1.5 h and was
concentrated. The residue was washed thoroughly with Et;0 and dried to give L-(N-
Ac-amino-Ala)- 2-thiazoleshydrobromide in quantitative yield. 1H NMR (CD30D) &
1.85 (s, 3H), 4.00 (m, 2H), 5.20 (m, 1H), 8.17 (m, 2H).

25

/’
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15 Exanpl e 14: Cbz-L-Leu-L-Phe-L-(1V-Ac-am no .41a)-CCH oycr4, NHOHO
ONZ OXN NN O O (14) Under anhydrous conditions, 10 equiv of ethynyl
magnesi umvbg piriofia (0.5 Min THF, 12 nl) was added' to acswbmiziesn of

Cbz- L- Leu-L-Phe-L-(N-Ac-am no-Ala) 20 N(CH3) OCH3 (prepared as described in
Example 9) (0.35 g, 0.60 mol) in 3 nL of THF. The reaction m xture was
stirred for 1.5 h at 45 C. The m xture s then poured into 25 nL of | N
HCl and extracted twice with 50 nL of Bt"OAc. The organic |layers were
washed with 25 nL of H2O, dried.over Na2SO4, filtered, and concentrated to

| eave a resipyg-a@e s&mmtdfmzmﬁq.pﬁelomqwgomwmm)( iHiSQAE)THIRWEs @ White
solidin 25 67%yield. 1H NVR (DVBO d6) J=7.7), 1.29 (m

2H), 1.48 (radde tsN 1Y shb8d mmal) Be@nsoketulchbmformau (39 mg, 0.65 |mm|ol)4 IVILT

WO 01/ 10894 61, =52 1.79 80 at, 1H
105 6 00" At stiie i W ihin 6 agtiohmilipe ps Cogted 1044 i § M @aRLY,

4.57 (m 1 Hblunén&ﬁ' L-QN—AE%mxﬂo-Ala@-ﬂt}uaz&e‘ﬁ?drﬁEmnﬂdé) way -added. "Theb l’&act:on7 34 (m
5H), 7.92 (m. 2H), 8.59 (t, 9) . HRVS cal ¢ for C30H36NA06 . ( MCs)

681. 1689:5 f JabFHIre BBy Wamed, t°§3|é‘%%ﬂ4 tﬁqé h efstirging, vps | quenched Wit HQ and no
Al a) - CH=CH, ex%&éﬁgwxdl\le}i%h.—ﬁe orgg J:\Ilawgr \was washed with brine, dried over NazSO4,_

filtered, and concentrated. The residue was purified by column chromatography using a
gradient of 2-5% CH3OH/CHCIl3 to provide the product in 64% yield (2 steps) as a
white solid. 'H NMR (CD3;0D) & 0.86 (d, 3H, J = 6.3), 0.90 (d, 3H, J = 6.3), 1.37 (m,

10 2H), 1.58 (m, 1H), 1.83 (s, 3H), 2.93 (m, 1H), 3.20 (m, 1H), 3.64 (m, 1H), 3.81 (m,
1H), 4.07 (m, 1H), 4.66 (m, 1H), 5.09 (m, 2H), 5.63 (m, 1H), 7.14 (m, SH), 7.33 (m,
5H), 8.09 (d, 1H,J=2.9), 8.17 (d, 1H, J=2.6). HRMS calc for C31H37N506S (M+H),
608.2543; found, 608.2565. Anal. (C3|H37N506S-0.-50H20) C,H,N.

15  Example 14: Cbz-L-Leu-L-Phe-L-(N-Ac-amino-Ald -CsCH.

Y
Sasshees
L

Under anhydrous conditions, 10 equiv of ethynyl magnesium bromide (0.5 M in THF, -
12 mL) was added” to a solution of Cbz-L-Leu-L-Phe-L-(N-Ac-amino-Ala)-
20 N(CH3)OCHS3 (prepared as described in Example 9) (0.35 g, 0.60 mmol) in 3 mL of
THF. The reaction mixture was stirred for 1.5 h at 45 °C. The mixture was then poured
into 25 mL of 1 N HCIl and extracted twice with 50 mL of EtOAc. The organic layers
were washed with 25 mL of H30, dried over NaySQy, filtered, and concentrated to
leave a residue. Purification by column chmmatogra;;hy (EtOAc) gave a white solid in

25 67% yield. 1TH NMR (DMSO-dg) 5 0.80 (t, 6H, J = 7.7), 1.29 (m, 2H), 1.48 (m, 1H),
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I / HO 0(15) Thi s conmpound was prepared in 22%yield from

Cbz-L-Leu- L- Phe-L-(N-Ac-am no- 10 Al a)-N(CH3) OCH3 (prepared as described in
Exanpl e 9) %q"m”ﬂyl nmagnesi um bromni de using a procedure popuS@RMG1to that
descri bed f generating Cbz-L-Leu-L-Phe- L-(N Ac-am no Ala)-C=CH (conpound
14). 1H NWR (DVMSO-d6) 'S 0.80 (t, 6H, J = 7.5), 1.27 (m 2H), 1.43 (m |
H, 1.76 (s, 3H), 2.80 (m I H, 3.07 (m I H, 3.23 (m 1 H, 3.45 (m |
H, 400 (m 1 H, 448 (m 1 H, 4.62 (24 H), 500 (s, 2H), 5.81 (d, |
H, 15 J=11.4), 6.19-6.66 (m 11- ), 7.20 (m 5H), 734(m5H) 7.41 (d,

a7 S0l ot b, 280 gy 1l s (g = 1500, 0.5 3280 b5 48 il 1), Sod )

Cbz- L- (N- A | ; 29 \
Che L T T g g~ Sonc o, 9516, o

Cbz- L- (N- Ac- ard.Fo (o SBI), 17.9% énORH), Th$% (tsﬁéletJ ﬂa?s9)BeHm|salacfeﬁcsoHssN4os
11111112111 WU | I . 0] / USOQO) 21061 -53 Using the general
pr ocedur e desc(M"t?ésj 6#??%%‘19&1_@41@%& L- (N-Ac-am no-Ala)-OH from

Cbz- L- Leu- ls Phe- OH and L-(N--Ac-am no-Ala)-ONa in Exanple 9, Cbz-L-(NAc-
am no-Al a)-L- Phe O—l was synt he5| zed I n 500/@ y| eld from
Cbz- L- ( N- Ac- arBixample 13 C ArlrBhe-briN oo ] 3¢ bbber et al., J Med.
Chem (1998), vol. 41 2786) and 5 the SOdI umgsaleh, of L-phenyl al anine as a
white solid. |HNWR (DMSO-d6) 8 1.77 (&, %QO(dd IH, J = 13.8,
8.6), 3.05 (dd, IH J = 13.6, 4.8) 3~ 409(m 1H), 4.38 (m
111), 5.00 (m 2H), 7.19-7.34 s \/1188 , 8.07 (d, I H J =
8.1). 10 Preparation of In d?atﬁ

Cbz- L- (N- Ac- ani no- Al a) - L- PRe?L- ( N- Ac- ati nb@) N( CH3) OCH3:

15)

This compound was prepared in 22% yield from Cbz-L-Leu-L-Phe-L-(N-Ac-amino-
10 Ala)-N(CH3)0CH3 @mpmd as described in Example 9) and vinyl magnesium

bromide using a procedure analogous to that described for generating Cbz-L-Leu-L-Phe-

L-(N-Ac-amino-Ala)-C=CH (compound 14). 'H NMR (DMSO-dg) § 0.80 (t, 6H, J =

7.5), 1.27 (m, 2H), 1.43 (m, 1H), 1.76 (s, 3H), 2.80 (m, 1H), 3.07 (m, 1H), 3.23 (m,

1H), 3.45 (m, 1H), 4.00 (m, 1H), 4.48 (m, 1H), 4.62 (m, 1H), 5.00 (s, 2H), 5.81 (d, 1H, -
15 J=11.4),6.19-6.66 (m, 1H), 7.20 (m, 5H), 7.34 (m, 5H), 7.41 (d, 1H, J=8.5), 7.77 (m,
' 1H), 8.03 (d, 1H, J=17.0), 8.39 (d, 1H, J = 7.4). Anal. (C30H38N4O¢) C, H, N.

(16)

20
Preparation of Intermediate Cbz-L-(N-Ac-arnfno-Ala)-L-Phe-OH:

S —
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Usi ng the general procedure described in Exanple 9 for preparing Chz

L- Leu- L- Phe-L- (N Ac-am no-Al a)-N(CH3) OCH3 from Cbz-L-Leu-L-Phe-COH and

L- (N- Ac- arwaorfbs) - 15 N( CH3) OCH3, PCT/US00/21061

Cbz- L- (N- Ac- am no-.Al a) - L- Phe- L- (N- Ac- ami no- Al a) - N( CH3) OCH3 was synt hesi zed
as a while solid in 81 %yield from Cbz-L-(N Ac-am no-Al a)-L-Phe-OH and
L- (N- Ac- ami no- Al a) - N(CH3) OCH3. | H NMR (DIVISOd6) S 1.77 (s, 6H, 2.79 (dd,
IH, J=13.8, 9.4), 2.99 (dd, 1H J= 140%‘6) 3.10 (s, 3H), 3.19 (m 2H,
3.29 (m 2H), 3.68 (s, 3H), 4.05 (m 111), 4.44 (m 1H), 489(m1H)

5.01 2H) ysi m. ) 1H, J
775 2p | vyike Y ek plocediuc festha for CEL 1 bu't mlel of i Siab o 104
Product: Usi ﬁqnﬂb&Lﬂpmﬂeﬂhn@Hded u(Nb@dﬂmn—ﬁﬂa)e@Ha nm@xampmmﬂ‘bi-liw Ac-

;:gz aLv\,{(1:\|£ QC S%ﬁllpa-%'lﬂ %@y@pg\?ﬁpﬁgﬁgﬁéﬁ in 509)“ yle?d ﬁ'om Cbz-L- W%c\-l\a%%ng-y\n; P esi zed

Cbz- L- ( N- Ac-QHi(pepéibdihs desEiitRd lin Webbe-ef . npmuathéﬂi@t@hmb‘ﬁ 4@n@|73%?_09ya1y'
magnesi um bromide. 111 NVR (DVBSO-d6) S 1.76 (s, 311)
(m 1H), 5 3.thsgedium sply of B-phenylalgnineids a Whitssolidy H NMR G)MSO(d;D 511E97 (s4. 04 (m

725 (m on Dr2 9 eg g 153 gﬁ(ms“aeﬁ%ﬁeaeée%b@gén&@aﬁaﬁéa 1111
NRERER 11111}11;;438!@:11 1Mpsmb/(h{,n&$47 fﬁwmolmp@ks (m54Hb+907(E M, A 1H)
8.12 (t, 1H, 8.6), 8.61 (t, . HRVB cal ¢ E29H33N5

(M-Cs), 696. 81’434 found, 696. 1408 Exarrpl e 17
Cbz-L-Leu-L- Phe-L- (N-Ac-am' no-Ala)-C=CCHOCH oycHNH OHOOCH3 O~ N

' - AN

_ 10  Preparation of Intermediate Cbz-L-(N-Ac-amino-Ala)-L-Phe-L-(N-Ac-amino-Ala)-
N(CH3)OCHs:
Using the general procedure described in Example 9 .for preparing Cbz-L-Leu-L-Phe-L-
(N-Ac-amino-Ala)-N(CH3)OCHj3 from Cbz-L-Leu-L-Phe-OH and L-(N-Ac-amino—Ala)—
15 N(CH3)OCH;, Cbz-L-(N-Ac-amino—Ala)-L—Phe—L—(N—Ac—amino-Ala)-N(Cﬂ;WCH3
was synthesized as a while solid in 81% yield from Cbz-L-(N-Ac-amino-Ala)-!,-Phe-OH
and L-(N-Ac-amino-Ala)-N(CH3)OCH3. H NMR (DMSO-dg) 5 1.77 (s, 6H), 2.79 (dd,
1H,J=13.8,94), 2.9? (dd, 1H, J=14.0, 6.6), 3.10 (s, 3H), 3.19 (m, 2H), 3.29 (m, 2H),
' 3.68 (s, 3H), 4.05 (m, IH); 4.44 (m, 1H), 4.89 (m, 1H), 5.01 (m, 2H), 7.20 (m, 5H), 7.34
20 (m, 6H), 784 (m, 2H), 802 (d, 1H, J = 7.7), 828 (m, 1H). Anal
(C29H38N0g°1.0H20) C, H, N.
Preparation of Product:

4

Using the procedure described for preparing compound 14, Cbz-L-(NV-Ac-amino-Ala)-L-
25  Phe-L-(N-Ac-amino-Ala)-CH=CH> was synthésized as x.a white solid in 25% yield from
Cbz-L-(N-Ac-amino-Ala)-L-Phe-L-(N-Ac-amino-Ala)-N(CH3)OCH; and  ethynyl
magnesium bromide. 'H NMR (DMSO-dg) 5 1.76 (s, 3H), 1.79 (s, 3H), 2.79 (m, 1H),
3.05(m, 1H), 3.18 (m, 2H), 3.43 (m, 1H), 3.50 (m, 1H), 4.04 (m, 1H), 4.36 (m, 1H),
4.56 (m, 1H), 4.88 (d, 1H, J= 4.0}, 5.01 (m, 2H), 7.22 (m, 6H), 7.34 (m, SH), 7.80 (m,

-
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NQ O 5 (17) Using the procedure described for preparing conpound 6, the
title conpound was synthesized in 19%yvyield from Cbz

L- Leu- L- Pheglo A,(‘)}T] - am no= Al'a) - N(CH3) OCH3  (prepared as deetabimeogin
Exanpl e 9) an e lithiumanion of nethyl propargyl ether 10 (generated
from nBuLi and nethyl propargyl ether at 23 C). 1H NVWR (DVSO-d6) a 0.80
(t, 6H J =7.4), 1.28 (m 2H), 1.47 (m 1H), 1.79 (s, 3H, 2.80 (m | H,
3.05 (m 1H), 3.27 (s, 3H), 3.33 (m 11434-3.50 (m 1H, 4.00 (m IH),
4.32 (s, 2H), 4.36 (m 1H), 4.57 (m 1H), 5.01 (s, 2H), 7.22 (m 6H), 7.34

725 1051, 'f ourkD: 788 (45D, 193l & 1B OB o1 B L2 Rl o

Al a) - CH20OCH, Cig h fngM-l- Y95 1434 Bun® 696.1906.18)  Preparati on of
I nt ermedi at e Bu PPh: 20’ Pot assi um hydride (35 wt % in mneral

oil, 2.29 g, 20.0 nnDI, 2.0 equiv) was stirred in hexanes (10 nmL) for 5
mn, and then stirtr A ‘ , ped.to settle. Most
of the hexaneZ3agpls - fovet—by—r - =st2dual solvent This
Sheet. Has Been Replaced I ~IIIII~ MO 01/10 dKHYLBOO/ZlOGl -55 renoved

under vacuum The resulting dry KH pgowder wa Hsuspended in THE (20 nL) and
phenet hyl al cohol (1.22 g, 10.09rn loe cadded (causing gas
evolution). After stirri o M athlck precipitate fornmed.
The m xture was cool ed t C amnd s& u ' of i odonmet hyltributyltin
(prepared according to Seitz, et al., %@ 5 Commun. (1983), vol. 13,
129) (6.465, 15.0 mmol, 1.5 equiv) in TR (15 nL) was 4&Wed via cannul a

over 10 min. The m xture was warned to 23 C for 3.5 h, and then

Using the procedure described for preparing compound 6, the title compound was
synthesized in 19% yieid from Cbz-L-Leq-L-Phe-L-(N-Ac—amino-Ala)-N(CH3)OCH3
(prepared as described in Example 9) and the lithium anion of methy! propargyl ether

10 (generated ﬁom nBuLi and methyl propargyl ether at 23 °C). !'H NMR (DMSO-dg) 5
0.80 (t, 6H, J = 7.4), 1.28 (m, 2H), 1.47 (m, 1H), 1.79 (s, 3H), 2.80 (ni, 1H), 3.05 (m,
1H), 3.27 (s, 3H), 3.33 (m, 1H), 3.50 (m, 1H), 4.00 (m, 1H), 4.32 (s, 2H), 4.36 (m, 1H),
4.57 (m, 1H), 5.01 (s, 2H), 7.22 (m, 6H), 7.34 (m, SH), 7.96 (m, 2H), 8.58 (m, 1H).
HRMS calc for C35H49N407 (M+Cs), 725.1951; found, 725.1978.

15 Example 18: Cbz-L-Leu-L-Phe-L- N-Ac-amino-Ala)-CHyOCH>CHoPh

uLLnAN@
o

Preparation of Intenned'iate Bu3SnCH;0CH>CH,Ph:

20  Potassium hydride (35 wt % in mineral oil, 2.29 g, 20.0 mmol, 2.0 equiv) was stirred in
hexanes (10 mL) for 5 min, and then stirring was stopped and the solid allowed to

settle. Most of the hexanes layer was removed by pipette, and the residual solvent
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cooled to -78 C. The reaction was quenched with saturated aqueous NH4C
solution (25 nlL), warned to 23 C, and extracted with Et20 (200 nL). The
or gani ¢ exyo aginss4 were dried over MgSO4, filtered, and eonvusmenl ed.
Purification of the residue by flash 10 col um chromat ography (hexanes)
afforded tributyl - phenet hyl oxynet hyl -stannane (3.73 g, 88%yield) as a
colorless liquid. Ri= 0.63 (4% EtQAC in hexanes) IR (cm 1) 2955, 2924,
2852, 1464, 1082. 1H NMR (CDC13) 8 O. g3 (t, J=.7.2, 1511),1.31 (sextet, J
= 7.4, 6H), 1.50 (quintet, J = 7.4, 6H), 2.86 (t, J =17.0, 2H, 3.54 (t, J

;3762 37 28'3'"%%'(2’&“3' 6gé dﬁ3“’6“ 7#“%“1&@4&, g %“4%‘},“ %%ﬁé,ﬁdﬁ@g.iﬁ a?é@%)gi
139.50. Prepad ahemthybdlcdhobdm g,]stﬂ.t) meQIeUedLuiﬂmas{_ad@Nl (tausarglhgals f:voluti]on;ne
S A S o4 40 R R R MR A,
M in hexane,0 € 4l af‘do]utibﬁ%fadiﬁﬁﬂﬂxylﬂiﬁxtylﬁh @rwaresa 2066Tding ité Seitz, &Qdl., i N and

Cbz- L- Leu- L- Phe-L -éN—Ac- am no- Al a %p epared as descri bed in
Exanpl e 9) (@@mpeng(1983) yolnldy 32% %adbiao mnwlel 5u) h THF (1 2md) weas aI | owed

to warmto Qd&d%@éanﬂu]ﬂ%{/ér% A hté r@g@ﬂ%&%\é@%&%ﬁ%ﬂﬁgcﬂ %ﬂ

Et OAc. This sol ution was washe , 30rrL
H2O, 3 nl brepoled todt 78K o%wa@@waﬂqmnckmbmﬂammd@emN&Cl s'maonr esi due

was purifie al L., h to I 3-5% Q/\CI—IClB)
yi el ding 0. giﬂ‘&? 4 19259 E‘S%‘T‘{Q"ﬁgtmoﬁﬂ%oa@?) racts; "~ gH,
J=6.8), L1 S&Ere(dﬂed%lvar M%Séﬁ ﬁh@}edlzhlh coﬂeeﬂ@atécs Puficatioch &Qhe(ksndt?é‘by flash6- 8) ,
2.86 (m 1ZP 99 (d H J = 13.2, é324342(m2l-l),356(t
2H, J 6. 19) umn ehrpmatogsaphyrh(hsx@n@eafstd B& wty Rehenetbydxyneithyl-stappane| | | | | |
T T T O TSOO/2106 @,)4 10 (m

IR 5
M), 4. 34 ({373 E485% yieldyas qgolaress "%”‘bgﬁf( rr$ g;iﬁ% G imfexdie % 7. 40
Eg, 1' HH, J 295582?")4: 25527¥4é4t 1082. Hy NMR (€D013) 5%. §b3(t(ﬂ= 7h, I5)) 131 (sefthr, 8- 32
o L J=14, 6H),150(qumtet,J 7.4, 6H), 2.86 (1, J = 7.0, 2H), 3.54 (t, J = 7.0, 2H), 3.75

(s, 2H), 7.15-7.33 (m, SH). '3C NMR (CDCls) 5 9.01, 13.66, 27.28, 29.12, 36.36,

15 61.94,76.38, 125.94, 128.17, 128.91, 139.50.

Preparation of Product Cbz-L-Leu-L-Phe-L-(N-Ac-amino-Ala)-CH,OCH;CH,Ph:

A solution of tributyl-phenethyloxymethyl-stannahe (0.443 g, 1.02 mmol) in THF (lO
20 mL) was cooled to =78 °C and nBuLi (2.5 M in hexane, 0.41 mL) was added. The
mixture was stired for 15 min and Cbz-L-Leu-L-Phe-L-(V-Ac-amino-Ala)-
N(CH3)OCHj3 (preparet{ as described in Example 9) (0.10 g, 0.17 mmol) was added.
The reaction mixture was allowed to warm to 0 °C over a period of 1.5 h and then was
poured into 100 mL EtOAc. This solution was washed with 30 mL of 10% aq citric
25 acid, 30 mL H;0, 3 mL brine, dried over MgSQyq, filtered and concentrated. The
residue was purified by column chromatography (gradient elution, 3-5%
CH3;0H/CHCl3) yielding 0.014 g (13%) of a white solid. IH NMR (DMSO-dg) 5 0.79
(t, 6H, J=6.8), 1.30 (m, 2H), 1.48 (m, 1H), 1.76 (s, 3H), 2.80 (t, 2H, J = 6.8), 2.86 (m,
1H), 2.99 (dd, 1H, J = 13.2, 4.0), 3.24-3.42 (m, 2H), 3.56 (t, 2H, J = 6.8), 4.01 (m, 1H),
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calc for C37H46N4A07 (M+Cs), 791.2421; found, 791.2439. Anal. (C37H46N407)
C, H N 5 Exanple 19: Cbz-L-Leu-L-Phe-L-(N-Ac-amno Ala'-CH OCH oy NH
OHON/ (Mdolfuksy0 @ procedure like that described for psepgdhibetonpound
18, the title conpound 10 was synthesized as a white solid in 26%yield
from Cbz-L-Leu-L-Phe-L-(N Ac-am no- Al a)-N(CH3) OCH3 (prepared as descri bed
i n Exanpl e 9) and tributyl-nmethoxynet hyl - stannane (prepared as descri bed
in C. R .Hebd. Seances Acad Sci. Ser. C ¢8670), vol. 270, 2080). 1 H NMR
(CDCI3) S 0.90 (t, 6H, J 6.6),1.45 (m 1 H), 1.62 (m | H, 2.01 (s,

0 ST (k8 R ATy, bl P s g o 955'@‘@ ohp iy

5.05 (m 1H), ﬂ{,lﬂ—(sm), 1279@, 1}5J8356msds 1H6J4549ns31 ,1H615=574)t HRMS J‘
7.4), 7.05 (m | 7.40 | OH). 'HRVB cal ¢
for C30H4ON4O7eH 37%6§499%+C$)02He24255f9u@§21 243QﬂaAnal ((@ﬂmmaﬁ K H
N. 20 Exarrpleﬁo Cbz-L-Leu-L-Phe-L-d n-2-Benzthiazole ON, ONNNs I H
O O (20) This' ™ Sheet Has Been ReplacedIIIIII|hIII|h/IIII/III/ WO 01/ 10894
PCT/ USOO 21961 -57 Preparation of I|nternediate
Boc-L-(Tr-Gln)-2- B?n To a sol ution of benz
14.9 mol , 3. Ala

t hi azole. (1.63 ni,

(19)

Using a procedure like that described for preparing compound 18, the title cofnpound

10 was synthesized as a white solid in 26% yield from Cbz-L-Leu-L-Phe-L-(N-Ac-amino-
Ala)-N(CH3)OCH3 (prepared as described in Example 9) and tributyl-methoxymethyl-
stannane (prepared as described in C. R .Hebd. Seances Acad. Sci. Ser. C (1970), vol.
270, 2080). 'H NMR (CDCl3) 5 0.90 (t, 6H, J = 6.6), 1.45 (m, 1H), 1.62 (m, 1H), 2.01
(s, 3H), 3.17 (m, 1H), 3.25 (m, 1H), 3.48 (s, 3H), 3.88-4.05 (m, 1H), 4.12 (m, 1H), 4.20

15 (m, 1H), 4.34 (m, 1H), 4.82 (m, 1H), 4.85-4.95 (m, 1H), 5.05 (m, 1H), 5.10 (m, 2H),
5.83 (m, 1K), 6.45 (m, 1H), 6.55 (t, 1H, J = 7.4), 7.05 (m, 1H), 7.40 (d, 1H, J = 8.5),
7.18-7.43 (m, 10H). HRMS cale for C30H40N407 (M+H), 569.2975; found, 569.2991.
Anal. (C30H40N407) C, H, N.

L4

20  Example 20: Cbz-L-Leu-L-Phe-L-Gin-2-Benzthiazole

OaNH,
A, wf}ﬂ
©/\ H o I _M g
O

(20)

\.
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78 C was added nBuLi (9.31 nL, 14.9 mmol, 3.5 equiv). The m xture was
stirred at - 5 78 Cfor 30 mn. A solution of Boc-L-(Tr-d n)-N CH3) OCH3
(prepared wootaser i bed in Dragovich et al., J. Med Chempcfas@®uosivol . 41,
2806) (2.26 g, 4.25 mmol, 1 equiv) in THE (50 nL) was added to the above
m xture at -78 C. After stirring 2 h at -78 C, the reaction m xture was
partitioned between saturated NHA4CI (100 nL) and EtOAc (2 x 100 nL). The
conbi ned organic |ayers were dried over>A\a2So4 and were 10 concentr at ed.
Fl ash col um chromat ogr aphi c purification of the residue (25% EtOQAc in

hexane) gave ’ g},%gl 4 g, 35%vyield) as a
pal e-yel | ow P "I(:ghnt %2%?%{%'&9 jgn hexanez. I R ( m 1)

3394, 1696, 1489 1165 1H NV\R (CDCI3) 6 1.46 (s, .59-1.64 (m 1H)

725733 (nf® “°“7°fé’§"‘f’%'?§§é°?ﬁ]wﬁ' gt %%mggﬁc%ﬂw i ;ﬁé i SEARE

(m 1H). Anafg °(f @3@&@5&«6@&1&@ 1 mitl, 109 nithG1P35 diguki ) nk:ﬁ:mm@:ﬁksat-
Cbz- L- Leu- L- Phe- Tr-G r}% - Benzt hi azol e: Boc-L- n) - 2- Benzt hi azol e

(0. 156 g,3 0. l%°¢rfﬂs 0 ming eﬂlvtwl qﬁ@gcm@wwwqm)q&s (lzepamd@salnsn@ n),

d | ut £ H d ded., Th t
was otirred BOPEBISAbel Medr Ghart ogsh vol AL ZARL e 475 hget [ uvEa "under
reduced pres@uHF (56m)rvﬁsh@ﬂ¢aw\msasbve3ﬂkmu-ms Ed:zFAﬁErsﬁhin ms:tl-ad°co 0 C,

and Cbz- L- Leu L- Phe-OH (0. 160 g, nmrol gw vz) DI EA (0. 136 ni,
0.78 mmol , 3the Egetiom mixHue HasRATtitPned Bﬂfgfeemsasgatﬁﬁ‘rm h (180 el diangd @(?added

sequent il e e 99 Lol Sl o b P 1 B e

t hen the sol‘ven renoved undersitie ess

up into @2 Qoac&n&&emrmsmmdmm&m ﬁ%l:tidﬁ dmﬁehes?du% (D5%BrOASth rrL)
saturated NaHCO3 (50 ni), H20 (50 The organ

| ayer was drheéerleangeve ﬁgsez(Tr-ﬁm 2ehee€ laam@j (%&I:Gnﬁﬁ"évt yigld) asmepal@x«rgwe

purified by cal gﬁ, Yin( 2 %01 s Sheet
Has Been Reptf acegfl I@ﬁuf(ﬁoﬁﬁ{(? Q‘Qﬁ%?? Iﬁ(ﬁél ﬂ?@%l{#, %ﬂ@éﬁw 21061
-58 (CDCl3) 5 1.46 (s, 9H), 1.59-1.64 (m, 1H), 2.07-2.09 (m, 1H), 2.44-2.53 (m, 2H), 5.61
| (m, 1H), 7 08 (s, br. lH), 7.25-7.33 (m, 16H), 7.55-7.63 (m, 2H), 8.00-8.03 (m 1H),
15 8.16-8.19 (m, 1H). Anal. (C3gH3sN3045) G, H,N.

Preparation of Intermediate Cbz-L-Lcu-L-PhéL-(Tr-GIn)-Z-Benzthiazole:

Boc—L—(Tr-GIn)-Z-Benz.thieizole (0.156 g, 0.26 mmol, 1.0 equiv) was dissolved in 1,4- -.
20 dioxane (3 mL), and a solution of HCl in 1,4-dioxane (4.0 M, 3 mL) was added. The
reaction was stirred at room temperature for 3 h, then the solvent was removed under
reduced pressure. The residue was dissolved in DMF (5 mL), cooled to 0 °C, and Cbz-
L-Leu-L-Phe-OH (0.166 g, 0.39 mmol, 1.5 equiv), DIEA (0.136 mL, 0.78 mmol, 3
equiv) and HATU (0.148 g, 0.39 mmol, 1.5 equiv) were added sequentially. The
25  reaction mixture was stirred at 0 °C for 40 min, and then the solvent was removed under
reduced pressure. The residue was taken up into CH>Cly (50 mL), and washed
sequentially with 0.5 N HCI (50 mL), saturated NaHCO3 (50 mL), H>0 (50 mL), and
brine (50 mL). The organic layer was dried over MgSQ;, filtered, and concentrated.
The residue was purified by flash column chromatography (2% CH30H in CH2Cl) to
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gi ve Cbz-L-Leu-L-Phe-L-(Tr-d n)-2-benzthiazole (0.170 g, 74%yield). R =
0.24 (5% CH3OH in CH2C 2). IR (cnivl) 3295, 1654, 1226. 1H NMWR (CDC13) 8

0.77-0.91 (Womﬁhﬁ% 1.31-1:37 (m IH, 1.42-1.46-(m 1H), ptrdSeck21b8 (m
3H), 2.02- 1H), 2. 38 2.42 (m 2H), 2.83-3.18 (m- 2H), 4.09-4.13
(m 1H), 456459(m 1H), 4.88-4.97 (m 5 2H), 5.68-5.72 (m | H),
6.42-6.47 (m 1H), 6.56 (d, 1 H J =7.5), 7.07-7.35 (m 25H), 7.54-7.59
(m 2H), 7.96-8.01 (m 2H), 8.10-8.14 (m58H). Anal. (C53H53N506S) C, H,
N. Preparation of Product: 10 Triisopropylsilane (0 077 ni, 0 376 mmol )

Coz-L- Leur L. prEvLE g?fi@gﬂryﬁ‘f oA AP e 70 & Aot DAt B
vas st rred BRI EHIED BLERY IRE Ml pias .#eﬁ“.“%‘“ﬂﬁ%‘éﬁ'@?%%?zr"rﬁ‘s " he

15 vol atiles veHel wmve(dn mnﬁamznnmgﬁdm,rmwﬁe(mm tzlme-zrmm aHp@. 3%l i d
was triturated wth Et20 (10 nl) |tere

e L Lot b Pt (m ), 2538 Amh 250t 05403 Gop 11D, 4@% 9? em;th%aA 97 (m,

pal e-yello d @jﬁgﬁ I I R
(cm1) 329\é§ 0%@)956?52780(@9?219%_‘ (&f%@g 68 0 6933525&}5251)’
1.22-1.30 (m 254-7.52 (22H), 296(81 (ck2H), 18 HES.24 07, (H) Asd). (CRsHSNOE) QOL (m
3H), 2.68-2.79 (m | H), 3.00-3.05 (m 1H), 3.93-3.95 (m | H), 4.60-4.64
(m | H, 4.9 (s, 2H), 5.42-6.46 (m 1H), 6.81 (s, IH, 7.15-7.37 (m
13H), 763771(m 2H), 7.87-7.90 (m 1H), 8.26-8.29 (m IH), 8.70-8.72
(m 1H). Anal. (C35H39N605S) C, H, N This Sheet Has Been Replaced | |
111111 111111 metqomofqupctv\o 01/ 10894 PCT/ US00/ 21061 -59 Exanple 21: Chz
L- Leu- LPhleoL[(S) Pvrrol Alal-2-Benzthiazole N ~ONN_ NOO

Triisopropylsilane (0.077 mL, 0.376 mmol) and trifluoroacetic acid (3 mL) were added
sequentially to a solution of Cbz-L-Leu-L-Phe-L-(Tr-Gin)-2-benzthiazole (0.150 g, 0.17 .
mmol) in CH2C12 (3 mL) at 23 °C, producing a bright-yellow solution. The reaction
mixture was stirred at 23 °C for 30 min, during which time it became colorless. The

'15 volatiles were removed under reduced pressure, and the resulting solid was tnturated
with Et;O (10 mL), filtered, and air-dried to give Cbz-L-Leu-L-Phe—L—GIn—Z-
benzthiazole (0.058 g, 49% yield) as a pale-yellow solid. Ry= 0.50 (10% CH30H in
CHzClp). mp = 192 -195 °C. IR (cm-1) 3298, 1659, 1526, 1238. 'H NMR (CDCl3) §
0.68-0.81 (m, 6H), 1.22-1.30 (m, 2H), 1.42-1.48 (m, 1H), 1.98-2.07 (m, 1H), 2.15-2.24

20 (m, 3H), 2.68-2.79 (m, 1H), 3.00-3.05 (m, 1H), 3.93-3.95 (m, 1H), 4.60-4.64 (m, 1H),
4.99 (s, 2H), 5.42-6.46 (m, 1H), 6.81 (s, 1H), 7.15-7.37 (m, 13H), 7.63-7.71 (m, 2H),
7.87-7.90 (m,'lH), 8.26:8.29 (m, 1H), 8.70-8.72 (m, 1H). Anal. (C35H39NgOsS) C, H,
N.
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(21) 5 Preparation of Internediate

Boc-L-[ (N- 2, 4- Di net hoxybenzyl )-(S)-Pyrrol-Ala]-H (Q): A solution of

sul fur trivpgogmsqayri dine conplex (2.55 g, 16.0 mol, 4 egwusjoziest DVSO (60 '
m) was slowy added to a m xture of

Boc- L-{N- 2, 4=di nmet hoxybenzyl )-(S )-Pyrrol - Al aninol (Pl) (prepared as
described in Dragovich et al., J. Med. Chem (1999), vol. 42, 10 1213)
(1.64 g, 4.00 nmol, 1 equivV) and Et 3N (%901 m., 14.4 mmol, 3.6 equivV)
cooled at 10-17 C. The reaction nmixture was stirred at 23 C for 1.5 h. The
m xture was slowy quenched with H20O (80 nL) at 0 C, then extracted with
Et CAc (2 x 150 nL)." The conbined organic |ayers were washed with 5%citric
acid (200 miEkx i | Cler-1(-POOL-Phi-] - rrbhdlal-2eBenzditazeled over MySO4 and '
concentrated. The resulting white foamwas 15 used wi thout further
purification. Preparation of Internmedi at g,
Boc-L-[ (N- 2, 4- Di nehhoxybenzyl )-(S)-Pyrrol -
Boc-L-[ (N2, 4-di net hoxybenzyl )-49S)
equiv) in t-butyl alcohol %
solution of NaCiQ2 (3.32 36, 6 ).
27.68 nmol, 6.92 equiv) in H20 (20 nl) i ng an additional funnel. The

m xture was stirred at 23 C overnight. “¥ie m xture @ washed with Et20
(80 nmL), and the aqueous |layer was acidified with | NHCL to pH 3, and
then extracted with 10'% CH3CH in CH2A 2 25 _ (2 x 100 nL). The conbi ned
organi ¢ |5y epréparation ofiftdinediute Boc V-2 MO0 ntsthoxybenzy1)l(S)-Fytrol-2agl (J19s Been
Replaccd 111t o rrrerrrirrl W 01/10894 PCT/ USO0/ 21061 - 60 over
Na2SO4 and concentrated to give.Boc-L-[ (N2, 4-dinmethoxybenzyl)-(S)- Pyrrol -
Al'aJ- OH (1. ]As&utuﬁpdﬁsuﬁﬁr @io)efﬁé b?ncfnﬁ@éﬂmpﬂﬂ Q. 559%‘13 03hm¥es egﬁi@)jm"b

further purification. CDC13) s 6-1.75 (m 1H),

1. 78- 1. 88 ( rff0 mLpjwas sbwmad_deé 1o em:xtmq)of Eﬂ:ciisa\éz,el{dnmhoxyb&qzyh-@z?mom (m

2 2, ety Bk by oo s o 59, 80 21

H(RL): To a solution of
$1.63 g, 4.00 20 nmol, |
Dy utene (12 nlL) was added a

d. 17 eqw v) and NaH2PO4 (3. 32 g,

| Boc- L- [ (1¢ 2, 1215) (168 lgo4 00 e}, l)eq(lﬁ) arByEth K2.80 mlL; 14.4 mmol, 3.6 equiv) cooled at

10-17 °C. The reaction mixture was stirred at 23 °C for 1.5 h. The mixture was slowly
quenched with H20 (80 mL) at 0 °C, then extracted with EtOAc (2 x 150 mL). The

combined organic layers were washed with 5% citric acid (200 mL) and brine (200

mL), and then were dried over MgSO, and concentrated. The resulting white foam was

15  used without further purification.
Preparation of Intermediate Boc-L-[(N-2,4-Dimethoxybenzyl)-(S)-Pyrrol-Ala]-OH (R1):

To a solution of Boc-L-[(N-2,4-dimethoxybenzyl)-(S)-Pyrrol-Ala)J-H (1.63 g, 4.00
20 mmol, 1 equiv) in t-butyi alcohol (50 mL) and 2-methyl-2-butene (12 mL) was added a
solution of NaClOz (3.32 g, 36,68 mmol, 9.17 equiv) and NaH,PO,4 (3.32 g, 27.68
mmol, 6.92 equiv) in H2O (20 mL) using an additional funnel. The mixture was stirred
at 23 °C overnight. The mixture was washed with Et20 (80 mL), and the aqueous layer
was acidified with 1 N HCI to PH 3, and then extracted with 10% CH30H in CH,Cly
25 . (2 x 100 mL). The combined organic layers were washed with H>O (100 mL), dried
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N(CH3)OCH3 (SlI): 10 Isobutyl chloroformate (0.340 nL, 2.62 mmpl, | equiv)
was added to a solution of Boc-

L-[ (N2, 4- dh@ﬁnﬁ@(benzyl )-(:S)-Pyrrol -Al aJ-OH (1: 11g, 2. 63coush2ideiequi v)
and NI\/I\/I(O 5.24 mml, 2 equiv) in CH2Cl2 (40 nL) at -20 C. The
reaction mxture was-stirred at -20 C for 20 mn, and then .

NO- di met hyl hydr oxyl am ne hydrochl oride (0.257 g, 2.62 mmol, 1 equiv) was
added. The resulting m xture was 15 stir+@ at -20 C for 1 h and at 23 C
for 2 h, and then was partitioned between water (100 mL) and CH2C12 (2 x

A R NG YR Sy i PEC BV DR BER -Rerral o
206 CH3CH i £ Phruk
(N( CiB) OCHB (0. égb “gﬁ\?y&e}%% b (it |te%§%¥%§ﬂw§ﬂ%§)?%ﬁm Fol oo

C11202). IR (qmiﬁ}cataﬁlan mﬁm(cmigﬁs 1 4&@3 9H),H awm@ GBC1H), 187811 su&(r(.,smpH)
51-2

1.59- 1.69 (m 2. 13- -1)

114), 3.18-3. 2?218(%31 (19+3H),327ﬁ7 ngs(maa% 3?«28%34({@& %‘%3& 511)544%? 2, "

4.64-4.69 25744 2 7.11 (d, IH,

J=8.7). Aﬁ\sgll %gf&@%%ﬁégga%)ﬂgg?:ﬁ(ﬁlﬁzg Pr e?par gm onHZ)f Interﬁredi ate

Boc-L-[ (N-2, 4-D nmethoxyben z)I)-(S)-Pyrrol Al a]-2- Benzthiazole (Tl): To a’
I f b h I

2t 78C vas AR RoUE] (PERRIRR héegsrﬁ%nm?ﬂwﬂ%%#% %ﬁﬁ%}lu. v,

The m xture TNYCH;RMCH] sj-_llgqs Been Replaced 1111111 11 [ el
01/10894 PCT/ US00/ 21061 -61 was stinted at -78 C for 30 m n. A sol utlon of
Boc-L-[ (N- 2, 4-di met hoxybenzyl)-(S)- Pyrrol-Al a]-NCH3)OCH3 (0.869 g, 1.87

ol , 1 eqyi V) d )

Ater stirt sl Eofogule o 85 L 282 s, { AR BadBe Kol or bt

sat ur at ed NFMG:l[(Nw-dih)edmuybeEzﬂNS)@ml-m]-ﬂH (1Thg Qn‘iﬂbmmdi, 1 equiv) and
NMM (0.570 mL, 5.24 mmol, 2 equiv) in CH2C12 (40 mL) at -20 °C. The reaction

mixture was stirred at -20 °C for 20 mm, and then N,O-dimethylhydroxylamine
hydrochloride (0.257 g, 2.62 mmol 1 equiv) was added. The resulting mixture was
15  stirred at -20 °C for 1 h and at 23 °C for 2 h, and then was partitioned between water
(100 mL) and CH,Cl; (2 x 100 mL). The combined organic layers were dried over
Na3804 and concentrated. Flash column chromatographic purification of the residue
(2% CH30H in CHyClp) gave Boc-L-[(N-2,4-dimethoxybenzyl)-(S)-Pyrrol-Ala]-
N(CH3)OCH3 (0.869 g, 71% yield) as a white foam. Ry = 0.16 (5% CH30H in
20 CHyCh). IR (cm-!) 3413, 1671,1508, 1258. 'H NMR (CDCl3) 5 1.42 (s, 9H), 1.59-
1.69 (m, 2H), 2.13-2.20 (m, 1H), 2.30-2.38 (m, 1H), 2.51-2.95 (m, 1H), 3.18-3.22 (m,
5H), 3.77 (s, 3H), 3.80 (s, 6H), 4.41 (s, 2H), 4.64-4.69 (m, 1H), 5.39 (d, 1H, J = 9.3),
6.42-6.44 (m, 2H), 7.11 (d, 1H, J=8.7). Anal. (C23H35N307+0.25H,0) C, H, N.

25 Preparation of Intermediate Boc-L-[(N-2,4-Dimethoxybenzyl)-(S)-Pyrrol-Ala]-2-
Benzthiazole (T1):

To a solution of benzothiazole (0.815 mL, 7.47 mmol, 3.5 equiv) in THF (80 mL) at —
78 °C was added nBuLi (1.6 M in hexane, 4.7 mL, 7.47 mmol, 3.5 equiv). The mixture

_—
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5 organic |layers were dried over Na2SO4 and were concentrated. Flash col um
chromat ographic purification of the residue (2% CH3CH in CH2A 2) gave

Boc- L- [ ( Nwa@o1/fhssdi met hoxybenzyl ) - (S) - Pyrrol - Al a] - 2- benzpbrasa2es§ 0. 872 g,
86% yield) as a pale- yellow foam Rf= 0.43 (5% CH30H in CH202). IR (cm1)
3402, 1698, 1503, 1258. 1H NMR (CDC13) S 1.42 (s; 9H), 1.89-1.96 (m 1H),
2.17-2.23 (m 1H), 2.43-2.48 (m 10 1H), 2.71-2.74 (m 1H), 3.20-3.28 (m
3H), 3.78 (s, 6H), 4.40 (s, 2H), 5.55-5 676()(m 1H), 5.93 (d, I H J =
7.8), 6.39-6.44 (m 2H), 7.09 (d, I H J=8.1), 7.52-7.60 (m 2H),

KI 97P?eggr git | onSthlagfngnéé&ape@océﬁ?Mr r OW?@Q}%&%ﬁJ{_@%I e (Ul)

15 To a suspRyrsoladajoN(@MHYOCH] (862, ggidrimmhcklpkycbev)zhy ITHF((S) mEY) wadhdded to
Al a] - 2- benzt hi azole (0.406 g, 0.75 mmol, equi v&ﬁ in CH3CN (10 nlL) and

H20 (1 ml) wie aheiscixbmeat 18 420 Adter amanzrﬁm at -¥8c7Githe) reactign mixtee Wes

m xt ure was 12 (50
m.) and wash “i‘{e"gg'e’ﬁ%ﬂ‘% am‘%ﬂ%@t%%&%ﬂ?@@%&# X%ﬁntf)%tcgﬂwrfne (40
nL) . The ®r gagirfic |1ayeey wers deled Qe Wb SOR 280 w8 deonééitrafe@N C FRish adofiinn The
residue was purified by flash colum chromatography (2% CH3COH in CH2C12)

to gi ve Boc-¢hrémaatpgraphic purificatign of the residue 2% IGH303 imQHpChBgMe Bos-La[(Vnhi t e

f Rf = 0. CH2 R 5 3. .1167. 1H NWR
(%@13) S 1. i%'d%’%egh%}%:?’g@'}fgp(’§°’9’§)ﬂb'ﬁ’?‘%Ql‘?% 2‘11%/9 Y?“Féeasza et m 1H),
3.04 25 3.4 . ; 1y7 1 7.99
(d, 41 ﬂ J Eyeglmv faah R’? @hs((ev ¢H§b If‘? S%C(zglng?t&n83fg§”2g6ﬁgoh5g)m g%'s')H N.

This Sheet I—l&hNBﬂé(ClBEtg) &¢.Gﬁ(s,I9HD,Il|89-l 56 (m) TH), RI1742123 (d, I1H), 0430244 294

CTI US00/ 21061 -62- f P : -
e, Lor ol D, 379774 (o Bbod 29 28 e 100, mfsgsﬁbw (bt SIS 0PY) was

g/; sgomedm[sm)lsés@a ¥RDe 18, 859-6.48%, 5 9l09'.0M, U= 59, 712-Fet’mtlipyane (4.0
7.97-8.00 (m, 1H), 8.15-8.17 (m, 1H). Anal. (C28H33N3OGS-0 20H,0) C, H, N.

Preparation of Intermediate Boc-L-[(S)-Pyrrol-Ala)-2-Benzthiazole (U1):
15
To a suspens;ion of Boc—L—[(N-Z4-dimetho.\ybenzyl)-(S)-PyrroI-AIa]-Z-benzthiazole
(0.406 g, 0.75 mmol, 1 equiv.) .in CH;CN (10 mL) and H50 (1 mL) was added DDQ
(0.340 g, 1.5 mmol, 2 equiv). The reaction mixture was stirred at 60 °C for 5 h, and
then was diluted with CH>Clz (50 mL) and washed sequentially with saturated
20 NaHCO; (40 mL) and brine (46 mL). The organic layer was dried over NaSO4 and
was concentrated. The residue was purified by flash column chromatography (2%
CH30H in CH2Cl) to give Boc-L-[(S)-Pyrrol-Ala)-2-benzthiazole (0.214 g, 80%) as a
white foam. Ry=0.28 (10% CH30H in CHoClz). IR (em-!) 3295, 1693, 1167. 'H
NMR (CDCl3) 5 1.44 (s, 9H), 1.75 (s, 2H), 2.12-2.17 (m, 2H), 2.66-2.70 (m, 1H), 3.04-
25 3.43 (m, 2H), 5.60 (m, 1H), 5.81 (m, 2H), 7.52-7.61 (m, 2H), 7.99 (d, 1H, J = 8.4), 8.17
(d, 1H,J="7.8). Anal. (C1oHz3N304S) C, H, N.
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5 The reaction was stirred at roomtenperature for 3 h, and then the

sol vent was renoved under reduced pressure. The residue was dissolved in
CH3CN (6 I\’ﬁ/ﬁ% gd to 0:C' ~ and Cbz-L-Leu-L-Phe-OH (0. 3#¢rAyso@i@4 ol ,
1.5 equiv), 0: 246 nL, 2.24 mol, 4 equiv) and HATU (0.319 g,
0.84mmol, 1.5 equiv) were added sequential ly. The reaction m xture was
stirred at O Cfor 40 mn, and then the solvent was renoved 10 under
reduced pressure. The residue was taken tg24into CH202 (50 nL) and was
washed sequentially with 0.5 N HCO (50 nL), saturated NaHCO3 (50 nmL), H20

(50 nl), and brine, .. 1€ organic layer was dried over MgSH4,
filtered, and W@ﬁ??g%é“(%i resi due was purified by flash col um

chr omat ogr aphy (2% CH3CH in CH202) to give

Cbz- L- Leu-L-Phe-L-[(S)-Pyrrol-Ala] benzt hi azol e (0, 142 g, 37% 15 yield).
Rf = 0.20 (5% M@-Bemmm@@ 20018 0636 mmof, defl squw)mzsll?e%zd 1531,

1204 1H MR GERG s i Wl sl ihpchy Vedptie @ ME ) b (7
(m 2H), 3.535-The3dction wﬁé—&urreg aﬁﬂ:o#x;é%g(rgml'elﬂab;i harSithen e sglment vie renfaved- 5. 10

2 5.25 (d,
(7m07 ;D 37 (mW® "-’ciﬁé“c"dipfoeés"? cHHCTEIQYR Wap 55°{?'n§’2“ %H)Q%N ?ﬁf’ﬁﬂ ‘iﬂf""g 9 ooJ‘z;*D »8. 09
1H), 8.15- 6 2
E:g]z LH)Leu L- F>h"§“l ﬁzgj rr of“"??'ﬁk‘!jz‘!’%%?%g%ﬂ‘ﬁﬁ% Sﬁ)é ﬁ“b‘b{’o"'ﬁﬂﬁ@%@@q 2324 HOH
O (22) 25 Thimméhdaqui)anBEATIRELS g d. a4mm0111;50ethmu¢ded|sequenually WO

01/ 10894 PCT/ U0 24061 8%, BB bt LG Y15 o/ i L ok REEREE

10  under reduced pressure. The residue was taken up into CH>Cly (50 mL) and was
‘washed sequentially with 0.5 N HCI (50 mL), saturated NaHCOj3 (50 mL), H20 (50
mL), and brine (50 mL). The organic layer was dried over MgSQy, filtered, and
concentrated. .The residue was phﬁﬁéd by flash column chromatography (2% CH3;0H
in CHaCly) to give Cbz-L-Leu-L-Phe-L-[(S)-Pyrrol-Ala]-2-benzthiazole (0.142 g, 37%

15 yield. Ry = 020 (5% CH30H in CHCl). mp = 108 -111 °C.. IR (cm)
3284,1662,1531, 1244. 'H NMR (CDCl3) & 0.81-0.88 (m, 6H), 1.40-1.44 (m, IH),
1.55-1.59 (m, 2H), 1.89-2.00 (m, 2H), 2.10-2.17 (m, 2H), 2.48-2.52 (m, 2H), 3.09-3.18
(m, 2H), 3..35-3.37 (m, 2H), 4.11-4.19 (m, 1H), 4.80-4.85 (m, 1H), 5.05-5.10 (m, 2H),

. 5.25(d, 1H, J=8.1), 5.68-5.70 (m, 1H), 6.18 (s, br 1H), 7.07-7.37 (m, 10H), 7.52-7.61

20 (m, 2H), 7.97-8.00 (m, 1H), '8.07-8.09 (m, 1H), 8.15-8.18 (m, 1H). Anal.

(C37H4)N506S) C, H, N.

[ 4

le 22: Cbz-L-Leu-L-Phe-L-

Exa

(22)
25
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(S)-Pyrrol -Al a]-N(CH3) OCH3, nBuLi, and thiazole in a manner anal ogous to
the synthesis of Boc-L-[(S) Pyrrol Al aj-2-benzthiazole described in .
Exanpl e 2goofofas g, 0.19 nmol, 1.0 equiv) was di ssol vetusmring- di oxane
(3 n.), and a solution of HCl in 5 1,4-dioxane (4.0 M 3 nL) was added. The
reaction mxture was stirred at 23 Cfor 3 h, and then the solvent was
renoved under reduced pressure. The residue was dissolved in CH3CN (6 rrL)
cooled at 0 C, and then Cbz-L-Leu-L-Phe83cH (0.118 g, 0.29 mml, 1.5
equiv), NwW (0.084 nm, 0.76 mml 4 eqw v) and HATU (0.110 g, 0 29 mol ,

1.5 t dat O
D S V) BRLE QAR ERIRR Tl YIS 35 B S MR RIS, ¢ ©
The residue (\ﬂ}iByxtdkMa]-N(CHg)QCHg,Cthnz and Ghiaole imrd mmmhedmlbgquem ithd |y with

0.5N MCI (50 ni), 9&Euraied NaHCQ3 (50nL),. H2O (50, nL), and brine (50 ni)
The or gani c YBpEsS Bock-{EhPyre/rdlakyy igzpleyde HnEcampie 20109628, The

o PSS R L O M R
repctio t rC 4

Y661, )1536 124 coC13). 8 0d8 86 ; @ ﬁ (m 1M,

1.52.1.58 (b @6@!&2‘(‘6‘? ov °g“§e$m("% %‘ﬁi w34 dissglved, , -

3.32- 3.34 (mcx-gE!N (64nn)4:o(>nu afloHC, ahd aﬁn@bal-mmL-th&orﬁoQ&Bs gso 2% fimol,
5.29-5.32 (m_1F), 5.59 1% 6.55 (s, br 1H), 7.16-7.22 (m 5H), 7.33
(s, 5H), 7.69% ¢auv),NMM €. q 7®omeu3£q@0)41d H&'EUIO 5) Og,/&r%?lmmol 15

(S SEAe0PE fo H le A  RBE  RBAL
Repl acedl0~I land thenithd sdlventwas rdmoved mdé&ﬁﬁéeﬁQﬂ&éu@CWhUm&lﬁlﬁlaken%
into CH2Cl; (50 mL), and washed sequentially with 0.5-N HCIl (50 mL), saturated
NaHCOj3 (50mL), H2O (50 mL), and brine (50 mL). The organic layer was dried over
MgSOy, filtered, and concentrated. The residue was purified by flash column
| chromatography (2% CH3O0H in CHZ.CIZ) to give Cbz-L-Leu-L-Phe-L-[(S)-Pyrrol-Ala]-
15  2-thiazole (0.057 g, 48% yield). Ry=0.48 (10% CH3O0H in CHCl3). mp = 83-85 °C.
IR (cm-1) 3284, 1661, 1536, 1247. 'H NMR (CDCl3) 5 0.85-0.86 (m, 6H), 1.39-1.44
(m, 1H), 1.52-1.58 (m, 2H), 2.00-2.07 (m, 4H), 2.43 (m, 2H), 3.01-3.21 (m, 3H), 3.32-
3.34 (m, 2H), 4.14 (m, 1H), 4.85-4.87 (m, 1H), 5.08 (s, 2H), 5.29-5.32 (m, 1H), 5.59
(m, 1H), 6.55 (s; br 1H), 7.16-7.22 (m, 5H), 7.33 (s, 5H), 7.69 (d, 1H, J = 1.5), 8.00 (d,
20 1H,J=1.5). Anal. (C33H39N50¢S+0.50H,0) C, H, N. '
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A solution of HO in 1,4-dioxane (4.0 M1 nL) was added to
Boc-L-[(S)-Pyrrol Al a]-2- pyridi ne (prepared from Boc-L

[ (N--2, 4-di R ¥fenzyl) - (S)-Pyrrol - Al aj - N(CH3)OCH3, nBuydyusatighopy! i di ne
in a manner anal ogous to the synthesis of Boc-L- [(S)-Pyrrol

Ala] - 2- benzt hi azol e described in Exanple 21) (0.063 g, 0.19 mmol, 1 5
equiv) in | nL of 1,4-dioxane at 23 C. After 2 h, the volatiles were
removed under reduced pressure. The resi@gie and Cbz-L-Leu-L-Phe-COH (0.056
g, 0.23 mol, 1.2 equiv) vvere di ssolved in CH3CN (1 nL) and cooled at 0 C.
NVM (0.083 ni, 0.91 ol equiv) and HATU (0.060 g, 0.23 nmmol, 1.2
equi v) were théﬁdéEHEfé@IfHQ(a’ﬂdéh@lP&ﬂ"P 1.0 Mhd mlhwas agdediioBagrie[(ShByrealidlalsdt at 0

Cf 2 h, d I 0

The 1 eai due waldTitE . "Spikburtd | Sond® VBOELIOVR RO SHGT BRI P

(70 ), Na HCOS(GH)ORHy, nBuld, {nd pyeidinéGn m.r)mnnihmalagogﬂ)tonEd sty f Bdgy;ﬁr S
d d ted, th ue was urifie

(T ach col um. CpDE b ihissnle cecrtien s incRample 239 COEh & - 10-maady 1 1 o

fford Cb

arror z-4 - i\))'llPﬁ‘thL'OfﬁS)dlB&hEQﬂZf*@ %‘Sepyrh' q‘%e #Scs %genécgrgg% %90

white foam 15
1660, 1531. 1H med(pcm!s 'B:eoresgue)anssc bzrL-L@u)L-Plie-GH- (0.058 g, r0.224imol, 1.2

é. gé é gi Em vﬂ’f ‘}‘gﬁ’%&(ﬂ% 3%(1 %ngidzcogged(nh]@m%bgg%zggg% 3H),
2H), 5.33-5. 36mfbl, 487)equiv) 3ad (HATU 0507%1@(25 xﬁx?xotnn%w) K”e% theTha

7.45-7.52 (m 3H), .7,75-7.86 (m 2 8.65 (d, 1 H
J = 20 4.2). FAusntiallyc3EheireREion mixtig pras stared;at ON’C Eraihbl a@d the volatiles

Cbz- L- Leu-{g Phgerb rdmdved ubder rr&iucﬁi ﬁLssQ"z The r&idVe whs Bisbhibl in C}Pz:le(ﬁ mts O

(24) 25 Preparation of Interne
Boc- L- [ ( N— 2, 4-dpid nlesnhwashiedkwith 1) N (I-E)l (W mL)] N&H@O; CrBmL), and brine (70 mL). The

combined organic layers were drie;i over NaSQy, concentrated, and.the residue was
purified by' flash column chromatography (gradient elution, 2-»4% CH30H in CHyClL)
to afford Cbz-L-Leu-L-Phe-L-[(S)-Pyrrol-Ala)-2-pyridine (0.060 g, 50%) as white foam.
1S Ry=0.28 (5% CH30H in CHaCly). IR (em-!) 3279, 2954, 1690, 1660,1531. lHNMR -
(CDCl3) 5 0.85-0.86 (m, 6H), 1.38-1.43 (m, 2H), 1.51-1.63 (m, 2H) 1.94-2.06 (m, 4H),
2.39-2.52 (m, 2H), 3.04-3.20 (m, 3H), 3.33-3.34 (m, 1H), 4.17-4.19 (m, 1H), 4.85-4.87
(m, li-I), 5.09-5.10 (m, 2H), 5.33-5.36 (m, 1H), 5.89 (m, 1H), 7.10-7.17 (m, 4H), 7.34
(m, 4H), 7.45-7.52 (m, 3H), 7.75-7.86 (m, 2H), 7.99 (d, 1H, J = 7.8), 8.65 (d, 1H, J =
20 4.2). Anal. (C35H41N506+0.35H,0) C, H, N.

Example 24: Cbz-L-Leu-L-Phe-L-[(S)-Pyrrol-Ala -CH3

H

[o]
©/\ H 0%0”3
(24)

25  Preparation of Intermediate Boc-L-[(N-2, 4-Dimelhb:gzbenzyl)—(5)-PyrraI-AIa]-CHg,:

—_—_—

———————
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Thi s Sheet Has Been Replaced (I1ELEELE FHERLELE 1P EnrElT WO 01/ 10894

PCT/ US00/ 21061 -65 CH3Li (1.0 Min THF, 5.79 nm., 5.79 muol, 3.5 equiv) was
added to ayeeisiekdson of Boc- PCT/US00/21061

L-[ (N- 2, 4-di met hoxybenzyl )-(S) - Pyrrol Al a] - N(CH3) OCH3 (prepared as
described in Exanple 21) in THE (15 nL) at -40 C. The m xture was stirred
at -40 Cfor I h, and 5 then was partitioned between saturated NH4CL(50 nlL)
and EtOAc (2 x 50 nL). The conbined or@%‘ni c layers were dried over Na2SO4
and were concentrated. Flash colum chromatographic purification of the
residue (2% CH3OH in CH2Cl 2) gave Boc-L-[ (N 2,

4- di met hoxybenzyl )-(S)-Pyrrol Ala]-CH3 (0.366 g, 48%yield) as a

pal e-yel | ow €Halon(1.0MM in THE,. ‘(93ﬁ% Eﬂ!{)ﬁmalrsﬁmnﬁo@as added (6 asdlitich 8 Bocl 674,
1509, 1159. 1H NMR 10 (CDC13) g I_?;d 78-1.86 (m 1H), 2.00-2.14
(m 2H), 2.2b{@-3%-dmgthaxypenzyl)- @-Pyzros Il N(CHWOCH; (premrebag descibyd i8. 78 (s,

o). 710 (ot 20 B B kT 400, EpoRputy ves stredet S pal fe e, of |

| nt er medi st ethedwad pdrsiribned Bavovebnr Sativared NHC Dgohﬁlsy&ﬂfl;ml&c (@R 507MLY. Ofge 15
Al a] - CH3: Boc-L-[(N-2,4-di net hoxybenzyl)-(S)-Pyrrol Ala]-CH3 (0.230g, 0.55

mmol, 1.0 eqmnb)nedmmdll@svlvmddmd dverNaSOx and wes: cohdentrated] Blashaioliniron of
HCl in 1, 4-di,oxane

room tenper aihﬁ?'%at‘?%élﬁl}; mmﬁsﬁ&nt"‘}féhmeﬁlégg&%ﬁ EIH?B% r'\/\ééﬂ]?'on miﬁa& e(rjegfjced
e e 8, PO 5, TS ey SRS s T

2. 20-mol , 4RE40i58)(SeNEIDAEUn(Kexdred. IR @m3F 380R! 1674, B@qulw IppaKRadded
sequentlally The reaction mxture was stirred at 0 C for 40 min, and the

sol vent Uhs (CBG)S] 438y bdsrd 86 (s B 2:00-2. (e, 2H, 220:2.326m,144Re248p | nt 0
CH2Cl 2 25 ( q (
atur at ed NeFICE (D HY53 F Bos TRl B8t 5 dab) 488 ¢ 3 B0 g
| ayer was driHsd =/ 6.4416@% (mf 2H), 216, 1HANE 78pnAA4l! (@;Izlal;zszh;cerdue was
purified by flash colum chromatography (gradient
Preparation of Intermediate Cbz-L-Leu-L-Phe-L-[(N-2,4-Dimethoxybenzyl)-(S)-Pyrrol-
15 Ala)-CHs: '

Boé-L—[(N-Z,4—dimethoxybenzyl)—(.$)-PyrroI-AIa]-CH3 (0.230g, 0.55 mmol, 1.0 equiv)

' was dissolved in 1,4-dioxane (3 mL), and a solution of HCI in 1,4-dioxane (4.0 M, 3
mL) was added. The reaction was stirred at room temperature for 3 h, and then the

20  solvent was removed under reduced pressure. The residue was dissolved in CH3;CN (6
mL), cooled to 0 °C, and then Cbz-L-Leu-L-Phe-OH (0.340 g, 0..83 mmol, 1.5 equiv),
NMM (0.242 mL, 2.20-mmol, 4 equiv) and HATU (0.314 g, 0.83 mmol, 1.5 equiv)

were added sequentiall)}.' The reaction mixture was stirred at 0 °C for 40 min, and the
solvent was removed under reduced pressure. The residue was taken up into CH;Cly

25 (50 mL), and washed sequentially with 0.5 N HCI (50 mL), saturated NaHCO3 (50 mL),
H20 (50 mL), and brine (50 mL). The organic layer was dried over MgSQy, filtered,

and concentrated. The residue was purified by flash column chromatography (gradient
elution, 0-2% CH30H in CHzCl;) to give Cbz-L-Leu-L-Phe-L-[(N-2,4-

e
eet Has Been Replaced
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elution, 0->2% CH3OH in CH2Cl 2) to give Cbz-L-Leu-L-Phe-L-[(N-2,4- This
Sheet Has Been Replaced [I1LITTITT 11 121121 111111 WO 01/10894

PCT/ US00/ 2198%113459 di mrel hoxybenzyl)-(S) Pyrrol ‘Al a]-CH3 ¢Or/8s/,2a06177%
yiel-d) contamnina ?ed Wi th some inseparable inpurities. Rf= 0.30 (50% Et OAc
in hexane). IR (cm 1) 3295, 1663, 1510, 1261. 1H NMR (CDC13) 8 0.88 (s,

3H), 0.90 (s, 3H), 1.42-1.67 (m 6H), 1.72-1.80 (m 1H), 1.83-1.94 (m
IH), 2.04-2.20 (m 5H), 3.08-3.19 (m 2H§63.79 (s, 6H), 4.22-4.26 5 (m
2H), 4.30-4.40 (m 2H), 4.81-4.88 (m IH), 5.08-5.10 (m 2H), 5.23 (m |H),

C e 1S éé“drzgﬁwﬁﬁnﬁgﬁ%ﬁ-ﬂw&éf‘% £Hy 0300 g% ek solalnaidle ity $6md  17

‘ . .
Pyrrol A al - ourePEpE ey RE° 30 [ i b RELABIR 3 162180 (4
mL dded

St rrod at 60 Cor oo oG DD, o ?ﬁ?éﬁmw‘ﬁ?h%ﬁ’z%““p%’ﬂm&‘ﬁﬁ -

washed sequentiH] 1.93-1i9 Hms AHr2:04:2120 GmNEHHCERS 3419 (1. )2HIN3 79 (s, ﬁH),(MlTZ-MZ§ The

ouSET od by 1 GG Pehk e R A 384 RN, 15 SEBRIT T rDe A iR AES
Cbz- L- Leu- L- Prgss ¢ n{(zﬁ)ﬂU(aoia,Atah 601 00Fs 18), 2i84. 19@&,%%3333&((&13\ Rf =
0.13 (5% CH3OH in CH2C12). IR (cml) 3285, .1661, 1544, 1261. 1H NMR

(CDC13) S 0. 82H). 865 M1MH), 1.24-1.37 (m 3H), 1.55-1.64 (m 2H), 20
1.74-1.96 (m 4H), 2.09 (s, 3H), 2.35 (m | H), 3.10-3.12 (m 1H)),
3.28-3.32 (m | H, 4.09-4.16 (m IH), 4.35 (m |H), 4.79-4.84 (m 1H),
5.02-5.14 (m Paeparatibn 2PProdyctiH, J= 6.9), 5.99 (s, 1H), 6.9416.96 (m 1H),
7.20-7.24 (m 5H), 7.35 (s, 5H), 7.94-7.96 (m 1 H. Anal. (C3
JH40N406 01 50H20 C, H, N. This Sheet Has Been Repl aced

To a suspension of Cbz-L-Leu-L-Phe-L-[(N-2,4-dimethoxybenzyl)-(S)-Pyrrol-Ala)-CH;

(0.300 g, 0.42 mmol, 1 equiv) in CH;CN (10 mL) and H,O (1 mL) was added DDQ
(0.190 g, 0.84 mmol, 2 equiv). The reaction mixture was stirred at 60 °C for .5 h, and
then was diluted with CH2Clp (50 mL) and washed sequentially with saturated

15 NaHCO; (40 mL) and brine (40 mL). The organic layer was dried over NaySO4. and
was ‘concentrated. ‘The residue was purified by flash column chromatography (2%
CH30H in CH2Clp) to give Cbz-L-Leu-L-Phe-L-[(S)-Pyrrol-Ala}-CH3 (0.073 g, 27%)
as a white foam. Rr= 0.13 (5% CH3;O0H in CHZCIZ). IR (cm-1) 3285, 1661, 1544,
1261. 'H NMR (CDCl3) ;i 0.82-0.90 (m, 6H), 1.24-1.37 (m, 3H), 1.55-1.64 (m, 2H),

20  1.74-1.96 (m, 4H), 2.09 (s, 3H), 2.35 (m, 1H), 3.10-3.12 (m, 1H), 3.28-3.32 (m, 1H),
4.09-4.16 (m, 1H), 4.35 (m, 1H), 4.79-4.84 (m, 1H), 5.02-5.14 (m, 2H), 5.22 (4, 1H,J =
6.9), 5.99 (s, 1H), 6.94:6.96 (m, 1H), 7.20-7.24 (m, 5H), 7.35 (s, SH), 7.94-7.96 (m, |
1H). Anal. (C31H49N404°0.50H20 C, H, N.
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010000010 11 ETIETTEETIT 11 WO 01/10894 PCT/USOQ 21061 -67 Exanpl e 25:
Cbz-L-Leu-L-Phe-L-1(S) Pyrrol Al a]-2-Benzothiophene H ON xOH xO QO N.
Nv N5 Hvwbhbasde(25) To a suspension of PCT/US00/21061

Cbz- L- Leu-L-Phe-L-[ (N2, 4-di net hoxybenzyl)-(S)-Pyrrol Ala]-2- 5

benzot hi ophene (prepared from

Boc- L-[ (N- 2, 4- di net hoxybenzyl )-(S) - Pyrrol Al a] N(CH3) OCH3, nBuLi, and
benzot hi ophene in a manner anal ogous to%{he synthesis of

Cbz- L-Leu-L-Phe-L-[ (N2, 4-dinet hoxybenzyl) (S Pyrrol Al a] - CH3 descri bed
in Exanmple 24) (0989~ 1peoy) r ) g];eo m.) and H20 (1
nm.) was addg I (C ) 3C eaction mxture
was stirred at 60 C 10 for 5 h., and then vv@s diluted with CH202 (50 nmL) and
washed sequentially with saturated NaH 40 nL) and brine (40 nL). The

organic layer was dried over Na2 agd entrated. The residue was
purified by flash col um c oiat r',hp 29 In CH2C12) to give

Cbz- L- Leu-L-Phe-L-[(S)Py Al aﬂ ergollhi®ophene (0.055 g, 69% as a
white foam RJ= 0.52 (109 OH in CH . 15 IR (cm 1) 3287, 1663, 1514,

1255. 1H NMR (CDC13) 8 0.77-0.82 (m 6 1.26-1.32 (g5 2H), 1.47-1.53 (m
2H), 1.61=1.81 (m 2H), 2.10-2.20 (m 2H), 2.32-2.36 (m 1H), 2.73-2.81
(m | H, 2.87-2.94 (m IH), 3.06-3.15 (m 2H), 3.97-4.03 (m | H),

471- 5233: 471- ig (Er‘lm gllg{)speémﬁaooﬁ 'Giz-Lzﬂ,'QuhL-ﬁh@l?-{é\l .34. M:ho}ybenzﬁ)- g?}gi;g,éla{zy-
8.40 (s, 5 H)enzggnemepq (orepared; fromg, 1§oc-lAE(a4-2 4-d2metl(mmzlma)ymﬁl-m}

geenRl aced n(CH;)OCH;, nBuli, and benzothiophene in a manner analogous to the synthesis of
Cbz-L-Leu-L-Phe-L-[(N-Z,4-dimethoxybenzyl)—(.$)-Pyrrol-AIa]—CH;_ described in

Example 24) (0.09 g, 0.12 mmol, 1 equiv) in CH3CN (10 mL) and H,O (1 mL) was

édded DDQ (0.066 g, 0.30 mmol, 2.4 equiv). ’fhe reaction mixture was stirred at 60 °C

10 for 5 h, and then was diluted with CH>Cl> (50 mL) and washed sequentially with

saturated NaHCO3 (40 mL) and brine (40 mL). The organic layer was dried over

H)

Naz;SO4 and was concentrated. The residue was purified by flash column
chromatography (2% CH30H in CH;Cl,) to give Cbz-L-Leu-L-Phe-L-{(5)-Pyrrol-Ala}-
. 2-benzothiop_hene (0.055 g, 69%) as a white fdam. Ry=0.52 (10% CH30H in CHxCl).
15 IR (cm!) 3287, 1663, 1514, 1255. !H NMR (CDCl3) 5 0.77-0.82 (m, 6H), 1.26-1.32
(m, 2H), 1.47-1.53 (m, 2H), 1.61-1.81 (m, 2H), 2.10-2.20 (.m, 2H), 2.32-2.36 (m, 1H),
2.73-2.81 (m, 1H), 2.87-2.94 (m, 1H), 3.06-3.15 (m, 2H), 3.97-4.03 (m, 1H), 4.50-4.55
(m, 1H), 5.00 (m, 2H), 5.32-5.37 (m, 1H), 6.97-7.10 (m, 5H), 7.28-7.40 (m, 6H), 7.46-
7.58 (m, 2H), 7.65 (s, l}:I), 8.02-8.08 (m, 2H), 8.40 (s, 1H), 8.69 (d, 1H, /= 8.1). Anal.

20 (C3gH42N406) C, H, N.

—

aced

“\\ii\\i\\\\\\\\\\\\\\\\\\



This SheetHas 11 111 11 1111 111 111 1111 111 . .1 WD 01/10894

PCT/ USO0/ 21061 - 68 Exarrple 26: Cbz-L-Leu-L=Phe-L-[(S)-Pvrrol Alal-Ph H O
N OO0\ GNMHMQ H Oul- (26) The title conmpound was pr epaseh/Fnaam

Boc- L-[ (N2, I 'met hoxybenzyl )-(S)-Pyrrol- 5 Ala}-N(CH3)OCH3 and PhLi in a
manner anal ogous to the synthesis of Cbz-L-Leu-L- Phe-L-[(N-2,

4- di met hoxybenzyl )-(S) Pyrrol Ala]-CH3 described in Exanple 24. Rf = 0.25
(5% MeOH in CH2CI2). IR (cm 1) 3280, 1696684643. 1H NMR (CDC13) 8 0.79-
0.92 (m 7H), 134144(m 1H), 1.48-1.89 (m b5H), 2.06-2.18 (m 1H),
2.27-2.38 (m . 6 (m 1 2. 98-3. (m 3H, 4.11-4.21 (m
1H), 4.76- 4. 85E ERER-X , , 5.12 (d, 1H, J= 12.3),
5.28 (d, 1H, J=9.0), 5.47-5.56 (m | H), 6. 38H (s, 1H), 7.08-7.20 (in,
5H), 7.29-7.42 (in, 5H), 7.44-7.52 (m 2H) O&5§-7.63 (m 2H), 7.93-7.98
(m 2H). Anal. (C36H42N406.0.50H20 N. Bxannl e 27:
Cbz-L-Leu-L-Phe-L-@n-CH 70C( O) - (ZJLG |c*hl roh ) ONH= OH O O cl

(26)

The title compound was prepared from Boc-L-[(N-2,4-dimethoxybenzyl)-(S)-Pyrrol-
5  Ala]-N(CH3)OCH3 and PhLi in a manner analogous to the synthesis of Cbz-L-Leu-L-
Phe-L-[(N-2,4-dimethoxybenzyl)-(S)-Pyrrol-Ala)-CH; described in Example 24. Rr=
0.25 (5% MeOH in CH2Clp). IR (cm-!) 3280, 1696, 1643. YH NMR (CDCl3) 5 0.79-
0.92 (m, 7H), 1.34-1.44 (m, 1H), 1.48-1.89 (m, 5H), 2.06-2.18 (m, 1H), 2.27-2.38 (m,
1H), 2.44-2.56 (m, 1H), 2.98-3.35 (m, 3H), 4.11-4.21 (m, 1H), 4.76-4.85 (m, 1H), 5.06
10 (d,1H,J=123),5.12(d, 1H, J=12.3), 5.28 (d, 1H, J = 9.0), 5.47-5.56 (m, 1H), 6.38
" (s, 1H), 7.08-7.20 (m, SH), 7.29-7.42 (m, 5H), 7.44-7.52 (m, 2H), 7.56-7.63 (m, 2H),
7.93-7.98 (m, 2H). Anal. (C36H42N406+0.50H20) C, H, N.
- Example 27: Cbz-L-Leu-L-Phe-1-GIn-CH,OC(0)-(2.6-dichlorophenyl

OaNHy
i
\© o

15 .
Preparation of Intermediate Cbz-L~(Tr-Gln)-CHN3:

27

To a solution of 5.22 g of commercially obtained Cbz-L-(Tr-GIn)-OH (10.0 mmol) in
100 mL of THF at about —15 °C was added 3.0 mL of Et3N (21.6 mmol), followed by
20  the slow addition of 1.64 g of isobutyl chloroformate (12.0 mmol). The reaction
mixture was stirred for 40 min before it was filtered to remove the solid formed.
Diazomethane in ether, generated from 5.0 g of Diazald (23 mmol) and 5.0 g of KOH,

-
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Ok NNNANO\ HOHOI/ d (27) 15 Preparation of Internediate
Cbz-L-(Tr-dAn)-CHN2: To a solution of 5.22 g of comrercially obtained
Coz-L-(Tr xpyresdd (10.0 mmol) in 100 nL of THE at abourctiSen@iewds added
3.0 nmL of Et3N (21.6 mmol), followed by 20 the slow addition of 1.64 g of
| sobutyl chloroformate (12.0 mmol ). The reaction m xture was stirred for 40
mn before it was filtered to renove the solid fornmed. Diazonethane in

et her, generated fromb5.0 g of Diazald'§92'3 mmol) and 5.0 g of KOH, This
Sheet Has Been Replaced IITU illLITITTilT F1rrrr{rr Wo 01/10894

PCTI US00/ 2100 theP2addd 3o %%ﬁg%ﬁ :Fr?edt{a?ajh g'att 5?}2 uc&ge oq'é:tgn of %24 h at

23. C. After evaporation of ven sure
resi due was solvent mﬂenbyeddcal; hpressineymthe C kesidoat oas ann.mﬁedebyt flash wioluinn

5 e e AT i

. 25 Tvityuti i ] SR G 220k

Cbz-L-(Trs sz}}), s, 1H)D5.90 (d) 18), 5133 (@, $H), lSthQﬂZPlf) #15(ng) 199, 2(?.!)512 55 (m,
L-(Tr-dn)- gﬁ £)8 8 mml%qdnp 200 nmL of anhydrous 020 and 30 niL of THF,
was added 5 2.19 (m, 16D} 1DEt 20 sI owl y. The reaction was conpl et ed
cleanly after 15 min. After evaporation of the solvent under reduced
pressure, the product was obtained and used directly in the next step
W t hout furtﬂﬂ@arqﬁlgnpﬂnmcdmecbﬁhm'@lﬂﬂzg a 7.15-7.40 (m 20H), 6.95 (s,
1H), 5.95 .15 (d, 1 H), 5.10 (s, 2H), 4.40 (m- | H), 4.20 (s, 2H,
2.25-2.50 (m 2H), 2.00-2.25 (m | H), 1.75-1.95 (m 111).

10 At 0 °C, to a solution of 4.8 g of Cbz-L-(7r-Gin)-CHN3 (8.8 mmol) in 200 mL of

anhydrous Et20 and 30 mL of THF, was added 50 mL of 1.0 M HCI in Etz0 slowly.
The reaction was completed cleanly after 15 min. After evaporation of the solvent
under reduced pressure, the product was obtained and used directly in the next step
without further purification. 1H NMR (CDCl3) 5 7.15-7.40 (m, 20H), 6.95 (s, 1H), 5.95

15 (d, 1H), 5.10 (s, 2H), 4.40 (m, 1H), 4.20 (s, 2H), 2.25-2.50 (m, 2H), 2.00-2.25 (m, 1H),
1.75-1.95 (m, 1H). . '

Preparation of Intermediate Cbz-L-(77-GIn)-CH20C(0)-(2,6-dichlorophenyl):

20 240 gof Cbz-L-(Tr-GIn)-CHzCl (4.3 mmol), 1.07 g of 2,6-dichlorobenzoic acid .6
mmol) and 1.5 g of cesium fluoride (10 mmol) were stirred in 20 mL of DMF at 65 °C
for 3.5 h. Then, 150 mL of EtOAc was added and the mixture was washed 4 times with
brine and dried over Na;SO4. The solvent was removed under reduced pressure and the
residue was purified by flash column chromatography (eluting with hexane/EtOAc; 3:1,

25 800 mL; 2:1, 1800 mL) to provide 1.80 g of product (59% yield). 'H NMR (CDCl3) 5
7.15-7.40 (m, 23H), 6.90 (s, 1H), 5.90 (d, 1H), 5.15 (s, 2H), 4.85-5.10 (dd, 2H), 4.45
(m, 1H), 2.35-2.65 (m, 2H), 2.15-2.35 (m, 1H), 1.90-2.10 (m, 1H).
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Preparation of Internediate Cbz-L-(Tr-G n)-CH20C(O) - (2, 6-di chl orophenyl):
20 2.40 g of Cbz-L-(Tr-dn)-CH2Cl (4.3 mmol ), 1.07 g of 2, 6-dichl orobenzoic
acid (5.6 @Welghe@sd 1.5 g of cesiumfluoride (10 mml) wecevsswrnoead in 20
mL of DMF at 65 C for 3.5 h. Then, 150 nL of EtOAc was added and the

m xture was washed 4 tines wwth brine and dried over Na2SO4. The sol vent
was renoved under reduced pressure and the residue was purified by flash
col um chr omat ography (eluting with hexan® €t OAc; 3:1, 25 800 ni; 2:1, 1800
m.) to provide 1.80 ¢ of product (59%y| eld). THNW (CDCI3) a 7.15-7.40

o™ ' (et o ik mgichideidie
Thi s Sheet Han ﬁgpi)aced | 11 122212 1000 10D LITE 111 WO 01/ 10894

PCT/ US00/ 21061 -70 Preparation of Internediate
Cbz- L- Leu- L- Phe- L- (Tr-Gln) CH20C( O) - (2, 6- dichl orophenyl):

di ssol ved i n SO CR AL SRRBRReny B0, .0 g s P an
5.0 nL of %0 SUmHG'EBtOHEna@O\JﬂGf'BHHeﬁxd%mgdfw%mmomdothom from

a balloon at 23 C for_ 4 h. The_solids were re by filtrati d. the
filtrate was c%%érﬁ‘?%t”’éﬁaéﬁ"d’er el’@ﬂ‘iﬁ‘?e‘ﬂaspﬁ"&%ego f'ﬂé%@?ﬂh@ﬁ&f’gﬂd

directly int t r

solution of O. Oqgéoﬁoﬁg&e - eui‘;qw ﬁl@?ﬂlg%mel ﬁﬁa{ Qas%&céﬁtr&of H%&

(4.0 mol) in reduced poéssutel? CIIR, reskine avhd aded ditbctly o theGiext euge\nlth((u ﬁmhmmol ).

The m xture was ztlrred for 50 mn before being mxed with the crude am ne

product - pred&reH® UBove. After stirri ng 42 h at 23 C, the solvent was

renmoved unger reduced 15 pressure and the reS| due was purified by flash

col um chr omat ogra& (eluting with a _1:1 mixture_ of hexane/ Et QAc) tq give
s/

0.88 g of prodic? 8 jolution GHRT0 g\0h C&F‘ép’s?“"-“’#‘oﬂ\ﬂ Tormme ot 0402985, 70
( m 3H), 7. 10-F,N 4.6 Bmd Pl 50 AL 6P .6, W3 adtich 0.78 g0t BOP reagent (1.70 mmol).

The mixture was stirred for 50 min before being mixed with the crude amine product
~-prepared above. After stirring 42 h at 23 °C, the solvent was removed under reduced -
15  pressure and the residue was purified by flash column chromatography (eluting with a
1:1 mixture of hexane/EtOAc) to give 0.88 g of product (72% yield over two steps). 1H
NMR (DMSO-dg) 5 7.90-8.70 (m, 3H), 7.10-7.50 (m, 29H), 4.75-5.20 (m, 4H), 4.55 (m,
1H), 4.30.(m, 1H), 4.00 (m, 1H), 2.70-3.20 (m, 2H), 0.70-2.50 (m, 13H).

20  Preparation of Product Cbz-L-Leu-L-Phe-L-GIn-CH;0C(0)-(2,6-dichlorophenyl)

At 0 °C, to a solution of 0.80 g of Cbz-L-Leu-L-Phe-L~(7r-GIn)-CH,0C(0)-(2,6-
dichlorophenyl) in 24 mL of CHyClp, was added 8 mL of TFA slowly. The yellow
mixture was stirred for 2 h, and then NaHCO3 (solid) was added to quench the TFA
25  until the yellow éolor disappeared. The organic layer was separated and the solid was
washed thoroughly with CH2Cly. The combined organic layers were concentrated and
“the residue was purified by preparative TLC (eluting with 10:1 CH2Cl;/CH30H) to
give 100 mg of product (17% yield). 'H NMR (CH30H-dy) & 7.10-7.50 (m, 13H),

This Sheet Has Been Replaced




1H), 4.30 (m 1H), 4.00 (m 1H), 2.70-3.20 (m 2H), 0.70-2.50 (m 13H). 20
Preparation of Product Cbz-L-Leu-t,-Phe-L-d n-CH20C(O) -(2, 6-dichl orophenyl)
At 0 C, tay@opfekati on of 0.80 g of PCT/US00/21061

Cbz- L-Leu-L-Phe-L-(Tr-d n)-CH20C(O - (2, 6- dichlorophenyl) in 24 nL of
CH2C12, was added 8 nL of TFA slowy. The yellow mxture was stirred for 2
h, and then NaHCO3 (solid) was added to,quench the TFA 25 until the yell ow
col or di sappeared. The organic |ayer vind separated and the solid was

washed thoroughly with CH2C12. The conbi ned organic |ayers were
concentrate e | . T ing with
101 G0t 21 TH0Eg CETHE AREARE JBH 173 50 6. PHEIENEE 0 . By pdpit 9
(CH3OH d4) &6H). :l@VNISE{BI"CI‘br 72_261*1)*1)/729#3& S7dtdickderoBazoic Beig). aced | 11111~
112222 10 ter rrrl WO 01/ 10894 PCT/ US00/ 21061 -71 4.00-5.20 (m 7H),
2.70-3.25 (m 2H), 1.75-2.50 (m 4H), 1.20-1.70 (m 3H), 0.90 (m ©6H).

LC/ M5 ( APCl )Exa b&:1) (5 MOtk Plisdxazbld - ddktsbix ePhe :

(5- Met hyl j soxaz le-é-carboxyl)-L-VaI-[ Phe(4-F)-L-[( - 5
Benzthiazgoeéﬁgg—élﬂlEOONN) ~N\v NS HONOO (28 Preparatlon of
I nt er nedi at e Boc-L-(N-2, 4-Di net hoxybenzyl)u-(S) Pyrrol Al ani nol - 2-
Benzt hiazole (Zl): 10 To a solution of o

Boc- L-[ (N-2, 4- di met hoxybenzyl ) - (S Pyrrol‘
(prepared as described in Exa '
"\e”\a

- benzt hi azole (Ti)
0.54 nmml, 1 equiv) cool ed

at -20 C was added NaB 0.5 equiv). The reaction

m xture was stirred at

F 29

Preparation of Intermediate Boc-L-(N-2,4-Dimethoxybenzyl)-(S)-Pyrrol-Alaninol-2-
Benzthiazole (Z1):

10 _
To a solution of Boc-L-[(N-2,4-dimethoxybenzyl)-(S)-Pyrrol-Ala]-2-benzthiazole (T1)
(prepared as described in Example 21) (0.252 g, 0.54 mmol, 1 equiv) cooled at —20 °C
was added NaBH, (0.010 g, 0.27 mmol, 0.5 equiv). The_feaction mixture was stirred at
~20 °C for 20 min, and then was partitioned between saturated H,O (50 mL) and

15 CHyCl; (2 x 50 mL). The organic layer was dried over MgSOj, filtered, and
concentrated. The residue was purified by flash column chromatography (gradient
elution, 0->2% CH3O0H in CH,Cl) to give Boc-L-(N-2,4-dimethoxybenzyl)-(S)-Pyrrol-
Alaninol-2-benzthiazole (0.199 g, 68% yield) as a white foam. IR (cm-!) 3334, 1654,
1508, 1160. TH NMR ('CDC13) (mixture of isomers) 5 1.35 (s), 1.46 (s), 1.88-1.97 (m),

20 2.04-2.10 (m), 2.23-2.28 (m), 2.52-2.60 (m), 2.66-2.74 (m), 3.16-3.28 (m), 3.78 (s),
3.80-3.84 (m), 4.22-4.26 (m), 4.38-4.51 (m), 5.17-5.18 (m), 5.66-5.68 (m), 5.73-5.76
(m), 5.87-5.89 (m), 6.27-6.29 (m), 6.41-6.47 (m), 7.07-7.15 (m), 7.37-7.43 (m), 7.47-
7.52 (m), 7.92 (d, J= 7.8), 8.01 (d, /= 6.9). Anal. (C28H35sN304S)C, H, N.

This Sheet Has Been Replaced

T




-20 Cfor 20 mn, and then was partitioned between saturated H20 (50 nlL)
and 15 CH2CI 2 (2 x 50 nL). The organic layer was dried over MySO4,
filtered, aRgpofytgsentrated:  The residue was purified by fa@gisefRlogm
chromat ography (gradient elution, 0-*2% CH3OH in CH2ClI2) to give

Boc- L- (N2, 4-di met hoxybenzyl)-(S)-Pyrrol - Al aninol - 2-benzt hi azol e (0.199 g,
68% yield) as a white foam IR (cm1) 3334, 1654, 1508, 1160. 1H NWR
(CDC13) (m xture of isoners) 81.35 (s), 1726 (s), 1.88-1.97 (m, 20
2.04-2.10(n) 223228(n) 2.52-2.60 (m, 66274(rr) 3.16-3.28 (m,
3.78 (s), 26_( 17-5.18

5. 66- 5. 68 (rr) “Pep 5‘31’%‘3“%‘ ﬁ?“ed!?‘%ﬁ@n%ya'(\—r%ge(é'l’g'f- é’n;é -Difppthoxybenzyd)-
7.07-7.15 (m, PyrréﬂAlZmﬂﬁoi-mnzﬂﬁaﬁfe@I}ﬁl $2 (M, 7.92 (d, J=7.8), 8.01 (d "
6.9). Anal. (C28H35N306S) C, H, N. This Sheet Has Been Replaced 11111111
111212 1101 111 111 WO 01/ 10894 PCT/ USOQ 21061 -72 Preparation of

| nt er medi at e -F) -l - 2. A-Di met b nzyl) - -

Pyrrol - Al ani ngﬁ - IQeﬁr?z{ {Iu]f'g?l %ﬁ%‘#&mbﬁAanoLg%le}i ((f@g g 037

Boc- L- ( N- 2, 8- dinemed, o yduivizwas) di§sOvelPyri 1 @ldidMdans (mix,j,?adaemdlmoazalml(lﬁ 1149 g,
0.37 5 rrrml Xh\f\)f 'Bi' di ssal ved_in 1, 4-di oxaneé’gB n),

sol ution of H 101«“19,2 X rias@ddegl. \Fhe geactign wasstirerdegi 23 Tﬂ@fr?’el&@!ld thenvas
t d at 23 t

stirred at_23 fGeb@vend whs reifiled ter rddfia YU THérsa g%eaifﬁgﬂég in gﬁgﬁan g

pressure. The residue was dissolved In cool e
Boc- L- Val - L- Phd64nl) ecﬂéd(tp 1003 andiBb¢-D1ViaBDPhe (4N Ol)prepated frb@ Bredivarcg! t of

4-f | uorophenyl al,ani n nal ogous ,to the preparation 10 of
Cbz- L- Leu- L- Ph"éldatﬂ ‘ﬂi gﬁp ﬁ}‘%f)’!’ ing Pb%aﬂaflﬂefa@éﬁﬁ% to the nyepagtion
0.56 mmllol&f@QLLu-M{M( -A&2miHe-Al 1 M

(0.213 g, 0.56_ nmml T eLu(lwv wer e ag) gg%g%gtl?ﬁﬁﬂwe ?éa?géw

m xture was stPmekd 5&?‘1“!"6. NMM (9-163 mb, Ol 48 mmel, 4 lequiv) el HAITWe(ﬁﬂlB\/gsO.lSérmved
e RCE ASE S o Ve 5 P L e 1, ™
nm), H20 (50 rfih 40 eirg atd thew thes6lvett)was Témoved yader cedudytbpressace. THe Ir@diuew
MuSO. Tt er QekenBInG TIGTLL (A REY, and Vel Saehay Sequestially with 6.5 N-Mcl (s35mL),
15 saturated NaHCO3 (50 mL), H20 (50 mL), and brine (50 mL). The organic layer was
dried over MgSQy, filtered, and concentrated. The residue was purified by flash
. column chromatography (2% CH30H in CH;Cl,) to give Boc-L-Val-L-Phe(4-F)-L-(V-
2,4-dimethoxybenzyl).~(S)-Pyrrol-Alaninol—2—benzthiazole (0.280 g, 94% yield). Ry=
0.59 (10% CH30H in CHxCly). IR (cm!) 3279, 1644, 1158. 1H NMR (CDCl3)
20  (mixture of isomers) 3 0.51 (d, J = 6.6), 0.67 (d, J = 6.6), 0.9 (d, J = 6.9), 0.95 (d, J =
6.6), 1.46 (s), 1.47 (s), 1.59-1.65 (), 2.08-2.13 (m), 2.87-3.18 (m), 2.94-2.96 (m), 3.02-
3.05 (m), 3.18-3.28 (m), 3.90-4.01 (m), 4.23-4.46 (m), 4.88 (m), 5.07-5.12 (m), 5.98
(m), 6.24-6.25 (m), 6.4‘}~6.53 (m), 6.63-6.74 (m), 6.77-6.89 (m), 6.97-7.00 (m), 7.11-
720 (m), 7.36-7.53 (m), 7.87-8.00 (m), 8.12 (m), 876 (m). Anal
25 (C42HsFNs50gS+0.50H,0) C, H, N.

Preparation of Intermediate (5-Methylisoxazole-3-carboxyl)-L-Val-L-Phe(4-F)-L-(N-

2,4-Dimethoxybenzyl)-(S)-Pyrrol-Alaninol-2-Benzthiazole (BB2):

\
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col utm chr omat ogr aphy (2% CH3OH in CH202) to give

Boc-L-Val -L-Phe(4-F)-L-(N

2, 4- di met hpgybepayl ) - (S) - Pyrrol- Al ani nol - 2- benzt hi azol epCHu8dRi1as1 94%
yield). R = 0.59 (10% CH3CH in CH2C12). IR (cm1) 3279, 1644, 1158. IH
*NVR (CDC13) 20 (m xture of isonmers) 8 0.51 (d J 6.6), 0.67 (d, J =
6.6), 0.9 (d, J =6.9), 0.95 (d, J = 6.6), 1.46 (s) 1.47 (s), 1.59-1.65
(m, 2.08-2.13 (m, .2.87-3.18 (m, 29ﬂ732'96(n) 3.02- 3.05 (m, 318328
(m, 3.90-4.01 (nm), 4.23-4.46 (M, 4.88 (m, 5.07-5.12 (m, 5.98

o 110750 (hec BYALLEhetd Hh Tl av-2 4 dindndnilin- v aliinob- ?g%'?%cm& "y

( g4§/EHt5ﬁ F:\IISSS(Q-ZBg lﬁ;e}lﬂ))cng(rb,l, 10 eqvaP://:Islrlhssalved)l(n Ig4-diorarer(Brendi)adnd a solution of

LouEr ot hosH BER ol BN By S et Hherriictip 0Bt Siedgb?3 "G AS sheet
Has Been Re P, 2f®then the |sbl|védt has remtoved bider tetthceli iphessudi) The/ rdidiRAvds Gissoali)/ 21061

-73
Boc- L- Val5- L- ipk&hElH)} 5 mldopled 1010 6. and RAfeenllidine (0993 mly, (0510-minakn 2 gaivR- benzt h

) and a L PeR BRIl s rogof Hieti (e b B3 sl b e 6 T

r eact i on Wasadféd. r TiROreadtion IniktufedWas3stined af0UCHBEND infif af@ theR as \MastitibRePV ed
under reduced pressure. The residue was dissolved 5 in CH2Cl2 (15 nl),

cool ed to O bepveen gayrated,HzO (5 migiand GRpGn % 50 @L}’O %ﬁ[ﬂf’mb@eéqmaﬁ)c and
|
ot The 1IBASY ferd oS B Ke SOk S i bomepitiaeed gsR s Shtompoprgrle " ©

partitionged pubiitation NofS HeUreidae (ROCHIOHTIA @mftlgHgﬁeZ (s-ﬁlathyns%Qaiae\s- The

conbi ned organic layers were dried over Na2SO4 and were concentr at ed.

Fl ash col umtabexdhbtValt JbatcF)ie(\b2Aidimethonybenzyh)-(HRyrrobAlaninel X296 CH3COH i n
g_licélz)rre?ﬁ\(;g’y éﬂ'g%irl{l\/ L%ioé’f/‘és}k I%F)a%i?;lo }Q }oah‘enz hi azg éﬂb/l:bli‘ggﬁg 65%
yi el d) as a oydl). iRam-1)¥28¥, 164551 569,0%06HBORN (C5ER éalxmlré%f(xgdﬁel-é) §3281,
1643, 1539, 1209 1H NVR (CDC13) (m xture of isoners
0.57 (d, J= 6.9), 0.74 (d, J = 6.9), 0.83-0.87 (m), 0.95-0.99 (m), 1 58-1.64 (m), 1.72-
15 1.78 (m), 1.94-2.02 (m), 2.12-2.26 (m), 2.44-2.53 (m), 2.89-3.09 (m), 2.21-3.28 (m),
3.73 (s), 3.80 (s), 4.17-4.49 (m), 4.91-4.94 (m), 5.05-5.16 (m), 5.92 (d, J = 4.6), 6.20 (d,
J = 6.3), 6.42-6.48 (m), 6.63-6.69 (m), 6.74-6.80 (m), 6.93-6.99 (m), 7.02-7.18 (m),
7.35-7.52 (m), 7.88-8.00 (m), 816 (d, J = 75), 874 (d, J = 57). Anal
(C42H47FN0OgS+0.50H,0) C, H, N.
20 "
Preparation of Intermediate (5-Methylisoxazole-3-carboxyl)-L-Val-L-Phe(4-F)-L-[(N-
2.4—Dimethoxybenzy1)—(.§')-PyrroI-AIa]-2-Benzthiazole (Y1): .

To a solution of Dess-Martin periodinane (0.114 g, 0.27 mmol, 1.2 equiv) in CH,Cl, (7
25 mL) was added (5-methylisoxazole-3-carboxyl)-L-Val-L-Phe(4-F)-L-(N-2,4-
dimethoxybenzyl)-(S)-Pyrrol-Alaninol-2-benzthiazole (0.182 g, 0.22 mmol, 1 equiv) in
CH,Cl; (3 mL). The reaction mixture was stirred at room temperature for 2 h, and then
was partitioned between saturated H,O (50 mL) and CH,Cl; (2 x 50 mL). The

combined organic layers were dried over Na;SO4 and were concentrated. Flash column
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0.57 (d, J =6.9), 0.74 (d, J = 6.9), 0.83-0.87 (n), 0.95-0.99 (m,
1.58-1.64 (m), 1.72 15 1.78 (m), 1.94-2.02 (m), 2.12-2.26 (m), 2.44-2.53

(nm, 2.809- %%Iéﬁ% 2.21-3.28 (), 3.73 (s ) 3.80 (s), 4pdéTasondSodm)
4.91-4.94 (W % 5 16 (M), 5.92 (d. J=4.6), 6.20 (d, J = 6.3),
6.42-6.48 (m), 6.63-6.69 (), 6.74-6.80 (m), 6.93-6.99 (), 7.02-7.18 (M,
7.35-7.52 (m), 7.88-8.00 (m), 8.16 (d, J = 7.5), 8.74 (d, J = 5.7). Anal.
(CA2HATFN608S0. 50H20) C, H, N. 20 Prepar€id-on of Internediate

(5- Met hyl i soxazol e- 3-car boxyl ) - L-Val - L- Phe(4 F)-L-[ (N

2,4 Bt oy @5%5@%% SRR 98 Gt EReBt b 02,
i et hoxybenzyfSTpEL M ST v A9 AR @%F?”BW@D‘@W%L

equiv) in mz%]&-b&ztlﬁazole‘ltﬂd& @ 84%qyield) ast white foam. stF 0d (30%rCGd3PH in
tenperature for

nL) and uﬂzclzC*ézglza ;ﬂb(m‘}) 32?ﬁe164éo¥%§§,trﬂlétel98 éi{ﬁﬁ%’ﬁ;&)é%ﬁk@tﬁf (2150 vor

Na2SO4 and gner n L u ed
(I I I Illeqzlc@1 ﬁ"} ?ﬁ%%?m g@r&%@%l@tﬂrﬁ%ﬁgrapm c
pur ihf : cation lcUH)I 183 (o 6HY 139296 (ith-)l , 4147.8HO{hE)) 1 H) a4.89-496 (m, 1H), 5.58-5.64

met | soxazol e ()6 -L- al -1-Phe(4-F)-1- ,

e et hoxybercgnym@@é by SEA T 3Ey G022 (o 28D T4 B804T Bh) as
white foam Rfgpeds. &l %}?I-B%Jsm (@HZO@{) g6 c@ 11H3288= 56145, 1@l 1209.
1H NMVR ( CDC13) 5097 1702°(d, 3H, J = 6.6), 2.06-2.39
(m 6H, 2. 51(€szH43W603$16H$))1¢,I{M 3H) 3.25-3.30 (m 2H), 3.83 (s, 6H),
4.39-4.45 (m 2H), 4.47-4.49 (m 1H), 4.89-4.96 (m 1H), 5.58-5.64 (m
1H), 6.42-8 51 (m 3H), 6.78-6.88 (m 3H), 7.02-7.22 (m 3H), 7.54-7.64 (m

2H), 8.00-8. Gfe obonmd&,mg. 21 (m 1H), 8.96 (d, | H J = 5.7). Anal.
(CA2HA5FNB08S2. 6H20) C, H,

To a  suspension (5-methylisoxazoIe-3—carbdxyl)-L-Val-L-Phe(4-F)-L-[(N-2,4—
dimethoxybenzyl)-(S)-Pyrrol-Ala)-2-benzthiazole (0.132 g, 0.16 mmol, 1 equiv) in
15 CH;CN (10 mL) and H;0 (1 mL) was added DDQ (0.132 g, 6.58 mmol, 3.6 equiv).
The reaction mixture was stirred at 60 °C for 5 h, and then was diluted with CH2Cl> (50
- mL) and washed sequentially with saturated NaHCOj3 (40 mL) and brine (40 mL). The
organic layer was dried over Na;SOy4 and was concentrated. The residue was purified
by flash column chromatography (gradient elution, 2—4% CH3OH in CH2Clp) to give

20  (5-methylisoxazole-3-carboxyl)-L-Val-L-Phe(4-F)-L-[(S)-Pyrrol-Ala}-2-benzthiazole
(0.011 g, 11%) as a white foam. Ry= 0.43 (10% CH3OH in CHzCl,). IR (cm-!) 3284,
1682, 1265. 'H NMR (CDCl3) 5 0.91 (d, 3H, J= 6.6), 0.95 (d, 3H, J=6.6), 2.08-2.28
(m, 5H), 2.51-2.56 (m, SH), 3.03-3.21 (m, 2H), 3.43-3.46 (m, 2H), 4.33-4.38 (m, 1H),
4.89-4.96 (m, 1H), 5.71-5.81 (m, 1H), 6.45 (s, 1H), 6.52 (s, br 1H), 6.79-6.85 (m, 2H),
25 6.87-6.94 (m, 1H), 7.13-7.17 (m, 2H), 7.55-7.64 (m, 2H), 8.01-8.06 (m, 1H), 8.18-8.21
(m, 1H), 8.31 (d, 1H, J= 6.6). HRMS MCs* 795.1259. '

Results of tests conducted using exemplary compounds of the invention are described

below.
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10 Preparation of Product (W2): To a suspension

(5-met hyl i soxazol e- 3-car boxyl )-L-Val -L-Phe(4-F)-L-[ (N2, 4-

di met hoxylweoaiiosed S) - Pyrrol Al a] - 2- benzt hi azol'e (0.132 gpcousé/nwol , |

equiv) in 15 CH3CN (10 nL) and H20 (1 nL) was added DDQ (0.132 g, 0.58
mvol, 3.6 equiv). The reaction m xture was stirred at 60 C for 5 h, and
then was diluted with CH202 (50 nl) angd washed sequentially with saturated
NaHCO3 (40 nlL) and brine (40 nlL). The “6otganic |ayer was dried over Na2SO4
and was concentrated. The residue was purified by flash colum

chromat ography (gradient elution, 2--4% CH3OH in CH202) to give 20

(5- rrethyllsoxazole 3- carboxyl) L- VaI L- Phe(4 F) - L [(S)-Pyrrol-Aa]-2
benzt hi azol eBIQCHE ANDBIOLOGIGAT EVALUATIORf = 0. 43 (10% CH3OH i n
CH2C12). IR (cm1l) 3284 1682 1265 1H NMVR (CDC1 3) 8 0.91 (d, 3H, J=
6.6), 0.95 (d, 3H, J=6.6), 2.08-2.28 (m 5H), 2.51-2.56 (m 5H),

3.03-3.21 % 43- 3. (ﬁn 2H), 4.33-4.38 (m 1H), 4.89-4.96 (m
1H), 5.71- Sr?@f!‘—a@—mm, 6.52 (s, br | H), 6.79-6.85 (m 2H),
25 6.87-694 (m 1H), 7.13-7.17 (m 2H), 7.55-7.64 (m 2H), 8.01-8.06 (m
1H), 8.18-8.21 (mlIH, 8.31 (d, IH J=6.6). HRVS MCs} 795.1259. Results
of tests condioek slutigas (9 wivhrip MO} of variowd sompouride Went prepireds diluiontescr i bed

pCT! Usorr 21088 18 A BB A KRR b ot 46 Rivariecd BIRFST Blon of
Rhi novi r us SfBuﬁﬁMmmeﬁ'gc_:cﬁntﬁnanckumai thirooires 43T pibtse;éﬁgxsm velmEscggf:dg?Jﬁlsnant
b bout s el BRSO ol 481 o816l S T e o

human r hiond\(ﬂ dldy e BN Sndxa! deonifogriph ﬁh@édu?e'ﬂ‘ 8(1) GoH lexchafigeOt €1 N

Expr. Pur (3 vol 6(5% 609-618) from serotypes 14, 16, and 2 were 10
prepared by ushe Q Senhaspsekast Flawdern Pbmﬁ'at%ﬂﬁbﬁ}’é metogeaph ysing Affi-i on

exchange Gel Blue from Biorad; and (3) sizing using Sephadex G-100 from Pharmacia. Each
assay sample contained 2% DMSO, S0 mM tris pH 7.6, 1 mM EDTA, a test compound
at the indicated concentration, approximately 1 pM-substrate, and 50-100 nM protease.

15  The kobs/I values were obtained from reactions initiated by addition of enzyme rather
than substrate. RVP activity was measured in the fluorescence resonance energy
transfer assay. The substrate was (N-terminal) DABCYL~(Gly-Arg-Ala-Val-Phe-Gln-
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

20  quenching was relieved, and activity was measured as an increase in fluorescence
signal. Data were analyzed using standard non-linear fitting programs (Enzfit), and are
shown in the table below. The tabulated data in the column designated k,/[I] were

measured from progress curves in enzyme start experiments.

25  Antirhinoviral H1-HeLa Cell Culture Assay:

In this cell protection assay, the ability of compounds to protect cells against HRV
infection was measured by the XTT dye ;eduction method, which is described in
Weislow et al., J. Natl. Cancer Inst. (1989), vol. 81, 577-586.
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usi ng Q Sepharose Fast Flow from Pharmaci a; (2) affinity chromatography
using Affi- Gel Blue fromBiorad; and (3) sizing using Sephadex G 100 from
Phar maci a. Raghnegssay sanple contai ned 2% DVSO, 50 mM t rigeiddodafaer 1 MM
EDTA, a test conpound at the indicated concentration, approximtely I
t Msubstrate, and 50-100 nM protease. 15 The kobs/| val ues were. obt ai ned
fromreactions initiated by addition of enzyne rather than substrate. RVP.
activity was neasured in the fluorescence7fesonance energy transfer assay.
The substrate was (N-term nal) DABCYL-(d y-Arg-Al a-Val - Phe-Qd n-
G y-Pro-Val-Ady)-EDANS. In the uncl eaved peptide, the EDANS fl uorescence
was - quenched. by the. proximal DABCYL noiety. Wen the peptide was
cleaved, the 2H1HeACHs Ger¥\aFected Wity HRV-PN4t aAshitiMlidity offife ARATH ED) F9.13N
increase in flugrescence signal. Data were analyzed using standard
non-1inear fi t¢img Patilgs/eatl of moskiinfpcted withamedium inply - Infectedoon miotleinfestadwy,
The tabulated data in the colum designated ko.,a/[lJ were neasured from
progress curve® tnveh s g%éjf‘t Bx% 0 Jer 3oL, iand; pgebated path appiopriates
Cel | CQulture Assndsitratibhsiofite Gftipbuntfsé 86 idsfed. 90 Adys IhiaF )@ﬁ;]/i’Msng‘;f gargounds
e

d
to protect cells against HRV infection was neasured by the XTT dy
reducti on et hise Plaiesiasd thesampantef fomaazan prodated| was quantified spertphdtomedricatiyr

it PSS e s R gt S Bt b R SO R R compomg et |

were infected intrelsetliié defcentagd offbriraRhr piokictidh ih F&Bﬁnﬁéﬁd&ﬁr&a@d?vi'mg-in?cteg- 13
(virus particleg/cell) or nock-infected with nediumonly. |nfected or

mock- i nf ect ed @1 S0Pk hat iadveetidby wmpound-fres mesktinfepted cells. aFhe 50%
e o050 SRR ki RO Bk 0

Two days later, XTT/PM5 was anmount
f or mazan pr odubegercanage ofi firinhzachrodueed inogkpoeRiPiréatedinork-iifectdbiMIS &5  The
EC50 val ue was c lCUlcﬂ%% as the concentration of conpound that increased

the per cent agePfdpatisp by gomeeradifess. mack-tisstedrrslls.r dhe dherapgntic)index (Bt ed

celI's to 50% GiastciRiilaid 8f diRfindihe CULRWRE b iR ECSYREIGE! Nfected cells. The
50% | ,

15  All strains of human rhinovirus' (HRV) for use in this assay were purchased from
American Type Culture Collection (ATCC), except for HRV serotype-14 (produced
from the infectious cDNA clone constructed by Dr. Robert Rueckert, Institute for
Molecular Virology, University of Wisconsin, Madison, Wisconsin). HRYV stocks were
propagated and viral assays were performed in Hl-HeLa cells (ATCC). Cells were

20  grown in minimal essential medium with 10% fetal bovine serum, available from Life
Technologies (Gaithersburg, MD).

Test results for the HRV éssay are shown in the table below.

25  Anticoxsackieviral Cell Culture Assay:

Coxsackievirus types A-21 (CAV-21) and B3 (CVB3) were purchased from American
Type Culture Collection (ATCC, Rockville, MD). Virus stocks were propagated and

antiviral assays were performed in H1-HeLa cells (ATCC). Cells were grown in



10 cytotoxic dose (CC50) was cal cul ated as the concentration of conpound
that decreased the percentage of formazan produced in conpound-treated,
nock-i nf eay@e/mededl s to 50% of that produced by conpounsetmsm/21061
nock-infected cells. The therapeutic index (Tl) - was cal cul ated by dividing
t he CC50 val ue by the EC50 value. 15 Al strains of human rhinovirus (HRV)
for use in this assay were purchased from Anerican Type Culture Collection
(ATCC), - except for HRV serotype-14 (p??)duced fromthe infectious cDNA

cl one constructed by Dr. Robert Rueckert, Institute for Mblecular

- Virol ogy, Unj j t ial VIRGRRS| | LSCO0NSE D) . re

pr opagat ed a}ﬁ1 l\r/nlﬁira segéasl\z;\%/% werevpiﬁ)herl\ﬁagéfSrrfe8 li n - Eérhlg) é%@%ﬁ%@?g\%el ls
were 20 gr owGaithersbirg, M2). essential mediumwi th 10% fetal bovi ne serum
avai lable fromLife Technologies (Githersburg, MD). Test results for the
HRV assay are shown in the table below 25 Anticoxsackieviral Cell Culture

Assay: Coxsatié sbility of conipind 3834 pfdtdVcallb)againgt RBer( AR oprvBPiEGHBFed from

Anerican Type Culture Collection (ATCC, Rockville, MD). Virus stocks were

propagat edl aWas measured by the XEE dyeredystion methpd Thig method)is deseribed én MeislodrCC) .

Cells were g i U&I},_ 1111 LU -essent ial

medi um wi t h %t%%%é\{}gyp%%\%{%gggérsg)ﬁélh ’e ?’ég 'ngﬂo}gﬁz‘ésg%ﬂ‘@% ner s ‘%J"rﬂg MD) .
The ability GAVe2ingrdiNBB && multiplicityed infeatioh maddiof 91028 ot 0.OV5,cé&gedtivelyy CVB3
infection 5 was measured by the XTT dye reduction nethod. Thjs nethod is
descri bed i nonppekriplected svith medium oply: | HI-Hehe eells| were plaedo 9)x lw%ce.llsam;
577-586. HI - ehé_ i . - Lplicity
of infection h]q%%i b§ §r(e) (.l)ﬁf)zagagﬁé‘%gtﬁwgmlr g%}e/% [ vg{;ri?%g?%nggléﬁ% ected

wi t h medlUm comippundd Qnetday §C¥BB) ar twe days{CAMe2] ) daterd XT T TPMS ovess laddadao testvel | i n

a 96-well plgte a I ncubat W th appropriate ncentrati ons of the test
10 corrpound.ﬁ %ﬂ%e )fg?m’f%‘ Hﬁ@%‘e‘?mﬁwﬁﬁﬂf%ﬁpww #s added
to test pl a4506650 (ieh. tThe EOIPwas caluldied S¥RESConBEmdtiGEeE sHdaRdtiiddr&ed
spectrophotonetrically at 450/650 nm The EC50 was cal cul ated as the

concent r at i che dermagampreductionain ¢omnoundstrented, uiru-inferteda cellsr od5@%i afnthian
conpound-tr &gbfifled By hinpduRliGiet SthiftElibd IR, SPHE fo Ploxic dose (CCsg) was

15 calculated as the concentration of compound that decreased formazan production in

1))

compound-treated, uninfected cells to 50% of that produced in compound-free,

uninfected cells. The therapeutic index (TI) was calculated by dividing the CC5¢ by the
ECs50.

20  Anti-Echoviral and Anti-Enteroviral Cell Culture Assays

Echovirus type 11 (ECHO 11) was purchased from ATCC (Rockville, MD). Virus

stocks were propagated'and antiviral assays were performed in MRC-5 cells (ATCC).

Cells were grown in minimal essential medium with 10% fetal bovine serum (Life
25  Technologies, Gaithersburg, MD).

The ability of compound 28 to protect cells against ECHO 11 infection was measured
by the XTT dye reduction method (Weislow et al., J. Natl. Cancer Inst. (1989), vol. 81,
577-586). MRC-5 cells were infected with ECHO 11 at an m.o.i. of 0.003 or 0.004,



produced by conpound-free, uninfected cells. The 50% cyt ot oxi ¢ dose (CC50)
was 15 cal cul ated as the concentration of conpound that decreased fornazan
producti on iwp efpfegga0OuUnd-treated, uninfected cells to 50% aicrinebfagoduced
in conpound-free, wuninfected cells. The therapeutic index (Tl) was

cal cul ated by dividing the CC50 by the EC50-20 Anti-Echoviral and
Anti-Enteroviral Cell Culture Assays Echoviras type 11 (ECHO 11) was
purchased from ATCC (Rockville, MD). Viru#8-stocks were propagated and
antiviral assays were performed in MRC-5 cells (ATCC). Cells were grown in

Technol ogi os, TEAFTVED S ckHSres Hin s oo RS sttt prlewee
ot hod” (el <1 ey oot 1 O SRAE Per' B TRASHkBhed Mfigh AfmOpriyc Sipe-Sialint 33,
MRC-5 cel | s weomppwidecFaut days latdrCRDTPMS twaa nddedotoi testQilatel, GO tiey aioii@ef WO
Olfj 08?4;) PtCtT ; %?u%ﬁ?%%gwé%seaeﬁ%@é?m@a“% % 4B0ls50 @E}t%%%%mm

5ed wist BaIGIRREP RS Ak oGRURASLE Ut Ohfpdha_HAMMEHDLe B rofRMEn

| ater, XTT/PMS was_adgled to te ates, and € anbun for
produced was @erductidn énl coppaindereatetdo mirts-infeetedycells t6550% ¥ thao prodaceddChy 5

broduct Lon i noeB ol O MISRLERR" TR S TR AP log F besRamiamies the
produced by @&méﬁmﬁnfdf%mp&ﬂid%ﬁcée%ﬁa&@foﬁnazgihﬁroﬁgg{?og%%gx?é@ OPSfed| CC90)

was cal cul ated as the _concentration of conpound’that decre or mazan
product i on i nuBifRstsdrrells te §0%dof that producsdein comiposnd-fred; Oinfectédhedlispr Theiced

i n conpouRg-f j .10 therapeuti.c dndex (Tl) was
cal cul at egd by %ﬁﬂ%ﬂl&&%ﬁ@%%L%@h&eﬁ@? Eﬁgg"%@ﬁ F&%P §y i l%(p;@ conpounds
agai nst enterovirus type 70 (EV 70) may be neasured by the sane assay as

descri bed above,i,nA'#g' S section. Enterovirus t%/’ge 70 (EV 70) nmay be
obt ai ned f r onf*¢H¥ELGfhs compoyndsagainstenterovirys type 79 BV A0)0aay Wookasiied by thdD) . 15-

ng:ﬂ: E : obt ai pgge 34y w&’esmﬁ%wm%stsgﬁioinhvgﬂﬁi&ﬂug%e% (ﬁ%%rn?% b
: obtained from the American Type Culture Collection ATCC (Rockville, MD).

15

Results obtained for the compounds of the invention may be compared to results
obtained in the same manner for control compounds WIN 51711, WIN 52084, and WIN
54954 (obtained from Sterling-Winthrop Pharmaceuticals), Pirodavir (obtained from
Janssen Pharmaceuticals), and Pleconaril (prepared according to the method described
20 in Diana et al., J Med, Chem. (1995), vol. 38, 1355). Antiviral data obtained for the
test compounds are shown in the table below. The designation “ND” indicates that a

value was not determined for that compound, and the designation “NA” means not

’

applicable.



obtained in the sane manner for control conpounds WN 51711, WN 52084, and
WN 54954 (obtained from Sterling-Wnthrop Pharmaceuticals), Pirodavir

(obt ai ned ¢ pMegedanssen Pharmaceutical s), and Pl econari pctosmpaiced
according to the nethod described 20 in Diana et al., J. Med. Chem (1995),
vol. 38, 1355). Antiviral data obtained for the test conpounds are shown
in the table bel ow. The designation "ND' indicates that a value was not
deternmined for that compound, and the u&%ignation "NA" neans not

appl i cable. WO 01/10894 PCT/ USOQ 21061 -79 TABLE Conpd. # Virus kobs/[1)
Ki ('!iMb EC50 (ELM CCso (M Tl serot Is-1)b I HRV-14a NA 9 ND ND
ND 2 HRV-14 NA 50 ND ND ND 3 HRV-14 sl 0w >25 25 NA 4 HRV-14 NA 16.3 |

71 D ND NG CORRRY [ SE]‘@%Q $ @@P g [ Gebot Y RGsobB TECTRuMG, PRI 1NC,
0.31 >25 N NA__HRVI 2 90 D HRV-89 NA 0.48 |ND ND ND 10 HRV] 14
NA 20 251 >B20 pil 11Hﬂ/1434 NA NAO ND NO ND| 12NBRV- §4 NANDO. 7| 380} 2
13 HRV- 14 NA 24 >56 RV{16 NA 4|ND ND N HRV-2 NA 13.3 NJ ND NDJ

2 RV NA 50 ND ND ND

3 HRV-14 slow NA . >25 25 NA

4 HRV-14 | NA 16.3 ND ND ND

5 HRV-14 NA 138 ND ND ND

6 HRV-14 NA 4.8 ND ND ND

7 HRV-14 NA 71 ND ND ND

8 HRV-14 NA 80 ND ND ND

9 HRV-14 NA 1.7 >25 25 . NA

"HRV-16 NA | o031 >25 ND NA

HRV-2 NA 090 ND ND ND

HRV-89 NA 0.48 ND ND ND

10 HRV-14 NA 20 251 >320 >1

11 | HRV-4 NA >110 ND ND ND

12 HRV-14 | NA 10.7 39 80 2

13 HRV-14 NA 24 >56 56 NA

| HRv-16 | Na 4 ND ND ND

HRV-2 NA 133 ND ND ND

14 HRV-14 | NA 0.065 >100 >100 NA

HRV-16 NA 0.322 ND ND ND

HRV-2, NA 0.124 ND ND ND

HRV-89 NA 0.76 >100 >100 | NA

15 HRV-14 NA 0.098 >100 >100 NA

16 HRV-14 NA 0.035 >100 >100 NA

17 HRV-14 NA 0.075 >100 >100 NA

18 HRV-14 NA 9.1 >20 20 NA

HRV-16 NA 6.7 ND ND ND

HRV-2 NA 11 ND ND ND




14 HRV-14 NA 0.065 >100 >100 NA HRV-16 NA 0.322 ND ND ND HRV-2, NA 0. 124
ND ND ND HRV-89 ' NA 0.76 >100 >100 NA 15 HRV-14 NA 0.098 >100 >100 NA 16
HRV- 14 NA 0.085780 >100 NA 17 HRV-14 NA 0.075 >100 >100pMusedSio6RV- 14 NA
9.1 >20 20 NA'HRV-16 NA 6.7 ND ND ND HRV-2 NA 11 ND ND ND WO 01/ 10894

PCT/ US00/ 21061 -80 Conpd. # Virus kobsll1l Ki (,M6 EC50 (#M CC50 (NM) TI
serotype (Ws-1)b HRV-89 NA 14 ND ND ND 19 HRV-14 NA 27 ND ND ND HRV- 16
NA 27 ND ND ND HRV-2 NA 12.9 ND ND ND +B0~89 NA 20.6 ND ND ND 20 HRV- 14
NA 3.5 17.4 >100 >6 21 HRV-14 NA 0.065 3.2 >320 >100 22 HRV-14 NA 0. 70

7.9 240 30 23R4 NAO-17 4.0 20050 24 W14 NA Q65 =10 210 NA 25
HRV- 14 NA 4. 7} Gampd-#o| NA Vipes HRY- képsiiBl 3. Rp(udb PECsoMP |7 CAay/(uM) 250DI NA
ND ND ND 28 [HRV- 14 NA GeBOY 0.|3#F1268 |749 HRV-LA NA ND p. 337 251(744
HRV-10 NA ND 253258 ey 89 NA 14 ND ND ND
19 HRV-14 NA 27 ND ND ND
HRV-16 NA 27 ND ND ND
HRV-2 NA 12.9 ND ND ND
HRV-89 NA 20.6 ND ND ND
20 HRV-14 | NA 3.5 17.4 >100 >6
21 HRV-14 NA 0.065 32 >320 >100
22 | HRV-14 NA 0.70 7.9 240 30
23 HRV-14 NA 0.17 4.0 200 50
24 HRV-14 NA 0.65 >10 >10 NA
25 " HRV-14 NA | a7 >10 >10 NA
26 HRV-14 NA 322 >10 >10 NA
27 | HRV-14 | 2500 NA ND ND ND
28 HRV-14 NA 0.0045 0.335 251 749
HRV-1A. NA ND 0.337 251 744
HRV-10 NA | ND 0253 - 251 992
CVB3¢ NA ND 5.79 251 43
CAV-2l" | NA ND 4.67 251 53
ECHO-11¢ NA | ND 0.821 251 | 305
WINSI711 | HRV-14 NA ND 0.78 >60 >77
WIN 52084 HRV-14 NA ND 0.07 >10 >143
WINS4954 |  HRV-14, NA ND 2.13 >63 | >30
Pirodavir | HRV-14 NA ND 0.03 >10 >300
Pleconaril | HRV-14 NA ND 0.01 >10 >1000

Notes:  aHRYV = human rhinovirus of designated serotype.
b3C Protease inhibition activity.
¢CVB3 = coxsackievirus B3.
: “CAV-21 = coxsackievirus A21.
5 ‘ECHO-11 = echovirus 11.



CvB3c NA ND 5.79 251 43 CAV-21 d NA ND 4.67 251 53 ECHO 11° NA ND 0. 821
251 305 WN 51711 HRV-14 NA ND 0.78 >60 >77 WN 52084 HRV-14 NA ND 0.07
>10 >143 Wi N/fda54 HRV-14, NA ND 2.13 >63 >30 Pirodavecerisidaisst NA ND 0. 03
>10 >300 Pleconaril HRV-14 NA ND 0.01 >10 >1000 Notes: OHRV = human

rhi novirus of designated serotype. b3C Protease-inhibition activity. cCVvB3
= coxsackievirus B3. "' CAV-21= coxsackjevirus A21. 5 "' ECHO 11 = echovirus
11. WD 01/10894 PCT/USOCQO 21061 -81 Wi I the invention has been descri bed
in ternms of preferred enbodi nents and specific exanples, those skilled in
the art will recognize that various changes and nodifications can be nade
W t hout departi n&bfromthe spirit and scope of the invention. Thus, the 5

i nventi on shWhilejthi@nvgnidan kasbeen described irbieimsyof] prefetrestierhlyodithantsk and espeifiy

their oqui varenpsh e ofike B3ne B HeogsS ol a5 RRRERGR mSGiaBnd ' 1
A conpound cn‘antblaenafdervmlioat départifig fddn the (spigit EhdRgcope Of GRRSRgention. Y ThufXiheThi s

Sheet Has Been Rep lﬁ eig "H RO 2 kN HRT
invention should be understood as not being limited by the foregoing detailed

description, but as being defined by the appended claims and their equivalents.



O O 111111121 212212 vl ot 1t wherein: Yis -NR')-, -C(R")(RY)-,

or -0-, where each Rl is independently H or lower alkyl; R is selected
fromopti ona,wnémwpst ituted al kyl, cycl oal kyl, heterocycl pet/isdo21mwnyl
heteroaryl, and -C(O R16, where R16 is selected fromoptionally substituted
al kyl, cycl oal kyl, heterocycl oal kyl, aryl, heteroaryl, al koxy,

cycl oal koxy, heterocycl oal koxy, aryloxy, heteroaryloxy, and am ne; R2 and
R8 are each independently selected from+82+, and optionally substituted

al kyl, cycloal kyl, heterocycl oal kyl, aryl, and heteroaryl; R3 and R are
each i ndepend I e .om H and optionally substituted al kyl,
cycl oal kyl h%ﬁﬁc@gmgaryl , heteroaryl, -OR', -SR', NR'R1S,

-NR19NR17R 8, . and -NR'' 0%8 V\?ere R', R18, and R' are each independently
sel ected fromlM alw§pmpo of the forppla: o o ocycl oal kyl, aryl, heteroaryl,
and acyl; R4 is a suitable organic mpietx, each of R, R6 and R7 is

I ndependently H, F, or |ower alKkyl; SOO(Ag ! 11111 111111 111)1 11 11
111 .= s WD 01/10894 PCT/ USOQ 21061 183_,@ is 0, 1, 2, 3, 4, or 5; This
Sheet Has Been Replaced 111111 X11111ff11I Flz’h‘l | A is CHor N, when mis

1, A2 is selected fromG@Rl)(R';,oN(F@ﬁgRs S, S(O, S(O2, an ; S

not 0, each A3 is indepgndent| R°dEl ected from C(R10) ( Ry S, S(O,
S(0 2, and O; V\heréﬁRﬁjrﬁ §Eh i ndependerﬂﬁ?tulssllél st Boci Reice
al kyl ; when p is not R4llis dpl edd romN(R"), Rl(“ﬂ H"IH and
when p is 0, A is select@d fRom N(R13P(R14), C(R) (Rl R 4),
provi ded that wagm:A4 is

Y is -N(R")-, -C(R")(R%)-, or -O-, where each R is independently H or lower alkyl;

R' is selected from optionally substituted alkyl, cycloalkyl, heterocfcloalkyl, aryl, -
heteroaryl, and —C(O)R', where R' is selected from optionally substituted alkyl,
cycloalkyl, heterocycloalkyl, aryl, heteroaryl, alkoxy, cycloalkoxy, heterocycloalkoxy,

aryloxy, hetercaryloxy, and amine;

R? and R* are each independently selected from H, F, and optionally substituted alkyl,
cycloalkyl, heterocycloalkyl, aryl, and heteroaryl;

R’ and R’ are each independentiy selected from H and optionally substituted alkyl,
cycloalkyl, heterocycloalkyl, aryl, heteroaryl, -OR", -SR", -NR'R", -NR"”NR"R",
and -NR""OR", where R'’, R", and R'® are each independently selected from H, alkyl,
cycloalkyl, heterocycloalkyl, aryl, heteroaryl, and acyl; .

R!is a suitable organic moiety;
each of R®, R®and R’ is independently H, F, or lower alkyl;

misOorl;

‘\V—W\.r

Yy

&



QO R14), A is not CH where R10O, R' and R 2 are each independently H or

| ower alkyl, RLSis H alkyl, aryl, or acyl, and R14 is H, alkyl, or aryl;
provi ded t¥wbi/mesd (A2) m (A3)p, and A4 together do not Powismetesore t han
two consecutive heteroatons; or a prodrug, pharmaceutically acceptable
salt, pharmaceutically active netabolite, or pharmaceutically acceptable
sol vate thereof. 2. A conpound, prodrug§3 phar maceutical ly acceptable salt,
pharmaceutically active netabolite, or°’pharnmaceutically acceptable sol vate
according to claim1, wherein R3, and R are each H 3. A compound of the

formula: ITHIIT 111221 (1110 11111 11 1111 C
PCT/ USOQO/ 21061 -84 A4. Al --- (A2)m R3 R4 0 CRSR6 Y R~ This Sheet Has .
Been Repl acadsOH,2,34Jo%& 11111111 [illll111  |This|Shéet Has B&nReflad®l wher ei n

R, R, R3, R4, R5, R6, A" A2, A3, Ad, m p and Y] din claim

| ; or a prodrug, pharmaceutically acceptable salt/|lf al ly active
met abol i te, Ayns CHraNsaceutically acceptabl e solvate thereof. 4. A conpound,
prodrug, pharmaceutically acceptable salt, pharmaceutically active

net abolite, or pharmaceutically acceptable solvate according to claimS3,

wherei n R ivhen ik $CASY sé16@68 Sl R OPIYIROCDY'S| $(0),80),biraxs:| | ¢ het er oaryl

and aryl groups. 5. A compound, prodrug, pharmaceltically acceptable salt,
pharmaceutically active

when p is not 0, each A; is independently selected from C(R")(R”), N(R"), S, S(0),
$(0),, and O; where R'®, R"' and R" are each independently H or lower alkyl;

when p is not 0, A, is selected from N(R"), C(R'")(R"), and O, and when p is 0, A, is
selected from N(R")R'), CR')R")R™), and OR"), provided that when A, is
OR'"), A, is not CH; where R'’, R" and R" are each independently H or lower alkyl,
R" is H, alkyl, aryl, or acyl, and R" is H, alkyl, or .aryl;

provided that'A,, (A (A,),, and A, together do not include more than two consecutive

heteroatoms;

or a prodrug, pharmaceutically acceptable salt, pharmaceutically active metabolite, or

pharmaceutically acceptable solvate thereof.
2. A compound, prodrug, pharmaceutically acceptable salt, pharmaceutically active

metabolite, or pharmaceutically acceptable solvate according to claim 1, wherein R7, R?,

and R’ are each H.

3. A compound of the formula:

* [ L M S *



nmet abolite, or pharmaceutically acceptable solvate according to claim 3,
wherein R is selected from-CH2NR20R2', - CH20R70, -CH2OC(O) R20,

- CH20NR' - ORyJo ofMfasby- CH2SR20, where R20 and R21 are each igrdapaaseet |y
selected fromH and optionally substituted alkyl, cycloalkyl,

het er ocycl oal kyl, aryl, heteroaryl, and -C(O R22, where R22 is selected
fromoptionally substituted al kyl, cycl oal kyl, heterocycl oal kyl, aryl,
heteroaryl, al koxy, cycloalkoxy, heteroe§4toal koxy, aryloxy,

het eroaryl oxy, and ami ne, ‘or any two of R20, R21, and R22 together with
the atons to which they are bound forma z}\é to 7-menbered ring. 6. A
conpound, prodrug, pharnmaceutically a 1\? salt, pharmaceutically
active netabolite, or pharmaceutically \acceptabl e sol vate according to
claim3, wherein R is selected from -O%RK-!‘—*QRZ' R25 _and - C=- CR26—where VB,
R24, R225, and R26 are ea®h 11111d1hugrSg®!!l 11111 11101 CL s WD

01/ 10894 PCT/ USOO 24061 Y85 ivgsrg[tgde |y sel ect ed - f rouis SheeaHes Bopr Reglacer| y
substituted al kyl, cycin7al , NAttegoc | kyl, aryl, . 7.
A conpound, prodrug, pltarmalieut =gal | § acdeptabl e salt, ' y

€ ac

active netabolite, or pharﬂ‘acelﬁ ically &ceptable solva cording to
claim3, wherein R is - CCORG6, where R6 is NR27R2s, \Werein R27 and e

are each independently,s ¢ted . fromoptionally substituted al kyl,
cycl oal kyl , he‘l’%&?}cﬁﬁaﬁ k§1 >R aR}#,u Sanfs RetBrRalidyY aregs defiued imelainRbg
together with the nitrogen to which they are bound forma 4- to 7-nenbered

heterocyclic ring. 8. A conpound, prodrug, pharnmaceutically acceptable
sal t, phar nmaceu rredmg, pharmaceutically atespiable salty phaimaceatically iactivel metalmdiegtorbl e

sol vat e accorgigglgmg&nlg@%gﬁ%ém%@seoﬁi% R2 1s selected fromunsubstituted

and substi tut enzy d, prodrug, pharmaceutically
acceptabl e salt, pharmaceutically active netabolite, or pharmaceutically

accept abl e sol vat e ,accordi to claim8, wherein R2 is a benzyl group
substituted wi%h oﬁ‘e°°8fP°P9£%§ﬁ'5% Phagmageutically @prentablersall Rharmaceusigally astive | ower

al kyl, lower ghétabslite, aphabaacREfidally acceptable solvate according to claim 3, wherein R! is
selected from alkyl and monocyclic and bicyclic heteroaryl and aryl groups.

5. A compoﬁnd, prodrug, pharmaceutically acceptable salt, pharmaceutically active
metabolite, or pharmaceutically acceptable solvate according to claim 3, wherein R’ is
selected from -CH,NR*R*, -CH,0R”, -CH,0C(O)R?, -CH,ONR*R?, and -CH,SR?,
where R® and R are each independently selected from H and optionally substituted
alkyl, cycloalkyl, heterocycloalkyl, ary'l, heteroaryl, and -C(O)R”, where R? is selected
from optionally substituted alkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, alkoxy,
cycloalkoxy, heterocycloalkoxy, aryloxy, heteroaryloxy, and amine, or any two of R%,
R?, and R” together with the atoms to which they are bound form a 4- to 7-membered

ring.

6. A compound, prodrug, pharmaceutically acceptable salt, pharmaceutically active
metabolite, or pharmaceutically acceptable solvate according to claim 3, wherein R' is
selected from —~CR*=CR*R* and -C=CR*, where R®, R* R%, and R® are each

N



10. A compound, prodrug, pharmaceutically acceptable salt, pharnmaceutically
active netabolite, or pharmaceutically acceptable solvate according to .
claim3, wheneiopsR3 is optionally substituted al kyl or perypkemeadsyl . 11. A
conpound, prodrug, pharnaceutically acceptable salt, pharmaceutically
active netabolite, or pharnmaceutically acceptable solvate according to
claim 10, wherein R3 is selected fromZ-propyl, 2-nethyl-2-propyl,

2-met hyl -1 -propyl, and unsubstituted antf ~ substituted phenyl net hyl and
napht hyl met hyl . This Sheet Has Been Replaced ~II Il~~ 11~ 1111 [ I'I1Q
111U ddpddehity | bddetdd. ol BIL/ah8 3¢ridlly USAGRIRO bk, S Sydidalih
compound, prodrug, pharnaceutically acceptable salt, pharmaceutically
active net dstreayeloalkyl, sk apebheterearlal | y accept abl e sol vate according to
claim3, wherein R4 is selected from benzyl oxycarbonyl, aryl carbonyl, and
het er oaryl carbonyl. 13. A conmpound, prodrug, pharmaceutically acceptable
sal t, phar mekeut iAcainippund, prodeug, plenabehii¢ally acoeptabla salg phativiacastitallyaeiept abl e

sol vate accordi,ng. to glaim 12, wherei,n R4 is hetero | carbon .Where the
het er oar yl rfB‘?‘%ll"gte'rgr %?8‘!‘}?@%%%&1“2%%@?%%? "‘ﬁé‘%%g’f‘? ’%h’e'st‘o t hree
het er oat ons (BHR¥! WEkrd ROs ONRMR?20erein K2 and REHP 4R Gnddpemidhie selected

pharmaceutical |y acceptable salt, pharmaceutically active netabolite, or
phar maceut i dEm gptipnallysubstituted gikyhtcyclaalieds bateracyclpaliayh ianl,1ad heteroasilnomRs | s
het er oar yl cagg:b 8 . ' ' | Ve- 3
het er ocycl eqﬁa%a% togélﬁ‘frgggﬁ%%@%ﬁq?%gﬁ q%é’?&eér/ %65?' gﬁrgﬂn%gége{@%éﬁ.egeg ne
oxygen het erhetetaspelicking. A conpound, prodrug, pharnaceutically acceptable .
salt, pharnaceutically active netabolite, or pharmaceutically acceptable
sol vate according to claim 13, wherein R4 is heteroaryl carbonyl, where
the. hetero®yl Ajofipyunds prodfighparthatetitbally adeopiable sdi pRarthackuti@Ng ative! |

1, 3-oxazol yl, 1, 2, 3- oxadi azol 1, 2, 4- oxadi azol y| , or 5- oxadi azol ylI .

Rig
| 1,2
16. A conpomﬁﬁﬂ?b%'ieoﬂrlﬂ’@‘,mﬁ?ﬁ'&%ﬁﬂ% atreptable solvate aecording to claim:3, whersimBEbut i cal |y

active selected from unsubstituted and substituted benzyl groups

9. A compound, prodrug, pharmaceutically acceptable salt, pharmaceutically active
metabolite, or pharmaceutically acceptable solvate according to claim 8, wherein R? is a
benzyl group substituted with one or two substituents independently selected from -

lower alkyl, lower alkoxy, and halogen.

- 10. A compound, prodi'ug, pharmaceutically acceptable salt, pharmaceutically active
metabolite, or pharmaceutically acceptable solvate according to claim 3, wherein R? is
optionally substituted alkyl or arylmethyl.

11. A compound, prodrug, phannaceuticélly acceptable salt, pharmaceutically active
metabolite, or pharmaceutically acceptable solvate according to claim 10, wherein R? is

selected from 2-propyl, 2-methyl-2-propyl, 2-methyl-1-propyl, and unsubstituted and

substituted phenylmethyl and naphthylmethyl.
This Sheet Has Been Re
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nmet abolite, or pharmaceutically acceptable solvate according to claim 13,
wherein R is heteroaryl carbonyl, where the heteroaryl. noiety is selected
from unsubstyd bi/fiflesand nononet hyl -substituted. 1,2, 4- oxadpErobroeil 7. A
conpound, prodrug, pharnaceutically acceptable salt, pharmaceutically
active netabolite, or pharmaceutically acceptable solvate according to
claim 13, wherein R4 is heteroaryl carbonyl, where the heteroaryl noiety is
sel ected from 3-i soxazol yl.. and 5- isoxazdl®yI', each unsubstituted or
substituted with one or two Substituents selected from nethyl.groups and

. Thi h [, 4 . ~' L]
") 0P T SIENCCA o acfolg S LN S Bl el
conpound, pr odmgbomhenrm;cmiaﬂl}yacﬁqudm siivate S?Iotdmgl)toa?amda uvhegmh RY txso
[ Wte ' t e solvate accordin
rai m 3, whor orltete S BOGUKRSGH P orklea RS Rl ReBrepRics il T o' cel oct o
from - CH2CH2C( O) NH2; - CH2CH2C( O) NH al kyl ; - CH2NHC(O CH3; and NH (CH2)n

where n is | or, 2. 19. A cqnpound, prodrug, pharmaceutically acceptable
salt, pharnac e[ﬁ'i c ot Fympund, Rrodmg,iphammacentically acseniablesalt, phasmpgeptically agtiven| e

s ol vate accor ding@hdifte, Or phafinhEeutitd Rbdptab) ivalUcEdrfing 16 Wiain B, Ruheftin R §°2) M

heteroarylcarbonyl, where the heteroaryl moiety is a five-membered heterocycle having

from one to three heteroatoms selected from O, N, and S.

14. A compound, prodrug, pharmaceutically acceptablé salt, pharmaceutically active
" metabolite, or pharméceutically acceptable solvate according to claim 13, wherein R is
heteroarylcarbonyl, where the heteroaryl moiety is a five-membered heterocycle having

at least one nitrogen heteroatom and at least one oxygen heteroatom.

15. A compound, prodrug, pharmaceutically acceptable salt, pharmaceutically active
metabolite, or pharmaceutically acceptable solvate according to claim 13, wherein R* is
heteroarylcarbonyl, where the heteroaryl moiety is unsubstituted or substituted 1,2-
oxazolyl, 1,3-oxazolyl, 1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl, or l,2,5-oxa&iazolyl.

16. A compound, prodrug, pharmaceutically acceptable salt, pharmaceutically active
metabolite, or pharmaceutically ac;ceptablc solvate according to claim 13, wherein R* is
‘heteroarylcarbonyl, where the heteroaryl. moiety is selected from unsubstituted and
monomethyl-substituted. 1 ,2,4-oxa_diazolyl.

17. A compound, prodrug, pharmaceutically acceptable salt, pharmaceutically active
metabolite, or pharmaceutically acceptable solvate according to claim 13, wherein R? is
heteroarylcarbonyl, where the heteroaryl moiety is selected from 3-isoxazolyl and 5-
isoxazolyl, each unsubstituted or substituted with one or two substitu;:nts selected from

methyl groups and halogens.

This Sheet Has Been Replaced
I —
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UNH -CR5R8 e_~ is 20. A compound according to claim19 of the forrmula: O
NH This Sheet Has Been Replaced RO 111111111211111211111111111 R4_~" NY VvV N
Rt HH Ow®ofdogss. a prodrug, pharnaceutically accept abrermadorios
pharmaceutically active netabolite, or pharnaceutically acceptable solvate
thereof. 1111111121211 11111 21212 11 1111 WD 01/10894 PCT/1JSOQ 21061 -88
21. A conpound, prodrug, pharnmaceuti cal k,y acceptabl e salt, pharmaceutically
active netabolite, or pharnaceuti caI | y*accept abl e sol vate according to
claim 20, wherein: R is nono- or -cyclic heteroaryl; RZis

unsubsti t ut egg or &H&ﬁﬁduh&tﬁéhnﬂgﬁbﬁﬁfhwcﬁﬁcﬂﬁv aceepRibRIYl, th%&meLn,Zaaawpyl

2-nmet hyl -1 -propyl, or arylnethy and S benzyloxycarbony

ar yl car bony| meta OI%toéermwﬁﬁmept@k sqlvaie aesordieg o claim3nwhersislthe t ed

fromHH Nrgm'&y.ON ) NONAONNS 01~ NN
o X
,(As)p
A1--(A2)m

/EZ)C/RSRG

is selected from -CH,CH,C(O)NH,; -CH,CH,C(O)NH-alkyl; -CH,NHC(O)CH,; and

A\ (CHn

4 ,wherenis1or2.

19. A compound, prodrug, phannaceuﬁcall); acceptable salt, pharmaceutically active -

metabolite, or pharmaceutically acceptable solvate according to claim 18, wherein said -

moiety
A,
( 3)p o

/ 1~ -B(Az)m NH )
/77?:CR5R | =

is !

20. A compound according to claim 19 of the formula:

S This Sheet Has Been Replaced -

o QL s i

or a prodrug, phannaceutlcally acceptable salt, pharmaceutically active metabolite, or

pharmaceutically acceptable solvate thereof.
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HNO ONHOHOand F and prodrugs, pharmaceutically acceptable salts,
pharmaceutically active netabolites, and pharnaceutically acceptable

sol vat es t heg§pf/osss3: A conmpound, prodrug, phar maceut i cal | pepgseaRioal! ©
salt, pharnmaceutically active nmetabolite, or pharmaceutically acceptable
sol vate according to claim1, wherein Y is NR3'). 24. A conpound,
prodrug, pharnmaceutically accept abl e salt, pharmaceutically active

nmet abolite, or pharmaceutically accept abl-88sol vate according to claim 23,
wherein R' is Hor nethyl. 25. A conpound according to claim23 of the
formula: ' T hig; She LLLEV L Ll Ll L
1111111 111111251171 A o BHSaE RS lichlly acckdrattd b bhashidentiity aidis
CRSR6 N RL N mxetabblite, tdr QhitrhaCeuically mcp:hblngsolﬁiﬁﬁdtﬂﬂmgtﬂow:ﬁmoawﬁaammle
salt, phar maceut | cal I& ECt | ge met abql | or har maceut i cal | é acce )t abl e

sol vate t her edf Eirftgter deg‘s yeubs Py Suhstituted. elssal t
phar maceuti cal 2.)5,-@91 | \p_emeﬂgypza.pg,bylt e,z-ﬂ&hghﬁf,ﬁﬁﬁeuhkc Iéﬁef'ﬁ e%ﬂblﬁ‘ spl vate
according to claim1l, wherein conpoun pro fug, )

phar maceut i calbeyzndewpmbawlearslambony@mhmmmlqadmmyy active netabolite, or
pharmaceutically acceptabl e solvate according to claim3, wherein Yis O.
28. A conpound, prodrug, pharmaceutically acceptable salt, pharmaceutically

active 22. A compound of claim 1 selected from
H
0. " oM
) W O NQ 0 W © N-’Q
H o =< i o o-N H o X _H o
and F

and prodrugs, pharmaceutically acceptable salts, pharmaceutically active metabolites,

and pharmaceutically acceptable solvates thereof.

23. A compound, prodrug, pharmaceutically acceptable salt, pharmaceutically active
metabolite, or pharmaceutically acceptable solvate according to claim 1, wherein Y is
NR). '

24. A compound, prodrug, pharmaceutically acceptable salt, pharmaceutically active

metabolite, or pharmaceutically acceptable solvate according to claim 23, wherein R is

H or methyl.
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25. A compound according to claim 23 of the formula:




nmet abolite, or pharmaceutically acceptable solvate according to claiml,
wherein Yis -C(Ry)(R)-. 29. A conmpound, prodrug, pharmaceutically .
accept abl aweadriogoaphar maceutically active netabolite, orcpusesreaaseutically
acceptabl e sol vate according to claim3, wherein Yis -CR")(IV)-. 30. A
conpound according to claim 1 having antipicomaviral activity
corresponding to an EC50 | ess than or egual to 100 tMin an H -HelLa cell
culture assay. This Sheet Has Been RepPated 31. A pharnmceutical
conposition conprising: \, | IIIIII Freererer reererrrr 2111221 1 Jael
ez e e {rr €S W @394 PCT/ USOO' 21061 -90 (a) a

t herapeutical ly effective amunity of! Pat | east one antipicornaviral agent

sel ected from conpounds, prodr ggs-xAg)phar maceutically acceptable salts,
pharmaceutically actR?veR' abodnﬁﬁses and pharmaceutically acceptable

sol vates definet in cI ahm : R) a pharmaceutically acceptable carrier,
di luent, vehicle, ﬁo XCi Pl ern A nmethod of treating a mamal i an
di sease condi ti on nedoat pi rnavi r al pr ot ease -activity, conprising

adm nistering to a mammal |n need thereof a therapeutically effective
anount of at |east one conpound, prodrug, pharmaceutically acceptable
sal t, phar meareuprodmp) Mmaanadeuﬁcanptaed’epiablbaalnqmaﬂii&témmuhﬂmldiatab%ﬁfé?Bi abl e

sol vat e -defi ned in cI of inhibiting the activity of a
pi cor navi r alP q‘?ﬁ" Roin @’“Q“Eﬁﬁqlﬁt‘g‘g ntacting the picornaviral 3C
protease with an effectlve anount of at |east one conpound, prodrag,
phar maceutical |y acceptable salt, pharmaceutically active netabolite, or

phar maceut i 3+ | y Aeqeenound|peodsug, pharmaceytically acceptable saltnphampacuticellysctivel as
defined in %&bf%‘h&? or Eﬁkﬁﬂuﬁécﬂn&l‘l@ a@éeﬁ&ﬁﬂasgivgélacg&dﬂﬁ% St 1) Whéein Y is

O.

27. A compound, prodrug, pharmaccutically acceptable salt, pharmaceutically active
metabolite, or pharmaceutically acceptable solvate according to claim 3, wherein Y is
o .

28. A compound, prodrug, pharmaceutically acceptable salt, pharmaceutically active

metabolite, or pharmaceutically acceptable solvate according to claim 1, wherein Y is

-CRYRY-.

29. A compound, prodrug, pharmaceutically acceptable salt, pharmaceutically active

metabolite, or pharmaceutically acceptable solvate accoi‘ding to claim 3, wherein Y is

-CR)R?)-.

30 A compound according to claim 1 having antipicornaviral activity

corresponding to an ECs, less than or equal to 100 uM in an Hi-HeLa cell culture

assay. \
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rhinoviral protease. 35. A conmpound of the formula: (AMN ,. Al2 C4141R142
NCR52R53R64 This Sheet Has Been Replaced RS55 11111'11 | wherein: ¢ isS an
i nt eger of {yr : l&gao 5, 1111211111E 111 111 11 111 MS WO eg¢riBedost

pcT/ Usoy 21881 181 A" s C, CHorN, Al2 and each A13 are independently
selected fromC(R6')(R6), N(R63), S S(O, S(O21 and 0, where each R61,
862, and 863 is independently H or | ower 9aol kyl; Al4 is NR60, where R64 is
H, alkyl, aryl, or acyl; provided that A7~ Al2, (Al3)p, and Al4 together

i nclude no nore than two consecutive heteroatons; R14' and R142 are each

i ndependently (R, F e | : | {nicoRth t i ne
depicts an opt(gonaﬁ%ea%%ﬁdlggﬁwgn o%gaisﬁgﬁ%ggﬁlgl%ls pr g?:ar%'?& SERll%éltgéli S
absent and A" fiom @m@Hads, Rieirugsphadbacentically actepiahitsplts: pbarmageuticsllycactisie f r om

H, hydroxyl, al kyl .. acyl arvl .. eter I ui,t abl.e pr.otecti,ng groups
for carbonyl 6'?""%\?8?6’)%? pbﬁ@a¥°“9ﬁ%@ﬁﬁf§?%§gs°lva&ﬁg?@’eﬁ§'ia?@ g’eaf‘%ct ed from
al kyl, aryl and Si (R39)3, and RS8 is selected fromal kyl, aryl, alkoxy,
aryl oxy, and Si(RS)31 where each RS9 is |ndependently alkyl or aryl; or any
two of R52, KB3, anbarmaaems@bftqﬁ@mb@rmdlﬁm vehiclé, GEEXCHIRILOf RS2, R53,
and e is NR57Rss; and R' and Rib are each independently H or a suitable
protecting group for nitrogen; or a pharmaceutically acceptable salt

t her eof . 32. A method of treating a mammalian disease condition mediated by picornaviral

protease activity, comprising administering to a2 mammal in need thereof a
therapeutically effective amount of at least one compound, prodrug, pharmaceutically
acceptable salt, pharmaceutically active metabolite, or pharmaceutically acceptable

solvate defined in claim 1.

33." A method of inhibiting the activity of a picomaviral 3C protease, comprising
contacting the picomaviral 3C protease with an effective amount of at least one
compound, prodrug, pharmaceutically acceptable salt, pharmaceutically active

metabolite, or pharrixaceutically acceptable solvate defined in claim 1.

34. A method as defined in claim 33, wherein the picornaviral 3C protease is a

rhinoviral protease.

35. A compound of the formul.a:

A
N
e

i

q is an integer of from 0 to 5;

AT



Beengepl aced This Sheet Ras 36. A conpound of the fornmula: 1111 1111
11121 2122 ©aw teer ety rererr rrrrr 21121 11 TH L H WO 01/ 10894

PCT/ USOQO 48 6ik1089492- R51 02: N (CH2)y R56 R55 wherein RETusmaheral Kyl ,

aryl, or acyl, and RS2, RS3, RS4, Wb, R56, and q are as defined in claim

35, or a phar maceutlcal |y acceptable salt thereof. 37. A conpound or

phar maceutical |y acceptable salt according to claim36, wherein RS is a

protecting group for am de nitrogen. 3821 A conmpound or pharnaceutically

acceptabl e salt according to claim37, wherein Rss and R56 are each

I ndependently selected fromH and suitable protecting groups for nitrogen.

This Sheet Has Been Replaced 11111111 2111211 111 12111111 | ,
A, isC,CHorN;

A, and each A, are independently selected from C(R*)(R%), NR®), S, S(O), S(0),,
and O, where each R*, R®?, and R® is independently H or lower alkyl;

A,, is NR*, where R* is H, alkyl, aryl, or acy);

provided that A,;, A;, (A;),, and A, together include no more than two consecutive

heteroatoms;
R™ and R"2are each independently H, F or lower alkyl, or R' is absent; and

the dotted line dépicts an optional valence bond; and when such bond is present, R is
~ absentand A,,is C;

R%, R®, and R* are each independently selected from H, hydroxyl, alkyl, acyl, aryl,
heteroaryl, suitable protecting groups for carbonyl or hydroxy, OR”, and NR¥R®,
where R” is selected from alkyl, aryl and Si(R™);, and R* is selected from alkyl, aryl,
alkoxy, aryloxy, and Si(R*),, where each R¥ is independently alky! or aryl; or any two
of R®, R%®, and R* together fom.l =0, and at least one of R*2, R®, and R* is NR*'R*®;

and

’

R* and R* are each independently H or a suitable protecting group for nitrogen;

or a pharmaceutically acceptable salt thereof. /

eplaced
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1111121112122 2111 12121210111 M111111111 WO 01/10894.

PCT/ USO0/ 21061 -93- 39. A conpound selected from CH30 OCH3 CHSO / OCH3 ~I
O N O N CH3 whoffpgsse N OH Bocce NN, or, CH3 H O H O CH3Qdrdatiiosi O N O
N N NBoc, NS Bocce NOHOand H3C OCH3 ONN Boo. NS HOH This
Sheet Has Been Replaced lilt 11l 1111111212112121211211212 | 11111 * ¢ L M

S -92-

wherein R” is H, alkyl, aryl, or acyl, and R, R®, R®, R% R*, and q are as defined in

claim 35,
or a pharmaceutically acceptable salt thereof.

37. A Eompound or pharmaceutically acceptable salt according to claim 36, wherein

. R is a protecting group for amide nitrogen.

- - 38. A compound or pharmaceutically acceptable salt according to claim 37, wherein
R* and R* are each independently selected from H and suitable protecting groups for

nitrogen.
_—
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39. A compound selected from:

cuso OCH;

PCT/US00/21061

-93-

cusc::(jocna

o : and

_
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