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WO 01/10894 -1- TITLE PCT/US00121061 ANTI Pl CORNAVI RAL Aida
COWPCSI TI ONS, THEI R PHARMACEUTI CAL USES, AND MATERI ALS FOR THEI R
SYNTHESI S 5 FIELD -OF THE | NVENTI ON The invention pertains to certain
peptide-1ike and peptidom netic conpounds that advantageously inhibit the

enzymat i } y of picornaviral 3C proteases, espectal rhi ngvirus 3C
pr ot eases 2&{1/{5 ’%& and that retard viral growh in cell P%Wéomllﬂ@ 10

invention also relates to the use of such conpounds in pharnaceutlcal
conmpositions and therapeutic treatnents for rhinoviral infections. The
invention further relates to processes for synthesizing, suech conpounds
and conpounds useful in such syntheses. BACKGROUND OF THE I NVENTION . 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

i ncl ude the human rhinoviruses, human polioviruses, human coxsacki eviruses,
human echovi ruses, human and bovi ne enteroviruses, encephal onyocarditis
viruses, nmeningitis virus, foot 20 and nouth viruses, hepatitis A virus,
and others. The human rhinoviruses are a major 04 February 2004 WD 01/ 10894
PCTI USOO 21061 2 cause of the common cold. To date, there are no effective
therapies on the market that cure the common cold, only treatnents that
relieve the synptoms. Picornaviral infections may be treated by inhibiting
t he -proteol ytic 3C enzymes. These

-1-
TITLE

ANTIPICORNAVIRAL COMPOUNDS AND COMPOSITIONS,
THEIR PHARMACEUTICAL USES, AND
MATERIALS FOR THEIR SYNTHESIS

_ . : | |

The invention pertains to certain peptide-like and peptidomimetic compounds that
:;dvantageously iphibit the enzymatic activity of picornaviral 3C proteases, especially
rhinovirus 3C proteases (RVPs), and that retard viral growth in cell culture. The

10 invention a:lso relates to the use of such compounds in pharmaceutical compositions and
_ therapt_autiq treatments for rhinoviral infections. The invention further relates to

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

15 - N
The piéomaiviruses are a family of tiny non-enveloped positive-stranded RNA-
containing vxruses that infect -humans and other axumals These viruses include the
human rhmowruses human pohovnuses human coxsacklewruses human echoviruses,
human and bovine enterowruses,rencephalomyocardms viruses, meningitis virus, foot

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



5 enzynes are required FOR the natural maturation of thg4HepRiap@Ydd4ISES.
They are responsi ble for the autocatal ytic cl eavage of the 'genomc, |arge
polyprotein into the essential viral proteins. Menbers of the 3C protease
fam |y are cysteine proteases, -where the sulfhydryl group nost often

cl eaves yHha1/9syi am ne- gl yci ne am de bond. Inhibition of.Pégm%o%bﬁ ses is
believed to block proteolytic cleavage of the polyprotein,. ch in

turn can retard the maturation and replication of the viruses by
interfering with wviral-particle production. Therefore, inhibiting the
processing of this cysteine protease whth selective small nol ecul es that
are specifically recogni zed should represent an inportant and useful
~approach to treat and cure viral infections of this nature and, in
~particul ar saushef ghsneommmaentald. T6 datnehereatd naveffestive ehériptedbl HeSmked Mt

enzymatic actiyvity of picomaviral 3C proteases (i.e., ‘antipicornavira
conpounds) SHERE ‘ﬁ%’é’ﬁ"‘? g@@rﬂmﬁl&trﬁ@éﬁ\?é adclieyedhe sypmptemanpl e: U, S. Pat ent
No. 5, 856,530, issued January 5, 1999, to Wbber et al.; U S. Patent
Application No. 081991, 282, fil ed Decenber 16, 1997, by Dragovich et al.;

U. S. Pat enPicafarpg infeatiorsrmayobe 084t by iafibitiis! {6 i T
‘Webber et al.; and U S, Pafjgnt Appl i%atidn Eo Bgigtﬁogﬁg%gmﬂrﬁ%d%%yl 29,
1999, CFERBS e dequited fopethenapiral Draupetion fofethe apicomiGusus.t UTleyBaged
Desi gn, SyR i f&nlﬂe%hﬁ)lcotgiyﬁal lEvaI uai_i n.of lrreversjible Human
Rhi novi rus rot ease. ‘M br PO ieavage of thq ganomige lasge pplypooteinyinto, the2, no.
- 7, 1203- 128entihP Vidall pedfeinsd N W1 ; : N - .Synt hesi s of .
25 Irreversjble Humaﬁ Rhi novi ru%gbg*éfg%o?gagggtﬁ%'?%ﬂlgragg&l?g PE&?S%“F@ &
Med. ChemWhergghg sulfbydryl7 grompombsiSofidin efeavess tisd plutartind @8di 2RRREVERA, L O

di scover. L= nol | e, conmpqupds that are especially potent
“anti pi cor ﬁ[ﬁ@%b}t{gﬁn e P&".‘eaﬁ*?w&e{}‘a@ tgrblegknprotqalytier eleavage v thecpqlymoases .

 gush, doc it e RRE ALt Rl it oA oy
2004 WO ommbamﬁclea)roduct_ion. Therefore, inhibiting the proceésing of this cysteine protease
’ with selective small molecules that are specifically recognized should repfesent an
important and useful approach to treat and cure viral infections of this nature and, in
particular, the common cold. |
15
Some small-molecule inhibitors of the enzymatic activity of picomaviral 3C proteases
' (ie., antipicomnaviral compounds) have been recently discovered. See, for chample:
U.S. Patent No. 5,856,530, issued Januéry 3, 1999, 10 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:
Drzigovich et al., “Structure-Based Design, Synthesis, and Biological Evaluatién of -
Ireversible Human Rhinovirus 3C Protease Inhibitors . . ., J. Med. Chem, (1999), vol.
42, no. 7, l1203-l212, 1213-1224; énd Dragovich et al., “Solid-pl:ase Synthesfs of
.25 - lrreversible Human Rhinovirus 3C Protease Inhibitors . . . ,” Bioorg. & Med. Chem.
© (1999), vol. 7, 589-598. .T;'heré is still a desire, however, to discover small-molecule

compounds that are especially potent ?ntipicdmavii'al agents.

 Inhibitors of other related cysteirié proteases such as cathepsins have beea described in,

30  eg. US. Patent No. 5,374,623, issued December 20, 1994, to Zimmerman et al.; U.S.



PCTI USOQO 21061 . Patent No. 5,498,616, issued March 12, ano
-et. al.; and WPO International Publication. Nos. é%?%ﬂld?g&%

95115749, WO 97/19231, and WO 97149668. There yet remains a need for
i nhibitors targeting the picomaviral 3C cysteine protease with desirable

phar mcg@#ml roperties, such as high specificity. SUMVARY OF THE
| NVENTI 8%4an object of this invention is to di scovdtCEuIMR216D| ecul e

conpounds that inhibit picomaviral 3C proteases and are especially potent
anti pi cornaviral agents. A further 10 object of the invention is to provide

I nternedi ates useful for the synthesis prot ease- inhibiting conpounds
and synt hetic nethods useful for such éﬁ%fheses. A yet further object of
the invention is to achieve pharnmaceutical conpositions that are effective

for treat iBagneeiNadise®8 616diigdied i%ﬁrdl‘phbbl l%gn t8f N{%&l rgngt\“ ; arpnét %Pﬂad
V

prot eases, _such as the comon cold. 15 Such objec

t hr ough- thénfen@awérfysbmatm@wmr@ 94/0417R2, MI%NSTQ ngst?ﬁlﬂwh??f %hagb

(A3)p A ﬁg% Bore 20 ‘5%0 wher ei n:
=0, where 6ac R34 ﬁﬁ‘é‘ﬁ@ﬁ&éﬁf rwﬂabltqrémgetmgm pzcoﬂawrdl x C}Gteme
substltute dAedsy hvith aryl
het er oar yl ?ror §i!C(!O)CdISl6 mﬁ%dfga%%gagﬁuﬁ%ﬁ%sﬂ%&@ EY‘?/t uted al kyl,

cycloaL§yI, {heterocycloalkyl, aryl, heteroaryl, al koxy, cycl oal koxy,

heterocycl ainiiky BPTEINVENTION

Thus, an object of thxs invention is to discover small-molecule compounds that inhibit
picomaviral 3C protcases and are especially potent antlpu:omav:ra! agents. A further

10 object of the invention is to provide intermediates useful for the synthesxs of protease-
inhibiting compounds and synthetic methods usefu! for such syntheses. A yet further

. object of the invention is to achieve phannaceuucal compositions that are effective for

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

common cold.
15

Such objects have beep attained through the discovery of compounds of the following
‘general formula I:

\(As)p
17 -(Az)m
o CRSRG

‘ Wherem:

@)

2.(-) | - Y is —N(R’)- -C(R’)(R’)-, or -O-, where each R is independently H or lower alkyl; -
. 1
. R is unsubstituted or - substituted alkyl, cycloalkyl, heterocycloalkyl, . aryl,
heteroaryl or —C(O)R“' where R i is unsubsututed or substituted alkyl, cycloalkyl,

_heterocycloalkyl aryl, heteroaryl, alkoxy, cycloalkoxy, heterocycloalkoxy, aryloxy,
heteroaryloxy, or amine; '



bet eroaryl oxy, or amne; 04 February 2004 WO 01/10894 4 oBEbbkEPPLEHLO61 R -
and R8 are each independently H, F, or unsubstituted or substituted al kyl,
cycl oal kyl, heterocycl oal kyl, aryl, or heteroaryl; -R3 and RO are each

i ndependently H or unsubstituted or substituted al kyl, cycloal kyl,

heteroc%\aﬂidﬁﬂ, aryl, heteroaryl, -OR', -SR'. -NR 7R1§Pq{hl§?%R{)L1 R18, 'or:-

NR170R ere R17.1-01, and R19 are each i ndependent]l

cycl oal kyl ,- heterocycloalkyl, aryl, heteroaryl, or acyl; R is a suitable
organic noiety; R5, R6 and R7 are each independently H F, or lower alkyl;
msOorl; .10 . pis an integer of from0Q to 5; A is CHor N each A
present is independently C(Rf 0)(R'), .N(R), S, S(O, S(O2, or 0, where
each R1l, R' and R 2 is independently H or |ower alkyl; each A3 present is

_i ndependent | R’GRd RE R eadlf Rhdbpendintig(K) F, SrQuubaitu@d wheutkrind& wlgach RL,
when pis I, 2, 3, or 4,

R -1 and R2 is5 ipde endenthlHor | ower al kyl ;

A4 is N(R13) ,CYéeﬂEﬂygﬁﬂﬁOFY?JP byl amyly apfheterqsryls 0 (i.e., A is not present),
A is NR 9 ! ! d. i 4 id hat ' 0
b L e R g e A Al
Hor |ower &kfesdcyclealkhl, RFLi hetdroadylkYIOREr YERVOI NIOIRY ARRIGACIRE 4.0 s H,

al kyl, _or aryl 20 . provi dqg tpat no nore than two heteroatons occlur

"consecdti vel yNRHOBhe vehsa & .. R pi adeR "rdre gatto indegersiently  H,( ARY], cycloAliyh, A4,
and C=0, whe dotted line in the ' ring depicts a single bond when A2
i s present (%stgg?ggogﬁyl;aghdmeggrw 85 lat om , when A2 is absent (i.e., m="

0). ¢ R%is a suitable organic moiety;

o R’ R°and R’ are each independently H, F, or lower alkyl;
e misQorl;
10 e -p Is an integer of from @ to 5;
| o A/isCHorN;
*_ e€ach A, present is independently CR")R"), N(R'), S, S(0), S(0),, or O, where
each R", R" and R" is independently H or lower alkyl;
‘® each A, present is independently C(R'“)(R'.‘), N(R"™), S, S(0), S(0),, or O, where
15 ° each R", R" and R" is independently H or lower alkyl;
e whenpis1,2,3,0r4, A, is NR"), CR")R"), or O, and when p is 0 (i.e., A, is not
preseat), A, is N(R™)(R™), CR')R™)R™), and OR™), provided that when p is 0
-and A, is O(R"), 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 ary!.
20 o provided that no more than two heteroatoms occur consecutively in the above-
dgpictcd ring formed by Ay, (Az)m_, (A,)p, A,, and C=0, where each dbtted line in the
ring depicts a single bond when A, is present (i.e, m = 1) and a hydrogen atom

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

25 In addition to compounds of the formula I, antipicornaviral agents of the invention
- include prodrugs, phamiaceutic_ally active metabolites, and phaﬁnécéﬁtic;ﬂy acceptable

' salts and solvates of such cdmpounds.

S Inq;)referrcd ._érﬁlgocﬁm_em of formula I, R? and R® are not bofh;hydrt?gcn, and R®*and R®

.30  are ot both hydrogen. In another preferred embdgixncnt of formula I R?is benzyl



25 In addition to conpounds of the fornmula |, antipicorpaddbalargoeid s of
the invention include prodrugs, pharmaceutically active netabolites, and
pharmaceutically acceptable salts and sol vates of such conpounds. :.In a.
preferred enbodi nent of formula I, R2 and R8 are not both: hydrogen, and R3
- and R9 0 wo®1M@bs bot h hydrogen. In another preferred enbodi nent of formula
|: R2 is benzyl 04 February 2004 WD 01/10894 -5 PCTI t | SOOYCHE8W/23p41 onal | y
substituted with a halogen; R3 is a |lower alkyl; R4 is Cbz; and R, R8, and
R4 are each H. In. a preferred enbodinent, R is a substituted nethylene .
group, for exanmple, 5 CH NR20R?1, -CHzGR20, y CH2OC(O R2, -CH2ONR20RZ'., or
-CH2SR20, where R - and R' are each independently selected fromH,
optionally substituted al kyl, cycloal kyl, heterocycloal kyl, aryl,

het er oar yi , opsWeBallYgubpented witker balageh; iRS is e lewsradkfly RMsAb: QAART YR® and R®
substi t ut Edar@‘L:zL%IH cycl oal kyl, heterocycloal kyl,” aryl, héteroaryr, aFkoxy,‘
cycl oal koxy, et'eérocycl oal koxy, aryl oxy, heteroaryloxy, and am ne, and
optionally any two of R20, 10 R -', and R22, together with the atons to
which they are bound, forma 4- to 7-nenbered ring. In an alternative

preferred dabddirefermed aRbodimerERR! CRRAR2SbStituted CriefiiFad; e 4 s and
p n %@E” lf%tth%f(?IHP d -

(20 =8 coEpmRRely Sala st el et R TSRS
prf <0 bk g By SR A SR IELE BLo LRI
opt onal | ekl Syt o IR NS OS2l Bl B Moodtll,
bound f or n#%bsﬂtl{tﬁ% o frespioniiat Metwoasiaallist, aiyhohetéroaglAiRGsy, Rifo8IKRS,
E ggce)g: 1%}9'“; EE%Z%EE@P&%%%%G @ﬁ@é&%ﬁéﬁ&% &ﬁém%ﬂ%hn%fa%ig@?m
. » together with the atoms to which they are bound, form 2 4- to 7-membered
ring. In an altemative preferred embodiment, R' is -CR¥=CR¥RZ o —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'® js -NR7R™, wherein R and R® are
.15 each independently sglected from H and optionally substituted atkyl, cycloalkyl,
heterocycloalkyl, aryl, and heteroé.lyl, 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 2 mono- or bi-cyclic heteroaryl or aryl group.

- 20 Especially preferred compounds are depicted by formula I-a:
o Aq
Ak
?1- " (A2)m
R? O  cRR®

R /H‘/Y\/u\ /k“/R‘

N x N

. H = H

.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 ,seleétcd from

- 25 monocyclic and bicyclic heteroaryl and aryl groups.



(A3) A~ --(A2)m CRSR6 |-a wherein R through W A4 Hbrengbos¥, m p,
and Y are as defined above. In preferred enbodi ments of conpounds of the
formula I-a, R is selected from 25 nonocyclic and bicyclic het eroaryl and
aryl groups. 04 February 2004 WO 01/10894 PCT/ US00/ 21061 6 R - in for mul a
l-a is pyehpia® v sel ected fromunsubstituted and substi ggiﬁg benz

groups, preferably benzyl, mono-substituted benzyl, and 20210

benzyl, where the substituents are i.ndependently selected from | ower

al kyl, lower al koxy, and hal ogen. R3 is.preferably an optionally
substituted al kyl (e.g., 2-propyl, 2-neghyl-2-propyl, or

2-nmet hyl -1 -propyl) or arylnmethyl (e.g.; unsubstituted or substituted

‘phenyl met hyl or napht hyl net hyI ). 10 Ris preferabl y a suitable organic

noi ety selected from-1C(O]"-R15, .where nis O or. and Rs:is optionally
substitut ech al cl pal k ar het er oaryl , alkoxy cl oal koxy,

aryl oxy, F%F'b%ﬂ ¥ ao&?ypre}lelr‘ﬂ’l s'%L“ﬂeél ﬁ?“‘ppéff‘@ﬁ‘ii@éﬁdeﬁmb(su itutsd HEnz)d
benzyl OXY Gb feradlY b nor rably
het er oar yl calftsl;onyle ere t he oéstugrS%Felaq}c f"bﬂ 8%1 ?‘f‘?‘%bmg tF 3“3'

het er Ocyclsabhmuﬂnmgar&ﬁldepﬂmemsélébtédlfrsﬁ lb%ﬁﬁlﬁﬂ RPer Al tﬁﬁlﬂaﬁ 0 N, and
S, norg preferably a five- menbered heterocycle having at | east : |

ni trogen heteroatom and at l.east one oxygen heteroatom (e.g.,

‘(J.”.S“..b o1 e il ol SERTAE Mol 2RI b o o !

, 2, 5- 2-methyl-1-propyl) or arylmethyl (e.g., unsubstituted or substltuted phenylmethyl or
naphthylmethyl). |

10 R'is preferably a suitable organic moiety selected from -tC(O)],,—R"; wherenis 0 or 1
and R¥ is optiona]l}_f substituted alkyl, cycloalkyl, aryl, heteroaryi, alkoxy, cycloalkoxy,
_aryloxy, or hetercaryloxy.. In especially preferred embodiments, R* s
. benz_yloicyc_arbonyl, 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 hetefocycle having at least on;: nitrogen heteroatom and at least one oxygen
heteroatom (e.g., unsubstituted or substituted 1,2-oxazolyl (i.e., isdxazolyl), 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 monomcthleSUbstituted l,2,4-0x_adiazolyl are preferred. In especially preferred
embodiments, the heteroaryl moiéty is 3-isoxazolyl or S-isoxazolyl, either unsubstituted

or substituted with one or two methyl groups andlor'ha[oge_ns (F, Cl, Br -or D), with

chlorine and fluorine being preferred.

25 Prefcrably, the moiety:

‘(A
(Az)m

’__SLCR{‘RE



oxadi azolyl'). When the heteroaryl noiety is oxadi azol yls reBaibpbadait ed and
20 nmononet hyl -substituted 1, 2, 4-oxadi azolyl are preferred. In especially
preferred enbodinents, the heteroaryl noiety is 3-isoxazolyl or
5-isoxazolyl, either unsubstituted or substituted with one or two net hyl
groups and/or hal ogens (F, C, Br or 1), with <chlorine and fluorine being
preferreWOEI0BMet erably, the noiety: 0 A4, ~A3)p A (A2)ROTOKGRERG 04
February 2004 WO 01/10894 7 o. PCT/ 17S00/ 21061 is selected from

-CHZCH, C(O NH, ; -CH2CH, C(O NHal kyl; -CH NHC(O CH3; and NH (CH2)" where n
is | or 2. The noiety is nore preferably In preferred enbodi nents, the '
conpounds; prodrugs, pharmaceutically ac%eptable salts,. 5 and
pharmaceutically active metabolites and sol vates have an antipicornaviral

gﬁltIt\ulréyas\g%;sgle%ﬁg%eﬁfgg?@@sﬁe%g&g@?@{ F%ie m)mf 8Pl a'

|1, preferably, of the subfornmula Il-a, which are useful in the synthesis
.of certain co Nels of formula |I: Al4 (AlA Alice / Au Cl4lR142 '

" (cuf),. o th

_ , Where nis I or 2. The moiety is more preferably e

In preferred embodiments, the compounds,- prodrugs, pharmaceutically ztcceptab!c salts,
5 and pharmaceutically active metabolites and solvates have an antipicornaviral activity

with an ECy, less than or equal to 100 ¢M in thé H1-HeLa cell culture assay.

The invention is a!so directed to intermediates of formula II, preferably of the

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

o A
A Y
(Agalq

A]:-.._.A{z

© R

Cé‘"‘R‘u
R® -
T CRZRSIR5
10 R® I

wherein:
e gisan integer of from 0 to 5, preferably 1 or 2;
. A, lSC 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;
. ._A,,, is NR¥, where R% is H, alkyl, aryl, or acyl, and R* is preferably a suitable
protecting group for amide nitrogen; ‘
. provided that no more thatt -two heteroatoms occur consecutively in the
above-depicted ring in formula I formed by A,,, Ap (Ap), Ay, and C=0;
20 o R"andR“are each independently H, F or lower alkyl, or R* is absent;
.« the dotted line deplcts an optional valence bond, and when such bond is present,

R“z is absent and A, is C;

e Rjs H? alkyl, aryl, or acyl, preferably a prt)tecting group for amidc nitrogen;



R55 RSG R51 53-54 \ i u H52 C8 RNCRRR. whereing Fébhiar@Podnt eger
of fromO to 5, preferably | or 2; A" 1sC CHorN, Al12 and each A 3 are

each i ndependently selected fromC(R6')(R62), N(R63), S, S(O, ;15 S(O 2,
-and O where each of R61, Rfi2 and R63 is independently H or |ower. alkyl;

+ Ala i ere R1is H alkyl, aryl, or acyl, and R6a is preferably
a sui tayg%%sgwcti ng group for am de nitrogen; provi dBETHUSAY21861 nor e

than - two heteroatonms occur consecutively in the above-depicted ring in
formula’ll formed by Al, Al2, (A'3)p, Ala, and C=0, 20 R14' and Rl42are
each independently H F or lower alkyl,gor R 42 is absent; the dotted |ine
depicts an optional val ence bond, and when such bond is present, R 12 is
absent and A" is C R5 is H, alkyl, aryl, or acyl, preferably a
pr ot ect.i nge giRSY R, and & ale cadhi inderndedil seRlefeddFom 20 B¢drdly 0 Al D841, §xr-y'l, :
PCT/ USCQO 21061 . R52, RS3, and e are each independently” Ssel é&cted fromH,
hydr oxyl, al wbﬂe,mﬂﬁgy puitable protectiag graupsyfor carbpnyd irdydraxye QR*hangr SRIR or
. carbonyl or Y7, : ' d S7R3 &1 £R57 jSS€el ected from al kyl,
~aryl and Si (E’é}g%oﬁan‘agﬁggeﬁi gfr})g%%@gi,eaayalf%gﬁk 1?“d Re*s selected from alkyl,

-~ aryl, alkoxy, aryloxy-, and Si(R*);, where each R* is independently alkyl or aryl; or
5  anytwo of R% R¥, and R* together form =0; and |

* R*and R* are each independently H or a suitable protecting group for nitrogen. |

" Formula II compounds where at least one of R, R”, and R* is ﬁR”R’s are preferred.

In preferred formula II-a embodiments, R® and R® together form =0 and R is

10 selected from alkyl, acyl, aryl, heteroaryl, OR™, and NR"R*, whcre. R*" and R‘s are as
defined abovg. In other preferred embodiments, R is H, R® is OH, and R* is selected

from alkyl, acyl, aryl, heteroaryl, OR, and NR¥R** where R and R*® are as defined

".above.

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

formulae II and I[-a.

The im(cntion also relates to pharmaceutical compositions containing a therapeutically
effective amount of at least one compound of the formula I, or a prodrug,

.20 pharmaceutically acceptable salt, ghannaceutically active metabolite, or solvate thereof
L (collectively, “agents™). . Additionally, the invention relates to methods of -inhibiting

- picomaviral 3C protease by admi-n'istering a therapeutically effective amount of ai least

one such agent.

25  DETAILED DESCRIPTION OF THE INVENTION

In accordance with 2 convention used in the art, H is used in structural formulas
herein to depict the bond that is the point of attach'me_nt,of the moiety or substituent to
the core or backbone structure.



aryl, alkoxy, aryloxy, and Si(R59)3, where each R39 is igndeprpdepédsy at kyl
or aryl or 5 any tw of R52, R53, and RS4 together form=0; and R55 and
RS6 are each independently H or a suitable protecting group for nitrogen.
Forrmul a H conpounds where at | east one of RS2, R53, and RSa is NR "R58 are
: preferredw o:gﬁosfgreferred formula I'l-a enbodi nents, RS-' and R53 together
form =0 and %94 10 selected from al kyl, acyl, aryl , , het ecoarsyi2106RS' , and
NR57RS8, where R57 and R58 are as defi ned above. In ot her preferred
enbodi nents, R52 is H ‘R53 is OH, and R34 is selected from alkyl, acyl,
aryl, heteroaryl, ORS7, and NRS R5B V\/ners R57 and RSe are as defined -
above. 15 The invention is also directed”to pharnaceutically acceptable
salts of the conpounds of fornulae 11 and Il-a.” The |nvent|on al so rel ates

to phar maceus el hereiipas it g U fed IS RREVLLERN X, el ogtlve

anount of at Ieast one . conpoun the Zhain

har maceut i Banpyalent sadieal iof satgmtad rumgﬁpgtéd: <V, |
p Yalet gadi arfalhsy édrbtyn %H zﬁd{?ﬁ}dﬁ%‘%h tt?ﬁ’?’on

agents").. Additiona nve

fg: \é?teg Egeg"% f d’gc‘g‘#i ?ﬁﬁia Muﬁ?@ %?Wénmpmb/l Jwtydy mobaqg byutdl EtRngl.er i ng

a t her apeut peped | east ..one such agent. 25 TAI LED
DESCRI BT %Np oF nhfy betenok ERTdI{’@o@ g‘ié'é ?r"&’é‘ﬁ’&é’rﬁﬁ’lffﬁ’ LRty Reroilussd dhe hie.he
art, ' % Jdelgss Qﬂlsmsn:indmtcdt eu¢h! pivw sbﬁ;{)ﬁbg I&Quﬁlﬁfﬂt{é(the b nd that, is

-the point of attﬁng mant of the noiety or substituen Fong g only
backbone stPHoR ﬁ"a“'@bi’ﬁ%ﬂbﬁt@@@b}\m&mﬂ ﬁﬁﬂ@ﬂuﬁbﬁ@ﬁﬂﬁ@ﬁérﬁi@@é Bae b3ed

herei n, thend@ma] g@H‘ e mean a straight-
br anched- chai n r?onov)éimelﬁ%sqy% 5?I°r f“’é‘gefdf‘%ogﬂb%mﬂmtﬂferm@aWF‘bMah@l bon

atons and lyaipdgeintatdedts mesidialRy
i sopropyl, butyl, isobutyl, t- buty|g"‘&;émd"“‘ﬁwﬁz""“'e‘m‘yc‘?lrlg Q“’“‘Em@cmnr

10 A “t_:ycloalkyl group” is intended to mean a non-aromatic monovalent monocyclic,
bicyclic, or tricyclic radical contammg from 3 to 14 carbon ring atoms, each of which
may be saturated ‘or unsaturated. Unless otherwise mdicated “such groups may be

unsubstituted or substituted by one or more suitable subsutuems Iustrative examples
of cycloalkyl groups include the following moieties:

. 00O N
)59() Ay

A heterocycloalkyl group"”

is intended to mean a non-aromatic monovalent

monocychc, btcychc, or tncychc radical, which i is saturated or unsaturated, contammg

20 ﬁom 3 to 18 ring atoms whlch includes from 1 to 5 heteroatoms selected from nitrogen,
oxygen, and sulﬁlr Uniess otherwise indicates, such radicals may be unsubstituted or
substituted by one or more suitable substituents.

heterocyc;oalkyl groups include the following moieties:

Illustrative examples of



pentenyl, butenyl, propenyl, ethynyl, butynyl, propynyl04W%Bh%ﬂyﬁxmhexynyl
and the like. 5 Unless otherw se indicated, such groups nay be
unsubstituted (i.e., containing only carbon and hydrogen) or substituted
by one or nore suitable substituents (e.g.', one or nmore hal ogens, 'such'as
with F and O being preferred). A "lower alkyl group"” is
|ntende3&988ﬁggﬁ an al kyl group having from1 to 4 car boXCTHWHRI06h jts -
chain. 10 ‘A-"cycloal kyl group" is intended to nean a non-aromatic
nonoval ent nonocyclic, bicyclic, or tricyclic radical containing from3 to

14 carbon ring atons, each of which mgy be saturated or unsaturated.
Unl ess 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 follow ng rml eties: 15 A "heter ocycl oal kyl
" group” is intended-to nean a non-ar tic thyal ent Nrmnocycl c, bicyclic, -
or tricyclic radlc I, \whi ch_i s satfurat do qt ur conta nlng 20from
3to 18 ring ato nchude I eteﬂ)aa 'S ted from
nitrogen, Lfg')s(»ﬁgen ahd sulé ur-S Unl egg-ot her wng€ i nd ch WBdi cal s )
may be uns itute® or, titutedRby’ oneR)r nor e Rw tab stituents.
~Illustrative exarrpl es of het er'ocycl odi Ryi groups include the oI | ow ng
" noieties: 04 Februgy 2004 V\DO -+1089.4 - 10 (3, NO N 8 Rd? , and-

,P”’”Swzf”)' L% N\y Yy O
Cg CO U O b

5 An "aryl group" is intended to mean an aromat:c monovalent monocychc b:cychc or

tricyclic radical containing from 6t0 18 carbon nng atorns Unless otherwise indicates,
such radicals may be unsubstituted or substituted by one or more suitable substituents.

Ilustrative examples of aryl groups include the followmg moieties:

O OO, OO,

111 "z e - -
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 5
hcteroatoms selected from nitrogen, oxygen, and sulfur, Unless otherwise mdlcated,
such radlcals may be unsubsmuted or substituted by one or more suitable substituents.

15 Illustxatwc examples. of heteroaryl groups include the following moxetles



An "aryl group” is intended to nean an aromatic nmonoval RtFeARABRLYI4I C. -
bicyclic, or tricyclic radical containing from6 to 18 carbon ring atons.
Unl ess otherw se indicates, such radicals may be unsubstituted or
substituted by -one or nore suitable substituents. [Illustrative exanples of
aryl groups include the following noieties: A "heteroaryl group"” is

i nt ended WQO¥98%# an aromati c nonoval ent nmonocyclic, bi cydtGRYSoomoalri cyclic
radi cal containing from4 to 18 ring atons, including froml1l to 5

het eroatons selected ' from nitrogen, oxygen, and sulfur. Unless otherw se
i ndi cated, such radicals may be unsubstituted or substituted. by one. or
_more suitable substituents. 15 111 ustrafive exanpl e's of heteroaryl groups
i nclude the foll ow ng noieties: 04 February 2004 WO 01/10894 |

PCTI USOO/Z%H 1V / NONGCS3 R A "heter oci(]cl e" is intended to nean- a
o qr

het er oar yl teroc oal kyl _group.__.310 An/"a | groupyyis i ded to
nmean a - C(Ox R adic \ erd R As sunt abl sybstit n\‘A" hic\cyl
group" is i ntnded t n ) - ra& cal, Where R{s qui abI/eN

&

O :
substituent. Bs5 A "sul $ort,yl BN up" i€ ntendeRto nmean 8" - SOAR™gadi cal ,
where R is a suitable substituent. 04 February 2004 ’ c

N N
@N’ QQ @ ENJ Q l/l;\jq

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

10 - An “acyl group" is intended to mean a -C(O)-R radical, where R is a .suitablc‘
substituent. -

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

15
A “sulfortyl group” is intended to mean a -SO,R radical, where R'is a suitable
‘substituent. - | | B



WO 01/10894 -12 A "hydroxy group" IS |ntended to mean th ﬁﬁ%

PCT/ USO0/ 21061 -An "am ne" or. "am no group" is intended to nean the radlcal

-NH2. An "optionally substituted' amines refers to NH groups wherein

none, one or two of the hydrogens is replaced by a suitable substituent.

Di substituted am nes may have substituents that are bridging, i.e., forma

'heteroc§%?PH‘¥?ﬁg structure that includes the amine nitrBgBESIM1061 :
"al kyl arni no group” is intended to mean the radical -NHR' where R- is an

al kyl 10 group A "dial kylam no group” is intended to nean the radical

NR, Rb, where R and Rb are each independently an al kyl group. 15 An

"al koxy group” is intended to mean the ¥adical -OR' where R is an al kyl
group. Exenplary al koxy groups include nmethoxy, ethoxy, propoxy, and the

i ke. "Lower . al koxy" groups have al kyl noieties having from1l to 4
carbons. An "al koxycarbonyl group"” is intended to nean the radical -C(OOR" -

where R, iA “hydroR0griubV Is igreaddd toAfeamathk Yddsed fogy! group” is intended to
nmean the radical -SX2R,, vvhere. R is an al kyl group. 25 An _
"al kyl am nocar bonyl group” -is intended to nean the radi cal -C(O NHR,; where

is an al ky, mid2h Y, ,amn ony s intended to-mean-the - |
radi cal - ﬁ&ﬁﬁb °rwﬁ"ﬁ olp? iyl r@g@e&tg r@%@gﬁﬁ ek nifEh+ 1An Septionally
group.33 @U%ltﬁeb’f andinies 2F6H4 1\ONBE oAb dtebelh S0 %ﬂé‘gp&vo dfthe hydrogens is

replaced by a suitable substituent. Disubstituted amines may have substituents that ére o

 bridging, i.e., form a heterocyclic ring structure that includes the amine nitrogen.

An “alkylamino group” is intended to mean the radical -NHR,, where R, is an alkyl
10 group.

A “dialkylamino group” is mtended to mean the radical -NR_R;, where R, and’ Rb are
“each independently an alkyl group.

15 An “alkoxy group” is intended to mean the radical -OR,, where R, is an alkyl group.
Exemplqry 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
gTOUP

_2.5 An “alkylalninoca:bonyl group" is intended to mean the tﬁdicai -C{O)NHR,, where R,
.. isanalkyl group.

| "dlalkylammocarbonyl group” is intended to mean the radxcal —C(O)NR,Rb where Rl
. and R, are each mdependenﬂy an atkyl group.



A "mercapto group” is intended to nean the radical -SH A ﬂJal‘;}’éddli c -
group” is intended to nean the radical-SR' where It. is an aI Kyl group. 5 A
"carboxy group" is intended to nmean the radical -C(O OH A "carbanoyl

group” is intended to nmean the radical -C(ONH2. An "aryloxy group” is

. intended to nean the radical -ORs, where R is an aryl group. 10 A

" het er oaryP 8¥188t oup” is intended to nean the radical =CRECTAEWRIRD is a
het eroaryl group. An "arylthio group” is intended to nean the radical

- -SRS, where R, is an aryl group. 15 A "heteroarylthio group” is intended to
mean the radical -SRd, where Rd is a hetgroaryl group. The term "suitable
organic noiety" is intended to nean any bkganlc noi ety 20 recognizabl e,
such as by routine testing, to those skilled in the art as not adversely
affecting the n e conpounds. Illustrative
exanpl es ofJsl giﬁﬁ&gﬁjérg%ﬁ‘dgﬁ%ydﬁg?(%?{egé“%nrg lcgleghgut are not limted to,
hydr oxy gr.oups, al kyl'groups, oxo groups, cycloal kyl groups,
heterocycloalg L oups,  aryl groups, heteroaryl groups, acyl. groups,

sul fonyl gr%’&p%‘ ! ?S‘é’gb‘Po‘Sg‘P@E}g%d tOdFlRfW thi rastiepl a‘ilb.swhatddhxymgalkybgpup 25
car boxy groups, am no groups, al kyl am no groups, dial kyl am no groups,

car banoyl groups, arylthio groups, heteroarylthio groups, and the |ike.

The ter B " sABedrboxyastblip"ds intendedad htas wRShlicHRE(O)OF. | Ntended to meaty any
suitable substituent that may be recogni zed or se ected, such as through
routi ne testing, by those' 30 skilled in the art IIIustrative exanpl es of

sui t abl e sups uenks. ingl w [ OX ou 04 February 2004 WO 01/10894
PCTI US00/ 2 G%Igaﬂf)y 51’%‘8&155'“%6@%? E‘ﬂ‘stli’ E?p 1-§ acyl groups,
sul f onyl - groups, nercapto groups, :

An "aryloxy group" is intended to mean the radical -OR_, where R_ is an aryl group.

10 _
A "heteroaryloxy group" is intended to mean the radical -OR,, where R, is a heteroaryl
group.
An "arylthio group" is intended to mean the radical -SR_, where R_ is an aryl group.

15 |

A "heteroarylthio group” is intended 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
V.lz:affccting the inhibitory activity of the inventive compounds. Ilustrative examples of

suitable organic moieties include, but are not limited to, hydroxy groups, alkyl groups,

0X0 groups, cycloalkyl groups, heterocycloalkyl groups, aryl groups, heteroaxyl groups,

o acyl groups, sulfonyl groups, mercapto groups, alkylthio groups, alkoxy groups,
.25 carboxy groups, amino groups, alkylammo groups, dialkylamino groups, carbamoyl

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

The term "substituent” or “suitable substituent” is infended to ‘mean any Suitable
) substituent that.may be recognized or selected, such as through rbu’t_ine testing, by those’
- 30 skil!ed_ in the art. Illl;s_trative examples of suitable substituents include hydroxy groups,



al kylthi o groups, al kony groups, cycl oal kyl groups, hetggqu&bgpé@g@
groups, aryl groups, heteroaryl groups, carboxy groups, am no groups,
al kyl am no groups, dial kylam no groups, carbatnoyl groups, aryloxy groups,
~heteroaryl oxy groups, arylthio .5 groups, heteroarylthio groups, and the
like. The term"optionally substituted" is intended to.expressly indicate
that th&VQI¥Y84ed- group is unsubstituted or subsrituteECEQEBW%“6¥ nor e
sui tabl e substituents, unless the optional substituents are expressly
specified, in which case the termindicates that the 10 group is
unsubstituted or substituted with the spgcified substituents. Various -
groups nmay be unsubstituted or substituted (i.e., they are optionally
substituted) as indicated. A "prodrug" is intended to nean a conpound that

i s convert Balopée bxpprenge] alkiyt FrougsORE1td L Sa
met abol i cal | yg?% a sgci% ed yg?;lrrrpcgﬁngéyl %rﬁlggs’ %glfg%%s%hggﬁ%@ggaﬁéﬁr?lys’
active. A aiiilhiongrawps.calkbyy sgroupse ayeloalkyl igretips, shetendayrttatkyl oprovps) syl
phar macol ogi cal | ctive corlpoungﬂxg’r oduced t hrough metabolismin the body
of & Speci BIOUECHREERAR. Erops cathanya EEOUSs ATINGNEEWPE AGAEmED  groups,

phar maceut jaahlamis t I : ified compound.that
retains - thgéyz)i olflgg‘?@??’ %?%ﬁ%‘?ﬁ\%ﬁ%g’smg@&gﬁg‘%}u%b%%gﬁqiox‘iréfé'ﬁ%rp8’9’ Ihjo.
sol vat €5 | goups) Getcorquyithid grayps,tdnd theldent i on i'n conbi nation with water,

i sopropanol , ethanol, nethanol, DVBO, ethyl acetate, acetic acid, or
et hanol arhi ne. 25. A "pharnaceuti-cally acceptable salt" is intended to nean

a salt th i holagl eal .effectiveness.of the free acids d .
bases of ?g%gégﬁ T“@J&fo ?:gl%g{ﬁ% Rgér:fg 1stlﬁig.{18?cﬁo ﬁ’é?reﬁsihbl“}ﬁ%‘?a&%%ﬂb‘? SpR i se-
undesi r abl groufris mpsutstintedpbrosumBaRtd Bbhd of el saitiie su&ﬁhleﬁts- uhl}gé wee -
sul fates, pyrosul fates, bisulfates, sulfites, bisulfites, pho3phates,
monohy dr og@iigrakgbstiments areiexpresshyspesifisdphawbich cast dphesplindieses that the

pyr op ph - hl.ori,des, ;broni.des, jodi des, agetates, propionates,
dec ang;ﬁts esg,ar B@éﬁsr %Qs at{%éétf‘)'{eélc?ry?":?tqé@gdo‘ﬂn&é%? EW!,&’Z’O?}&SW@&-/ 1\ tus _graups

- PCTI USQQ 28F8e unsubstituted or substituted (i.e., they are optionally substituted) as indicated.

. A “prodrug” is intended to mean a compound that is converted under thsioloéical
conditions or by solvolysis or metabolically to a specified compound - that is -

15  pharmaceutically active.

~ A "pharmaceutically active metabolite" is intended to mean a phannacological!} active

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

20 . A "solvate" is intended to mean a phannaceuticaliy'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, methano_l, DMSO, ethyl acetate, acetic acid, or ethanolamine.

25 A “phanngceutically 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 ﬁhannaceutically acéeptéble,

- salts _include. .SUifates, pyrosdlfates, bisulfates, _sulﬁtés, bisu]ﬁtés, f'phosphatés,
mquhydrogenghosphat_cs, .dihydrogenphosphates, metaphosphates, ' pytophb‘sphates; -

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



formates, isobutyrates, caproates, heptanoates, propiol augebrnpbaies, -
mal onat es, succinates, suberates, sebacates, fumarates, nal eates,
butyne-1, 4-di oates, hexyne-I|,6- dioates, benzoates, chlorobenzoates,

nmet hyl benzoat es, dinitrobenzoates, hydroxybenzoates, nethoxybenzoates,
pht hal at es, sul fonates, xylenesul fonates, 5 phenyl acet at es,
pheny| pr OB 8HMS&S, phenyl butyrates, citrates, |actates, yECT/US00/21061

hydr oxybut yrates, glycollates, tartrates, rnethane-sulfonates,

propanesul fonates, napht hal ene- 1-sul fonates, naphthal ene-2-sul fonates,
and mandel ates. If an inventive conpound,ds a base, a desired salt nmay be
prepared by any suitable 10 nmethod knowt in the art, including treatmnment
of the free base with an inorganic acid, such as hydrochloric acid,

hydr obrom c f@fiiaths, SisbButyrates,dCafroatek! MHebtafibd ' [ 1 d, and the
like, or with an organdiﬂ!f: aci d, f;l’sotejlch’ as?ﬁacettgsé E%?%ﬁ&rgrgﬁl g’lxgﬁgg‘l a’,nglgﬂ%tgf’ni c
acid, nmandsidcinaiesi subefalgsnsehacates, durmredtas) ntalaaedsd bugyedW-gioaes, dhexgnellig-
acid, glycolic- aci g) sgl i cyl hc ab? d, pyranosjdyl acid, such as glucuronic
acid or gal $9fSoni PERORES. ol ShIQroRSnERAESoxy Methyibenzoates.as dinitrobenacates,or
~tartaric ac JeoaG! d medithbaoanbar b Ld Qr utarni c_agid;
aromatic acig‘?mg}fjﬂgh as benzorc ggr;fzgé%rp c#’ *1@1%1%1&%’ ag‘flging%fﬂ fﬁﬂfeeséf@f’ﬁéte%uch

as p-t oluenplanylasetates,aci phenylpaipisracsy| f phvnglbagjrstes, 0r ditofed, | K§acehiEs, an y.
i nventive c Ou)ﬁ)gx s an acid, a desired salt may be prepared by any
sui-tabl e Xy aiss wilyepliates, atartratesc| meathane-sulfamaiennt paipandselfonates,aci d

Wi th an ingg | . LE . such @as an ani ne rimary, secondary, .or
tertiary): aﬂﬁgqaﬁeg?il‘ﬁﬂei?a Eé-zgrggﬁg?]%'?ﬁﬁ‘éﬁ%’élfefﬁn%?%dgﬁﬁr oxi de; or the
like. Illustrative exanples of suitable salts include organic salts

derived from anm no acids such _as glycine and arginine;, amonia;, prinary,
secondary, ‘Arf@ nVeHtvefompapndiésa tas xiesited saltinmysbe praparedsby apg suitible, 25

cal ci " o RABEh B8 e SictiFine Al of Aifre< Basponih zh seoreaniomium
T s Undor st by ¢ has sd YIRS achf shffuic S it B0, RSIBES it
salts, and 288Ithadis, amyiteangirganic diflf suchrds A4tiCabidyaialki 064, Wochhié h6RO4
' mandelic acid, fumaric‘ acid, malonic acid, pyruvic acid, oxalic acid, glycolic- acid,
salicylic_ acid, pyraiiiosidyl écid, such as glucuronic acid or g:alacturonic 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 mcj:hod known to the art, including treatment of the .frée 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. Illusirative examples of suitable salts
_incl:ude organic salts dgrived from amino acids such as glycine and arginine; ammonia;

- primary, secondary, 'am.l- tertiary amines; and cyclic amines, such as piperidine,

25 morpholine, and piperazine; as well as inorganic salts derived.'ﬁ'om sodium, calcium,

potassium, magnesium, manganese, iron, copper, zinc, aluminum, and lithium.

In the case of compounds, salts, or solvates that are _solids, .it is ﬁndefstood bj those

 skilled in the art that the inventive compounds, saits, and solvates may exist in differerit



-16 PCTI USCQ 21061 crystal forns, all of which are intepded &ﬁgpfb g thin

the scope of the present invention and specified fornulas. nventive

conmpounds may exist as single stereoisoners, racenates, and/or m xtures of

enanti omers and/or diastereoners. Al such single stereoisoners racenat es,

and m hereof are intended to be within the broad scope.. of the
presenﬁ&pﬁﬁéﬁ%

'Ln optically pure form As used herein, the term:’ ‘optically pure" is

i ntended to *nean a conpound conprising at .10 least a sufficient anount

of a single enantioner to yield a conpoygd haV|ng t he desired

phar macol ogi cal activity. Preferably, an optically pure conmpound of t he

I nvention COTB&]SGS at least 90% of a single isomer (80% enantioneric
excess), nortyfeies; athlof whith dre dstend®d% G20t ke sc y at
| east 97. 5@6 95% 6“ and nost preferably at Ieaéﬁﬁggfgpgggﬂg?%g?ﬁga

Pr ef er abl y ﬁ%CCMB Was-of formula | and their phar maceutical |y

“acceptabl e salts, prodrugs, active netabolites, and sol vates have

antipicornaviral activity, nmore preferably antirhinoviral activity,

cor r espandiTihg itventive &Gipdupds miap @RisO4s ﬁn?él@kte%e%ns%%{%/lrmée FhaE{} n%, dﬂﬁ‘ - cel |

culture ass? 20 In preferred enbodi nents t he
en

sub- f or frul 8f enantipgmess and{ar diastsrepmerses pdk sl gn@k@tﬁbb:@&n@ﬁb%ﬂﬁf&saﬁ t he.
ere R through R4 are as. defined above.

' t
' : ﬂvgg peginapfw B:'Ie er r@ﬁreelﬂ{fgﬂ?mg within she broagigeaps. of therpresent ioventionr
bi - cyclic Pedifeabig] Mowever, Sheidbitie cﬁ&gbﬁn&%}f& Al l?BgcaI YCRS%? t rH.| gt 82

nono- substituted, - and disubstitute enzy
February 2004 WO 01110894

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

. 10 least a sufficient amount of a single enantiomer to yield a compound having the desired -
phannacologlcal activity. Preferably, an optically pure compound of the invention
. compnses 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% c.e. ), and most--
preferably at least 99% (98% e.e.).

15 |
Preferably, the compounds of formula I and their pharmaceutically acceptable salts,
prodrugs, active metabolites, and solvates -have anti'pif:omavir-al 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 embodlments the fonnula I compounds are of sub—formu!a I-a as defined
above.. Especnally preferred embodiments of the i invention have formula I-b:
A - R
- h
R\-N
1 ’ |
) where R through R‘ are as deﬁned above In especially preferred embodlments of -
25

| formula I-b, R 1s mono- or bl-cyclxc heteroaryl. - Preferably, R? is selected from
unsubsntuted mono-substltuted and disubstituted benzyl ‘groups, where the _

Fon. Preferably, however, the inventive. P@é‘ﬁﬁ@@mtﬁél are used -

Sre of



-17 . PCTfUS00/ 21061 substituents are independently sel ggiegrubryosogsover

al kyl, lower al koxy, and halogen. R3 is preferably alkyl (e.g.”, 2-propyl,

2-met hyl -2-propyl , or 2-nethyl-1-propyl) or arylnethyl (e.g.,

unsubstituted or substituted phenyl nethyl or naphthylnethyl). The variable

. R" is-preferably benzyl oxycarbonyl, aryl carbonyl, or heteroaryl carbonyl,
more . 5 VWPeLVEBAhly heteroaryl carbonyl, where the heteroargli/usmizeg i s a

five-menbered heterocycle having fromone to three heteroatons sel ected

- fromO, N and S. Mre preferably R -is "a five-nmenbered heterocycle

- having at |east one nitrogen heteroatom._and at |east one oxygen heteroatom

(e.g., unsubstituted or substituted I,Zlgkazolyl (i.e., isoxazolyl),

1, 3-oxazolyl (i.e., oxazolyl), or oxadiazolyl (I, 2,3-oxadiazolyl, 1,2,4 10

Uneubet 1 ur Sy e s RIBARRRY Yikcte B iEloT <Dl e ey ancnlosspe®al |y
B T eoxazol yT, el thel ineubeert ored oy enaat  caak (P RatAL Blopyl) or
subst i t uent®Y¥ @Eﬂy&t(%ﬁ-’fqné‘ihsﬁﬁ{_twpf aph;timtd)ghﬂgf,lmmihyhoc hhpghthylmediy). Theorine
R T RN N e AN
I R i sy BB AP g e Yoty (40P
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 niuégen heteroatom
gnd at least one oxygen heteroatom (e.g., unsubstituted or substituted 1,2-§xazolyi (ie.,
isoxazolyl), 1,3-oxazolyl (i.e., oxazolyl), or oxadiazolyl (1,2,3-oxadiazolyl, 1,2,4-

1_0 oxadiazolyl, or 1,2,5—oxadiazolyl); preferred oxadiazolyls are unsubstituted and -
monomethyl-substituted 1,2,4-oxadiazolyl. In especially preferred embodiménts, the
heteroaryl ;r_:oif;ty is 3-isoxazolyl or S-isoxazolyl, either unsubstituted or substituted
with one or two substituents selected ﬁ'dtﬁ- methyl and halogens, with chlorine and

fluorine being preferred halogen substituents.
15

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

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

‘-_(Aa)p
Ay~ (Az)m

R? 0 I-d



l-c K RAN- ) _1f Rs O R 1-d 04 February 2004 V\DOl/1089§ %ﬁrdﬁﬁf%’o (As) A
Ai- -(A?)m CRSR6 1-e PCT/USQOQO 21061 Preferred. enbodi nents o forrrula

.1-a are shown in forml ae |-f, I-g and I-h below I1-f I-g RLI-h In the
l-e, I-f, and I-h, R3" is preferably H or

conpounds of formulae I-c
methyl. Preferred speC|f|c conmpounds i ncl ude those of the Exanpl es bel ow,
PCT/US00/21661

espeC| amovwsw and 04 February. 2004 WD 01/10894 -19

-18 -
o A
_*( Ay
Ai- -(Az)m :

CR5R° -
R“ C(R")z
R9 H R7

Preferred embodlments,_of fo‘r_mulavl-a are shown in formulae [-f, I-g and I-h below:

I-e

(AS)p
. Ai"'(Az)m
o CRsR6 '

I-f

b+ l!l

o Aq
gA3 ’p

17" {Ag)m
o c:-'cf‘x-zG

el

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

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

w
o) Ih




I nternmedi ates of fornmula 11, preferably of the sub-fornula TI ich are
useful in the synthesis of various conmpounds of fornula 1: R5' Ali O {Ate
N\ All "Au |l {CH). .1418142 e. \ i CRS2R53R4 N_'_ -'--CR52R57R56 RS5 1|
155 Il1-a 5 . wherein all variables are as defined above. Preferred R55 and
e groups VEPEVMB%hd suitable protecting groups for nitrogarE/sonrieianpl e,
Boc (t-butyl oxycarbonyl), Cbz (benzyl oxycarbonyl), FMOC

(fluorene-9-net hyl oxycarbonyl), other al kyl oxycarbonyls (e.g.,

met hyl oxycarbonyl ), and trityl (triphenyl rethyl). O her suitable _
nitrogen-protecting groups nay be readi‘l&P'seI ected by artisans (see, e.g.,
Greene and 10 Wits, Protecting Goups in Chem cal Synthesis (3nd ed.), Joh

- Wley & Song, .0 - r roups. for .RS - . 853, d RS are H,

al koxy hyd?%xy, %%%ﬁ%ﬁ%‘%ﬂ ’“géé%@’n%%g“ﬁ?‘?‘gg‘??mﬁ%f"é‘%i"ﬁé"@%g‘gpf grably o ony |

or hydroxy. the spbebrwulel-g whidcirt RGN AR synfHesi b wﬂwmic%n*poundﬁ of formula
a

- t-butyl di me*_hyl silyl (TBS). 15 Preferred exanpl es of the tornu usef ul
-as internedfates-include the follow ng: 04 February 2004

e Avq
LY
(Aslq

A /
AL

PCTI FUSO0/ 21061 I n anot her aspect, the invention is di r%ﬁtP%@ﬁda?%zoo _

cf\:ﬂ‘lR‘Q
56

R
\T © CRERRH
R® Il

| I-a
5 . wherein all variables are as defined above. Preferred R* and R groups are H and
suitablg protecting groups for nitrogen, for example, Boc (t-butyloxycari:onyl), Cbz
(benzyloxycarbonyl), FMOC (ﬂuorene—Q-methylocharbonyl), other alkyloxycarbonyls
(eg., zl'fethyloxycarbonyl)', and trityl (triphenylmethyl). ’ (')thcr suitable
nitrogen-protecting groups may be readily sé!ectcd by artisans (see, e.g., Greene and
10 Wuts, Profecting Groups in Chemical Synthesis (3" ed), John Wiley & Sons, NY
(1999)). Preferred groups for R®, R®, and R* are H, atkoxy, hydroxy, carbonyl, OR®,
and suitable protecting groups for carbonyl or hydroxy. A preferred protecting 'grohp'
for hydroxy is t-butyldimethylsilyl (TBS).

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



-~ WO 01/10894 PCT/ US00/ 21061 -20 f Soc H OH and pharnaceqflﬁﬁJ & ptable
! %'5 f
salts thereof. The present invention is also directed to a et

i nhibiting picornaviral 3C protease activity, conprising contacting the
protease with an effective anmount of a conpound of formula |, or a
pharmaceutically acceptable salt, prodrug, pharmaceutically active
netabolﬂ?@“”&ﬁagolvate t hereof . For exanpl e, picornaviraPCROSprneRse
activity may be inhibited in manmalian tissue by adm nistering a conmpound
of formula | or a 10 pharnaceutically acceptable salt, prodrug, -
pharmaceutically active . netabolite, %é sol vate thereof- Mre preferably,
the present nethod is directed at inhi QTng rhinoviral protease activity.
04 February 2004 WO 01/10894 -21 PCTI US00/ 21061 "Treating” or "treatnment"
is intended to weg | eoi; the mitigation of a diseasgy, 50nditi<q¢d na.
manmal , such as a h that is alleviated by the |nh|b|t|o* e’ -
activity of one or _swge’ pi cornaviral 3C proteases, such as
rhinoviruses, humgn poliovirus, human coxsacki eviruses,
encephal onmyocasdjtN<s viruses, nmeningitis virus, 5 and Repamitis A virus,
,and includes: ( rophylactic treatnment in a manmal, partijcularly. when
the mammal is fodnd to be predi sposed to having the dlse. condi ti on- but
not yet diagnosdd as-having it; (b) |nh|b|t|ng t he d|se..e cmedltlon

. and/or - Boeg OH Boc., N‘o’CH3

5

Boc._

Boc.,

; and phannaceutically aéceptablé salts thereof.

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 phzinngbtutically acceptable salt, proﬂrug, pharmaceutically active |
metabolite, or solvate thereof. For example, picornaviral 3C protcése activity may be
inhibited in mammalian tissue by administering a2 compound of formula I or a

. 10 lpharmaceutlca]!y acceptable salt, prodrug, pharmaceuncally active metabohtc, or

solvate thereof. More preferably, the present method is dlrected at m!ub:tmg rhmovxral
protease activity.



(c) alleviating, in whole or in part, the disease condi{ggR &gp
‘activity of the inventive conpounds as.inhibitors of plcornaV|ra?

protease activity may be nmeasured by any of the suitable nethods known to
those skilled in the art, including in vivo and in vitro assays. An

. exanple of a suitable assay for activity measurenments.is the antiviral

Hl- HeLa CEPPLVE3P4 ure assay described herein. 15 Adnini st rBcTosoiodhe
conpounds of the formula | and their pharmaceutically acceptable prodrugs,
salts, active netabolites, and sol vates may be perfornmed according to
any-of the generally accepted nodes of m nistration available to those
skilled in the art. Illustrative exanpl®s of suitable nodes of

admi ni stration include oral, nasal, parenteral topi cal, transdermal, and

rectal . |ntrERasa" sletias@nynt Sis Rﬁéﬁ@drgﬂfrée%ga A eh&vt%nt | \éFga ?\L}g%igg;se

formula | or a pharmaceutically accept pro
met abol i t e, canditeasl inaa enanireale sichmasy a et 4§ ane@iafea bﬁﬁ@hﬁﬁmﬁ%ugfgﬁl

conposition |tn agx. Eﬁar maceut i cal _ formrecogni zable to the skilled artisan
as bei ng suftSBY °f mr%l’ma}am PEQieases sigh as bimde riiobvidises dwinsn) i d, -

“.liquid, or PRI, | M Eoxsh@FiEHbARLd Oerﬁ?ep SN as cﬁﬁgl g'tggeésglfe\éx\?negms virus,

capsules supposi tories, suspensi ons,

Phar maceut i arel hcpmussAt virag add tifdudesy erh) Qﬁ‘oﬁlﬁblactﬁ' ﬁ'@adﬂ}ﬁ{ Yee, S(Hﬁ.r}lﬁltﬁj

exci pients, di.l vehlcles and carriers, as well as ot her™
phar maceut |Qf’£§‘l"‘§a" t"‘fl\‘r'é the mammal is fowechab rhg mmﬂmﬁohﬁl itorthewikgdthes disedsemde

of adm ni st enbodi gent.s. .1 he inventive
phar maceut |°€:021t it%gr?go@?tﬁ{eg%{ééé%gd gaha\iug ty(9) inhibinng fhe disease conditions andfomn of

suspensi ony(c) flfevizring LianholO8in ek Othé 30324 CBFJ LS00/ 21061 -22 Acceptabl e
met hods of preparing suitable pharmaceutica ftorms of the pharmaceuti cal

conpositions nmay be routi neI y determ ned by those skilled in the art. For

exanpl r tie€ I arati-ons y prepared follow ng

convenf.i i ona tecﬁﬁyq(tegl 0 rﬁgvc compounds as infitidors of picornaviral 3C protease
activity may be measured by any of the suitable methods known to those skilled in the
art, including in vivo and in vitro assays. An example of a suitable assay for activity

~ measurements is the antiviral H1-HeLa cell culture assay described herein.

15 Administration of the compounds of the formula I and thexr phazmaccuncally
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. Hlustrative examples of suitable modes .of administration include oral, nasal,
parenteral, topical, transdermal, and rectal. Intranasal delivery is preferred.

20

~ An inventive compound of formula I-or a pﬁarmaccutically acceptable salt, prodrug,
active metabolite, or solvate thereof may be administered as' a pharmaceutical
composition in any pharmaceutical form recognizable to the sklilcd artisan ‘as being :

- suitable. Suitable pharmaceutical forms include solid, semisolid, llquld or lyophilized

25  formulations, such as t_ablets, powders, capsules, suppositories, suspensions, liposomes,
‘ ‘and aerosols. Pharmaceutical 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 admiﬁistration: in prefened'

~ embodiments, the inventive pharmaceutical compositions are delivered intranasally in
30 the form of suspensions. | |



pharmaceutical chenist involving steps such as m Xxing, %r%Qﬁhﬂﬁyﬂ&yiand
conpressing when necessary for tablet forms, or mxing, and
.dissolving the ingredients as appropriate, -to give the deS|red products
for oral, parenteral, topical, intravaginal,' intranasal, intrabronchial,
intraoc%ﬁ r |ntraaural and/or rectal adm nistration..10 Solid or |iquid
phar mace E%?? acceptable carriers, diluents, vehlclesPcﬁﬂE@&@Hﬁlents
may be enployed in the pharnaceutlcal conpositions. Illustrative solid
carriers include starch, lactose, calciumsulfate dihydrate, terra al ba,
sucrose, talc, gelatin, pectin, acacia, 22magnesmmstearate,_and stearic
aci d. IIIustratlve liquid carriers incltide syrup, peanut oil, olive oi
.saline solution, and water. The carrier or diluent may include a suitable
15 prolonged-release material, such as glyceryl nonostearate. or glyceryl

di stearate, alone. ‘or with a wax. Wien a liquid carrier is used, the

prepar at i oﬁcm;ﬂu!mmemodhef prapariog seitabde phamnaetutical formeef $h@ﬂ1arﬁ@f:éutﬁ&l| atin
nonaqueous or

le, steril tabl e | | ut
aqusous | umpsSioeh RS B el e b dhoosaikibinthe ar. Bopesplon

. contai ns %hahﬁa.%gnéaltﬂ?%ﬁ‘ﬂﬁirﬁ?‘?%'ﬁ%r@%&?& tfélYOerﬂg rﬁ‘gggﬁ "}lé%ﬁ%f‘gaﬂ%telﬁ\éggﬁt abI e |

conpound (i conpound o

- salt, pr oclnhagpamttcale:hﬁminhmmzﬁg stips S0t as m:kmgrg!@ﬁmah@%gr&, r@st'iné -
doSe may

made up of, one or nore ar rraceutlcal dosage units. The sel ect

be admi ni s‘f’}é‘?"eﬂecFW ﬁ‘ﬁ' ey, ek BHERg, filling, and dpsatollvmgt the iingredientscds
tr eat nent I f or navir 3C pr.ot ease
activity, @Fﬂé E 1'\:5”111%[51'% %19%1' gmﬁdé'fﬁog’ (Fmgdl?ﬁr‘?ﬂt%r? rPPFﬁal'E Hatraysginal,

i ncl udi ng: mt:armsﬂaidtmbmfneﬂnalemb@ar,mwl ANdNER i fjﬁﬁr adionral ly:
rectally, for exanple, as a suppository; ‘par ent er al Dy 1'njection; or

~continuously by intravaginal, intranasal, int rabronchl al, int raaural , or
i ntraqgul Febr.u ry 2004 VO 01/10894 PCTf US00/ 21061 - 23 A
"t her ggeu?‘?{ (I:Igl %ymgﬁ?e@%@ ce Rablg capgrs, S‘gmﬁﬁaﬂdﬂlﬁ’@&a@ﬁ)mp‘éﬂtsan

.".1

i nventive maggﬁlémﬁlb?éd m%@ﬂhzﬁfﬂﬁbéﬂtﬁ&%dﬁ%&sﬁm%s "RiRBL Ve S0 Rl iRl ' S

sufficient to effect
starch, lactose, calcxum sulfate dihydrate, terra alba, sucrose, talc, gelatin, pectin, acac:a,

magnesium stearate, and stearic acid. Ilustrative hquad carriers include syrup, peanut
oil, olive oil, saline solution, and water. The carrier or diluent may include a smtable
| 15 prolonged-relcase material, such as glyceryl monostearate or glyceryl distearate, alone
or with a wax. When a liquid carrier is used, the preparatlon 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.

A 20 A dose of the pharmaceutical composition contains at least a therapeutically effectiire )

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

. to 2 mammal, for example, a human patient, in need of treatment medlated by inhibition

25 of picornaviral 3C protease activity, by any known or suitable method of admmlstenng
the dose, including: topically, for example as an ointment or cream; orally; rectally, for -

example, as a suppository; parenterally by mjectlon or continuously by mtravagmal

'mtranasal mtrabronchla] intraaural, or intraocular mfuswn



treatment for disease conditions alleviated by the inhiBhtH.gn0f 2dd%e
activity of one or nore picornaviral 3C proteases, such as hunan

r hi novi ruses, human poliovirus, human S coxsackleV|ruses

~encephal onyocarditis -viruses, nmenigovirus, and hepatitis A virus- The

. anount of 809/? 38€ compound of the invention that will be therapeutically
effective' W ary dependi ng upon factors such as the pEX/TISa6/23061

. conmpound, the disease condition and the severity thereof, the identity of
- the mammal in need thereof, which ambunt may be routinely determ ned by
artisans. 10 By way of illustration, a farmulation for nasal _delivery of _
the inventive conpounds for treatnment o6f Thinoviral infections may include
a conpound of fornula | that is. mcronized to a reduced particle size in a
suspensi on Adhkahpvutigalh $ffde ts about  0,.01% t o .about -
2% of the active F(‘:Hcl)l ogrnd g&%ﬁg?g@nfgatgﬁc{}d%oﬁ 5 4mpunt 8F 39 mygptive

" exenpl ary rRgsatl ﬂiaé ¢ edoinistered o faokanusal id. &eﬂ%@d‘ébi‘ H@rsﬁﬁi&exﬁfton&?éc?n' zed
percent of a nixture

d of
i cF ooryst ArrERE By Hifie condiiand sheodbyiipe iwbiion cfahe acivitn 68 oge or

- Avicel RC Gh) onAGial sorbate 80; 0.01 wei ght- percent
of di sodi um el';teh&‘l: enedi a%@g&%%ﬁ”gg@i#ﬁmﬂ%m gEmaQ\/BP boiruseheamn  of

benzal keni exsdskisvirdses,s encaphalomy@arditis. %ﬁi&l)mcn% irlE (%HIEE%%%E%@}—E%ES o5

and bal ance, of purlfled wat er .

dextrose (arhydrou

The invent ?ﬂ‘& iéﬁ‘ﬂ&"ﬁ? COBPOHNdof| web@oradmawilhgedmsdmuwaﬁp@f&etmby t he
t hod f hgqu 0 | t hods d bed

ggl 0\(/)v. SI noévgg h of ﬁﬁ h%ene&lofsnsr!f!g%l h?dl,[l J"”'&PWEB&’%&@?‘ES%EC étmdfti;!rjl ©

above. 04 ﬂmeyeragmmw 04 ideaBBAof tRé nfa

st er eoche E’e‘POt speci fi ed %octhemﬁé@?%%t]@%gf %‘?qhae?"um may

st er eocent (Hé&pe etermined by artisans. | ‘

10

By way of illustration, a formulati_on for nasal delivery of the inventive compounds for
- treatment of rhinoviral infections may include a .compound of formula I that is
micronized to a réduced particle size in a suspensmn containing a final concentratmn 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 ethylenedlamme 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.
GENFRAL SYNTHESES
25

The inventive compounds of formula [ 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.



utilized. -The foll owm ng abbreviations also apply: ' Boc
(tert-butoxycarbonyl), Ac (acetyl), Cbz (benzyl oxycar bgﬁﬁe)bmawzoo'lér
(triphenylnethyl). General Schene 1. 5 AB CH3 QU,CH3 Cin this general

synt hesis schene, an amino acid A (prepared by standard peptide coupling
conditi r methods known in the art), where Pl is_an ropriate
prot ect Sﬂg g;r}é)yug for nitrogen (e.g., Boc or Ac) and R |ngTg']a§8&é](9fsb organi c
noiety (e.g., 10 Cbz-L-Leu-L-Phe-), "is transformed into Winreb am de B.
Compound B is treated with an excess of an organonetallic reagent (e.g.,
‘an alkyllithiumor Gignard reagent) toy provide product C. At this point,
the Pl nitrogen protecting group present in C nmay be exchanged for an
‘alternate if necessary (e.g., Boc exchanged for Ac). General Schene 2: P1 N

P1 P1 Pi . MienhldrddcherfilstriNi R spekifiédHntdhbiniéhl stidtures, either stereocenter may be
‘ utilized. The followmg abbreviations also apply: " Boc (rert-butoxycarbonyl) Ac
. (acetyl), Cbz (benzyloxycarbonyl), and Tr (triphenylmethy?),

General Scheme 1:

: oL | % ‘ |
_ - _NH NH
Q . o 0 Hs .
R.J\N’rj(o“-_'* RJL Ln,'\ oty — JL /gf
| | | H o . ‘
5 A . B c

In this general synthesis scheme an amino acid A (prepared by standard peptide
couplmg condmons and/or methods known in the art), where Py is an appropnate
i protectmg group for mtrogen (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 orga_nometalllc reagent (e.g., an alkyllithium or Grignard reagent) to
provide product C. At this point, the Py nitrogen protecting group present in C may be
exchanged for an alfernate if necessary (e.g., Boc exchanged for Ac).

General Scheme 2:

Py P Py
/[‘r: L NH?!_b o NH
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o M NH
H o o

s - C G
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WD. 0.1/10894. -25 An alternate nethod of preparing product Cis depicted
above. In this general nethod, amno acid D (prepared by known net hods),
where P1 is an appropriate protecting group for nitrogen (e.g., Boc or Ac)

~ and P2 i svenyagepsopriate orthogonal protecting group for nitrogen (e.g.,
Cbz), is transfornmed into Weinreb am de E. Conpound E is BCYPEUe61wi t h an

excess of an organonetal lic reagent (e.g., an alkyllithiumor Gignard
reagent) to provide internediate F. The P2 protecting group present in Fis
then renoved, and the resulting ami ne-@s(or salt thereof) is derivatized
(coupled) with a suitable organic noiety (e.g., Cbz-L-Leu-L-Phe-) to
afford prodyct. C. As descrjbed _above, the Pl nitrogen protecting group
presert | n & M e RO i o o ot o
necessary (fiflo . B ged for Ac nefal Schene 3: _
n - actoD GXHAFAIG 1hShn ASdihod » Where Py is an appropriate protecting

group for nitrogen (e.g., Boc or Ac) and P is an appropriate orthogonal protectiné

group for nitrogen (e.g., Cbz), 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 P2 protecting group present in F is then

remc?ved, and the resulting amine G (or salt thereof) is derivatized (coupled) with a

suitable organic moiety (e.g., Cbz-L-Leil—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 analternate if necessary (e.g., Boc exchanged for Ac).

General Scheme 3:

P i i
0 NH O NH [0) l{lH
o
o) CHy 0
B OH ——u ' _—
'S RJL NG AL . z
O H 0 H -
0

H | J

Os_NHp
0
RJLN z
H o
K

}5 - In this general process, an amino acid H (either commercially. available or prepared by
o standard peptide coupliqg'condi;ions and/or methods known in the art), where P3isan

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



NHn_MJPg lvn HI CEb | J K1 Inthis general procesg, F%p%g)ﬂ% 2cid ft
(either commercially avail able or prepared by standard pep coupl i ng
conditions and/or nmethods known in the art), where p3 is an appropriate
protecting group for the amde nitrogen (e.g., Tr) and Ris any suitable 04
February 2004 V\D 01/10894 -26 PCTIUSOQ 21061 organic noiety (e.g
Cbz-.L-Lé’YJ0 , is transformed into Winreb amide I. PGE%@QJH@@ is
treated W|th an excess of an organonetallic reagent (e.g., an alkyllithiuin
or Grignard reagent) to provide product J. If necessary, the P3 protecting
~group present in Jis then removed to gfford product K General Schene 4:
P2 L P3 p3 NHO-- ,NH OH P2 M ‘

organic moiety (e.g., Cbz-L-Leu-L-Phe-), is transformed into Weinreb amide I
Compound I is treated with an excess of an organometallic reagent (e.g., an alkyllithium
or Grignard reagent) to provide product J. If necessary, the P3 protecting group present

indJis then removed to afford product K.

3 ]
- General Scheme 4.
Ps Pa _ - P3 o Py
0 NH O~ NH ' 0 f'm [s] lfaH'
| ot
P2. OH —= pp A _N___CHy — p — '
N N ~0 2 N z HN .4
H B H H
_ 0 o
L M N O

|;"3 .
0. NH; Os _NH.
o - o
RJ-LN z. ' R/ILN z
H o H o
K J

~10 An altemate method of preparing products J and K is shown above. In this genera'l
- method, amino acid L (either commcrcnally available or prepared by a known method)

" where P3 1s an appropriate protecting group for the amide nitrogen (c.g., Tr) and Py is

an appmpnate 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
.15 organometalltc reagent (e.g., an alkyllltluum ‘or Grignard reagent) to provide
mtg;me@natc N. The P, protectm_g group present in N is-then removed and the resulting

‘_ gmine.O_(ox salt thereof) is derivatized (coupled) with a suitable organic moiety (e.g.,.



K'N.J 10 An alternate method of preparing' . products J q@angk, %r?
above, In this general nethod, am no acid L (either conmmercially avai I abl e
or prepared by a known nethod), where P3 is an appropriate protecting
group for the amide nitrogen (e.g., Tr) and P2 is an appropriate
. orthogonal Brotectl ng group for nitrogen (e.g., Boc or. Cbz), is

t ransf or NEAOVHEY Wei nreb amide M Conpound Mis treated wehUst/2@oess of
an 15. organornetallic reagent (e.g., an alkyllithiumor Gignard reagent)
~to provide internmediate N. The P2 protecting group present in Nis then
renoved and the resulting amine O (or sgJt thereof).is derivatized _
(coupled) with a suitable organic noietyq{e.g.,. P3 P13. NH O- .NH H2N O
- 04 February 2004 WO 01110894 -27 PCTI US00/ 21061 Cbz-L-Leu-L-Phe-) to afford

product J. @s-fgsmli-Prd) 13y prQt ect bhn roup, resent inJis
then removed to afford p?bgguc l}{%ﬂ?gn']ece vaeg@%&'%l %hd?‘f‘é“’%““&%’oum HP

ur - present in J is then removed to afford product K if necessary.

General Scheme's:
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In this general method, amino alcoh_ol P (prepared by known methods) where Pj is an '
.appropriate protecting group for the amide nitrogen (e.g., 2,4-dimethoxybenzyl) and P2
isan appropnatc orthogonal protecting group for nitrogen (e.g., Boc or Cbz) is oxidized
to aldehyde Q. This mtennedxate is then further oxidized to carboxylic acid R, which is



H2ZN QT S5 V WIn this general nethod, am no al cohol P known
nmet hods) where P3 is an appropriate protecting group fggﬁ{eﬁg?a"rfﬁbe
nitrogen (e.g., 2,4-dinethoxybenzyl) and P2 is an appropriate orthogonal
protecting group for nitrogen (e.g., Boc or Cbz) is oxidized to al dehyde
Q This wategsig®di ate is then further oxidized to carboxylic acid R, which
is 04 February 2004 WO 01110894 -28 PCT/ USOU 21061 subsed&dHt50¢21864nsf or med
into Weinreb amde S. Conpound S is treated with an excess of an
organonetal lic reagent (e.g., an. alkyllithiumor Gignard reagent) to
provide internediate T. The P3 protecipgg group present in T is then
renoved and the resulting amde Uis further deprotected (by renoval of
the P2 protecting groupé)g’:]o afford amne (or salt thereof) V. Internedi ate
V is then géhsequantlydrnsiooned B) Weirirbb amidsi S. a0b@p RS isCireatli Gl ak )@e(%ss '
HT w 10

Cbz-L-Leu-l#Phe) to affard prodyct W General Schene 6: P2, N

L aHcorgartralf abien '
.An al ternate Rt @Fe'ﬁ hZ@-&p sarlkyllighivmder Geigaatdatsagent) to ptévide
gener al pr gg@aRedidiore MR . Ag abgve), where P3 s an . .
appropriate prot ect | ng grgﬁ%or&feg)i?%% g%gécjf’é Bt P e{“&.‘-’&‘f",‘md the resulting

- 2, 4- di net hamidedih iy furthen deprateted @y R i : rotecting group
-for nitrogen (e.g., Boc %Ijr? gbz);%% S dﬁfﬁﬁ%&?&?’%%&%ﬁ&“ﬁ%‘ia@g

-9
pr ot ect? ng(% ﬁé’@u therepfl Vy dntenmediate O issthési dérhatiea dcodple8PaR 4Rtitable SrddifR)
derivatiz exgxoiety (e.g., Cbz-L-Leu-L-Phe-) to afford product W, ”

 General Scheme 6:

o, /s L o. P o _
N 3 N ] NH
Pa., Z — 7 —
o 0 H o H §

| T : X Y W,
10 An alternate method of preparing product W is depicted above. In this general process,

intgrmediate T (described abovc),l where P3 is an appropriate protecting group for the
‘amide nitrogen (e.g., 24-dimethoxybenzyl) and P; is an appropriate orthogonal
protecting group for nitrogen (e.g., Boc or Cb2), is deprotected by removal of the P,
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



15 (coupled) with a suitable organic noiety (e.g., Cbz- 1 @%ﬁ%&ﬁ)ﬁ to
afford internediate Y. The P3 protecting group present

renoved to provide product W 04 February 2004 WO 01/ 10894 General Schene
7: P2, NHT - 29 Z H2N PCT/USOO 21061 OH AA WY BB An additional

al t er nat &ggggeme for preparing product Wis depicted above. 5 Internediate
T (prepa H’B?ﬂe) where P3 is an appropriate protecting Wmﬂﬁmﬁlthe

am de nitrogen (e.g., 2,4-dinethoxybenzyl) and' P2 is an appropriate

ort hogonal prot ecti ng group. for nitrogen (e.g., Boc or Cbz) is. reduced
to al cohol Z. The P2 protecting group esent in Zis then renmoved and the
resulting amine (or salt thereof) AA is$ derivatized (coupled) with a
.suitable organic noiety (e.g., Cbz-L Leu-L.-Phe) to .10. afford

i nt er nedi at @erddral SShetBi7s poi nt, BB may be further derivatized if necessary
by renoving any protecting groups present (other than P3) and coupling any
and/or all unprotected ré’actlve functi gpal @soups (e.qg. gm' ngg or

al cohol s) with suitabl ‘ N

Pa. —— —_
N
H 0 -
T z AA
o) P3
. NH 2 N,
1T — R —
R N z R/U\N z
Ho5 H g
W . Y

An additional altematc scheme for preparing product W is depicted above.
5  Intermediate T (prepared above) where P3 is an appropriate protecting group for the
amide nitrogen (e.g., 2 4-dlmethoxybenzyl) and P; is an appropriate orthogonal |
protectmg group . for nitrogen (e.g., Boc or Cbz) is reduced to alcohol Z. The P
protectmg group present in Z is then removed and the resulting amine (or salt thereot)
AA is derivatized (coupled) with a suitable organic moiety (e. g., Cbz-L-Leu-L-Phe-) to
10 afford mtcrmedxate BB. At this point, BB may be further derivatized if necessary by
rcmovmg any protectmg groups present (other than P3) and coupling any and/or all-
unprotccted reactive functional groups (e.g., ainines or alcohols) with suitable organic
moieties to afford addltlonal BB mtermedlates When all appropriate denvatlzauons 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,



noieties to afford additional BB internedi ates. Wien al b4ggBR@RS2q04e

deri vat

i zations of BB have been conpleted, an oxidation is perfornmed to

give ketone Y. The P3 15 protecting group present in Y is then renoved to

provi de
Schene
am no a
met hods
Boc or
is tran
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reactio
poi nt,
exchang
Febr uar
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product W . 04 February 2004 WO 01/10894 PCTI USQ0121061 -30 Cener al
SY%P‘# PL PL NHI _11NH .NH OH CC EE CHzBr In_this method, an
QOK1PER epared by standard peptide coupling condPETHS0/2186 1 nd/ or
), where P1 is an appropriate protecting group for.nitrogen (e.g.,
Ac) and Ris any suitable organic noiety (e.g., Cbz-L-Leu-L-Phe-),
sformed into diazo conpound CC. 3fonmpound CC, in turn, is converted
brom de DD. This internediate is subjected to a di spI acenent
n enploying a carboxylic acid noiety to afford product EE. At this

t he@@nérah$dhemgdn protecting group present in EE may 1 O -be
ed for an alternate if necessary (e.g., Bob exchanged for Ac). 04

y 2004 WO d:’]!/ 10894 .3 PCT/ US@’?lOGl General Scheme 9: P1
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In this method, an amino acid A (prepared by standard peptide coupling conditions
.and/or methods), where P, is an appropriate protecting group fof_nitrogen (e.g., Bocor
Ac) and R is any sujtable organic moiety (e. g. Cbz-L?LeUJL-Phe-) is transformed into
diazo compound CC. Compound CC, in tum, is converted to the bromide DD. This

intermediate i is subjected to a dxsplacement reaction employmg a carboxylic acid moiety

' ; to aﬁ'ord product EE. At this pomt, the P; nitrogen protectmg group present in EE may

‘be exchanged for an alternate if necessa:y (e g. Boc exchanged for Ac)



LPI p3 P3FFI I,3 1 NHOHCH20(CO ar JJ KK H2N 11 P 1.NH
CHZQ( CO) Ar HH In the above-illustrated. nethod, an am n?‘l&e‘ibgbﬁggﬁh
comercially available or :5. prepared by known net hods), where P3 is an

appropriate protecting group for the anmde nitrogen (e.g., Tr) and P2 is an

- appropriggge 9@£Pgonal protecting group for nitrogen (e.g., Boc or Cbhz),
is transformed 1nto diazo conpound FF. Conpound FF, in tu?(t‘il‘lU$®121@60nverted

to the chloride GG This internediate is subjected .to a displ acenent
" reaction -enploying a carboxylic acid noiety to afford i ntermedi ate HH. The
P2 protecting group '10 present in HHisythen renoved and the resulting

amne. (or salt thereof) Il is derivatized -

General Scheme 9:
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In the abovc-lilustrated method, an amino acid L (either conunermally available or

5. prepared by known methods) where P is an appropnate protectmg group for the amide
_ nitrogen (e.g., Tr) and P, is an appropriate orthogonal protecung group for nitrogen

; (e. g-» Boc or Cbz) is transfozmcd into diazo compound FF. Compound FF, in turn, is
converted to the chlonde GG This intermediate is subjected 1o a displacement reaction
employmg a carboxyhc acld monety to afford mtennedaate HH The Py protectmg group

10. present in HH is thcn xemoved and the resulting amme (or salt thereoﬂ I is derivatized



04 February 2004 'WO 01/10894 - 32 01 (coupled) with aoglﬁebagheg(gmgamc
moi ety (e.g., Cbz- L-Leu-L-Phe-) to afford internediate

protecting group present in JJ is then renoved to provi de product KK To
illustrate, the specific syntheses of the conpounds of Exarrpl es 21 and 28

are. 5 summarized below. CH301 / \ OCH3 CH30. ~OM8 CH, O Pl Ul Cec W )
(21) CHYQHARY - B " HHOCHS HO Ti PCI/LTSOY 21061P@>Tf§§°°*%05ﬂ>repare W
*(compound 21), alcohol PI (prepared as described in Dragovich et al. J.

Med Chem (1999); vol. 42, 1213) is oxidized to give al-dehyde Q whi ch, in
tun, is 10 transforned |nto carboxyllc? cid RL. This internmedi ate may be
converted without purification to WiTreb ani de S1. Exposure of Si to an
excess of 2-1ithiobenzothiazole (generated fromnBuLi and benzot hi azol e)

provides keb@ped)With 4 58itadlctordtniE aRilt§ (&g 2089-L-Leu-L-Phe-) to afford intermediate
JJ. The P; protecting group present in JJ is then removed to provide product KK.

To illustrate, the specific syntheses of the cdmpounds of Examples 21 and 28 are.

5  summarized below. B
<A< S ¢
ofu o N bs ’
Bt O By H - BoC Ny O
- H . H H
o o
P1 _ Q1 R1

Wiz

Coe To prepare Wi (compound 21), alcohol P1 (prepared as descrlbed in Dragovich et al.,
| ' fJ Med Chem. (1999), vol. 42, 1213) is oxidized to g1ve aldehydc Q1 which, in turn, is
' ‘10.  transformed into- carboxyhc acid RI. This intermediate may ‘be converted ‘without )
" “purification to Weinreb amide S1. Exposure of S1 6 an excess of 2- ht}nobenzothlazole_

V(gene_rat‘e'd from I.l-BuL‘l and benz,othlazole) provides ketone T1. The 24-



WO 01/10894 33 PCTIUSOO121061 di met hoxybenzyl . nitrogepspBhefy by 9r oup
i s subsequently renoved fromTI to -give U. The Boc protecting group
present in U is renoved under acidic conditions and the -resulting' am ne
salt (not shown) is coupled with commercially avail able Cbz-L-Leu-L-
: Phe-O—ftoxzéB%gg (conpound 21). The synt hesis of :specif c conpound W is
as follo fctt TI 882 YI z1 881 W (28) Ketone Ti (Rsi&ppatisns

descri bed above) is. reduced to alcohol ZI (isolated as a 1:1 . 10 mi xture
" of diastereoners). The Boc protecting group present in Zl is renpved under.
04 February 2004 WO 01/10894 ' PCTI US00/.21061 acidic conditions and the
resulting amne salt (not shown) is coupl’ed with Boc-L-Val -L- Phe(4-F)-COH
(prepared using standard peptide coupling techniques) to afford

protecting core oﬂ“s‘@zf‘%!’é‘a?‘@?%@ hordithe B Bl BAQM i T vens
and the resU?-t ithg B aﬁpmﬁ%msgmur(presensmmis refmoted bRt hGar c%&hoﬁ%[ﬂ?ﬁﬂ&' ally

avai l abl e. 5- 80X rrboxyl chloride to give interned ate BB2
(i sol ated’ as E{g{lﬂg ﬂaﬁo(ﬂ toﬁi‘%‘{“iéi etupladewil commeraially aviloble Ki-IpLew-Ldes

ket one Y, H{edogqbaﬁvgﬂgwl (g:g,gp c\/@) t he 2, 4 di met hoxybenzyl nitrogen
‘pr ot ect iSng group fromyYl a ds (corrpound 28) :

-The synthesis of specific compound W8 is as follows:

ﬂ:cpzjroc& _ rhcul;(:j,ocm
N ’ °

Y1 w2 (28)

Ketone Tl (prepared as described above) is reduced to alcohol Zl (xso[ated as a I:1.

10 mlxture of dlastereomers) The Boc protectmg group present in Z1 i is removed under



10. Detailed procedures used to nmake conpounds 21 and 2@43R€r@hi04

exenpl ary conpounds .of fornmula | are set forth in the follow ng
illustrative exanples. EXAMPLES The structures of the conpounds of. the

fol | owi ng exanpl es were confirnmed by standard 15 anal yti cal t echni ques-

I ncl udi oy nore of the follow ng:.proton naegnetic. Zﬂonance
spectroscopy, I nfrared spectroscopy, elenental m croanal §§| S0y ke t ng
poi nt. Proton magnetic resonance (tH NVR) spectra were determ ned using
either "a Varian 20 UNI TYplus 300 or a General Electric QE-300 _
spectronmeter operating at a field strep%&h of 300 rregahertz (MHz). Cheni cal
shifts are reported in parts per mllionh (ppm s) downfield from an
internal tetramethylsilane standard. Alternatively, | H NWR spectra wer e
refer encedamld@%uﬁuﬁhaﬁumfe'rssu&ﬂl f: = 6 ppm
" DNBO 2. 49. %%m C6HD5 = 7. 15 Boeak e%“@*?‘?@?’%’.‘%?“ﬁ’l@‘d@?. §5at V&lﬁ

fol | ows: e@-F)stDHgl(mcpardd dmu@l standzidi, pqﬂmﬂal ebuplingd aedbinRiuss) tto affold et ;

g, quartet; br o ul ti I et. Coupling constants are.
given in H¥ ‘E"“ﬁdlﬁ‘? %%5@ "l‘)rl f td*%?tereorm,rs)e ﬁvsbBac rmdtegtmglg a
- Per ki n- El I nt al Crog ses were
perfor nednggloukﬁﬂ gsrtlat§l F{:d ?/Iﬁtl:r O?B%%‘f}ﬁ@ydql rlg%%grs% C%gngﬂ%l ‘a %Pf"é Gor

t he el efrensalt {hatt shbwn)t ki dex@vﬂi%d)fwi&lhﬁcoh‘h@é?élﬁllﬁcﬂaﬂme Uf‘-?nethﬁﬁo%oﬁe?r uary
2004 WO 01/1 89 EgTj US00/ 21061 Fl ash col uim chromat ography ". was performed -
using Sili€ R Bive ptemuedgiy BBzAmala;qdm 14 minturegfdiasttreomet)gr aphy

TLC Si | 60 F254 (Merck Art
5715) . "Nl t@’?‘ﬁ%%@?ﬁl B op R ERE et Ve ndnoubSteni smmovalo gl hand
are uncor r dizietitbxybertdyl nitroged p@fb%t:ﬁ?@ﬁluﬂ?f&ﬁm&& WORLMpSGRRA A, T ! asks

o _

under a slight p05|t|ve pressure

10, Detailed procedures used to make compounds 2! and 28 and other exemplary

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 Vma'gnetic

resonance spectroscopy, infrared spectroscopy, elemental microanalysis, and melting

point.

Proton magnetic resonance (\H NMR) spectra were determined using either a Verian
20 UNITYplﬁs 300 or a General Electric QE-300 spectrometer operating at a field s&ength
of 300 megahertz (MHz). Chemical shifis are reported in parts per million (ppm, 5)
downfield from an internal tetramethylsilane standard. Altematively, TH NMR spectra
wer‘e referenced to residual protic solvent signa!s as follows: CHCl3 = 7.26 ppm
DMSO = 2.49 ppm; C5HD5 7.15 ppm. Peak multlplxcltles aré designated as follows:
25 s, smglet, d, doublet dd, doublet of doublets t, triplet; q, quartet; br, broad resonance;
" m, multiplet. Couplmg constants are g:ven in Hertz. Infrared absorption (IR) spectra
- were " obtained using a Perkm-Elmer 1600 series FTIR spectrometer Elemental
. mncroanalyses were performed by Atlantic Microlab Inc., Norcross, GA and gave
. results for the elements stated Wlthln +0.4% of the theoretical valucs -



argon unl ess otherw se noted. Al commrercial reagents W@ﬁ? gsed b4 recei ved
c |

from their respective suppliers with the follow ng ex
tetrahydrofuran (THF) was distilled from sodi um benzophenone ketyl prior

‘to use; dichloronethane (CH2C12) was 10 distilled from cal ci um hydri de

prior to wWer1bEed0 refers to diethyl ether. DVF refers to
N, N- di met hyl f or mami de. DVBO refers to di methyl sul foxi de. FKFBESPYRWEE to

tert- butyl methyl ether. Other abbreviations include: CH3CH (nethanol),
" EtOH (ethanol), EtOAc (ethyl acetate), DVE (ethylene glycol dinethyl
ether), Ac (acetyl), Me (nethyl), Ph (pfenyl), Tr (triphenylnethyl), Cbz
(benzyl oxycarbonyl), Boc (tert 15 butoxycarbonyl), TFA (trifluoroacettic
acid), DIEA NN- di i sopropyl et hylam ne), TMEDA (1V,N N, N

-tetranet hyff W"@W@H rhivmatography Gris(mefihed asingSilidf 60 ‘E@ 28 g() Aﬁ%é}l de),

- NWM (4-nmeth l o%“nnle}é wgl hydr oxybenzotri azo
[O(7- azabenz [ az r sephy (HiGt was Mfmmednmmgqmecoated sheets of

hexaf | uoropﬁﬂﬁzahse NSk | am nopr.opyl ).- 3- et hyl car bar bodi i m de
- 20 hydrochl ori de] tlzi];D"C(c (d.%&‘fcﬁ -x’ﬂf?‘f““émwa% rﬁa)a@%/ dBB@“nedonaMel-Tcmp
(2, 3-di chl ofppaBates alidayamecofreded.benzoqui none), DVA?

(4-di nrethyl am nopyridine), A@n (glutamne), Leu (leucine), Phe

(phenyl al ani ne), Phe(4-F) (4-fluorophenylalanine), Val (valine), am no-Al a

(2,3- dia.-Aj rrol-Ala [(2S,3'S)-2-am no-3-(2'
oxopyrrolid-i 29&%{,_8& WEE’ @% %ﬁ'ﬂ S%P‘%IQMI%@F’%WMH g slight'positive pEeaRirs of
natural |y owgor unlgs eftRsafibEd.- Led, nam ng system enpl oyi ng
am no aci d ahbreviations is used Ptag @Hﬁ{ E@?% lfea%egf?ewielfﬁ '%@yn‘gﬁ@mu nal

products. VR f?ﬁ&ﬁ?twg %lonlpﬂ& rvdﬁx thetfallmwilngeuicéﬁﬁdﬁﬁ ABirsh @@0”5
term nus o

represent | Lon of, tone rml ety at the C
residue [e. d?ﬁﬂfeg% dety) pdpBto(wret dighlokeheathad (CIAIERPRESIAr Y

2004 WP0O 1ld1&ﬁl%& fro%@cﬁeiax?ﬂ Hyﬂn&e p&?rzto lse. ellfftzb P s t|6 dl;:rtril;flcimner- ClD_lM%Clrzférsl Zo
N N-dimethylformamide. DMSO refers to dimethylsulfoxide. MTBE refers to fert-
bulyl methyl ether Other abbreviations include: CH30H (methanol), EtOH (ethanol)
EtOAc (ethyl acetate) DME (ethylene glycol dimethy! ether), Ac (acetyl), Me (methyl),
Ph  (phenyl), Tr (triphenylmethyl), Cbz (benzyloxycarbonyl) Boc (rert-

15 butoxycarbonyl), TFA (trifluoroacetic acid), DIEA (N, N—dusopropylethyiamme)
TMEDA (NN, N’ W -tetramethylethylenediamine), AcOH (acetic acid), AcyO (acetic
anhydride), NMM (4-methylmorpholine), HOBt (1-hydroxybenzotriazole hydrate),
HATU - [0«7-azabenzotriazol-1-yl)-N.N. N’ N -tetramethyluronium

| hexaﬂuorophosphate] EDC [l (3-dimethylaminopropyl)-3 3-ethylcarbarbodiimide
2Q hydrochlonde] DCC (dlcyclohexyl-carbodmnlde) DDQ (2,3-dichloro-5 ,0-dicyano-1.4-
benzoquinone), DMAP (4-dlmethylamm0pyndme) Gln (glutamine), Leu (leucine), Phe
(phenylalanine), Phc(4-F) (4-ﬂuorophenylalamne) Val (valme) ammo-Ala 2,3-
dlamlnopropxomc acid), and (S)-Pymrol-Ala [(25,3°S)-2- -amino-3-(2"-oxopyirolidin-3"-
| : yl)fproplonlc acid]. Additionally, "L" represents naturally _occurn'fxg 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

abbrewatxons represent mcorporat:on of a ketone moiety at the C—tennmus of that

res:due [e.g., Boc-44-CH; = = Boc-AA-C(0)- CH3 (mcthyl ketone)]



PCT/11SOO 21061. At 0 C and under an argon atnosphere, E%EDQ % a%%)
5.37 mmol ) and dinmethyl 5 sulfide (0.49 nL, 6.67 muol) FRUst to nBuL|
(1.58 Min hexane; 3.4 nm, 5.37 mmmol). The mixture was stirred for 5 hours
(h) while being brought to 23 C. The reaction mxture was cool ed to -40 C
and a s Cbz-L-Leu-L-Phe-L-(Tr-Gn)- N(CH)O CH3 . ared as
descri bgggt"k{i)‘&?go I nternational Publication No. WO 97/4%$ E)émg’é g, 1.03
mmol) in 9 nL THE was added. Upon consunption of the 10 starting materi al
(as indicated by TLC) the m xture was quenched with 15 nL of 2. N AcCH at
-40 C and extracted with an excess of E§OAc. The pH of the aqueous phase
was nmade basic with solid Na2CO3, and extracted with Et OAc. The organic

| ayers were conbi ned, washed sequentially with saturated NaHCO3 and bri ne,

_dried-over Exdubladl: Chdteed -Pidi cpAcentcRLISCHYNder vacuum The residue was
- subj ect ed F%WW%T‘S%‘E‘%&C/ hexane) to afford the.
product as a white solid in 60% yield. 1H NVR (€®13) 8 0.86 (m 614),
1.31 (m 1H), 1.53 (m 2H), 1.75 (m 2. ¢, 3H, 2.27 (m 3H), 3.06 .
(m 2H), 3.15 (m 2H), 393(m 1H), JH), 470 (m 1H), 4.90 (m
2H), 6.50 (m 1H), 6.95 (d, .41 (m 27H). HRMB. calc :
for CA9H54N406S (M+Cs), 9 Anal. 20

(C491- 154N406S0. 50H20) C, N 04nFe ruar wods B 01/ 10894 -37 Exam le 2:
. Cbz-L-Leu-L-Phe-L G n -CH SCH PCT/ TJS (2) - o -
Cbz- L- Leu-L-Phe-L-(Tr-d n) - CH2SCH; (0. 30 o2 363 Lz was added to 10 ni
of. 5 1:1 CH2C12 and TFA at 0 C and stirred for 45 mnates (mn). The
reaction m xture was concentrated under vacuum and taken up in excess

Et OAc. Thi Q,Szanl on was washed twice with saturated NaHCO3 and brine,
dried ove riﬁ/g d'f'i“fif’re?’bﬁfgﬁ?l gtmosphere, TMEDA (0.81. mL, 5.37 mmol) and dimethy]

5 sulfide (0.49 mL, 6.67 mmol) were added to nBuLi (1.58 M in hcxane, 34 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-Phc-L-('I‘ r-Gln)-
N(CH3)0 CH~ (prepared as described in WIPO Intematmnal Publ:cauon No. WO
97/43305) (0.85 g, 1.03 mmol) in 9 mL THF was added. Upon consumpt:on 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 éfqueous phase

was made basic with solid NayCO3, and extracted with EtQOAc. The organic Ia’yefs

- were combined, washed sequentially with saturated NaHCO; and brine, dried over

| MgSOy, filtered and concentrated under vacuum. The residue was subjcctéd t(; column

15 chromatography (45% EtOAc/hexane) to afford the product as a white sohd in 60%

yield. 1H NMR (CDCl ) & 0.86 (m, 6H), 1 31 (m, 1H), 1.53 (m 2H) l 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, lH) 4.70

(m, IH),490 (m, 2H), 6.50 (m, lH), 6.95 (d 1H,J= 70) 7.14-741 (m 27H) HRMS

| calc for C49H54N4058 (M+Cs), 959.2818, found, 959.2850. Anal.
20 (CasHsqN40gS0.50H,0) C, H, N. - | |



concentrated under vacuum The residue was triturated w f"hL tZD‘\%@ i ng
0.15 g (71% vyield) of the product as -a white solid. 194 d6) b
0.80 (d, 3H, J =6.6), 10 0.83 (d, 3H, J=7.0), 1.33 (m 3H) 1.47 (m 1H),
1-72 (m 1H), 1.98 (s, 3H), 2.05 (m 2H), 2.83 (dd, | H, = 14.0, 8.0),

© 3. 05 (ddyyg =14.0, 4.4), 3.27 (m 2H), 3.98 (m | 4. 38 I H),
4.52 (m“ﬁd‘ﬂoﬁm}% 02 (m 2H), 6.78 (s, | H), 7.14-7.35 ( Iﬂ@w&wfll‘gﬁ142 (d,
|l H J=7.7), 803 (d, I H J=7.7), 842 (d, | H J =7.4). HRWS talc

" for C30H4ON406S (M+H), 585.2747; found, 585.2720. Anal. (CB4H40N4%S) C,
H N 15 Examle 3: Cbz-L-eu-L-Phe-L- N-3p4C- amno ,4la -CHOC O . 2 4 .
6-trinmet.h | hen 1 (3) Preparation of I|nternedi ate Cobz L-Leu-L-Phe-L-(N
Ac- am no Ala) CHN2: 20 To a solution of

Cbz-L. - Leu- P -rRheAl-&)Inﬂj}(,g %ar ed as described in Exanple. 9
bel ow) (O. 381 g, 0.71 mol) in 8 nmL of THE was added NEt3 (0.072 g, 99 04
February 2004 WO 01/10894 -38 PCT/ USQo/ 21061 W71 mmol ). The nixture was
cooled to -15 C and isoburyl chlorof ofmate (0.097 g, 92 L, 0.71 nrnol) was
added. After stirring for 10 m e fn xpur g was . cooled to -35. C, and
excess di azonet hane |n \yﬁm a;d) was carefully- added.
The stirred reaction m evmsmra uaI-Iy:fNa dSto 23 C over a period of
2 h, and 5 AcOH was t hen~vadded to qu nch " e‘kcess di azonet hane. The
quenched m xture was diluted with HO an Atracted with an excess of

Et OAc. The organic |ayer was washed W|th T i ne, dried d¥er Na2SO4,
filtered, and -co_ncentrat ed to give a mxture of diazoketone (26% along.
wi th Cbz-L-Leu-L-Phe-L-(N Ac-am no-Ala)-OCH3 (13% as determned by |I H

NMVR i nt egr &0zdnLemnkPRSLE@GH)-S55SOME @55 8 0. 369Pmmol) was added to 10 mL of
5 | 1:1 CH3Cl; and TFA at 0 °C and siirred for 45 minutes (min), The reaction mixture

was concentrated under vacuum and taken up in excess EtQAc. This so!utlon was
washed twice with saturated NaHCO;3 and brine, dried ‘over MgSOy, filtered and
concentrated under vaceum. The residue was triturated with Et,0, giving 0.15 g (71%
, - yield) of the product as-a white solid. 'H NMR (DMSO-dg) 5 0.80 (d, 34, J = 6. 6), |
10 0.83(d, 3H,J= 7.0), 1.33 (m, 3H), 1.47 (m, lH) 1. 72(m, IH), 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 = 1.7), 8.03 (d,. IH, J = 7.7), 842 (d, 1H, J = 7.4). HRMS calc for
C30H40N406S (M+H), 585.2747; found, 585.2720. Anal. (C39H49N404S) C, H, N. -

L o 5
Example 3: Chz-L-L eu-L-Phe-L-(N-Ac-amino-Ala)-CHyOC(O)(2.4.6-trimeihylahenyl) :
) | . Oj;;(.‘-i'b . .
SARAL L
H o = H o

\© .

o Pfeparation of Intermediate Cbz—L-Lcu-L—Phe-L-(N-Ac—amino-AIa)-CHNz:
20

- To a solution of Cbz-L-Leu-L-Phc-L-(N Ac-ammo-Ala)-OH (prepared as descnbed in
Example 9 below) (0.381 g, 0.71 mmol) ing mL of 'IHF was added NEt3 (0. 072 g, 99



Preparation of Intermediate Cbz-L-Leu-L-Phe-L-(N Ac-am 02 rabakry/Gdt@r: To a
0 C suspension of crude Cbz--L-Leu-L-Phe-L-(N Ac-amno Al oyC 2 (0.095 g,
-=0.17 mol) in 10 nL of 1:1 benzene: CH2C12 was added 0.2 nlL of 48% aqueous
- (aq) 15 HBr." After 'l h of stirring, another 0.2 nL of 48% aq HBr was’
added. : additional 2 h at 0 C, the reaction mXx ured
into Hzgl{?aﬁ{ 1032 racted with a |arge excess of CH2ClI2. T g%@lsé@%iﬂgf)phase
. was washed with H2O, dried over Na2SO4, filtered and concentrated. The
residue was subjected to columm chromatography. using a gradient of 80 to
. 100% Et QAc/ hexane and afforded 0.034 g 483% of the a-. .20

br ononet hyl ket one as.a yellow solid. 1 MR (CDCl 3) 6 O. 86 (d, 3H, J= 6. 3),

0.90 (d, 3H, J 6.3), 1.36 (m 1H), 1.55 (m 2H), 1.91 (s, 3H), 301(dd
1H,  J=14. 3uLf0. 5) mm&l) 117he(xﬁﬁcturé“|'ds cdoled & -715 §C9ﬁd 1s3blﬁ§!cﬁﬁ}ofoﬂmzﬂe 6@ 09'1@
4.6), -3.84 . 4.27 1

1 H, 4. 859é EL 9. 7|14)mmgl)0\za5@ﬁ§led2 tergyring 10 mmH)he n@xﬂ@e w@m;ocﬂecH)q -35 57

L LG AP e o oA ol car%%@&%"é‘é% |

“C, H N.
- L- Phe-L- (Rﬁﬁ%ﬁgﬁ %eg&,ﬁﬂa?@&%%sﬁ W ‘galﬁcl mgtzﬁ'yl pﬂ‘éeﬁfl Be:nong) fl—zeB’r% y
2004 W5 01A¢0HOMas thén Bdded o G0eMchI kxdeas didbinetnade. smhquehaf mixture was

Cbz-L-Leu- -P -L,(NAc am no Al a)-CH2Br (0.21 0.3 rnmol ) dissolved in
2 L DWF d‘éﬂ‘ KO and gxtragied Wity an @hcqsn qﬁﬁgm e :organia Taver-was 1. 02

ot} was. Sés&s% With Bfip, rig ot R0 & E‘?aefr G0 Spodeniisted b 2P ﬁmé’saé’i‘ e
, T
8?32&“? " eizokeloi oy ionf wit] RGPS ElpHel R Ac"’ﬂ’é‘mféﬁeﬂ@%%@ﬁ&as and
‘brine, . andicidifiinstBsy U1 mﬂmﬁ@gmuon and MS [(M+H) 565 and 555]
10 -

Preparation of Intermediate Cbz-L—Leu-L~Phe-L-(N-Ac-a:ﬁino-Ala)-CHzBr:

To a 0 °C suspension of crudefCbz%L—Leu—L}-Phe-L-(N—Ac-aminé—AIa}'-CI—mz'-(40.0'9'5 g,
* ~0.17 mmol) in 10 mL of I:1 benzene:CH2Cl, was added 0.2 mL of 48% aqueous (aq)
15 HBr. Afier 1 h of stiming, another 0.2 mL of 48% aq HBr was added. Afier an
.addiiio_nal 2 haat 0 °C, the reaction mixture was poured into H20 and extracted with a
large excess of CH2Cly. The organic phase was washed with H>O, dried 6ver Na»S04,
filtered and concentrated. The residue was subjéctcd to co!ﬁmn chr;)mzitography usinga -
| gradnent of 80 to 100% EtOAc/hexane and afforded 0. 034 g (33%) of the o-,
' ‘ 20 bromomethylketone asa yellow solid. lH NMR (CDCl;) 5 0.86 (d 3H,J=163), 0.90
| (d, 3H, J=6.3), 1 36(m, 1H), 155 (m, 2H) 1.91 (s, 3H), 3.01 (d4, 1H, J = 143 8.5),
3. 17(dd, IH, J=10.7, 59),348 (dt, 1H, J= 14.0, 4.6), 3.84 (m, 1H),404 (m, 2H), 4.27
(dd, 1H, J=13.1, 90), 4.61 (m, 1H), 4.85 (m, 1H), 5.04 (m 2H), 511 (m, 1H), 6.48
y (m, 1H), 6.57 (d, 1H, J=17. 0), 7.18 (4, IH, J=1.7), 722-7.42 (m, 10H). HRMS calc
| ‘25 - for C29H37N405Br (M+H), 617.1975; found, 617.2001. Anal. (C29H37N404Br) C,H, |
"N ‘ '

L Preparahon of Product - Cbz-L-Leu-L-Phe—L-(N Ac—ammo-AIa)-CHzOC(O)-(Z 4 6
’ mmethylpheny!) ' ' -



Na2SO4, filtered and concentrated. The residue was purif (?:d b@’/ﬂﬁég .
chromat ography (70% Et OAc/ hexane) affording 0.054 g (22 &Pr 4oduct as
a 10 white solid. 1H NMR (CDCI3) 8 0.89 (t, 6H, J =6.3), 1.42 (m 1 H),
1.56 (m 2H), 2.05 (s, 3 H, 2.32 (s, 3H, 2.35 (s, 6H), 3.03 (dd, I H, J
. =14.0, 8‘%,21) F@ g(m 1H, 3.67(m 2H, 4.14 (m 1 H, 459 (m 1 H),
4.65 (m 989%.86 (m 2H), 5.06 (m 214), 5.23 (d, 1 HPCT/US0GRIP610), 6. 49
(t, I H J = 6.71 (d, 1 H J =6.6), 6.86 (s, 2H), 718-7.34 (in, | |
~H, 7.65 (d, 114 J =6.3). HRVM5 caic for C39H48N4A08 (MtNa), 723.3370;
found, 15 723.3358. "Anal . (C391448N408.0.5 H2O C, H, N Exanple 4:
Cbz-L-Leu- L- Phe- LAN-Boc-am no_Ala). CH™{4) 20 Follow ng the procedure
descri bed bel ow to prepare Cbz-L-Leu-L-Phe-L-(N Boc-am no-
Al a) - 2- Benzt hi azol e. (conpound 6), the title conpound was synthesized from
Gbz=L- Leu-L-Phe-L-(N-Boc-am no-Al a)-N(CH3) OCH3 (prepared as descri bed in
. Webber et allo,a-stimedvizdluGhe raf (CEZQB-&)eu-LVHie—L-‘ﬂﬂLALQJrg%-ﬁBﬂCﬂ-BBEC{glz\i Cbl%
44% vyi el d (75% based on. recovered Wi nreb am de) as whi'te soli H NIVR
(cpd 3) (r o} dissolved iy 3)mL IDME was aBledrnkHe(P, wﬂ%alsp&sloahn)mﬂaﬂ%xﬂ 63

01) 10804 - 451tk EIEBINRECD i 23 1C. 545 simpthenaoi peid 4D 067 @ap 71
4.47-4. 2 i 8 14
5 37.5.80 (L0 el e g ‘"E‘i*“’?“@? V" g BiseiReded L0

calc for c@zkmmma:q kie@sy of BEDAG,2d;HiM wasl addetd. PRS34r, aﬁxaﬁwr% washed
Cbz-L-Leu-L-Phe-L:- 5("?@:) anm noAl a, - CH aﬂé{S) Fol | owi ng the procedur e
descri bed LEABTHHIREY pvith 4120, aturated ag-NalB66s) and\ beine aaich thenAvag -deieByovedti ne

(corrpound 81‘)Ia2§d}, Wiktd CaP c%?igenmt%?edsy’fll'lg esr::sietge f‘rrvgsm gburzlf ‘I:_d b?(u cIB-lumn
chromatography (70% EtOAc/hexane) affording 0.054 g (22%) of the product as a

10 white solid. 'H NMR (CDCls) 5 0.89 (t, 6H, J= 6. 3), ‘l 42 (m, 1H), 1.56 (m, 2Hj 2.05

(s, 3H), 2.32 (s, 3H), 2.35 (s, 6H), 3.03 (dd, 1H, J =14.0, 8. ), 3.16 (m, 1H), 3.67 (m,

2H) 4.14 (m, IH) 4.59 (m, 1H), 4.65 (m, lH) 4.86 (m 2H), 5.06 (m 2H), 5.23 (d, 1H,-
J= 70) 649(t lH J=6.1),6.71 (d, 1H, J = 6.6), 6.86 (s, 2H), 718-734 (m, 11H),

765 (d, 1H, J = 6.3). HRMS cale for C39H4gN403 (M+Na), 723.3370; found,

15 723.3358. Anal. (C39H4gN403+0.5 H;)_O)C H,N.

_ Examnle 4; Cbz-L-—Leu-L—Phe—L»(N-Boc—amino—AIa)-CH-

| | /¢ OIO
- J :\j\ cHy
.@\° i 3&

\© @

20 Fol Iowmg the procedurc 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-ammo—AIa)—N(CH_v.)OCH; (prepared as described in Webber et al
J. Med. Chem. (1998), vol. 41, 2786) and 10 equiv. CH3L1 in 44% yield (75% based on

| recovered Weinreb amide) as a white solid. TH NMR (CDCl3) (rotameric mixture), ;s '

25 088 (m, 6H), 1.38 (s, 9H), 1.43-1.63 (m, 3H) 2.20 (s, 3H) 3.05 (m, 2H), 3.26 (m, lH)



10 Phe-L-(N Boc-am noAl a)-CH3 (conpound 4) in 85%yi el doagesrush) ghgsolid. |
H NV\R (CDC13) & 0.88 (d, 3H, J=6:6), 0-90 (d, 3H J =6.6), 1.38 (m 1 H,
2 1.53 (m 2H), 1.90 (s, 3 H, 2.24 (s, 3H, 3.04 (m 1 H, 3.17 (dd, 1 H, J
13.6, 6:6), 3.50 (m 1 H, 3.76 (m 1 H, 411 (m 1 H, 4.47 (m 1 H,
4.63 ( 07 (m 2H), 5.23 and 5.30 (2d, 1 H, J 5 (m 1
H, 6. z%”éoﬂ“ﬁﬁ) 6.72.(t, 1 H J =6.1), 7.13-7.41 (m ?5’5'(’2@“”1??%%5 cal ¢
15 for. C29H3gN406 ( M+H), 539.2870; found, 539.2852. Anal.

(C29H38N406.1. OH2O) C, 1, N. Exanmple 6: Cbz-L-Leu-L-Phe-L (N Boc-am no-Ala
-2-Benzthi azole 2 04 February 2004 W2 fjl/ 10894 PCTI | JSOO 21061 -41 To a
-78 C solution of benzothiazole (0.226 g, 1.67 mol) in 1.5 nL of THE was

. added nBuLi (0.67 nm., 2.5 Min hexane). The reaction m xture was stirred
for 30 ni n3.4at(m, 18).3.58 trenlH),dol ai(rapHI}4.47-4.59 (m, IH) 4.62-4.75 (m, 1H), 5.06

Cbz-L-Leu- |- Phe- |- - Boc- NCH30QCH3 epa red.as described in |
Webber et % %lk}gjz‘?&\e% 5@53}) (%IIHMQS §m,( Gis §229(m,55H), 734l )
in 1.5 n SEHE e sadid %ﬂ% stirred for
l. h at -789{83 and then grgg ‘%@)&é SS%gz%en"q’W&Sr%?cat ed that . _
nost  of the starting Wi nreb am de was consuned, the reaction mxture was -
quench?ég w.th HZO and extra(}:lt ed with EtOAc. The organic | ayers were

. conbi n STy, S40Z-LN / -dcapiand/@aident rat ed under vacuum The
resi due _vvas pur| f| ed by col um 10 chronmat ogr aphé using a gradi ent sol vent

. system:(30;. 50, 80% Et OAc/ hexanes) (provi di i‘'te solid in 16%yield
(26% based on recovered startl ,)EIT i al 1 r NVR (CDC1l3) (rotaneric-

mxture) ‘S 0.90 (t, 6H J 31H(s , 1.44 (m 214), 1.61 (m-"
3H), 3.12.(m 214), b H), 4.62-4.77 (in, | H),

'5.07- 5.24 (m. 2H), 57 85(|n"' 1, %6. 8- 5.79 (m 1H), 7.18 (m 6H),
7.36 (m 6H), 7.56 15 (m 214), 7.97 (t,_ J=28.1), 8.17 (d, IH J =
7.0). HRVB talc for C38H45N507S G)

.}

Follo“nng the proccdure described below to prepare Cbz-L-Leu-L—Phc L-(N Ac-ammo-

" Ala)-2-Pyridine (compound 8) the title compound was synthesuzed from Cbz-L-Leu—L-'

10 Phe-L—(N Boc-am:no-AIa)-CH; (compound 4) in 85% yleld as a whlte solid. '"H NMR"

(CDCl5) 5 0.88 (d, 3H, J = 66), 0.90 (d,3H,J= 6.6), 1.38 (m, lH) 1.53 (m, 2H), 1.90

(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), 5.23 and 5.30 (2d,- 1H,J=

+5.9), 5.85 (m, 1H), 6.47 (m, IH), 6.72(t, 1H, J=6.1), 7.13-7. 41 (m, 10H). HRMS calc

, 15 for CagHj3 gN4Og (M+H), 539. 2870 found, 539.2852. Anal. (C29H33N40s°1.0H>0) C,
H,N. |

Example 6: Cbz-1-Leu-L-Phe-L-(N-Boc-amino-Ala)-2-Benzthiazole -

Y |
POSEeSTes i)

o ©®
0 ,



(MrH), 716.3118; found, 716.3100. Anal. (C381145N507S 10% FdRRkn0dd N:
Exanpl e 7: Cbz-L-Leu-L-Phe-L- N-Boc-amno-Ala -2-P ridine (7) 20 Using the
.procedure described above to prepare Cbz-L-Leu-L-Phe-L-(N Boc-am no- Al a)
. 2-Benzt hi azol e (conpound 6), the title conpound was synthesized from Chz
L Leu- L-BB%1ks Boc- am no- Al a) - NCH30CH3 and 2-1ithiopyridine (generated
from 2- brom)pyrl dine and nBuLi) in 83%vyield 1H NVR ( DVBEI/§880/2404). 79 (d,
. 3H, J- 6.6), 0.82 (d, 3H J=6.6), 1.26 (s, 9H), 1.35 (m 2H), 1.47 (m
“IH), 2281 (m IH, 3,01 (m .25 1H, 3.39 (m 211), 3.58 (m | H, 3.98
(in, 1 ' H, 458 (m | H, 500 (s, 2H,_g 77 (in, 04 February 2004 WO
01/ 10894 PCTI USOQ/ 21061 -42 | H), .6.78 (m 1 H), 7.19 (m 5H), 7.33 (m
SH),?.413_d,IHJ 8.8), 7.68. (dd, 1 H J 6.4, 5.7), 7.91 (Fn,
1iom

1.11 8.0 -78 18tign! of Gendottikz 7
HRMS) calc %P ﬁ%%l C’f( ﬁ/&l?b é.fis% 3%%9677)"] flgand 69618 %gé'ﬁﬂ oxﬁflp}”as
( C36H45 N5 0 72%sted "ﬁ)‘g) P?L RS Whaa fgxaned: The reaction mixture was stirred for 30 min
Cbz-L-L Ls:PLeg lo 0
: Cbi L- Lgﬂ mehg8 LC§ hh‘égcaagbn%ﬂﬁ@l‘ %f %bﬁp’{%'d'ﬁh%‘ @oﬁﬁmw&laaﬂ%%liﬁo 6
h f
mol) 10 we@répasedials\deskribld n Webber &t . TNl Cathd Qb $ dt’éﬁ,s e@u ???ﬂ@bigﬁcé aIO'[

30 mn, and t hen was concentrat ed undér-vacuum

was addéd | hlmmi}m di5rrel dfleE)wz'asl alfedddroptise O ThAGRL LR ARASS w a%@ﬁ B xture

was sti rredf p;{g‘ R to~at .2 C ncentrat ed under. vacuum and jected to
colum chro gra g (af‘% yovameddo g3 §¢ dWhen TR lgdléﬁeé/@haoinoat\/\hl te

lid. 1H J 0.91 (d, 3H J = 6.6),
i 04I1 () Mli‘!ﬁé ?%@W&n?eﬁfﬁnﬁé é{:}% coﬁgﬁﬁxed,_ gxe()@}n'(tmn mijtyre wasgepghed 1v1[.l|) ;
3.95 (m | HyQ aﬂldlatt(amedl Wjth B0, ( MThel bigani: %ex(s”lveﬁomﬁm@c? 884 over

NazS0y, filtered and concentrated under vacuum. The residue was purified by column

10 chromatography using a gradzcnt solvent system (30,. 50, 80% EtOAcfhexanes)
prov;dmg a white solid in 16% yield {26% based on recovered starting matenal)
- NMR (CDCl 3) (rotamenc 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, lH), 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), 7.97 (1, I1H, J=8.1), 8.17 (d 1H, J=7.0). HRMS calc for C33H45N5078
(M+H), 716 3118; found, 716.3100. Anal. (C58HgsN507S-1.5 H,0) C, H, N.
Example 7: Cbz-L-Leu-L-Phe-L-(N-Boc-amirio-Ala)-2-Pyridine

. )¢ OIO
OJJ\N LL)DL,,,%(@
©/\ " o :(“j o

™

20 Using the procedure dcscnbed above to prepare Cbz-L-Leu-L-Phe-L-(N- Boc-ammo- |
| Ala)-2-Benzthiazole (compound 6), the title compound was synthes:zed from Cbz-L-
Leu-L-Phe-L-(N- Boc—ammo-A!a)—NCH3OCH3 and 2-htluopynd1ne (generated from 2-
' bromopyndmc and nBuLi) in 83% yxeld TH NMR (DMSO-dg) 50.79 (4, 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, lH) 4.58 (m, 1H), 5.00 (s, 2H), 5.77 (m,



| H, 6.51 (m 111), 6.63 (d, IIl, J=7.0), 7.19.(m 5
7.49 (m 114), 7.85 (m 111), 8.01 (d, IH J = 7.7), Hbéfe?wawli(rﬁ’o‘h =
© 5.3). HRMS calc for C33H39N506 (MrH), 602.2979; found, 602.3002. 20 Exam

de 9: Cbi-L-Leu-L_Phe-L NNA c-amno Ala -2- Benzthlazole OYCH3 NH .'" N 04

- Febr uar yWpaA 0340 01/10894 -43 PCT/ US00/ 21061 Prepar atlog‘Fgéusbﬁé redi at e

Cbz-L- (N-Ac-am no- Al a)- N(CH3) OCH3: To Cbz-L- (N Ac-ani no- - ]?}B}epared

as described in Wbber et al., J. Med_ Chem (1998), vol. 41, 2786) (1.5

g, 5.36 mmol) dissolved in 30 m. CH2Cl 2 was added EDC (1.08 g, 5.63 mmol),
N O di met hyl hydr oxyl am ne hydrochl ori de430.55 g, 5.64 'nmol) .and

4- et hyl norpholine (1.35 g, 13.35 mmol). The reaction m xture was stirred

over ni ght Eiéyzéic d| I ut ed' wit h250 nL of CH2CEZ2,.and washed with 50 nL of

T NdHCI and: Hiy el Sty aiii)e 7,53 g SHi)ST 4l (dadHQVe-::S sgz;s@(d@; ifgt ged,
and evapor 1 e_\\as ritire Cco rm
chr omat ggr ggﬁ? 7853%@%“‘?’0@) \éﬂlg‘&l% ‘(7’5%:()7) &*74 Iﬁd} Hikj d; |410().duct

‘as a vi scoHISRMSI caltH Wcsé@ﬁ;ﬁ(ﬁ@(mfhg;%sg%ggﬁmfbu 0%693354 -127(2]3-‘-

2H), 3.70 3H), 4.60 (bd
(d, I RJ 3‘6HZ$N5(77'9(§I(11@|)C,1H*DN Anal . (C 15H21 N305. 0. 50H, O C H N 15
-Preparagtian of Intermedi ate Cbz-L-Leu-L-Phe-L-(N Ac-am no-Al a) - N( CH3) OCH3:

"To Cbz “L- (N- Ac-am no- Al a) - N(CHS)OCHS (0.87 g, _2 69 mmol ) dissolved in 20 L

V_O,f - Example 8: Cbz:1.-Ieu-L-Phe-L-(N- Ac-ammo-AIa)-2-Pvndme

| @ (8)

| Cbz—L-Leu»L-Phc—L-(N Boc-ammo-AIa)—2~Pyndme (compound 7) (0. 04 g 60.6 pmol)

10 was dissolved in 0.5 nil. TFA. The solution was stirred at 0 °C for 30 min, and then .
was concentrated under vacuum. To the resultmg TFA salt was added 1 mL of pyridine
followed by 0.5 mlL of Ac0 (excess). The mixture was stirred overmght at 23 °C,
concentrated under vacuum and subjected to column chromatography (1%
CH3;0H/CHClI3) to provide 0.023 g (63%) of a white solid. H NMR (CDCl3) 5 0.89

15 . (d,3H,J=6.6),0.91 (d,.)H J=6.6), 1.41 (m, lH), 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 (4, 1H, J= 7.0}, 7.19.(m, 5H),735 (m, SH), 749(m, 1H), 785 |
(m, 1H), 8.01 (d, IH J=17), 8.67 (d, 1H, J = 53) HRMS calc for C33H39NsOg
(M+H), 602 -2979; found, 602.3002. -

20
_ .'(Exar'nnle 9: Cbz'-_L-Leu~L-Pl‘1e-L—(N-Ac;aminoM—Benzthiazolc

Oy, CHy

R 7
v e



CH3OH was added 0.4 g of 10% Pd/C. The _bl ack suspensmm\p@,?r Pﬁéd d under
an 20 atnmosphere of H2 (balloon) at 23 C for 2 h, then was tered and
concentrated to give 0.51 g of L-(N-Ac-am no-Ala)-NCH3)OCH3 in
guantitative yield as an oil. This material was used inuneliately wthout .
- further purification. The commercially avail abl e di peptide
Cbhz-L- LeWPORH@R9OH (1.0 g, 2.43 mmol) was 25 dissol ved i RCRESH21061 CH2C12
and 6-7 drops of. DMF. N hydroxysuccinimde (0.29 g, 2.52 nmol) was added
- foll owed by (upon honogeneity), DCC (0.526 g, 2-55 mmol). After
approximately 2 h of stirring at 23 C, the mxture was filtered directly
into a solution of L-(N—Ac-anino-AIa)fﬁPCH3)OCH3 (0.51 g, 2.70 nmol )'in 10
“mb' CH2Cl 2. The reaction m xturewas stirred for 12 h at 23 *C -and the

sol vents were renoved under 04 February 2004 WO 01110894 .' PCTI.USOO 21061.
44 hi gh vacuum The residue was purified by colum chronatography (5% of a

saturated Prphatio bﬁInNrBe&Qiel@qu_ﬂ(Nlh&Hﬁﬂag)AlthgCH?()"Cﬁ? g (89% of the
tripeptide as a white solid. IR (KBr) 3300, 3 955, 1657, 1537, 1262

Cemt. 111 NI\/R(DNSOdG) 8 0.79 (d, 3H, J= GdS) 0.82 (d, 3H, J= 6.6), 1.31
2 1.77 79 1H,_J = 13.6, 8.8),3.00
Eénd T)H J X 1@‘@0'-{@ “Apyam %‘%}aww@vpﬂed z?(ftqsw eéan Webber ef al., 3>1 Wed.3. 96
| 4 7.1 33,
m segS o G (1098 a1, d78h (ﬁ?%ﬁftﬁﬁ#@%%‘)m}‘é‘ﬁg?&z ?s%dé

7.7), 8.19 Ebd: (1108Hg, 863 ﬁmﬁbl), mldlméﬂ?.gb d&?%nﬁ’e g&iezﬂ 5B o % a).-

Al ternate Preparatlon of Internedi ate eu- L- Phe
N( CH3) OCH3: My )aﬁné&rraﬁhmhmthmusé g, &3 Suvionad). Nb@reﬁl:ﬁ((mh @(fhs&ﬁrrcd

4703 mol) D HRREE2SC hucdui SRl Pl botia hangle S gLor 1B ¢
The' 11 X ur culs) 1 H300 TR0 1@t UR2 BRES By NG, e, 454 WahcliBl' 00"

for 3 h. Renoval of the cataf
10 under vacuum. The residuo was purified by column chromatography (5%

CH30H/CHCIs) to give 1.35 g (78%) of the amide product as a viscous oil. "ﬁ NMR
(DMSO-dg) 5 1.76 (s, 3H), '3.08 (bs, 3H), 3.12 (m, 2H), 3.70 (s, 3H), 4.60 (bd, 1H, J= .
5.9), 5.0t (s, 2H), 7.34 (m, 5H), 743 (d, 1H, J = 7.7), 7.90 (m, 1H). Anal
(Cy5H2)N305°0.50H0) C, H, N. -

15 | _
'Prcparation of Intermediate Cbz—L-Leu—L-Phe-_L-(N—Ac—amino¢Ala)-N(CH3)OCH3:

To Cbz-L-(N-Ac-amino-Ala)-N(CH3)OCHj (0.87 g, 2.69 mmol) dissolved in 20 mL of '-
- CH;OH was added 0.4 g of 10% Pd/C. The black suspension was stirred under an
20 Aatmospherc of H; (balloon) at 23 °C for 2 h, then was filtered and concentrated to give
| 0.51 g of L-(N-Ac-ammo—Ala)-N(CH;:,)OCH; in quantitative ylcld as an oxl This

h | matenal was used immegiately without further purification.

" The commercially available dipeptide Cb-L-Leu-L-Phe-OH (1.0 g, 2.43 mmol) was

25  dissolved in 25 mL of CHaCl and 6-7 dfops of DMF. N-hydroxysuccinimide (0. 2§ g,
~+-2.52 mmol) was added followed by (upon homogenelty) DCC (0526 g, 2.55 mmol).

. After approxmately 2hof stlrrmg at 23 °C, the mixture was filtered dlrectly into a
solution of L-(N-Ac-ammo—Ala)-N(CH;)OCH; (0.51 2,2.70 mmol) in 10 mL CH2C12

“The reaction nnxture was snrrcd for 12 h at 23 °C. and the solvents were removed under



and concentration of the filtrate under vacuum gave the ﬁﬂg no ac%(?qf\ca-l
salt in 99% vyield. This, material was used w thout, f ur’f cati on.
"1 HNWR (CD3CD) S 1.47 (s, 311), 3.54 (dd, IH,J:13.8, 6.1), 3 63-3.75 (m
2H). 20 Oom‘rercially obt ai ned Cbz-L-Leu-L-Phe-OH (1.9. g, 4.61 mol) -was
di ssol vgg Sm%_m'xture of 20 nL CH2C12 and 4 nL of DMF_ To this stirred
sol ution"0Q¥1%dted N- hydroxysuccinimide (0.53 g, 4. 61 mREMUSINZNEL

di ssolved, DCC (0.951 g, 4.61 mol) was, added and the reaction-was
stirred at'23 Cfor. 3. h. At this time, the mxture was 25 filtered
directly into a solution of L-(NAc-anm po-Al a)-ONa (prepared_by dissolving
L- (N-Ac-am no-Ala)-0OH AcOH (0.95 g, . 1 mmol) in .1 nm of 1:1. DM and
adding 9.21 nL of 1 Nag NaOH at 0 O). "The reaction mixture was stirred

o5l due aas opar e oned e TR o (ARG he e T

- Any sol i dsmethanelic Nelzesolutiondn @HOK) ke pivear.36 30899901k LARPfide 49 2 whir
PCTI [ JS00121061 and col |l ected. The organic p%gsge was t hen vvas%edavhvtlhe H20,

dri ed oversaligz st (KBr) B3 896722955 di662 1 53, e1262Tha-1s o i devre (BMBTUL e d
047%{13) y

el g coO7AHE AP ER RO, b0t Bl 51 e 2Eh( MAAGmS BN T @) 3EB| 2 2
o). Taot (L (AN A IR Poftad £ 2Taddy5af Ll 3l LB 6

©9.7) 3. 223.67¢; 3H))3.96 dein | 64
| (dd) 3 616, 3M)) 396G, mﬁﬂﬁl{nﬁlfn&éisﬁ m),sbg(égn)fi‘i(r? /sty 7,%3, % 58
(m | H, @éﬁ) Mf* (cw)‘¥ JF &m,7834t,(llwi Jrow) NG, H £=f0), £201BEMD T

Cor- L Liﬁ 51"@335{4&?#733@;0&0 Rea Sf",‘i“lg”n%) in2

10 Alternate ‘Preparation of Intennedlate Cbz-L-Leu—L-Phc»L—(N ~-Ac-amino-Ala)-
: N(CH3)OCH3 '

Toa sol@ition of Cbz—L-(N-Ac-amino-Ala)-OH (prepared as described in Webber nt 'al.,.
J. Med. Chem. (1998), vol. 41, 2786) (1.10 g, 4. 62 mmol) in 20 mL of 3:6:1
15 CH*OH AcOH:H20 was added 1 g of 10% Pd/C. The mixture was stlrred under an
atmosphere of Hz at 23 °C using a balloon for 3 h. Removal of the catalyst by fi ltratxon-
and concentration of the ﬁltrate under vacuum gave the amino acxd-AcOH salt i 99%
- yield. This material was used mthout further purification. 'H NMR (CD3OD) 5 1.97
(s, 3H),3 54 (dd, 1H,J= 13 8, 6. l) 363-3 75 (m, 2H).
0
Commercm]ly obtamed Cbz-L—Leu-L—Phe-OH (1.9 g, 4. 61 mmol) was dlssolved in a
‘ mlxture of 20 mL CH2C12 a.nd 4 mL of DMF ‘To this stirred solution was added N-
| hydroxysuccmzmlde (0. 53 g, 4.61 mmol).- Once dlssolved, DCC (0.951 g, 4.61 mmol)
S0 iwas added and the reaction was stired at 23 °C for 3 h. At this time, the mixture was
25 fi Itered d:rectly info a solution of L-(N-Ac-ammo~Ala)-0Na (prepared by dissolving L-
o (N Ac-a:mno-Ala) OH-AcOH (0 95 g, 461 mmol) in.1 mL of l 1 DMF and addmg '
o 9. 21 mL of l N aq NaOH at 0 °C). The reactxon mlxture was. stmed for 2 h at23°C
. _and the solvents were then removed under high vacuum The residue was partitioned

- between 150 mL of l N HCl and 500 ml of EtOAc. Any solids formed were ﬁltercd



m. THE and 2 nL CH2ClI 2 at -20 C was added 1-nethyl pipeoédiehaiat02002 g, 1.21
nmol ) and i sobutyl chloroformate (0.163 g, 1.19 mmol). The m xture was
stirred for 10 mn, and a solution of N, O dinetbyl hydroxyl am ne

hydrochl oride (0.116 g, 1.19 ninol) 15 and 1-nethyl piperidine (0.12 g,

- 1. 21 molygl CH2C12 were added dropwi se. The reactjon nixture was

br ought t‘)('), ggu%gghd stirred for an additional 3 h. The n*"gT’HF%"’%
concentrated under vacuum taken up in an excess of EtOAc, and washed with
" H2O The organic |layer was dried over Na2SO4, filtered, and concentr at ed
under vacuum The residue was purified. 4. col um chromat ography (5%
CH3C]—VCHC13) 20 yielding a white solid in 59%yield. Preparation of

Product Cbz-L-Leu-L-Phe-L-(N Ac-amnm noAl a)-2-Benzt hi azol e: This conpound was
pr epar ed |nalzdl%>l%0@dd The ror gemity phdse azal thea \ohshbd it AYOL dRBE ober R3,S0,.

- (N-Ac-am nofﬁlﬂa &-&3 ) OCH3 as -descri bed above for the preparatlon 0
Cbz- L- Leu €4, and| eseentratedo ATho Sthﬁemhlcmndimec(@ﬁdﬁmumidGb ddtuiiNR

. %ngzg 225?253’;%[&51@505@ @5?@1{5%%35@%@}w%§ i3 b ‘bﬂmm%ﬁd% 10
01110804 PCT/ 0SG 2I%TL@“A§#&%H@%E%%M‘%#E§ ?ﬁ]ﬁ@ﬁo&ﬁﬁ §9-84114,
J R 8.0)5 8(d]3H,d.= 6J6), 0188-(F 38, J +IB\H xﬁ@k&ﬁbﬂﬁ Cﬁ?@@%ﬁ'ﬁﬁ%ﬁhg 3H), 2.95

(MNa) , . 680 519 found, 680.2549. Exa
N- Ac- ami noAdd: T &nHey %o 532@r(éqb,a1rl‘b.tlﬁd4d)‘, 418); BATEA, ATE J = 13.6, 7.7), 3.64

[ 1- (Acet yl f D I phenyl ;
phosphanyl i progé)ﬁ ‘?ﬁ@dﬁ\iﬁd?Bgréﬂ-o)E@-ﬂMm 16), T 8s(m, B 5:8Ti(at. e was
pr epar ed g@}e 6?11447314 ,dl t d r te Al g.
Chem (1994 xvol 590&51360}% |£{ﬁ;§\gr§t‘g§?& Cg‘i%” “g @?‘[%ﬁ 4t-2662; found,

: (3 acetyl a 4ﬂ(£628benzyl oxycai bonyl arni noprop ionic acid (1.40 g 5.0 mol ,

1 equiyy in CH2A 2 (50 ni)

To a solution of Cbz—L-Leu-L—Phe-L-(N-Ac-aminmAla)—dH (0.64 g, 1.19 mmol) in 2
mL THF and 2 mL CH)Cl; at —20 °C was added l-ﬁlemyl piperidine (0. 12- g, 1.21
mmol) and lsobutylchlorofonnate (0.163 g, 1.19 mmol). The mixture was stirred fér 10
min, and a solution of N, O—dtmeﬂ;ylhydroxylamme hydrochlondc (0.116 g, 1.19 nimol)

I5 and I- methyl plpendme (0.12 g, 1.21 mmol) in 3 mL CHxCly 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 H>O. The organic layer was dried over NayS0y, filtered, and concentrated under
vacuum. The residue was purified by column chromatography (5% CH30H/CHCI3)

20 yielding a white solid in 59% yield.

Prepgration of Product Cbz-L-Leu-L-Phe-L-(N-4c-amino-Ala)-2-Benzthiazole:

This compound was prepared in 21% yield from benzothiazole and Cbz—LfLeuvL-Phe-‘L;
'25_ - (N~Ac-amino-A!a)—N(CH3)0CH3 as describéd above for the preparation of Cbz-L-Leu-~
~ ' L-Phe-L-(N-Boc-amino-dla)-2-benzthiazole (compound 6). 'H NMR (CDCl3) 5 0.90
{(m, 6H), 1.38 (s, 1H), 1.57 (m, 2H), 1.88 (s, 3H), 3. 05-3.23 (mn, 3H), 3.55-3.72 (m, 1H),
- 4.16 (m, 2H), 4.70 (m, 1H), 5.10 (m, 2H), 5.78-5.90 (m, 14}, 6.81 (m 1H), 7.15 C



at 0 C were added EDC (1.00 g, 5.25 nmmot, 1.05 equiv) ap aﬁ)'(
nmmol, 0.1 equiv). A solution of (cyanorret hyl ene)tri phenyl phosphor ane
“(prepared as 15 described in Freudenreich et al., J. Am Chem Soc_. (1984),
vol.. 106, 3344) (2.50 g,.830 nmol, 1.66 equivV) in CH2Cl 2 (16 nL) was added
to-the &g ?&MJUOH dropwi se over 20 mn. After stirring 2 h at 0 C the
reactlon mx ure was partitioned between dei onized = wat ng?%* ?ﬁ!_ $Lind
CH2Cl 2 (3 x 50 nmL). The conbi ned organic |ayers were washed W|th brine (30 -
m.), dried over MgpSO4, filtered, and concentrated. The residue was 20 ' -
purified by flash colum chronmat ogr aphygg 5% CH3OH i n CH2C12) .to give [I-
(acet yl am nonet hyl ) - 3- cyan- 2- oxo- 3- (tri phenyl - ks- phosphanyl i dene) propyl | - ca
rbamic acid benzyl ester (1.98 g, 70%yield) As a colorless foam Rf 0.40

(10% CH3O-Hh 7.353-261 6H), 7158 (ag13H) 7351, 112,175 8.0)( 865 (W3R J1=H7I\<IJYR m@ca§13>

5. 1:91 (s, (m 1 1i1),10 (s; .94
(br s, ‘i%?k?"s‘gi 93{5%5,5( %}a), 673%‘51? ﬁomdz@O(Zﬁ@zl H) 04 February 2004
VO 01/ 10894 PCTI USOO/ 21061 -47 Preparati on . of Internedi ate

(1- (Acet yl am nonet hyl ) - 2-ret hyl car banmoyl -2 oxoet hyl ] carbani ¢ Aci d Benzyl
Ester: A sBkamiple0:0Chi-1-1(ea0ePHe-2 MQBEM?,YA Hia3: x0-3-(triphenyl -k’ -
‘phosphanyl | dene) propyl ] carbam ¢ aci enzy ~9. mg, | Al mol, |
equiv) -in " CH2C12 (I 1 nL) at --78 C was tp with ozone gas for 3 h.
The chilled solution was then purged with Ar Jor 30 mn untll t he col or had
changed fromgreen to yel |l ow 9D . 241 , 01. 21 nunol, 1.2 equiv) and
nmet.-hyl am ne hydrochl or Z)SlL:IN , N\LdLl qu;l 1 equiv) were added..
After 1.5 h at -78 C&éond,.por o]] of“DI M(0.25 m., 1.43 mmol, 1.4
equi v) and neét hyl am ne™iydr ochl ori%e. 80 '1 18 mml, 1.17 equiv) were
added, cand stirring continued at -78 C 2 5 h | onger. The vol atiles

wer e rem)ved under reduced pressure, and~the residue W&E )purl fied by flash
col um

Pre_pa;gtion of Intermediate [1-(Acetylaminomethyl)-3-cyano-2-6xo-3-(triphenyl-A’-
“phosphanylidene)propyl]carbamic Acid Benzyl Ester:

10 Thxs mtermed:ate was prepared generally accordmg to the method of Wasserman et al,, -
| J Org. Chem (1994), vol. 59, 4364. In particular, to a solution of (3-acetylammo-2—
benzy]oxycarbonylammopmplomc acid (1.40 g, 5.0 mmol, 1 equiv) in CH2Cl (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)tnphenylphosphorane (prepared as
| 15: described i in Freudenreich et al., J. Am Chem. Soc (1984), vol. 106, 3344) (2.50 g, 8.30
'. mmol, 1.66 equiv) in CH>Cl, (16 mL) was added to the acid solution: dropWIse over 20
" min. After stirring 2 h at 0 °C, the reactlon mixture was partitioned between deionized
 water (30 mL) and CHxCl (3 x 50 mL). The combmed organic layers were washed
| with brine (30 mL), dried over MgSO4, filtered, and concentrated The resndue was
20 _ punﬂed by ﬂash column chromatography (5% CH30H in CHCh) to give [I-
_ (acetylammomethyl)-3—cyano-2—oxo—3-(tnphenyl-l’-phosphanyl1dene)propyl]-carbamxc

3 | }acnd benzyl ester (1.98 g, 70% yxeld) asa colorless foam. Ry= 040 (10% CH30H in -
T CHp_CIz) IR (cm“) 3312, 2175 1716, 1437. 'H NMR (CDCI3) 8 1 91 (s, 3H), 3.66-

L \379(m, 2H),504-506 (m, 1H), 5 10 (s, 2H), 5.94 (rs, 1H), 6.21 (brs lH) 7.26-1.70
25 (m,21H). |



chr omat ogr aphy (5% CHBOH in GH2CL2) to give [I-(acetyl a?é*%"ﬁ%fy%%fy. el d)

met hyl car banoyl 2-oxoet hyl]carbanic acid benzyl ester

- as a pale yellowsolid. Rf=0.23 (10% CH3OH in CH2CI 2). IR (cm1) 3302,
1709, 1658, 1539. ~H NMR (CDC13) (rotameric mxture) a 1.89, 1.95 (2 s,

- 3H), 2.7 89 (2 d, 3H J 5.2), 3.47-3.54 (m 1H), 3.61-3 69(m1H)
4.29 (m%?@rgm%%lo (s, 2H), 6.64 (br s, | H, 6.85 (br. sPCIYUqufZlOﬁloa (br
s, I H, 7.34 (s, 5H). 20 Preparation of Product

Cbz- L-Leu-L-Phe-L-(N-,4c-amno ,41a")-C(ONHCH3: | N: HC - (solution in
water) (0.17 nL, 1.0 equiv) was added tgya. solution of [I- _ ‘
(acet yl am nonet hyl.) - 2- net hyl car banoyl - 2- oxoet hyi ] carbam ¢ aci d benzyl ester
(55.8 25 . ng, 0.17 mml, | equiv) in absolute ethanol (5 nmL). After

purging with Ar, 5% pal I adi um on carbon (42 ng) was added, and the m xture
here for 5 h. After filtration to renove

stirred un é drogﬁn algtms
t'he catal yst onc t r aPfCHREHRt he [1{(Arstylaminométhyl) @sinetiglcadamdys 30! ved

in DVF (2. Q.xaéthyl atfidAdi dtI_ch ion of commercially obtained
Cbz- L- Leu- L-Phe giq}m r n%yﬁ%tg%ml . 1.0 equiv), EDC 04 February 2004

V\D 01/ 10894 - 48 PCT/ LTSOOI 21061 (36 ng, 0.19 mmol, 1.1 equiv), HOBT (26
rrg;) 1@}:.}03“'\/) and DI EA (66 ng,051m1|ol 3.0 equiv) in DW
(1 5 nLl'? ter T ng Af 23 (flf(emtﬁlahunctdmhylyel@hm.gsox\&ej g)ﬁgﬁg g under
reduced prgrs p |nto CH2Cl2 (20 nL nd washed
sequentlaIF Bﬁﬁtﬁm&}ﬁ)ﬁr l%gﬂ)r?%a altil?f%’fti “(g's')lrﬂ_l)mmhd &quliv) ine (5
) The, oClafla(ll mlgu w-Ciacelue iyl oL 510 a0 Songent tat ed

The residye was purjfied by flash colum ch

CH2C12) t othgh wurgedyyith Arcfor 30Rhin untINACCAGH mé&&g &34 ng, 35%
1 =12) .

yi el d) as | 1.ine solid. Rfi= 0

IR (cm 1) lg%% %g?ﬁf ’12&""“%429? equip) Mmmmnes}maaﬂ&;&lgm i) .

L. 05- 3060 XA insol3H eqhivyvereaded 2After 1.5 h at ~78 °C, a second portion of DIEA
(0.25 mL, 1.43 mmo}, 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% CH;0H in CH,Cly) to give [1-(acetylaminomethyl)-2-
15 methy]carbamoyl-2-oxoethyl]carbamic acid benzyl ester (55.8 mg, 17% yield) as a pale.
yellow solid. Rf-— 0.23 (10% CH30H in CH-;Clz) IR (em-1) 3302 1709, 1658, 1539.
1H NMR (CDCl3) (rotameric mixture) & 1.89, 1.95 (2 5, 3H), 2.77 and 2.89 (2 d, 3H,.J

= 5:2), 3.47-3.54 (m, 1H), 3.61-3.69 (m, 1H), 4.29 (m, 1H), 5.10 (s, 2H), 6.64 (br s,
| lH),685 (brs, IH), 7.06 (br s, 1H), 7.34 (s,SH)
20

Preparati()n of Product Cbz-L-Leu-L-Phe-L-(N-Ac-amino-A [a)—C(O)NHCHg,:

| N HCI - (solution in water) (0.17 mL, 1.0 equiv) was added to a.solutlon of (1-
(acetylam:nomethyl)-Z-methylcarbamoyl—Z-oxoethyl]carbarmc acid ‘benzyl ester (55 8

25 mg, 0.17-mmol, 1 equiv) in absolute ethanol (5 mL). After purging wnh Ar, 5%
- palladium on carbon (42 mg) was added, and the mixture stirred under a hydrogen

' ,atmospherc for 5 h. After ﬁltratnon to remove the catalyst and concentratton of the

- filtrate, the residue was dissolved in DMF (20 mL) and added t a soluuon of

: | commerc:ally obtained Cbz-L-Leu—L-Phe-OH (70.1 mg, 0 17 mmol 1 0 equiv), BDC



10 s, 3H, rotaners), 2.70 (d, 3H, J= 13.2), 2.85-3.13 (Bhfsﬁ;;l‘)d 5 3.61
(m 1H), 3.97- 4.09 (m 2H), 4.38-4.62 (m 3H), 5.48 (s 4735(m
1 OH)_ Examle 11: Cbz-L-Leu-L-Phe-[,- N-Ac-amno .4la C O -Pi ridine 15 NH
O Preparation of Internediate

1- (Acet pgget hyl ) - 2, 3-di oxo3-pi peridin-1- vyl ro | 1 c. Acid
[Bengyl Ef??rm A sol ﬁtl)on of PLP YIRroRY? ]S)W&Mf
[1-(acetyl am nonet hyl ) - 3-cyano- 2- 0Xxo- 3- (triphenyl -ks 20
phosphanyl i dene) propyl ] carbami c aci d benzyl ester (prepared as described in -
Example 10) (572 ng, 1.01 mol, 1 equiyg.in CH2Cl2 (11 nmL) at -78 C was
treated with ozone gas for 2 h. The chilled solution was then purged with
Al for 10 min until the color had changed fromgreen to yellow Piperidine
(0.110 ni, (36 mg26si8 umol, 1. leqqmv)) H@BT @6lagy, 0190RMios €. P¥Ghiv), aE{H'DIE@\” 6

stirring. cont|0 e 68 C.for 15 nin. The volatiles were -2.5 renpved
under redut®y BETH Eg?fhe?’ FA¥iY)Ha PME L& mb).i #Afied stigring as?3 (961 formd b, the

: |
[Clr?ggte? 3{21%9%[8%2{[%1y -2 %“a%ﬁ%@%hpeﬁ%umr%& Y6 9En pdoip CHoCh

PCT/ USO0/ 2@0GAL kagtiad-sk 20..7 ,
32% yi el d)@gs ap?gforl es-ss q%ggﬂlﬁ&ﬂd_ﬂ@@%@@t ?ﬂu%ﬁgdﬁingﬁ? g?\%’fﬂdﬂgg

1639, §537bn11q{5mka (Eracxrgamolasreﬁoas did Sver mso41 ﬁﬁzred,( #hd c%ﬁéémraged ’;’rh%
(rn, é 5.09 (s, 2H), 8 (br 67 (br s,
111), 7 34epidue myunﬁed by ﬂpﬁr ealiumn cbrommgmphy (5% CH30H in CH,Cly) to give

Vo that uPTEBISH @&gad‘ff:pﬁ’ﬁﬁ’&"‘i%) AONECEGy (GEnane: 337 yiokd) a5 a
2, 3| di oxo c%lcmég?rérﬂtﬂhne v Cﬁ)”y 038" 9‘9‘%& Sﬁ 191 (?I%nélg)l IeRSECIGnr‘*)(EoS;éZAflg% 0 4
| 1454, 1429. 'H NMR (CD30D) 5 0.75-0.91 (m, 6H), 1.05-1.60 (4 m, 3H), 1.8, 1.91 2
10 s, 3H, rotamers) 270 (d, 3H, J= 13 2), 285 3.13 (m, 3H), 3.55-3.61 (m, ]H) 3.97-

- 4.09 (m, 2H), 4. 38-4 62 (m, 3H), 5 48 (s 2H) 7.15-7.35 (m, 10H).

Example 11:° Cb'z'QL-Leu-L—_l’li,ei-(i\’—Ac—amina-AId)-'C(O)-Pioeridine |

, ' CHy
i, 0 0 Io
H
©/-\O)LN "\./u‘n’[r(u\u '
M 6 I _H o O
: (11)
15
Preparation  of _Int_ennediate [1-(Acetylaminomethyl)-Z,B-dioxo—&piperidin—l-
xl_oropyl]carbar:ﬁc_Acid Benzyl Ester:

| N .A : solution of o 11- (acetylammomethyl) 3-cyano-2—oxo-3 ~(triphenyl-A>-
20.' | phosphanyhdene)propyl]carbarmc acid benzyl ester (prepared as descnbed in Example
' | 10) (572 mg, 1 01 mmol 1 equlv) in CH2C12 (11 mL) at—78 °C was treated with ozone
" gas for 2h. “The chilled soluuon was then purged with Ar for 10 min until the color had
‘_'_'l"changed from green to yellow Plpendme (0.110 mL, 1 12 mmol 1.1 equiv) was added ,l
| 'Vdrop\mse over 1 rnm, and strmng contmued at -78 °C for 15 min. The volanles were
, 2_5; 5 removed under reduced pressure, and ‘the- residue. purified by flash - column

‘ chromatography (5% CH30H in CH2C12) to glve [!-(acetylammomethyl)-2 3-d:oxo-3-



10 equiv) was deprotected and coupled with Cbz-L-Leu-L- B%%&%ﬁé&?ooﬁ ny,

0.14 mmol, 1.0 equiv). After chronmatography (5% CH3OH i

Cbz- L-Leu-L-Phe-L-(N-Ac amno Ala)-C(O-piperidine (10.5 ng, 12%yield) was

obtained as a colorless film R = 0.40 (5% CH3OH in CH2C12). IR (cm1)

- 3302, 16° ; 111 NMR (CDC13) 8 0.80-0.97 (m 6H), 1.34-1.98 (m 911),
3.09- 3. 1;& OH"% , 3.37-4.20 (m 514), 4.54-4.79 15 (m 3TV 25 (m

2~H), 5.95-6.58 (m 3H), 7.12-7.46 (m 10H. M5 (FAB) 636 (MH), 658 (Ma

" ). Exanple 12: Cbz-L-Leu-L-Phe-D- N-Ac-anmino Ala -C O -Pi eridine oycH3 X,

NHS 20 (12) As a byproduct of the synthgsis of conpound 11,

Cbz- L- Leu- L- Phe- D{ N- Ac- armi no- Al a)-C(O) piperidine (16.7 ng, 18%yi el d)

was obtai ned as a colorless, crystalline solid. Ef = ,0.36 (5% CH3CH in
"CH2Cl 2 I exridih)1- l}c.@ﬁﬂam R
1. 39- 1) 82 (Fb nl? 8I—l|).) }?%BPJE 1:&5&&9%3 .02 r(nl nlal%gg )3§§1g‘e@?§%2‘?§’§?’le§ 111),

' 3 40 3.75 (fqame@f—uswﬁtmm (Rr(crﬂ"I‘-DBB(E 072(.‘516339 as87. WHINMR (2 3)5571 @ in,

7.18-7.3 3-7.60 M5 (FAB) 636 (MHO)™
: Febr uary 20@&5»\/@191!/9%8%) B%ﬁ @S(ma%ﬂb@ﬁ%@s EnaiH),e.aB(s, 2H), 6.28 (brs
Cbz- L- Leu- '—I-'ﬁh (b lﬁté 41a 2-Thi azol e oYc~b NH Preparation:of
I nter rredl at e - L- %{L a) 2- Thi azol e:

Preparation of Product Cbz-L-Leu-L-Phe-L-(N-Ac-amino-Ala)-C(O)-Piperidine:

By a method analogous to that used to prepare compound 10, [1-(acetylammomethyl)-
2 .:dtoxo-3-p1pendm— -ylpropyl]carbamxc acid benzyl ester (54.4 ‘mg, 0.14 mmol, 1
10 - equiv) was deprotected and coupled with Cbz-L-Leu-L-Phe-OH (59 4 mg, 0.14 mmol,
' 1.0 equlv). After cIuomatography (5% CH~OH in CH,Cly), Cbz-L—Leu-L—Pﬁc—L—(N Ac-
ammo—AIa)-C(O)—plpendme (10.5 mg, 12% y:cld) was obtained as a colorless ﬁlm Ry
= 0.40 (5% CH30H in CH3Clp). IR (em) 3302 1657, 1537. 1H NMR (CDC13) 5
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").

Exgmnle 12: Cbz—L—Leu—L—Phe—D-(N—Ac-amino-AIa)-C(O)—Pineridine

©A¢\fbo f

. As a byproduct of the synthesis of compound. 11, Cbz-L-Leu-L-Phe-D(N- Ac;émi}zo-»
' AIa)-C(O)—plpendme (16.7 mg, 18% yield) was obtamed as a colorless, crystallme
o .:_'sohd Rr=0.36 (5% CH30H in CHzClz) IR (cm'l) 3310, 1651, 1537.. H NMR
‘(CDCI3) 50. 88 (br s, 6H), 1.39-1. 82 (m, SH) 1.93 (s, 3H), 2.99-3 02 (m, 1H), 3.15-3.22
- .25 (m,_lH), 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").

L2000 -



(13) Using a slightly nodified version of the nethod de?)ﬁfﬁ Bed above to
prepare Cbz-L-Leu- L-Phe-L-(N Boc-ami noAl a) - 2-benzt hi azofé P8 d 6),
the reaction between Cbz-L- (N Ac-am no-Al a)-N(CH3) OCH3 (prepared as
described in Exanple 9 above) and 5 equiv of the 2-thiazole. anion

(genera thiazole and nBiiLi) was perfornmed. Once ed with
H2O, t héﬁﬁ‘io%dér% was then acidified with 10%citric aci d“}%l”ggggg&by
extraction with Et OAc. Drying (Na2SO4), concentration, and purification of
the residue by columm chromat ography using a gradi ent of 2-5% CH30OH CHC13
gave an 87%yield of the product as a-wgi-te solid. IH NVR (CDCI3) 6 1.88
(s, 3H, 3.8 (m 2H, 5.12 (m 2H), 555 (m I H, 6.11 (m 1 H, 6.23
(d, I H J =6.6), 7.36 (m 5H), 7.75 (d, 15 1H, J 2.9), 8.05 (d, IH J

. 2:9) . HRVEEXampe | BHIEPNAONGSL (M- Ml)-mB B4 0-P8Thiatadeind, 348. 1028. :
- Preparation of Product Cbz L-Leu-L-Phe- L-(I\J)Acélgm"no Al a) - 2-Thi azote: 20 To
“a solution of Cbz-L-(N Ac-am no-Al a}-2-thi azﬁ‘re (0.225 g, 0.65 mol) in 5
m. CH2Cl 2 was added 5 nmlL 30% IgBr/ The _muxture was stirred for 1.5 h

and was concentrated. The re%%ugu \Aqf‘-hﬁ?ﬁs d grh®roughly with Et20 and N
dried to.give L-(N Ac- 0- az -t ano hwdr obrom de in quantitative
“yield. I'HNWVR (CD30CD) ~85 (s,

, : (m 2H), 5.20 (in, 'IH, 8.17 (m
2H) . 04 ‘February 2004 WO 01/10894 -51 S00121061 To a ~20 C sol ution of
Cbz- L-Leu-L-Phe-CH (0,267 g, 0.65 mol) ™5 nL THE vwa3) added Et3N (0.197
g, 1.95 mol) -and isobutylchloroformate . (89 ng, 0.65 mmuol ). After
stirring for 10 mn the reaction m xture was cooled to -40 C and a DVF (2
m)  sol utfreghrafon ofiNeAfeddt: @ZAL@-A%EMB@@H%)Q@%F& Lo de was added. The
.reaction. mxture was warnmed to 23 C and, after - of stirring, was
quench@&d with H20 and extracted with CHCl 3. The organic |ayer was washed

'vm'th-br-in%.dri d,over A 2d804,._ : S S ‘
sing a slightly mo iited version of the method described above to prepare Cbz-L-Leu-

o L-Phe-L-(N—Bob;amino-AIa)-2-bénzt}ﬁazole' (compound 6), the reaction between Cbz-L-
' (NQAC-amino-Aia)—N(CH;)OCH:; (prepared as described iﬁ EXémple 9 ébo;/c) and 5
| ‘equiv of the 2-thiazole anion (generatéd from thiazole and nBﬁLi) was pérformed. Once |
10 quenched with H50, the mixmfe.was then acidified wuh 10% citric acid Vfollowed'by
extraction with EtOQAc. nyir{g (Na,50y4), concentration, énd purification of the residue
" by .co!u‘mn chromatography using a gradient of 2-5% CH3OPIICHC!3 gave an 87%
yield of the product as 2 white solid. 1H NMR. (CDCl3) 5 1.88 (s, 3H), 3.88 (Iﬁ, 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),805 (d, IH,J=2.9). HRMS calc for CgH 7Ns04S (M+H), 348.1018;
found, 348.1028. '
] ,:Pre-p'aration of Product Cbz-L-Leu;I_.-Phc.-L-(N-Ac—amino-AIa)—2-Thiazole:‘ .
20 . To a solution of Cbz-L-(N—@c-amino—Ala)-2-thiazole (0.225 g, 0.65‘11111101) in 5 mL
- CHxChy was added 5 mL:30% ﬁBrlAcOH. The mixture was stirred for 1.5 h. and was :
| - concentrated. The residue was washed thoroughly ‘with Et;O and dried to give L-(N-
. Ac-amino-Ala)- 2-thiazoleshydrobromide in quantitative yield. 'H NMR (CD;OD) 5
1.85 (s, 3H), 4.00 (m, 2H), 5.20 (i, 1H), 8.17 (m, 2H). ' |



filtered, and concentrated. The residue was purified by g%l Brm 04
‘chromat ography using'a gradient of 2-5% CH3OANCHC13 to 8 v ﬁlg"l{%oe pr oduct
in 64%vyield (2 steps) as a white solid. "H NWR (CD30D) S 0.86 (d, 3H, J=
6.3), 0.90 (d, 3H, J—63) 1.37 (m 10 2H), 1.58 (m IH), 1.83 (s, 3H),

- 2.93 (m &81103 20 (m | , ' 3.64 (m | H, 3.81 (m . , 407(m I H),
4.66 (m 09 (m . 2H) 5.63 (m | H, 7.14 (m 5H)P TGWO2H61 S5H)
8.09 (d, I H, = 2.9), 8.17 (d, 1H J="2.6).. HRVS cal c- for C3I H37NS06S

(M+H), 608. 2543 found, 608.2565. Anal. (C31HB7N50680.50H20) C H N 15
' Exanol e 14: Cbz-L-Leu- [ -Phe-t. - (1V-Acs Flm no Al -CsCH NH (14) Under .
anhydrous conditions, 10 equiv of ethynyl magnesiumbromde (0.5 Min THF
12 : m.) was added to a solution of Cbz-L-Leu-L-Phe-L- (N-Ac am no Al a)-

N(CH, -OCH ~Jo 8~29PEpalution afChiptdrdube Bhi-OHEXGRD6T g 65 ﬁﬂn&? 1:95 2@, Zﬂwﬁgg ) I n
3 nL of "THE. %I‘rl?e ﬁ&i{lﬁon m xture was stirred .
mi xture waddf :ﬂ\i) & D ;nql) apd 1§0bﬂt}|@lomﬁmm¢ l(m:lnmj 0.6 armul)t h 50

mL of .Et OA . th 25 H20, d d
Ne2Son, 11 1 QR AE DU ot A8 clbled s ot °C pod POVERonloy

" col um chr aohtionr & DN AL- - ~ t el d. .EH NWVR
(DIVEO d6) & O. 80 ?P,XQ(H e o M&?Q tﬁla%‘k *?d%ﬂr jde" “’agsad?ﬁﬁ{ iﬁ’ reagfjon

Febr uar¥ 2wzxturwae yerasbw 235°C and m&e(rsL b Difstirrihed val I‘QueﬂcHEQl ,w& ﬂgo( | H,
J»:139 4&%& ﬁw Ji‘h 3.48 (m I H, 3.98 (m 5(m I
. 4.57 (ff T%W“ 3d, FOFgansc hwa)iS“sSlEf@\(JBhbﬁh&,,dﬂédaibef May$6),

Z:SgﬁS grl&og tﬁ\/é"(%@ &E%efag%gg g 59(5; e V@Puf%ieq bYEQ @HuRa/xgat%ga;h; (1)15r;mg a
. Cbz- L= Leugtadl%lneot 2% CHIOMOMLC K18 pr%gdw) product in 64% yield (2 steps) as a
- white solid. 'HNMR (CD30D) 5 0.86 (d, 3H, J = 6.3), 0.90 (d, 3H, J=6.3), I 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, 5H), 7.33 (m,
5H), 8.09 (4, 1H, /= 2.9), 8.17 (d, IH, J=2.6). HRMS calc for C3Hz7NsOgS (M+H),
608.2543, found, 608.2565. Anal. (C31H37N5058°O.50H20) C,H,N.

15 Example 14: Cbz-L-Leu-L-Phe-1L-(N-A c-amina-Ala)—CsCi{

A
| \© a4

Under anhydrous conditions, 10 equiv of ethynyl magnesium bromide (0.5 M in THF, :
| 2 :mL) was -added “to a solution of Cbz-L-Leu-L-Phe-L—(]Y—Ac—amino-Aia)—

~ 20 N(CH;)OCH; (prepared as described in Example 9) (0.35 g, 0.60 mmol) in 3 mL of . .

' THF. The reaction mixturf; was stirred for 1.5 h at 45 °C. The mixture was then poured
into 25 mL of 1 N HCl and extracted twice with 50 mL of EtOAc. The organic layers
were washed with 25 mL of H,0, dried over NayS0g4, fi !tered and concentrated to
Vleave a resndue Punﬁcauon by column chromatography (EtOAc) gave a white solid in .-

‘. 25 67% yleld IH NMR (DMSO-dg) 5 0.80 (t, 6H, J = 7.7), 1.29 (sn, 2H), 1.48 (m, 1H),



OYCH3 NH (15) This conpound was prepared in 22%yield. fy, ry.200

Cbz-L-Leu-L- Phe-L-(N-Ac-am no- 10 Al a)- N(CH3) OCH3 (prepare as desc4r| bed I n

Exanpl e 9) and vinyl magnesium brom de using a procedure anal ogous to that
descri bed for generating Cbz L-Leu-L-Phe- L-(NAc-amno Ala)- C—-

(conpounggldi)iesey H NMR (DMBO-d6) S 0.80 (t, 6H, J = 7: 5) xqrg
1.43 (m IH, 1.76 (s, 3H, 2.80 (m | H), 3.07(m.'111) ’22 1
3.45 (m | H), 400(m | H, 4.48 (m | H), 4.62 (m | : 500(s 2H),

5.81 (d, I H, 15 J= 11.4), 6.19-6.66 (m 114),- 7.20 (m 5H), 7.34 (m-5H),

7.41 (d, I H J=8.5), 7.77 (m |H, 8493 (d, 1 H J=7.0),.8.39 (d, 1.H-

J=7.4). Anal. (C30H38N406) C, H N Exanple 16: Cbz-L N Ac-am no-Ala

+L-Phe-L- N-Ac-amno-Ala -CH=CH oicH O, CU3 NH _-NH (16) 20

- Prepar-at i od-B¥ (sl 3k 2-8mat1é])(has (di( mAt-amgna AR5 (mF’h?y 92180@{1 ﬁgbj gary -
2004 WO 01/ 10:;?,@1 ‘g%/ US% 21061 -53 Using the ‘general procedu escri bed
for Cobz-L- (B (. (ko 447 a UﬁJFr'b?m@@ﬂ(b, 24), 7121Rine,-6BE), and

L (1 - oy thabry o Paplesd Gl ofo gl )L Fhec ot ves

descri bed . i(M+~0&R581.1689Fbund, 58V ge4.Chem (1998), vol. 41, 2786) and the
sodium salt of L-phenylal ani ne as a white solid. 1H NVR (DVSO-d6) a 1.77

(s, 3Hy; 2.90 (dd 1 H J= 13.8, 8. 6) 3.05 (dd, I H J = 13.6, 4.8),
3.20 (rn, C ) . (m H), 5.00 g{m 2H) 719734(m I
1H), 7.88 | A’“‘C .

\ -Ac-ammo

SO0 |
@ s

This compound was prepared in 22% yleld from Cbz- -Leu-L-Phe-L~(N-Ac—am:no-

10 AIa)-N(CH;)OCH~ (prepared 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) IH NMR (DMSO-dﬁ) 80. 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,blH)_, 4.62 (m, 1H), 5.00 (s, 2H), 581 (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, /=17.0), 8.39 (d, 1H,J=7.4). Anal. (C50H38N406) C, H, N.

Example 16:; ‘-Cbz—L-(N-Ac—amino-Ala)-L-Phe-L-(N—Ac-a'mino-AIa)-CH=CH7 :

Sha %M &/
o (16)
20

" Preparation of Intermediate Cbz_-L-(N-Ac-axnfno-Ala)-i:QPHe-OHE :



8.1). 10 Preparation of Internedi ate .
i i - N cH3f BeRREN My t he

Cbz-L- (N-Ac-arinino-Ala)-L-Phe-L-(N Ac-am no Al a)
- general procedure-described in Exanple 9 for preparing Cbz L-Leu-L-Phe-L-
(N- Ac-am no- Al a) - N(CH3) OCH3 from Cbz-L-Leu-L-Phe-OH and L_(N- Ac-am no Al a)
1% N( CH3)Wotd o2z L- (N- Ac- ami no Al a) - L- Phe- L- (N-Ac-ami.no- Al a) - N( CH3) OCH3
was synthesized as a while solid in 81%yield from" PCT/US00/21061
- Cbz-L-(N-Ac-am no-Al a)-L-Phe-OH and L-(N--Ac-amno-Ala)-N(CH3)OCH3. 'I H
NVR (DMBO-d6) s 1.77 (s, 6H), 2.79 (dd, 1H, J= 13.8, 9.4), 2.99 (dd, IH,
J=14.0, 6.6), 3.10 (s, 3H) 3.19 (m 2H)g33.29°(m 2H), 3.68 (s, 3H); 4.05
(m IH), 444 (m | H, 4.89 (m | H, Ol(m 2H), 7.20 (m 5H), 7.34 20
(m. 6H), 784(m 2H) , 802(d | H, J:.77) 8.28 (m 1 H). Anal.
( C29H38N608 UtingHhe )getral-probdure dpiivtd dor eBz-EfI%LﬁbheHi Lhe rgéed‘”e |
- described fgp | ﬁﬁ%erl n Igl@rgound 14, CbzL-(1V-Ac-arrri 35““?_
Phe-L- (N--Ac-a g’)‘ \Aa@V-ﬁcmﬂuamﬁzle);lOm if Pidain E?%- 5%
and

1d f o '
yi e rom @i&mk&fa br&gﬁﬁgﬂ{% %&8%@1@%&0 ZEKW-ACMQO-CAS:{ -3H),

- et hynyl nesi um

2.79 | L (prep dekcritied i 1 0 1
4 04 Enm] 4 3gcﬁ(n§n frf)ﬂ& 4 é“e"%"ﬁ]“‘ﬁ ‘Jf)ﬁf{e sé’?d'gr?ﬁw}jd—“i U%Snsgn«{b? (m
52 (he sediym sa}t 4L~ phqny&dah)ne s 8WHitensolif4 1Ee r@}”&g )4, 91 s0394\].

54 PCT/ USOG/:R_1 . 12 |

6T LA 09 bt Sy om§fnae=els/6:34 8)/ 2006, §ﬁgj16§’§m

Exanpl e 17 IH3ha:38-(hE UHh, 5106 h oby, 706737 &0 1) 7%5 (m, E1H) 8.07 (d H, J=
8.1).

10 Preparation of Intermediate Cbz~L-(N—Ac~am1n0-AIa)-L*Phe—L;(N-Ac-amino-Ala)-
N(CH;)OCH~ -
Usmg the general procedure descubed in Example 9 for prepanng Cbz-L-Leu-L-Phé—L-
(N-Ac—ammo—Ala)-N(CH;)0CH3 from Cbz-L-Leu—L-Phe-OH and L-(N- Ac—amzno-Ala)-
15 N(CH3)0CH3, Cbz-L-(N—Ac-anuno-AIa)-L—Phe~L—(N—Ac-ammo-Ala)-N(CH;)OCH3
was synthesized as a while solid in 81% yield from Cbz-L{N-Ac—ammo-Ala)-L-Phe-OH
| and L-(N- Ac-ammo-A!a)—N(CH;)OCH« IH NMR (DMSO-dg) 5 1.77 (s, 6H), 2.79 (dd,
IH,J=13.8,9.4), 299(dd, 1H,J=14.0, 6.6), 3. lO(s 3H), 3.19 (m, 2H), 3 29 (m, 2H)
_ 3.68 (s .:H) 4,05 (m, lH) 4.44 (m, 1H), 4.89 (m, 1H), 5.01 (m, 2H), 7.20 (m SH)’ 7'34’ |
20 (m, 6H), 7.84 (m, 2H), 8.02 (4, 1H, J = 7.7), 8.28 (m, IH)’. ,Anal
(Ca9H3gNgOge1. 0HO)C,H,N. ' -

Preparation of Product:

-

_ Us:ng the procedure descnbed for prepanng compound 14 Cbz-L-(N-Ac~ammo-Ala)-L—

25  Phe-L-(N- Ac-am:no~AIa)~CH=CHz was synthesized as a white solid in 25% yield from
" Cbz-L-(N-Ac-—amno-Ala}-L—Phe-L—(N Ac-am1no-Ala)-N(CH3)0CH3 and cthynyl

: magnesiunt bronude TH NMR (DMSO-dﬁ) 51.76 (s,3H), 1 79 (s, 3H), 2.79 (m, IH)
3.05(m, lH) 3.18 (m, 2H), 3.43 (m, 1H), 3.50 (m, lH) 404 (m, 1H), 436 (m, IH),
+4.56 (m, 1H), 4.88 (d, 1H, J = 4.0),5.01 (m 2H), 722 (m 6H) 734(m SH) 780(m



~HH o (17) Using the procedure described for preparing @qrnggm&@lyﬁgo,_; he-
title conpound was synthesized in 19% yield from Chz

L- Leu- L- Phe-L- (N- Ac- ami no- Al a) - N(CH3) OCH3 (prepared as descri bed in
“Exanple 9) and the lithium anion of nethyl propargyl ether 10 (generated

from nB thyl propargyl ether at 23 C). 1 H NNR S 0 80
(1, l{ﬁb"ﬁ’;&ﬂg‘a 1.28 (m 2H), 1.47 (rn, 1H), 1.79 (s, “’g‘&)"(
.305(m I H, 3.27 (s, 3H, 3.33 (m IH), 3.50 (m IH) 400(m IH)
4.32 (s, 2H), 4.36 (m IH, 4.57 (in, IH,.5.01 (s, 2H), 7.22 (m 6H),
7.34 (m 5H), 7.96 (m 214), 8.58 (m 1 HRMS cal ¢ for C32H44N407

(M+Cs), 725.1951; found, 725.1978. 15 amle 18 Cbz-L-Leu-L-Phe-L-
N-Ac-am no-Ala CH OCH CH Ph (18) Preparation of |nternediate

BUBSnCI—IZOCIﬂH();I—QBB O1HPpt8aBs kel hy & | g, -
~20.0 nmol , 2.0 eq U|n\§ ]?/;s st:(t?re ‘f’n B%ngaggs(ﬁt i%ﬁ Jﬁ;g pgrws calgniﬁ?t hen
stirring \NQQS}HE@{SQE ) t696. 14§ﬁ),lfl'0dnda.lél96vléﬂ&to settle. Most of. the
-hexanes | ayer was renoved by pipette, and. the residual solvent 04 February
2004 WO 01/ 10894 -55 PCTI US00121061 renoved under vacuum The resulting dry.
. KH powder 3pe i | - d;;ph -3} cohol - (1.22-g, 10.0
mol , | eqﬁ?’\’j’" Lk Aoy, Lﬁéﬁ 3 stirring at 23
C-for.,2.5 h, a thick precipitate fornmed. oESecam xture was cooled to- 0 C
and. a solution of iodonethyltribyityltin (prepared.according to Seitz, et
al., Synth-5 Commun. (1983), evol¢ , o2 &4;15.0 nmol , 1.5 equi v)
in THE (15 nL) was agesg b"y‘ ga/lb}{/ m. R, The mxture was war med
to 23 C'for. 3.5 h, en scoPled tg -8 C. The reaction was quenched

“with saturated aqueous “NH4CI" sol ut i o |
> | an

Usmg the procedurc described for preparing compound 6, the ut[e compound ‘;3.5
synthe51zed in 19% yteld from Cbz-L—Leu-L*Phe-L-(N- c-axn:no-AIa)—N(CH3)OCH3 _
| (prepared as described in Example 9) and the hthlum anion of methyl pmpargyl ether
10 '(gencrated from nBuLi and methyl propa.rgyl ether at 7 °C). 1H NMR (DMSO-dg) &
0.80 (t, 6H, J=74), 1. 28 (m, 2H), 1 47 (m, lH), 1.79 (s, 3H), 2. 80 (m, IH), 3.05 (m,
1H), 3.27 (s, 3H) 333 (m, 1H), 3.50 (m, 1H), 4. OO (m, 1H), 4.32 (s 2H), 4.36 (m, IH),
4.57 (m, 1H), 5.01 (s, 2H), 7. 22 (m, 6H), 7. 34 (m, 5H), 7.96 (m,; 2H), 8.58 (m, lH)
" HRMS calc for C32H40N4O7 (M+Cs), 725. 1951 found, 725.1978.
15 Example 18:' Cbz-L-Leu-LTPhe-L—(N-Ac—amino—AIa}-CH_';_OCHg_CHzPH

TN

s

. Preparation of Intemediate Bu3SnCH,0CH;CH;Ph:

20'__, ' Potass:um hydnde (35 wt % in mmcral oil, 2. 29 g, 20.0 tmol, 2. 0 equlv) was surred in
hexanes ao mL) for 5 min, and then stlrnng was stopped and the ‘solid al!owed 10

settle Most of the hcxanes layer was removed by pipette; and the residual solvent L



(25 m), warmed to 23 C, and extracted with Et20 (200 mghrehRRAPIERNI C
extracts were dried over MgSH4, filtered, and concentrated. Purification
of the residue by flash 10 col um chronat ography (hexanes) afforded
tributyl - phenet hyl oxynet hyi - stannane (3.73 g, 88%yield) as a colorless
l'iquid. RigoePadeds (4% EtOAC in hexanes). IR (cm1) 2955, 2924 2852, 1464,
1082. 1H NMVR (CDC13) S 0.90 (t, J- 7.2, 15H), 1.31 (sextetCU/USW23064 gy
1.50 (quintet, J= 7.4, 6H), 2.86 (t, J=7.0, 2H), 3.54 (t, J= 7.0, 2H),
~3.75 (s, 2H), 7.15-7.33 (m 5H). 1'C NWR (CDC13) S 9101, 13.66, 27.28,
29.12, 36.36, 15 61.94, 76.38, 125.94,5428.17, 128.91, 139.50. Preparation
of Product Cbz-L-Leu-L-Phe-L-(N AC am no-Ata)-CH20CH2CH2Ph: A sol uti on of
tributyl - phenet hyl oxynet hyl - stannane (0.443 g, 1.02 rrm)l) in THE (10 20
n) was codF@QVfE ndggvaguamd HlBuicsul(ing Bryl\KH oRRIEA DR s . The

m xture was d,f %l n and Cbz- Leu L- Phe- L- N-Ac am no ajy*-

N( CH3) OCH3 "’(“ “ﬁ@'& afgoh éggzl 5440 rﬁnekalnfmuev)gyas(aaidm (@wsifg §7s owdgion)Was

added. TheAfie ﬁ-;,%r]a », rmt 0O C over a period of

1.5 h and the%ﬁwas tgguFe F?\r?f% a%b{gﬁ\ﬁcc@%;fc BF‘HI‘W%W%@%I%WM

with 30. m %3 a!ti)%dthm ofrllodoﬁléthyllnﬂu {0 (Blfephl%@ ac@orﬁln r‘% ‘?Xﬁ%er .

MSH,  Liltere g%ﬁ ntrated The resi due was pu o)

chr omat QH&V‘ R n‘f0 l:l:tll?@h@ﬁﬁﬂ?/oli@ldﬁﬂdld-l@leﬁ)nvyuelm SOmQ}‘l;v (13%

ofawhlte | 6 .0, 79 t = 6.8 30°(Fn, 2 ,

©1.48 (m |aadfdﬁa°ém M\Q%WB?"H““‘%’R WaBne‘? t°%3§@f91;3}5h,and-g(hcn2 o
'(dd | H, 8ooldBt-78°M) Thd r@f1ia

1 04 Feasu 2004 WO 01/ 108%1’%5 ey kg“ggb%ﬂ %“i‘tl‘swcﬁﬁ?mﬁnm (m
110 447 (15 P, warmsg tp 3 mapdzxmactEd S84(B,0100 ). 40hd Shganie s~ _
8.5), 7.72,ft 4L H ke 803 (0 1L I =7 4, > VBMIC qRUeppts

7.2) HRVB™E TS f‘”"Fr Mgs 79ds (me@ycenmdzmmﬁcamma&maéw ﬂaénal

(C37H4ﬁN40381u&1 'Ellrohltatography (hexanes) afforded tnbutyl-phenethyloxymethyl-staxmane

(3.73 g, 88% yteld) as a colorless hqund Rr=10.63 (4% EtOAc in hexanes). IR (¢cmT)
2955 2924, 2852, 1464, 1082 'H NMR (CDClg) §0.90(t,J=172, ISH) 1.31 (sextet,
J= 74 6H]), 1.50 (qumtet,J 7.4, 6H), 2.86 (t, J= 7.0, 2H), 3.54 (t,J 70 2H), 3.75

G 2H), 7.15-7.33 (m, SH). 13C NMR (CDCl3) 5 9.01, 13 66, 27.28. 29. 12, 3636,
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)—CH20CH2CH2Ph:

_ A solution of tnbutyl-phenethyloxmcthyl—stannanc (0.443 g, 1.02 mmol) in THF (10
20 mL) was cooled fo -78 °C and nBuLi (25 M in hexane 0.41 mL) was added. The
N mlxture was stu'red for 15 min and Cbz—L—Leu-L—Phe—L-(N Ac-ammo—Ala)
N(CH3)OCH; (prepared as described i 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 |
' 3 25 -acid, 30 mL Hy0, 3 mL brine; dried over MgSO4, filtered and concentrated. The
_Tesidue  was purified by column chromatography (gradient elution, 3-5%
CH30H/CHCl3) yleldmg 0.014 g (13%) of a white solid. 'H NMR (DMSO-dg) § 0. 79
{, 6H, J=6.8), 1.30 (m, 2H), 1.48 (m, 1H), 1.76 (s, 3I-I),280(t, 2H, J=6.8), 2.86 (m,
IH),299 (dd, 1H, /=132, 40),324—3 42 (m,ZH) 3.56. (¢ 24, J=6.23), 401 (m, lH)



Exanple. 19: -.Cbz-L-Leu-L-Phe-L- N-Ac--am no --4la - CHoPEdbRianNba419) -
Using a procedure | i ke that described for preparing conpound 18, the title
conmpound 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 described in .
Exanpl e ri butyl - met hoxynet hyl - stannane (prepare cribed in C
R Hebd. \%Qggfggssgmad Sci. Ser. C (1970), vol. 270, ZOS%M%&%

(CDC13) S 0.90 (t, 6H, J =6.6), 1.45 (m 1 H), 1.62 (m | : 201 (s,
3H), 3.17 (m 1H), 3.25 (m 1H), 3.48 (s, 3H), 3.88-4.05(m IH), 4.12 (m
IH, 4.20 15 (m | H), 4.34 (m | H, 45§Z(m IM 4.85-4.95 (m 1H), 5.05

(m | H, 510 (m 2H), 5.8 (m | H, 6.45 (m | H, 6.55(t, | H J =
7.4), 7.05 (m | H), 7.40 (d, 1 H J = 8.5), 7.18-7.43 (m 10H). HR\VS talc
for c30H40m407(rr(,|\2¥H)435e{en,291),5447c(undu)5ﬁeoz&9m) ﬂnabn(@ol Q6)dC H

e-L-d n-2-Benzt hi azol e NH

"N 20 Ex
- WD 01/ 1089 heé ng%ﬁ }57‘ 5133 BPdd: He! BIA)LE. 33Wd,AH)J 271880 HRMS ol e

' PCT/[TSOO/ t , 5
Ccquiv) in ERGH AERRr B0 0EAEE RE 28E20% oAnd (Gt B RG, 3. 6
equiv). ThM.nixture was stirred at - 78 Cfor 30 nin. A solution of-

Boc- L- (Tr A n) - N(CH3) OCH3 (prepared as described in Dragovich et'al., J.
Med Chem (1998) vol . 41, 2806) (2.26 g, 4.25 mmol, -1 equiv) in TII F (50
L) was aded h b -78 C_ After stirring 2 h at -78 C,
~the reacti® S er = degpingedialGPeHad NHACG (100 L) and
EtOAc (2 x 100 rrL) The conbi ned organi c Idayers were dried ' over Na2SO4

and were
sﬁw

19

. ' Usmg a procedurc like that descnbed for prcparmg compound 18 the title compound
10 © was synthes:zed asa whlte solid in 26% yield from Cbz-L- Leu-L-Phe-L-(N—Ac-ammo-
' Ala)—N(CH3)OCH- (prepared as-described in Example 9) and tnbutyl—methoxymethyl- '
stannane (prepared as described in C. R .Hebd. Seances Acad. Sci. Ser. C (1 970), vo]_.
270, 2Q80). TH NMR (CDCl3) 5 0.90 (¢, 6H, J = 6.6), 1.45 (m, 1H), 1.62 (m, 1H), 2.01
(s, 3H), 3.17 (m, IH); 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, 1H), 6.45 (m 1H), 6.55 @, IH,J= 74) 7.05 (m, 1H), 7.40 @, lH J=285),
| 7.18-7.43 (m, IOH) HRMS calc for C-0H40N407 (M+H), 569.2975; found, 569.2991.
- Anl (CsoPhoN407)C H,N. B -

-

20 Example 20; Cb'_z;L-L'eu-L.Phe-':;-c;ln'-gﬁenz:hiazole

o) Do

ebr uary 2004



10 concentrated. Flash col um chromat ogr aphic purlflcatlgq: f th esi due
(25% Et OAc in hexane) gave Boc-L-(Tr-GLn)-2-benzt hi azol® (eg [@fh 35%
yield) as a pale yellow foam Rf = 0.24 (25% EtOAc in hexane). IR (cm1l)
3394, 1696, 1489, 1165. 1H NWR (CDClB) S 1.46 (s, 9H), 1.59-1.64 (m 1H),
©2:07-2. 0wd Gis1dsh) . 2.44-2.53 (m 2H), 5.61 (m. | H,.7.08 (s, br. I H,
7.25-7.33 (m 16H), 7.55-7.63 (m 2H), 8.00-8.03 (m 'I H)CT!U@QIZBJG.I.G 8.19
‘(m IH. Anal. (C36H35N304S) C, H N Preparation of Internediate

" Cbz-L-Leu-L-Phe-L-(Tr-G n)-2-Benzthiazole: B6c-'L-(Tr-GLn)-2-Benzthiazol e
(0.156 g, 0.26. nmmol, 1.0 equiv) was dissolved in 1,4- 20 dioxane (3 nl),
and a solution of HCl in |,4-dioxane (4°0 M .3 nmL) was added. The reaction
was stirred at roomtenperature for 3 h, then the solvent was renoved under

reduced pr e%tsparetloﬂ'bﬁntmmﬂuewi-grﬁ(?ﬂb!@edzﬂl Qé{[? (5 n), cooled to 0 C, -
_and Obz- L-Leu-L-Phe-CH (0.160 g,' 0. 8 %qui v), DIEA (0.136 nE
0.78 mmol , “equi v) and HATU (0.148 g, 0.39 mol, 1.5 equiv) were added

sequentlall L.on, I xtur stirred at 0 C. for 40 mn, and
. then the s%-]:y: v%%@%%gié&n%\%%‘ lﬁ(ﬁ?’gr"éﬁu&@’%?@s%éreduwmeﬂﬁs(lﬂﬂmmm—t aken
up i nto CHZ8I°T ddejl nBang dig h Q.5 N HC _ (50 nL
sgt'urat d %ugtcﬁgo ?}L (298515:?% m?%@[&ésﬁéﬂw@"‘ﬁg‘sw ﬁ%SHI(Ffé‘am .
| ayer - a5 QrmlnfgS@z:iOlmpnbéBed-,L-@hd}lﬁPW@ Bf(pre ﬁg%asr ﬁ%&a was
purifiedb IPflash co m chr omat ogr aphy (2% CH3 Hlng—l
Febr uary- 2%‘6 ragaKicht £ @Mmﬂh@ogﬂzm@m 41588QH)\2.26 g, 4.25 mmol, 1 equiv)

24 .

Cbz-L-L fht thi (0.170 g, 74%yield
(5% CI—IgUC]—Ian O g B ST e (0 H0 0 L el e
0.77-0.91 ea@ibh ximaiva_é, 1.48-1.58
3H), 2.02-2 1r8a( m )nIuH) gy?ﬁ%‘i %83"%&‘%“%&@“@&&‘{1#) ﬂ‘i)EtOAcdg m .

est uE'bS‘V\'ﬁbAc in

(C53H53N5Q§e§)m8 Bz?ve Boc—L-(Tr—GIn)-.‘Z—benztluazole (0.987 g, - 35% yield) as a pale-yellow
foam. Ry=0.24 (25% EtOAc in hexane). IR (em) 3394, 1696, 1489, 1165. 1H NMR

- (CDCly) 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. IH), 7.25-7.33 (m, 16H), 7.55-7.63 (m, 2H), 8.00-8.03 (m, 1H),
I5  8.16-8.19 (m, IH). Anal. (C36H35N304S)C H,N.

Preparation of Intermediate Cbz-L-Leu-L-Phe—l.—(Tr—GIn)—Z-Benzthiazole:

._ Bo‘él[;-(rr-GIn)-z-Benzmiazole (0.156 g, 0 26 mmol, 1.0 equiv) was dissolved in 1 4-
20 3 dlo;;_gne (3 mL), and a solution of HCl in 1,4-dioxane (4.0 M, 3 mL) was added. The
- rcactxon was stirred at room temperature for 3 h, then the solvent was removed under
reduced pressure. The rcs:due was dxssolved in DMF (5 mL), cooled to 0 °C; and Cbz-
L—Leu-L-Phc—OH (0. 160 g, 0.39 mmol, 1.5 cqu:v), DIEA (0.136 mE, 0.78 mmol, 3
equlv) and HATU (0.148 g, 0.39 mmol, 1.5 equiv) were added sequentially. The
25  reaction mlxture was stirred at 0 °C for 40 mm, and then the solvent was removed under
reduced pressure. ~ The residue was taken up into CH;Cly (50 mL), and washed
sequcnt:a]ly wnth 0.5 N'HCI (50 mL), saturated NaHCOj3 (50 mL), H20 (50 mL), and
“brine (50 mL). Thc organic layer was dried over MgSO4, ﬁltercd, and concentrated.

. The resndue was punﬁed by flash column chromatography (2% CH«OH in CH2C12) to |



N_ Preparation of Product: 10 Triisopropylsilane (0.077 [) and
trifluoroacetic acid (3 nL) were added sequentially tgmpeb%aﬁglﬁ%dr?%f o
Cbz- L- Leu-L-Phe-L-(Tr-d n)-2-benzthiazole (0.150 g, 0:17 mml) in CHC 2
(3 nL) at 23 C, producing a bright-yellow solution. The reaction mxture
was stirgB8@1ahged3 C for 30 min, during which time it becanme col orl ess. The
15 vol at | I es were renoved under reduced pressure, and t hECTASAYEI0RY sol i d
was triturated with Et20 (10 m.), filtered, and air-dried to give

Cbz- L- Leu-L-Phe-L-d n-2- benzthiazole (0.058 g, 49%yield) as a pal e-yell ow
solid. Rf=0.50 (10% CH3OH in CH2C12).cehp = 192 -195 C IR (cm1) 3298,
1659, 1526, 1238. 1H NWR (CDCl13) & 0.68-0.81. (m .611), 1.22-1.30 (m
211), 1.42-1.48 (m 1H),.1.98-2.07 (m 11), 21522420(m 311)

2.68-2.79 (give GH?A!)—LCB—L%{:&, -GIR)-2-béfikeh ( b

"H), 4.99 (s, 2H), 5.42-6. 4Jgﬂ(m 111), ’éol ?[ ”%% ﬂ%%ﬂe@ }6‘378??%@%3
©7.63-7.71 GH30H.i) CHFCBJ.- YRQﬂn(’DrBMﬁ)ms& 2668. @Nm (bt 8 gg@% (M

IH). Anal. (C35H39N6CH S} "N. 04 February 2004 017' 108 l9 arrple
21: Cbz-L-B @;ILMPhéﬂ(m H)=r1@4?—-A|46(m2lBkrlz48:ﬂ.58Qine3H) (zgg.mgtﬁpsggzzg@ﬁl

Boor i T (N 249 G PO SR R0 209,413 . PTM 456460 Xm, AHof 88147 Gh,
“sulfur gri Q}\:} (magnngqtnnqm%’rm g&n((?.} 3)%. sgﬁidolﬁ'r[pl_,? g) el(.)dji'-’\/.)js'(xrﬂ, %g) | (60

m.) was slowy added to a m xtur

273404 SPclnn R BEAGBL0 L . Ca
Boc- L- ( N- L SRinn AL BRGS0 (@rsmays 1018 14@@@)1%415435;12[5&:?%56%@) |

descri bed Nn Dragovi ch et al. . Med. Chem (1999) _
(1.64 g, 00 nmol, | equivV) and Et3N (2.01 nL, 14.4 mol, 3.6 equivV)
cool ed at A
- Preparation of Product;
10

Tmsopropyls:lane (0.077 mL, 0.376 mmol) and trifluoroacetic acid (3 mL) were added
sequent:ally to a solution of Cbz-L-Leu-L-Phe-L—(Tr—GIn)-Z-benzthxazole (0.150 g, 0.17
mmol) mm CHzCh (3 mL) at 23 °C, producmg 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 resulfing solid was 'tnturatcd
- with EO (10 mlL), filtered, and air-dded to give Cbz-L-Lcu-L-Phe—L—Gln—2-
benzthlazole 0.058 g, 49% yield) as a palc-ye[low solid. Ry=0.50 (10% CH3OH in
CH2C12). mp = 192 -195 °C. IR (cm") 3298, 1659, 1526, 1238. 'H NMR (CDCl3) 5 -
- -.0 68-0. 81 (m, 6H), 1 22-1 30 (m 2H), 1 42—1 48 (m, IH) 1.98-2.07 (m, 1H), 2 15-2.24 |
_.2:0,:- : (m 3H), 2.68-2.79 (m lH) 3.00:3.05 (m, lH), 3 93-3 95 (m, 1H), 4.60-4.64 (m, lH)
. 4.99 (s, 2H), 542-6 46 (m, 1H), 6. 81 (s, IH), 7. 15-7.37 (m, 13H), 7.63-7.71 (m, 2H),
A 8?-7 .90 (m_ _lH), _8'2.6f8'29 (m, 1H), 8.70-8.72 (m, IH). Anal. (C35H39N605$) CH, |



10-17 C. The reaction mxture was stirred at 23 C for 103 Febrobgooast ure
was slowy quenched with H2O (80 nmL) at 0 C, then extracted with Et QAc (2.
x 150 nlL). The conbined organic |ayers were washed with 5%citric acid
(200 nL) and brine (200 nl), and then were dried over MgyS. 4 and
- concentr%ﬁﬂ i resulting white foamwas 15 used without further
purificatl 3%ar ation of Internediate PCT/US00/21061
Boc- L-[ (N- 2, 4- Di net hoxybenzyl )-(S)-PyrroE-Ala)-OH (RI): To ' a solution of
" Boc=L-[ (N2, 4-di net hoxybenzyl )-(S)- Pyrrol-Ala] H(1.63: g, 4.00 20 mm 1
equi-v) in t-butyl alcohol (50 nm.) and nget hyl - 2-butene (12 nL) was added a
solution of NaClQ2 (3.-32 g, 36,68 mmol 17 equiv) and NaH2PO4 (3.32 g,
27.68 mol, 6.92 equiv) in H20 (20 nL) using an additional funnel. The
- m xture was stirred at 23 C overnight. The mixture was washed with Et20
(80 nm"), and t he aqueous layer 'was acidified with I NHC to pH 3, and
,then extr le24H Cb UQLBREL i FII2AIGD 2 {FersthidPiem) . The combi ned
organl c layers were washed with H2O (100 -niL rie UZF'February 2004 WO .
. 01/10894 PCT/ US00121061 -60 over Na2SO4 and ﬁoncentrat ed to give :
Boc- L-[ (N-2,.4-di rnet hoxybenzyl )- (S fal]-OH (1.11 g, 66% as a
white foam .This material was uged purification. IH NW
(CDC13) 8 1.44 (s, 9H), 1.66:1.J¥5 I(my 1k), 11. @8(m IH), 2.18:-2.31
(m 2H); 2.75-2.85.(m 1@/3?02253 0YmN?2 81 (s, 6H), 4.45-(s, 2H),
5 4.52-4.56-(m 1H), 6.4 49 (in,%2H 18 (d, IH, J= 7.5). Preparation
of Internediate Boc-L-[(N 2, 4-Di met hoxyh yl)-(S)- Pyrrol Ala] N( CH3) OCH3
(Si): 10 I'sebutyl chl orof or mat e (0.340 nm_, 2.62 nmol, 21 )eqw v) was added to
a sol utlon of Boc- L-[(N-2,4-dinethoxybenzyl)-(S)- Pyrrol Al a] - OH (1119,
2.62 Pl upv) and NW (0.570 m., 5.24 mmol, 2 equiv) in CH2C12 (40
) at Eepargiioniof ntermasdiars Roer- (Mdsi-Dinéthoxybeatyl)-25)- @ﬁdmlapnr(m) and
t hen N, O—dl met hyl hydr oxyl am ne -

A solution of sulfur tnoxlde-pyndine complcx (2.55 g, 16.0 mmol, 4 equiv) in DMSO
(60 mL) was slowly added to a mixture of Boc-L-(N-2 ;4-dimethoxybenzyl)-(S)-Pyrrol-
| AIanmol (Pl) (prepared as déscribed in Dragovich et al., J. Med. Chem. (1999), vol. 42,
10 1213)(1. 64 g, 4.00 mmol, 1 equiv) and EzN (2.01 mL 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 slowlyA
- quenched with H?O (80 mL) at 0 °C, then extracted with FtOAc (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 MgSQ, and concentrated. The resulting white foam was

| 15, } uscd without further purification.
Preparat_ion of Intennedia;e Boc—L-[(N-2,4-Dimethoxybenzyl)-(S)-Pyrrol-'Ala]-OH (R1):

To a solution of Boc’-L—[(N 2 Mimcﬂzokybénzyl)-(S)-Pyrrol~Ala] -H (1.63 g, 4.00
20 - mmol, 1 equiv) i in t—butyl alcohol (50 mL) and 2-methyl-2-butene (12 mL) was added a
| solution of NaC102 (3 32 g, 36,68 mmol 9.17 equnv) and NaH2P04 (332 g, 27.68
- mmol, 6.92 equw) in H,0 (20 mL) using an additional funnel. 'Ihe nuxture was stlrred
at 23 °C overnight. The mixture was washed with Et;0 (80 mL), and the aqueous layer
: . was acidified with 1 N HCI to pH 3, and then extracted with 10% CH;30H in CHzClz
. 25 - (2 x 100 mL) The combined organic. layers were washed with H20 (100 mL), dned



hydrochl ori de (0.257 g, 2.62 mmol, | equiv) was added esul t 1 .
M xture was 15 stirred at -20 Cfor | h and at 23 C forgg%ﬁgr%ﬁdéq(ﬂ‘gn was
partitioned between water (100 nL) and CH2Cl2 (2 x 100 nmi). The conbi ned
organic layers were dried over Na2SO4 and concentrated. Flash col umm
chromat%gﬂgysg purification of the residue (2% CH3CH.in CHZCl % ga
Boc-L-[( , 4-diI met hoxybenzy 1)-(S)-.Pyrrol-Ala]- N CH3) 8 g, 71%
yield) as a white foam Rf = 0.16 (5%CHBC]—I in 20 C112C12). IR (cm1) 3413,
1671, 1508, 1258. 1H NMWR (CDClB) 51.42 (s, 9H), 1.59- 1.69 (m 2H),
2.13-2.20 (m 1H), 2.30-2.38 (m IH)), ?6051 2.95 (m 1H), 3.18-3.22 (m -
5H), 3.77 (s, 3H), 3.80 (s, 6H), 4.41 (s, 2H), 464469(m 1H), 5.39 (d,
1H- J 9.3), 6.42-6.44 (m 211), 7.11 (d, IH J=8.7). Anal.

( C23H35N3 0@ 254IB0R) arfd chhcebratdd BF SRAT Bbé- LIy H:F)g)b

[ (N-2, 4- Di met hoxybenryl)-(S)-Pyrrol g%aﬁééz r[lggnz‘% 2{1135;10 ?ﬁ%%ﬁyﬂd'

sol uti on ohlab&E di Al oz 1686 8 a5white foard7- Thial mateﬁaﬁ\«ﬁQLUS‘éd WithobiBrukdBG M)
6 Min hexane, 7 nm, 7.47 mol, 3.5 equiv).

at - 78 C added n 1.

The mi xt ur Jéﬁjj\@d%@%j 1 /440809H), 61166°¢:W5L(ﬁqa/ﬂmm-m(m iHyed at
-78 C for B I\ 4- di_met hoxybenzyl) (- -
Pyr 1 ol - ?‘R?‘é@dfr@a?@ £OSEE8 (TP -Artd0 (mdih RS0 (6 PR, 195 (o Piines

. added' 150 45224 38 @ine1 LI |ng 2 hat -78 C, the
‘reaction m xtur e@\f\l/asm )gtaﬁ?#?grﬁ’e%ﬁ% 3A(fedh ur7£1 ed NH4Cl (100 ni) -and

Et OAc (2 x 50 nL). The conbined '5 organic Iayers were dried over Na2SO4
and were cetrate El ash ¢ol um_ chromat ographi c purification of t he .
resi due (g’oﬂ’éﬁﬁaﬁ .rP T deapeditive. BRI (LRA-Dimethoxybenzy () Pyrrol-Alal-
2, 4-di net py; ?@ S) Pyrrol Al a] - 2-benzt hiazole (0.872. g, 86%yield)
as a pal e- yeI ow = 0.43. (5% CH3OH in CH202). IR (cm1) 3402,
1698, 1503, 1258 H NI\/R (CDC13) 6 1.42 (s, 94, 1..89-1.96 (m -1H), -
2.17-2.23_(m 1), 2.43-2.48 (m 10 IH), 2.71-2.74 (m 1H), 3.20-3.28 (m
3H), 81%%’“@6 oraf oumlte(@ 340rnl, B6B5arbols 0 equiv) was added to a solution of Boc-

L-[(N—2,4—dunethoxybenzyi){S)-Pynol-Ala]-OH (1.11g, 2.62 mmol, 1 equiv) and
- NMM (0.570 mL, 5.24 mmol, 2 equiv) in CHp_Clz (40 mL) at -20 °C. The reaction

‘mixture was stirred at -20 °C for 20 min, and then N, O-dlmethylhydroxylamxne-
hydrochloride (0.257 g, 2.62 mmol I equiv) was added. The resulting mlxture was
15 stirred at -20 °C for 1 h and at 23 °C for 2 h, and thén was partitioned between water
(100 mL) and CH,Cl, (2 x 100 mL). The combined organic layers were dried over
N804 and concentrated. Flash column chromatographic purification of the residue
(2% CH3O0H in CH;Cly) gave Boc-L-{{N-2 4-diniethoxy:benzyl)-(.S')-Pyrrol-Ala]-
 -N(CH3)OCHj (0.869 g, 71% yield) as a white- foam. Ry = 0.16 (5% CH3;O0H m_
20 CHZClz) IR (cm-t) 3413, 1671, 1508, 1258 1H NMR (CDC]3) 5 1.42 (s, 9H), 1 59-
' 1 69 (m, 2H), 2.13-2.20 (m, lH) 2.30-2.38 (m, 1H), 2.51-2.95 (m, IH) 3. 18-3.22 (m,
| 5H), 3.77 (s, 3H), 3.80 (s, 6H), 4.41 (s, 2H) 4.64-4.69 (m, lH), 5.39(d, 1H,J=9. 3),

| 6.42-6.44 (m 2H) 7. lI (d, 14,J=8. 7). Anal. (C23H35N307-0 25H;0) C, H, N.

25 P;eparation of Intermediate Boc-L—[ﬂV-Z,I-i?DimethoiybenzyI)-(.S)-Pyrt_'bl-Ala]-2—
* Benzthiazole (T1); o

To a solulmn of benzoﬂuazole (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 35 equxv) -The mlxture



| H, 5.93 (d, I H J =7.8), 6.3 9-6.44 (m 2H), 7.09 04Februdry 2002 8- 1),
7.52-7.60 (m 2H), 7.97-8.00 (m IH), 8.15-8.17 (m 1H). Anal.
(C28H33N306S0. 20H20) C, H, N. Preparation of Internediate Boc-L-[(S)
Pyrrol - Al a] - 2- Benzt hi azole (U ): 15 To a suspension of Boc-[,-[(N2;
~4-di mth%@ﬁ@f )-(S)-Pyrrol Al a]-2-benzthiazoie (O. 406 0.75 nmol , |
equiv.) in (10 nt) and H20 (1 mL) was added DDQ SY1219615 yp| |
2 equiv). The reaction mxture was stirred at 60 C for 5 h and then was
“diluted with CH2CI 2 (50 nL) and washed sequentially with saturated 20.
NaHC03 (40 nl) and brine (40 nL). The qrganic |ayer was dried over Na2SO4
and was concentrated. The residue was purified by flash colum
chr omat ogr aphy (2% CH3OH in CH2C12) to give Boc-L-[(S)-Pyrrol
Al a] - 2- benzwm sioddeat (-8 XA foy 308 A%oﬁ:t:o%ﬂﬁodé[@2arfn9:ﬂ%§{@rgg?§$m kn

CH2C12) . Fipgmg él) 2595 1693, 1167. 1H NWR 1.75

(s, 2H), 2 21-NCHIQCH(0R69 2, 187(mmol,| Hquie) xﬁzmis(:m #B) (s addeH)to 5. 60
1 5 2 7.99 | H' J = 8.4), 8.17 (d,

fﬂ‘ Jtl) 7. 8)&%/@8@ “‘F’@E@ 2%&3633)‘% Stlrﬂ)qa 2da4atFw(a7§r‘tfértynezemmm£mra®&§4 (

PCT/ US00/ 216 | Al

2- Benzt hi azol e.%r%agg%@egga (F)r(qﬁHg{Le)(midv%tom%d? t%[ﬂﬁ) aﬁg ;:%g’bmea]

St otmitmtntos oo PP il

added. The reaction was stirred at roomtenpera

BN | a“amjh"“‘éﬁ“fiﬁh‘?E’“Eﬁ‘é;mih“f%?sﬁ‘ﬁ‘fé‘ﬁ%f?ﬁ?“o? CRuSHave e Re 1
b5 o v) N O SO el lahdlbenaingule (D ST205 00 (WHR Dpale.
stirred at jyﬁﬁ?igqg?"%&' ‘ﬁ“?g‘ﬂf%@éﬂﬁh@%ﬂ g)en'tR (ax 1) 3402, 4698,0 508 JE258.
reduced pr aseiba @B ST, B PR U, %2 P o S
10 lH) 2.71-2.74 (m, 1H), 3 20-3.28 (m, 3H), 3.78 (s, 6H), 4.40 (s, 2H) 5. 55 5.60 (m,
o 1H), 593 d, 1H,J= 7.8), 639 644(m,2H) 709(d IH, J=8. 1) 752 760(m,2H)
7.97-8. 00 (m 1H), 8.15-8.17 (m, 1H). Anal (Cst N3065‘0 20H20) C H, N

Preparation of Intermediate Boc-L-[(.S)-PyrfoI-Afa]—2-Benimiazole (U1):
15
To a suspension of Boc-L-[(N-Z4—dimefhozybenzyﬂ-(S)-PyrroI»AIa]-Z-benzthiézole
(0406 g, 0.75 mmol, 1 equiv.) in CH3CN (10 mL) and H,0 (1 niL) was added DDQ
(0340 g, 1.5 mmol, 2 equiv). The reaction mixture was stirred at 60 °C for § h, and
 then - was diluted with CH,Cl> (50 mL) and washed sequentially with ‘saturated
20 NaHCO; (40 mL) and: brine (40 mL). The organic Iayer was dried over Na2304 and
- was concentrated. The residue ‘was purified by flash column chromatography (2%
' CH30H in CH,Cly) to give Boc—L—[(S)-Pyrral-Ala]-2—benzth1azole (0 214 g, O%) asa
whlte foam. Rr= 028 (IO% CH30H in CHClp). IR (cm-1) 3295 1693, 1167 1H
NMR (CDCl3) 5 1.44 (s, 9H), 1.75 (s, ZH) 2.12-2.17 (m, 2H), 2.66-2.70 (m, lH), 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. (C1sH3N3048) C, H, N.



washed sequentially with 0.5 N HCl (50 nL), saturated N@H@@%m@ﬁpzd’ds@)

(50 ni), and brine (50 mL). The organic | ayer was dried over

H20

‘filtereed, and concentrated. The residue was purified by flash coI urm
chromat ography (2% CH3CH in CH)Cl2) to give Cbz-L-Leu-L-Phe-L- [(S) Pyrrol

Al a] - 2- keosidisagol e (0.142 g, 37% 15 . yield). Rf = 0.20 ‘(:éo
CH2C12). np = 108 -111 C. IR (cm1) 3284, 1662, 1537, 1245

CDC13) S

.0.81-0.88 (m 6H), 1.40-1.44 (m IH), 1.55-1.59'(m 2H), 1.89-2.00 (m
3.35-3. 37

2H), 2.10-2.17 (m 211), 2.48-2.52 (m 2H), 3.09-3.18 (m 2H),
(m 2H, 4.11-4.19 (m | H),' 480-4.85_4;_m | H, 5.05-5.10 (m 2H),

(d, 1 H J=28.1.), 568-5.70 (m | H), 6.18 (s, br ]H) 7.07-7137 (m
OH), 7.52-7.61 20 (m 214), 7.97-8.00 (m 111), '8.07-8.0.9 (in, | H),

8. 15-8. 18 Preparatipn of Pyeduct (WII37HA1INGCBS) .C, H, N. Exam le 22:

5..25

Cbz- Leu-L-Phe-L- -P rrol-Al142-Thiazole H 25 (22) 04 February 2004 WO

01/ 10894 -63 PCT/ US00/ 21061 Boc-L- [(S)-Pyrrol Ala] 2 Thi azol e (prepared

from Boc- LBod-DN{&5)4PykaTetiX YegRR ML (0 {0 12&@ §rﬁ gl ?hfeqégrga \[a%%phgg

and thiazole in a nmanner "anal ogous t

Al aj - 2- be rmtlm-dmme (oul),idbd @ solutiondfpIE 1311),4-6&::&@@ 4D M, &E}\% agd %P

and a sol utlon of HCI

ulLi ,
rroI
equi v)
I"oxane

was di ¢ soI edeeég 4-di (l?regne (3 )
(4.0 M TEHEOR ﬁbfqogamp@wn#p@m l;, mndsthen therselveat waSremdved 3 h,
i ety RS SO PEER o e

di ssolved in CH3CN (6 niL) coo

0.118 g, aad bz Wen-1.- N 4 Q.7
I(-IATU (09110 g, 29"#17%1?350&1? %‘g}u Wﬁé’?’%@dd? e@éﬂumm

6 o 724

©mi xture wagmel |4r ¢CEk!iV)aﬁndOH€T[.b(0 3P pj 0.84mmol 1.5 equiv) were added sequennally

The reaction mixture was stirred at 0 °C for 40 min, and then the solvent was removedr

‘10 under reduced pressure. The resndue was taken up into CHClI; (50 th) and was

washed sequentlally with 0.5 N HCI (50 mL), saturated NaHC03 (50 mL), H20 (50

mL), and bnne (50 mL) The orgamc layer was dried over. MgSO4, ﬁltered and

concentrated The res:due was punfied by flash. column chromatography (2% CH‘-OH

in CHaCl) to give Cbz-L-Leu-L-Phe-L-[(.S‘)—PyrroI-Ala]-2-benzthxazole (0 142 g, 37%

15 yield). Rf= 0.20 (5% CH30H in CH,Cl). mp = 108 —lll °C. -

IR (cm")

| 3284,1662,1531, 1244. 'H NMR (CDCl;) 5 0.81-0.88 (m, 6H), 1.40-1.44 (m, 1H),
- 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),
., 525 (d, 1H,J=8.1), 5.68-5.70 (m, IH), 6.18 (s, br 1H), 7.07-7.37 (m, lOH) 752—761

20 (m, 2H), 797—800 (m, 1H), 807-809 (m, 1H), 8.15-8.18 (m, 1
. (C37H41N5053)C H, N,

Example 22 Cbz-L-Leu-L-Phe-L-[(S)-Pyrrol-Alal-2-Thiazole

o - o -\
AR AL
H o S H o

- 25

and.
ction

s



10 and then the solvent was renoved under reduced press%ﬁ?\__ b he éfﬁﬁl due was
taken up into CH2Cl 2. (50 nlL), and washed sequentially fopasL HCl (50
m.), saturated NaHC®3 (50nmL), H20O (50 nL), and brine (50 nmL). The organic
| ayer was dried over MySO4, filtered, and concentrated. The residue was

. purified flash col um chromat ography (2% CH3OH in CH2CI 2) to give Chz
L-Leu-L- P’fé“{l 9S) - Pyrrol 41a]- IS 2-thiazole (0.057 g, 48%Wuysoebty: R =
©0.48 (10% CH3OH in CH2C12). np = 83-85 C. IR (cm1) 3284, 1661, 1536, 1247.
- 1IH'NWR (CDCI3) S 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 (§ “2H), 5.29-5.32 (m 1FD 5.59 6.55
(s, br I H, 7.16-7.22 (m 5H), 7.33 (s, 5H), 7 69 (d, 1H, J = 1.5), 8.00

- (d, 20 .1H, 1 6S-0..5QH Ex I 23:
Gy Lo Lo LB By BBt Ny 9é-b1(&aﬂr@ap¢%?ﬂwizmb
01/ 10894 64SPESf¢¢BS®hZI-MCHé)GCH9,I HBUDD £ tr&;izow ith a4n§!inﬁéa 4(}18 i the

- .was . added to Boc- L- % %rrol Al a] - 2- pyridine . (prepare
" Boc- L [ ( N- sywthesinef Bosyt&5zRoryol¢ 48y} Ppenaihiazila Hescibed it Blairiple DBy segd '
rr Al a]

di | t h f B L- S
piicne Lo o Apeel il tets o e st o e ERBRRECER )
e oot gs ) g et st i e 40 48R

reduced pressure e residue an -Leu

1.2 -equi v s thenithesolventiwasreoBédNir{der fﬁdhcéﬂ]ﬁ'cfsﬁ@ eﬂleq'ésx&iegias of2g083
i {rh enoag é edmnggég]e]r@r ‘Hﬁ? OY%%]%éseAg ghém%ggad@hmghesomuoddsg oagca?r:xla\r/) 2
~and' then t ths e\ﬁﬁiﬁtﬁkﬁ‘ﬁ (0.084 mL, 0.76 mmol, 4 equiv) and HATU (0.110 g, 0.29 mmol, 1.5
© T equiv) were. added sequentially, The reaction mixture was stirred at 0 °C for 40 min,
10 and then the solvent was removed under reduced pressure. The residue was taken up .
-into CH2Cl, (50 mL) and washed sequentially with 0. 5N HCI (50 mL), saturated
- NaHCOj3 (50mL), H,0 (50 mL), and brine (50 mL). The organic layer was dried over
MgSQy, filtered, and concentrated The residue was punﬁed by flash column.
chromatography (2% CH-OH in CH2C12) to give Cbz-L-Leu-L-Phe—L-[(S)—PyrroI-AIa]-
15 2-thiazole (0.057 g, 48% yield).- Rr= 0.48 (10% CH30H in CHoCly). mp = 83-85 °C.
IR (cm-1) 3284, 1661, 1536, 1247. 'TH NMR (CDCI3) 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, TH), 5.08 (s, 2H), 5.29-5.32 (m, 1H), 5.59
) - ‘.A.(m IH), 6.55 (s, br lH) 7. 16-722(m,5H) 7.33 (s, SH), 7.69 (d, 1H, J = 1.5), 8.00 (d
- 20 lH J= 15) Anal. (C33H39N505S-0 50H;0) C H,N..

Example 23: Chz-L-Leu-L-Phe-L-[(S)-Pyrrol-Alal-2-Pyridine

@3)



10. were renoved under reduced pressure. The residue wagsHpaRhVashs N -
“CH2C1 2 (70 mL), and then washed with I N HC (70 nL), NaHCCB( 0 n.), and
brine (70 rnL). The conbined organic |ayers were dried over Na2SO4,
concentrated, and. the residue was purified by flash colum chromat ography
(gradi e%o%ll}##ggn 2-- 4% CH3OH in CH2Cl2) to afford . .

Cbz- L- Lel-L=Phe-L-[(S)-Pyrrol .. A aj-2-pyridine (0.060 g, P58%S0Y21%hi t e
foam 15 Rf= 0.28 (5% CH3OH in CH2C12). I'R (cm1). 3279, 2954, 1690,

1660, 1531. 1H NVMR (CDC13) S 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 9-2.52 (m 2H), 3.04-3.20 (m 3H),
3.33-3.34 (m 1H), 4.17-4.19 (m I|H), 5-4.87 (m | H), 509510(m
2H), 5.33-5.36. (m 1 H), 589m1H) 7.10-7.17 (m 4H), 7.34 -..

4 7.45- , 65 d
il 32 e in f ot M, PR sfs ik s B T Bkl Ezr e
: CB:bz tLF\(/l\jl__pmdme_- ~ (prepured Al afroraH I(3'y E@c-?-ﬁ(ﬁf’n]dpxﬁ%ﬁﬁmogy 2 1)IISFP§H§6!L& &D '

. Boc- 0X rro a ebr uar
01/ 10894. Pé’f?%@‘g dﬁj %@) @ﬁ%ﬁe m2 mepneranplqgous tO?Qlerﬁypﬂ&s%Q)ferml-L- 3.5
f. B
eqjl( \l<|2 2\/\/25 Wrg?hoxy{) Az Y] "?{h a%?legg?ﬁggﬁe%l%]EW)M 063 &pﬁflgdwl 1
. descri bd equivEaRILeoRLN.didkahtt 53SCTLARG > 1fheCoorHlEs Wk MER RSl [T o

" at -40 C for h, and 5 then was partitioned between sat ur (50
nm.) ahd Et tsdece(dzpscsss@ rrLT)‘he residue eodriihzeidLen-galliecOHagR03E e 0230mnRy, pRer

Na2S04 and wer.e co en chronat ographic purificati on. of
the resi du&l "C‘?Wffﬁg%ﬁo ﬁg gg@ﬁg&@"ﬁ%@ CEQ It 027G BiMAR: bz 091- ('S)

? Et”&\?' .AﬁaL'é‘S‘?Ee?‘* F’%ﬁ( W%%‘Be 485 B %&iﬁw foﬁwﬁef‘:’oﬂ(ﬂgj%&gﬁs( ?03{"3 |
2C12 (70 mL)
and then washed with 1 N HCI (70 mL), NaHCOj3 (70 mL), and brine (70 mL). The
- combined organic layers were dned over NapS0q, concentrated, and thc residue was
~ purified by flash column chromatography (gradient elution, 2-»4% CH3OH in CHoCly)
to afford Cbz-L-Leu-L—Phe-L-[(S)—_P)rroLAIa]-2-pyﬁdine (0.060 g, 50%) as white foam.

175 Rr=0.28 (5% CH;0H in CH2Cl). IR (cm1) 3279, 2954, 1690, 1660,1531. H NMR
(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, IH) 3.09-5.10 (m, 2H), 5.33-5.36 (m lH), 5.89 (m, 1H), 7.10-7.17 (m, 4H), 7.34

o -.(m, 4H) 745-7 52 (m, 3H) 71.75:7.86 (m, 2H), 799(d, IH,J=178),865(d, IH,J="

20 42). Ana! (C35H4|N505-0 35H20)C H,N..

Example 24: Cbz-1-Leu-L-Phe-L-[(S)-Pyrrol-Ala)-CHs

"o
N

U\ ﬁ_'o \=)Lﬁ 3 :
D L

25 Preparation of Intermediate Boc-L-[(N-2, 4-Dimethoxybenzyl)-(S)-Pyrrol-Ala}-CHs:



IH, J= 6.6), 6.43-6.45 (m 2H), 7.10 (d, IH J= 7.8). Angl 2 N206) C,
H N Preparation of Internmediate Chz : BQFeb&%m
. L-Leu-L-Phe-L-[ (N2, 4- D met hoxyberLyl)-(S)-Pyrrol- '15 Al a]-CHS:

Boc-L-[ (N-2, 4=di nel hoxyben-ry!)-(S)-Pyrrol A a]-CH3 (0.230g,'0.55 nmol,
- 1.0" equiwh I)Q@@ml ssolved in I, 4-dioxane (3 nL), and a solution of HCl in
1, 4- di oxane (4 M 3 nL). was added. The reaction was sP¢FESW?24661r oom
tenperature for 3 h, and then the 20 sol vent was renoved under reduced
" pressure. The residue was dissolved in CH3CN (6 nlL), cooled to 0 C, and
then Cbz-L-Leu-L-Phe-CH (0.340.g, 0..83 ggmwl, 1.5 equiv), ~NW (0.242 ni,
2.20-mmol, 4 equiv) and HATU (0.314 g, 0.83 nunol, 1.5 equiv) were added
sequentially. The reaction m xture was stirred at 0 C for 40 mn, and the
sol vent was renoved under reduced pressure. The residue was taken up into

'--CHZCIZ 25 ( 2 @m washed sequentially with 0.5 N HC1 (50 nli),
sat urat ed | 1OM s BHF, 5 anls8. 78 molads dauiv) evak 28dé tb-a soRioR FHY

| ayer was d | flltered and concentrated. The resi ue vvas
. purified by 1[ a %@@F%ﬁﬁ% a](hj(@d;)@mﬂ Ghropared  asOdesdlh in’

CH2Cl 2) to gj{é{ﬁ‘p ’Ilrﬁ'-u Phe 04 February 2004 WO 01/10894
PCT : (LjJ)SOO(S(l)Z tltgG 19.@5‘%%25%&&& ggﬁf;)rﬁ FS)H‘FWIKBIYC Naéa};tuﬁtd at(—oogogfgg% 5]')1(7)%/[%3 -
ie nt then ePE: niti = 0 c
1 L) hage 15’6%&"*?‘3%‘3%‘?5% 0@“(91@?8?0&110 hhe( s,

in hexane). IR (cm1l),

3H), 0.90-(eom orga:ﬂk-Z}a o Wi 8 o4 (m 1M
> 04220 (; % 53 16 hohy ﬁgz%m%ﬁbcm%%wg Fis conoy
4.30- 4. 40 (PFPmasegraphi c Bqnﬂqaaon(omﬁzd Hsidub (98- @H GHM[%{#PJ ﬂ%sscﬁf”?iw
6. 42- 645%9)71@%1)1: 9&5’ 1H, J—81) 19
(m 5H),.73 {’bfﬂ’-’y)s FyerolgligheH; E036€Pge43% i@y esd pdiE- QA foak?)
Ry= 0.53 (50% EtOAc in hexane). IR (cm-1) 3307, 1674, 1509, 1159. 'H NMR
lo' (CDCl3) 5 1.43 (s, 9H), 1.78-1.86 (m, 1H), 2.00-2.14 (m, 2H), 2.20-2.32 (m, 4H), 2.40-
2.50 (m, 1H), 3.14-3.22 (m, 2H), 3.78 (s, 6H), 4.194.25 (m, 1H), 4.38 (s, 2H), 609 @,

IH J=6.6),6.43-6.45 (m, 2H), 7.10 (d, 1H, J = 7.8). Anal, (C22H32N206)C H, N.

Preparation of Intermedlate Cbz-L-Leu-L—Phe—L—{ﬂV 24-Dimetho.a.jlbenzyl)-(.S)—Pyrral—
15 AlafCHz: | o

| Boc-L—[(N-Z.4'—dil@th0.\jfbf:ﬂ2)}1)-($)-Pyrral-AIa]-CH3 (0.230g, 0.55 mmol, 1.0 equiv)
was disso]ved in 1,4-dioxane (3 mL), and a soluuon of HCl in 1,4-dioxane (4.0 M, 3
: ml) was added The reaction was stirred at room tempcrature for 3 h, and then the
29 , solvent was removed under reduced pressure. The res:due was dissolved in CH;CN (6
| mL), cooled to 0 °C, and then Cbz-L—Leu-L—Phe-OH (0340 g, 0..83 mmol, 1.5 equiv),
.NMM (0. 242 mL, 2. 20'mmol 4 equiv) and HATU (O 314 g, 0.83 mmol, 1.5 equiv)
were added sequentla]ly The reaction nuxture was stirred at 0 °C for 40 min, and the
solvent was removed under reduced pressure. The residue was taken up into CH,Cl,

2? - (50 mL), and washed sequentla!ly with 0.5 N HCI (50 mL), saturated NaHCO;3 (50 mL),
HO (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
eluuon, 0—+2% ‘CH;0H in CH;Clz) to give Cbz-L-Leu—L-Phe-L-[(N-Z. 4



To a suspension of Cbz-L-Leu-L-Phe-L-[(N2,4-dinet hoxybenr éxo)& rrol
Ala]-CH3 (0.300 g, 0.42 mmol, 1 equiv) in CH3CN (10 rrL)Ozfly‘?BUﬁ %4 nL) was
added DDQ (0.190 g, 0.84 rrm)l 2 equiv. The reaction m xture was stirred
at 60 Cfor 5 h, and then .was diluted with CH2Ch (50 niL) ‘and washed

'sequenti‘?blox,u}%lh saturated 15 NaHCO3 (40 nlL) and brine (40 nL). The .
organi c layer was dried over Na2SO4. and was concent r at BET/USHERIPES| due was
purified by flash col um chronmat ography (2% CH3OH in CH2CI2) to give Cbz
L- Leu-L-Phe-L-[(S)-Pyrrol -Ala]-CH3 (0.073 g, 27% as a white foam Rf=
0.13 (5% CH3CH in CH C12). IR (cm1). é 85, 1661, 1544, .1261., -1H NWR
(CDCI3) S 0.82-0.90 (in, 6H), 1.24-1.37°1in, 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 |H),

328332 tineikdiybenoh) 09 il A L) 0 043, 119 el o bt 1,
7.20:7. 24 RS
HAON406. 0. ggﬁiéﬂ% map‘ﬁﬁﬁleé 4 Fggou(g?%tgd%q \’/’\oﬂyoml} iogbéﬁ“@n ﬁ@éﬁ%ﬁd/‘sk‘loel

Exanpl e 25126211321111\1&/&(0299!395[0 8 &, 3Ry/0.90 ieqh To
susggnm on z-L-Leu-L- Pjr;\e@, F?N—Z (Z&gl?nlg?%g%g‘eﬁ]n@ﬁ) F?g)l"éo((%?)

ol et e o o™ WA O 420426,
benzotF?liop e %@4@%3@3 sd“gﬁé(‘f‘o Hho-08ypy llﬂé@b QH&f5 236w, 1H), 6.42- :
~ L-Leu-L- Prmm{;,(zm 3,804&1 dllmEJilm?jbﬁﬂsfmb)(f,ﬁngP-ycw_? fﬁf‘ﬁkﬁﬁrﬁé&?id WIL )n .

Exanpl e 24) (0. 09. equi v)
was adde }bD@ é(ﬁmﬁﬁ)g, 0.30 Mol , 2.4.equiv). The reaction m xture was
stirred at 60 C 10 for 5 h, andthen was diluted with CH2Cb (5.0 _nL) and

washed sequentially with
Prepa_rauon of Product:

o

10 :
" Toa suspension of Cbz-L-Leu—L—Phe-L‘-[(N 2-4—dimerhoxyl;enzyl)-(.S)-Pyrrdl;Ala]-CH3
(0. 300 g, O 42 mmol 1 equw) in CH-CN (10 mL) and H50 (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 _w1th CH,Cl (50 mL) and washed sequentially with “saturated
IS5 NaHCO; (40 mL) and brine (40 mL). The organic layer was dried over NaySO4 and
wasr ‘concentrated. The residue was purified by flash .column chromatography (2%
| CH30H in CHyCly) to give Cbz—L-Leu-L-Phe-L-[(S)—PyrroI-Ala]-CH3 (0.073 g, 27%)
as a white foam Rr=0. 13 (3% CH;30H in CH-;Clz) IR (cm") :,-285 1661, 1544,
| - 1261. 'H NMR (CDCl3) 5 0. 82-0 90 (m, 6H), 1.24-1.37 (m, 3H), 1.55-1.64 (m, 2H)
20 L 74-1 96 (m, 4H), 2.09 (s, 3H), 2.35 (m, lH), 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 (d, 1H, J = .

6.9), 5:99 (s, 1H), 6.94:6.96 (m, 1H), 7.20-7. 24 (m, SH), 7.35 (s, SH) 7.94-7.96 (m
- lH) Anal (C31H49N404°0. 50H20C H,N.



saturated NaHCO3 (40 ni) and brine (40 nL). The organi coh@ygraWpsocdr i ed
over Na2SO4 and was concentrated. The residue was purified by flash colum’
chromat ography (2% CH3OH in CH2C12) to give Cbz L-Leu-L-Phe-L-[(S)
Pyrrol - Al a] - 2-benzot hi ophene (0.055 g, 69% as a white foam R = 0.52 (10%
- CH3CH in r'h(l)z 15 IR (cm 1) 3287, 1663, .1514, 1255..1H NWR (CDCl 3). s
0.77-0. 82‘9{’< .26-1.32 (m 211) 1.47-1.53 (m 2H), lrevwsodkodim 2H),
2.10-2.20 (m 2H), 2.32-2.3.6 (m IH, 2:73-2.81 (m | H), 2.87-2.94 (m
"IH, 3.06-3.15 (m 2H), 3.97-4.03 (m 1H),4.50-4.55 (m 114), 5.00 (m
2H), 5.32-5.37 (m | H), 6.97-7.10 (m 5|—_9 7.28-7.40 (m 6H), 7.46- 7.59
(m 21), 7.65 (s, | H, 8.02-8.08 (m 2 8.40 (s, I H, 8.69-(d, 1 PI, J
= 8.1). Anal. 20 .- (C38H42N406) C,. H, N. 04 February 2004 WD 01/10894 -68
Exarrpl e 26: Eghdple2seucpr Pignli- ﬁ( v : h H PCT/ US00121061 (26). The
. title conpound was preparea frof B~ PERZAUNADRANE 7 v | )-(S)-Pyrrol.-
Al'a] - N(CH3) OCH3 and~PhL1 in a manner anal ogeus to the synthesis of -

- Cbz-L-Leu-L- Phe-L-[ (N2, 4-di met hoxybenylok (‘_) Pyrrol Al a] - CH3 described in
. Example 24. RJ 0.25 (5% I\/EO—I |n CHAC12). I} 3280, 1696, 1643. 1H NWR
(CDC13) S 0.79- 0-92 (m 134&\4% ‘(H), 1.48-1.89 (m - 5H),

QA>T 5f

2.06-2.18 (m | H),2.27- m IH, 2.98-3.35 (m 3H),
.5.12- (d,

4.11-4.21 (m 1H), -4. 76- (m 119) , ﬁ@ 10 (d; | H,. J= 12.3),

| H J=12.3), 5.28 (.d, 1 H J =09.0) 47556(m -1 H), 6.38 (s, 1H),
7.08-7.20°(m 5H), 7.29-7.42 (m 5H), 7.74-7.52 (m 2H25)7.56-7.63 (m 2H)
7.93-7.98 (m 2H). Anal. (C36H42N406.0.50H20) C, H, N. Examle 27

Cbz- L- Leu - Phe- L- G n-CH 0~ C(O 6-dichl orophenyl) H2
© a suspension of Cbz-L-Leu-L-Phe-L-[(N-2, 4-dimethoxybenzyl)-(S)-Pyrrol- Ala]-2—

.5 benzothlophene (prepared from Boc—L—[(N 2 4-d:methoxybenzy!)-(.S)-Pytrol-Ala]—
N(CH3)OCH3, nBuli, and benzoth:ophene In a manner analogous to the synthesis of
Cbz-L-Leu-L-Phe-L-[(N-2, #-dimethoxybenzy))- “(8)-Pyrrol-Alal-CHy  described  in

Example 24) (0 09 & 0.12 mmol l equw) in CH«CN (10 mL) and H20 (1 mL) was
added DDQ (0. 066 g 0. 30 mmol, 2.4 equiv). The reaction mixture was stirred at 60 °C
10 for 5 h, and then was diluted with CH5Cl, (50 mL) and washed sequentially with -

saturated NaHCO; (40 mL) and brine (40 mL). The organic layer was dried over
NagSO4 and was concentrated. The residuc was purified by flash column

- chromatography (2% CH30H in CH>Ch) to give Cbz—L~Leu—L-Phe-L—[(S)-4P)!r'rol -Alal-
2-bcnzoth10phene (0055 g, 69%) as a white foam. Rr=10.52 (10% CH30H in CH)Cl).

15 IR (cm") 3287 1663 1514 1255. 1TH NMR (CDCI:,) 50.77-0.82 (m, 6H), 1.26-1.32
- (m, 2H), 1.47-1.53 (m, 2H), 1 6141 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, lH), 4.50-4.55

(m, lH) 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, lH), 8.02-8.08 (m, 2H), 8.40 (s, IH), 8.69 (d 1H, J=8.1). Anal.

- 20 3 (C38H42N406)C H,N.



(27) 15 Preparation of Internediate Cbz L-(Tr-G n)- CHN204 Febaisoadd on” of
5.22 g of commercially obtained Coz-L-(Tr-dn)-OH (10.0 mmmoi) in 100 nL of
THE at "about -15 C was added 3.0 nL of Et3N (21.6 nrinol), followed by 20
the slow addition of 1.64 g of isobutyl chloroformate (12.0 mol ). The
re‘_actioqﬁgixi‘#é was stirred for 40 min before it was filtered to renove
the sol i"d’fY . Diazonmet hane in ether, generated fronP&TAS§V/I06H azal d
(23 mml) and 5.0 g of KOH, 04 February 2004 WD 01/10894 -69 PCT/ US00/ 21061
was then added to the filtrate and stirred for 24 h at 23 C. After
evaporation of the solvent under reduc g pressure, the residue was
purified by flash colum chromat ograph§, eluting with CH2Cl 2/ CH3OH (100 1,
600 nmL; 100:2, 600 ni; 100:3, 600 .nm) to provide 5.37 g of product (98%
yi el d). 1HE £ r@I-A By, 7.02.(s, L H, 590 (d, 1.
H, 535 (m 1H), 510 , 4 'H), 2.25-2.55 (m 2H), 2.10 -
(m Ili), 1.80 (m | H. Preparation of Intethediate Cbz-L-(Tr-Gn)-CH2Cl: -
10 At 0 C, to a solution of 4.8 g of, Coz-[°X @ n)-CHN2 (8.8 mmol) in 200
mL of anhydrous Et20 and 30 rrLoof F, yas xdded 50 nmL of 1.0 MHCI in
Et20 slowy. The reaction was Ieged cl after 15 mn. After
evaporation of the solve Qm egdced gressure, the product was-
obtained arid, used dire in t'he NeX ePp wthout further
purification. IH NW (CDC13) 8 7.15-7.40 20H), 6.95 (s, 1H), 5.95 15_
(d, I H, 5.10 {s, 2H), 4.40 (m IH, 4 (s, 2H), @6¥5-2.50 (m 2H),
2.00-2.25 (m 1H, 1.75-1.95 (m | H). Preparation of Internedi ate
Cbz-L-(Tr-G n)-CH2OC( O - (2, 6-di chl orophenyl): .20 2.40 g of o
Cbz- L- ( Tr -Baenjitlempapopud vasnprepared. ﬁ&mgsoé-Lq(NQﬂaﬁmtm&B&%ﬂ &)Wl-( 5.6

5" Ala]-N(CH;3)OCH3 and PhLi in 2 manner analogous to the synthests of Cbz-L-Leu-L-

Phe-L-{(N-2, 4-d:merhoxybenzyl)—(S)-P_)n'roLAla] -CHj3 described in Example 24. Rr=

0.25 (5% MeOH in CHyCly). IR (cm1) 3280, 1696, 1643, TH NMR (CDCl3) 5 0.79-
0.92 (m, 7H), 1.34-1.44 (m; 1H), 1.48-1.89 (m, SH), 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 (i, 1H), 5.06
10 (d,1H,/=123),5.12 (4, 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,-ZI.I),
7.93-7.98 (m, 2H). Anal. (C36HaN406+0.50H,0) C, H, N.
+ Example 27: Cbz-L-Leu-L-Phe-L-Gln-CH,0C(0)-(2.6-dichlorophenyl)

15 |
" Preparation of Intermedite Cbz-L-(r-Gln)-CHNy:

To a solution of 5.22 g of commercxally obtained Cbz-L-(T r-Gln)-OH (10. O 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 I 64 g of isobutyl chloroformate (12. 0 mmol) 'I'he reaction
- mixture was' stirred for 40 min before it was filtered to remove the solid formed. |

Dxazomethane in ether, generated from 50gof Diazald (2; mmol) and 5 Og of KOH



mmol) and 1.5 g of cesiumfluoride (10 nmmol) were stirr f DMF
at 65 C for 3.51. Then, 150 nL of Et OAc was added and ?%‘e#eﬁ{l%&%f

" washed 4 times with brine and dried over Na2SO4. The sol vent was reaned
under reduced' pressure and the residue was purified by flash columm

- chromat 0%@8{] é)el uting with hexane/ Et OAc; 3:1, 25 800.nL; 2:1, 1800 nL) to
pr-ovi de é’ product (59% vyi el d) 1H NWR (CDC13) S PK:IIBSOWZMBI(m

23H), 6.90 (s, | , '5.90 (d, 1 H,"'5.15 (s, 2H), 4.85-5.10 (dd,. 2H), 4.45
.(m IH, 2" 35265(m 2H), 2.15-2.35 (m 1H), 1.90-2.10 (m IH). 04 '
February 2004 WO 01/10894 PCTI USOY 2106% -70 Preparation of Lnternediate.
:Cbz- L-Leu-L-Phe-L-(Tr-G n)-CH20C(.O) - ( 26~ ai chl orophenyl).: Cbz L-(Tr-

A n)-CH20OC( O - (2, 6-di chl orophenyl) (0-90.9, 1 0 mmol ) was dissolved in 50

nL of Bl O acthddaddedot Bl dn 0Dl 240% B9E apd. S0 ML Of L0 M -

HCL in Et20 were -added. The m xture Wwas EX oS

Cfor 4. h.solvsmt swidetisredeced rpeswey thy frbduﬂt[éitﬂvﬂﬁ piicdh gyf hﬂ Batc‘éu‘léﬁf
concentra ed #,Pdel’ duced pressure. The residue was uSe |rec in
‘the next & %WtcuPasm@rCH;ﬁh@h%.(wﬂ 1,16:00AnL91«£n 21600emEo100:30n of
0.70 g of L-.Ph and 0, 40 Et3N(40rrrmI)|n
50 L of Cﬁgéﬁc )Lt\%g)g S&% %ragwn?&%ﬂ@%emh{ R'/(@DCHm)B Y.15-TH0e(mj xt ur e
was stisred r ey e ude amne product
- - prepar ed gggVTe@o(iﬂlg)r ggoqg‘rllfg)gsgg (ﬁi zﬁ?ﬁﬁ@ %ﬁi%{ﬁ ntvé25r2:Hpimd
under reduddy 2. H(B(xp,rldi)suse(mppl{) he residue was purified by flash col um

chromat ography (eluting with a 1:1 m xture of hexane/EtQAc) to give 0.88 g
of product (72%ield over two steps). 1H NWR (DMBO-d6) S 7.90-8.70 (m

o {n " P Bt g B e S0 (T

10 At 0 °C, to a solution of 4.8 g of Cbz—L—(Tr—GIn)-CHNZ (8.8 mmol) in 200 mL of
' anhydrous Et20 and 30 mL of THF, was added 50 mL of 1.0 M HCI in Etzo slowly.

The reaction was completed cleanly after 15 min. After evaporatlon of the solvent .

~ under reduced pressure, the product was obtained and used directly in the next step
without further punﬁcatmn 1H NMR (CDCh) & 7 15—7 40 (m 20H) 6.95 (s, 1H), 5.95

15 - (d, 1H), 5.10(s, 2H), 4.40 (m, [H), 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-(7; r-GIn)—CHzoC(O)-(Z,G-dichlomphenyl):

20 2. 40 g of Cbz-L-(Tr-GIn)-CHzc[ (4 3 mmo!) 1 07 g of 2 6-d:chlorobenzoxc acld (5 6 -
mmol) and 1.5 g of cesium fluoride’ (10 mmol) were sturcd in 20 mL of DMF at 65 °C
for3.5'h. Then, 150 mL of EtOAc was added and the mixture was washed 4 times w1th '

‘ brmc and dncd over NagSO4 The solvent was removed under reduced’ prcssure and the
residue was purified by flash column chromatography (elutmg wnth hexanelEtOAc 3:1,

- 25 800mL;2: I, 1800 mL) to provide 1.80 g of product (59%. yield). 1H NMR (CDCl3) 8

' -+ 7.15-7.40 (m, 23H), 6.90 (s, IH), 5.90 (d IH), 5.15 (s, 2H), 4.85-5.10 (dd 2H) 445
(m, 1H), 2.35-2.65 (m 2H), 2.15-2.35 (m, 1H), 1.90-2 lO (m, 1H). '



20 Preparation of Product 4 ebrua
Cbz- L- Leu- L-Phe-L-d n- CH20C( O) - ( 2, 6-di chl or ophenyl ) At (9 5 ut I on.

of 0.80 g of Cbz-L-Leu-L-Phe-L-(Tr-Gln)-CH2OC(O) - (2,6- dichl orophenyl) in

24 nL of CH2Cl 2, was .' added 8 niL of TFA slowy. The yellow m xture was
stirred W@IOUZOSEH and t hen NaHC03 (solid) was added to quen: F TFA .
until the yell ow col or di sappeared. The organic | ayer was gﬂ'&ﬁ fg{ﬂga and t he
solid was - washed thoroughly with CH2Cl 2. The conbi ned organic | ayers were

concentrated and the residue was purified by preparative TLC (eluting with -
10:1 CH2Cl 2/ CH3OH) to give 100 ng of pfbduct (17%yield). 1H NVR (CH30OH44)
s 7.10-7.50 (m - 13H) 04 February 2004 WO 01/10894 PCT/ US00/21061 -71

4.00-5. 20 3.25 214), 1.75-2.50 (m 4H), 1.20-1.70.(m

© 31-1), 0. 9‘6&?"&&% €C/ I\é e("%%ﬁ)e 72@%%1#%29%L1Tr-6&7)(¢4{%@g(@%( )ENZ0i C
aci d) . ExadiBhiBropBenyty:Met h |i soxazol e-3-carbox 1 -L-Val-L-Ph 4-F -1- P -
rrol -Ala -2 Benzth| azole H.(28) Preparation of Internediate '
- Boc- L- (N-2, 4- Di met hoxybenzyl ) - (S)-Pyrrol - Al ani nol -2- Benzt hi azoie (Zl):

~ To a sol ut .
~ Boc- L- (N ZAL‘E{"’HQ{MZQ@@M}Z;G(@):WMMIN(6.)90?g h@mlya%%%lés |J i
(prepaked %%ﬂ%ﬁm% Ie 21) (0.252 g, 54 mo q \731 Bool ed
~at -20 C "was i { 16HE, a@?%ﬂmxgquﬁﬂ%mwdsﬂﬁggfepgg« -
m xt ure WEHCIdhiBt and then was . partitioned between
saturat ed. H2O (S%an)?é%drﬁrgalg&dzg%f’%\vise@oﬁ ?ﬂ_]ﬂzﬁmbﬁ@amat%a@efbrwas :
dri ed oveh. MyBO&olifls Ivieze e€noviadby %&aﬁ&{ raﬂd e ﬁﬂ%ter%% %ggce\gggtegu&‘;e;ed by:

flash col unn ¢ r omat ogr aphy (gradl ent
uced pressure. ¢ residue was used directly in ‘the next step without . further. -

. purification.
10

10

At 0 .°C, to a solution of 0,70 g of Cbz-L-Lcu-L—Phe—OH (1.70 mmol) and 0.40 g of
Et«N (4 0 mmol) in 50 mL of CH;Cly, was added 0.75 ¢ g of BOP rcagent (l .70 mmol)
‘ 'The mixture was stitred for 50 mm before being mlxed with the crude amine product
“prepared above. After stirring 42 h at 23 °C, the solvent was removed under reduced -
15 pressure and the reszdue was punﬁed by ﬂash column chxomatography (elutmg witha -
1:1 mixture of hexane/EtOAc) to glve 0. 88 g of product (72% yield over two steps) |
NMR (DMSO—d5) 87.90-8.70 (m, 3H), 7.10-7.50 (m, 29H), 4.75-5.20 (m, 4H), 4.55 (m,
lH) 4.30 (m 1H), 4.00 (m, 1H), 2.70-3.20 (m, 2H), 0.70-2.50 (m, 13H).

20 Prﬁpa@don of Product Cbz_-L-Leu-l_.—Phe-L-GIn-CHgO_C(O)-(2,6—dichloropheﬁﬂ) '

| At 0 C to a soluuon of 0. 80 g of Cbz—L-Leu-L-Phe-L—(Tr-GIn)-CI-IzOC(O)-(2 6-
. dlchlorophenyl) in 24 rnL of CH2C12, was’ added 8 mL of TFA slowly The ycllow
mixture was shrrcd for 2 h, and then NaHCO3 (sohd) was added to quench the TFA

' | 25 untll the yellow color dzsappearcd 'l'he orgamc layer was separated and the solid ‘was ;

N washed thoroughly wnh CH2C12 The combmed orgamc layers were concentrated and
| the res:due was punﬁed by preparatnve TLC (elutmg with 10: 1 CHgClp_/CH;OH) to
give 100 mg of product (17% yield). H NMR (CH-OH-cL;) 8 7.10-7.50 (m, 13H),



elution, 0-2% CH3OH in CH2Cl12) to give :
Boc- L- (N- 2, 4-di et hoxybenzyl )-(S)-Pyrrol - Al aninol -2- ber?%tFﬁFgJ%)f%OO(‘lo 199 ¢
68% yield) as a white foam IR (cm 1) 3334, 1654, 1508, 1160. 1H NMR
(CDCI 3) (rrixture of isomers) 8 1.35 (s), 1.46 (s),"'1.88-1.97 (m, 20
- 2. 04- 2. 1%6@1/ 23-2.28 (nm), 2.52-2.60 (M, 2.66-2.74 (n), 3.16-3.28 (m,
378 (s) %3‘8943 84 (m), 4.22-4.26 (m),.4.38-4.51 (), SPAMUSHLRIqLN)
-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, J=
6.9). Anal. (C28H35N306S) C. H, N. 04 Fefruary 2004 W O 01110894 :
PCT/ US00121061 -72 Preparation of Interned ate
' Boc- L-Val - L-Phe(4-F)-L-(N2, 4-D nmet hoxybenzyl)-(S)- Pyrrol-Al ani nol
- 2--Benzt hi az&0@-5(2B8m,)7H), 2.70-3.25 (m, 2H

Boc-L- (N2, d| nmet hox ngnz%/ﬁ )r’rlo75-2 Orgmh FI)’ZI %%rlrzﬂito EO?B(TQQ g, _
0.37 rmol 6H) 0¥P (kiddl)/\?é%fil?; ssmMemoMameﬁﬁnmc)d) and a sol ution
of HO in 1 4 d| oxane (4-0 M 3 nlL) was added. The reaction was stirred at
23 Cfor 3 h, and then the sol vent was renoved under reduced pressure The
resi due waExdime £ e : ‘

Boc- L-Val - L-Phe(4-F) - prepare - Srre—th FHsal t  of
4-f uoréph&%ﬁiﬁbﬁe in a manner anal ogous to the prepar atr on 10 of Cbz

L- Leu- L- Phe-L- (N Ac-ami no-Al a)-OH described in Exanpl e 9) (0. 202 g, 0.56
mol , v1. 5 equiv), NIVM(O 163 m., 0.1.48 mrﬁ'l, 4 equiv) and HATU (0. 213 g,
0.56 mmol, 1.5 equiv) were added sequen alyl y. The, reaction mxture was.
stirred'at to 0 C for 40 m tAE sol¥Rant was renoved under
reduced pressure. The resi v% n up Jn CHZCI 2 (50 nmL), and was
washed sequentially wit NH 's"15 saturated NaHCG3 (50 ni),
.H20 (50 L), .and brine (58 ) . THe |% layer was dried over MySO4,
filtered, and concentrated. The resid s purified by flash colum

chr omat ogr aphy (2% CH3OH in CH2Cl 2) to Qi Vle Boc- L-Val -@28Phe(4-F)-L-(N

2, 4-di net hoxybenzyl) (S) Pyrrol - Al ani nol - 2-benzt hi azol e (0.280 g, 94%
yield). Rf

Preparahon of Intermcdlate Boc-L-(N-2 4-D1methoxybcnzyl)—(S)—Pyrrol Alamnol-.‘!—
Benzthjazole (Z1):

0 _
Toa solutron of Boc~L-[(N 2, 4—d:methaxybenzy1) ~(S)-Pyrrol- AIa]-2—benztluazole (T1)
(preparcd as described in Example 21) (0. 252 £, 0.54 mmol, 1 equiv) cooled at —20 °C
- was added NaBHj  (0.010 g, 0.27 mmol, 0.5 equiv). The reaction mixture was stirred at
| ~20 °C for 20 min, and then was partitioned between saturated H,O (50 mL) and
| ;5 CH2C12 2-x 50 mL). The organic layer was dried over MgSOq, filtered, and
| concentrated. “The resrdue was purified by flash column chromatography (gradient
: eluuon, 0-52% CH30H in CH,Cly) to give Boc-L-(N-2 4-dlmethoxybenzyl)-(S) Pyrrol-
Alamnol-2-benzth1azole (0 199 g, 68% yield) as a white foam. IR (cm)) 3334 1654,
1508 1160. 'H NMR (CDC!;) (mlxture of isomers) 5 1. 35@), 1 46 s), l 88-1.97 (m)
20 - 204-2.10 (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), 6.27-629 (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,J 6. 9) Anal, (C28H35N306S) C, H, N.



0.59 (10% CH30H i n CH2Cl 2).
(m xture of

6.9), 0.95 (d, J = 6.6), 1.46 (s), 1.47 (s), 1.59-1.65 (), 2.08-2.13

2.87-3.18 (M), 2.94-2.96 (m), 3.02- 3.05 (m, 3.18-3.28 (m), 390401(rr),
88 (m, 5.07-5.12 (n), 5.98 '(n), 6.24-

‘ ?@“89% 63-6.74 (M), 6.77-6.89 (m), 6.97-7.00 (‘FST’U?“"’Z(‘% Ay .

7.36-7.53 (n), 7.87-8.00 (n). 8. 12 (m), 8.76 (m). Anal.

(CA2H52FN5088. O. 50H20) C, H, N. Preparation of Internediate

4.23-4.
6.47-6.

- (5-Met hyl i soxazol e- 3- 66xboxyi ) - L- Val -

e(4-F)-L- (N

IR(cml) 3279, 1644, 1158. h*#e%ry(%l?’) 20
|sorrers)8051(d J =6.6), 0.67 (d, J:66)09(d J =

(m,

2, 4- D met haxybenzyl) - (S) - Pyrrol - Al ani noﬂ]z Benzt hi azol e (BBZ) 04 February
2004 WO 01/10894 -73 PCT/ US00/ 21061
Boc- L- Val - Preph@fién Fbf Lhﬁé\ln?edfkteﬂl Bsé-b%ria

i azol e

n), and aPyepl

reaction was stirred at 23 Cfor 3 .h, and then the solvent, was renoved

“under reduced. Pressure.

cool ed t o BolL-(AUH4Airh ehizfli . uiv)
5-nethyli so?<azo(l e- 3- ca?tggﬁﬁ ?fpgr ’?im@?gmg% 2 BEJ%‘"?%@ m@!w %‘a
were addestmolhb0 equiv) e dnssnlmdenﬂ/adsdxskaﬁer(gdngj AdG EMiticROofY H{;\Ijl
was partit onedc@tqehé\yl\gﬁgltsaturat ed H20 (50 mL) and CH2Cl 2 (2 x 50 nil).

- conbi ned

I&as addgda dThmacmamtmd an@3 éCdm bpandathen .

The residue was dissolved 5 in CHZCI2 (15 rrL)

| v)
t hen
The

0 .
E:-ISSC szolg;tegsab&ﬁ%%m@é}i &deg'%dﬂgé’dl ;];r'es?sgxte' Oﬂlc resi trz]eewgse IS$ 'Ilved 1r21 é)HC_-;EZI?’I\IO_I ‘N

(5-met hyl i(3oxAnOL&1Ad &R0 POXYHA B&i MV%‘L I@%@f £y @1 /Okpré%qr%g ﬁg %ﬁﬁg

S) - Pyrrof - Al ani nol ) - 2 benzt hi azo
= 0.55 (1@%1@43@041\1!11 Saltlﬂf@il-ﬂv)omp}&nyhm?ﬂr)e ;a%&i;ambeéaalo%&ﬁ&d Jﬂ%p%ég%u&\"\ﬂ?

(CDCl
0. 83

OI’T'EI’

NG CESSIRE

(). %éé"%"‘s‘?ﬁm‘*]wi’ A (0167 81 5 il 4 Qi R ofle, 56 5

4.6),..6. 20nrol, 1.5 eqmv) were added sequentlally The reaction mixture was stirred at to 0 °C

15

20

for 40 min, and then the solvent was removed under reduced f pressure The resndue was'

zyl ) -
am Rf

S
’?’1)‘1‘}0-31!3898&@@&1 degeribad szmmmlc PDAOQOP, g,Jn 961 2.02

J_

taken up into CH;;CIQ_ (50 mL), and was washed sequentially with 0.5 N HCI (50 mL),',
saturated NaHCO_-; (50 mL), H0 (50 mL), and brine (50 mL). The organic layer was

~ dried over MgSOQy, filtered, and concentrated. The residue was punﬁed by flash

column chromatography (2% CH30H in CH;Cl) to give Boc-L-Val-L-Phé(4-F)-L-(N-
2 4-dimethoxybenzyl)-(S)-Pyrrol-Alaninol- 2-benzthiazole (0.280 g, 94% yield). Re=

10.59 (10% CH3OH in CHoCh). IR (cnrl) 3279, 1644, 1158. TH'NMR (CDCl3)
- (mixture oflsomers)8 0.51 (d, 7 = 6.6), 0.67 (d, J = 6.6), 0.9 (d,J 59), 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), 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), 6.47-6.53 (m), 6.63-6.74 (m), 6.77-6.89 (m), 6.97-7.00 (m), 7.11-
. 720 (m), 736-7.53 (m), 7.87-8.00 (m), 8.17 (m), 876 (m).  Anal
(C42H52FN5035_°0-.50H20) CHN, - o

: Prcpmanon of Intermedlatc (S-Mcthyl:soxazole-B-carboxyl)-L-Val-L-Phe(4-F)-L-(N-

2 4-Duneﬁ10xybenzyl) (.S')-Pyuol-Alamnol—2—Benztluazole (BBZ)

(O, 2800‘8‘3&30 35 mol, 1.0 equiv. was d| ssol v’e&jlmeﬂ@kgg%ﬁgggﬁbenu h_ .

inob2-Bengthiszolei(BB1Y oxane (4.0 M 3 nL) was added. The



J =6.3), 6.42-6.48 (n), 6.63-6.69. (n) 6.74-6.80 (m, oﬁpgsn@npg)oz;(n)
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. (C42H47FN609S0. 50H20) C H, N. 20 Preparation of

I nt er nedi at e (5- Met hyl i soxazol e-3-car boxyl)-E, -Val - -Phe(4 F)-L-[ (N 2,4

* D met hoxyWwersasmoge4 (S) Pyrrol,tila]-2-Benzthi azol e (Yl) 8@8@9}“ n of
Dess- Martin periodi nane (0. 114 g, 0.27 mmol, 1.2 equiv) in %)7 25

M.) was added (5=nethylisoxaztile-3-car boxyl)-L-VaI-L Phe(4-F)-L-(N-2, 4-
di met hoxybenzyl)-(S)-Pyrrol Al aninoi-2-benzthiazole (0 182 g, 0.22 mol, |
equiv) in CH2CA2 (3 nL). The reaction J@3xture was stirred at room - .
tenperature for 2 h, and then was. partitioned between sat ur at ed H20 .

(50. M). ang 2% E’%%{ nm.). The conbined organic "|ayers were dried -
over Na2 SO4Pafi~ Vdrle ﬂrféﬂr@&Béddmﬁtfmjfbmwmm’)-mo?@hwﬁbw%@MmMIe C
. 01/10894 -7 fggT chr omat hic: purification of the residue
(2% CH3OH | ﬁ) g%g; Hligila%gg]f{ gquiv S)was ggso%)ed inl tP—dloxane (3 mL), and a solution of

t hyl adot Aatit s Y4. Lg aF
‘ Zedl ?/na![ ﬁgiybenﬁ;%\l S) iIéggr?;)hlk 3/%La)] wabgdaﬁztmgz%g%?b"’aiéguﬁd a2 Cifen 3y as
white foam h.Rpdthenghe 5 %m&emwedmﬂﬁlré’duccd pRsage The 248 “Jagﬁ%?oﬁbggg ,

27002 3o (RCHy2 U B17iebbichfy 0%, anind ﬁom&q%fm&mﬁ&o i cagip)
5 55,55 1 ShebotBol okl daforids 0% a 00 mel, Tsogup ke

3 7.54- A6, (h BufOnds 19- 111), 8.96
(_5? . H J.,= 5. (7) eidr%lmII'(‘C42H45F%6088§°L$€3”8'%f—‘i"aﬁglﬁ?j‘s""smﬂlﬂ)ﬂmﬁd

between saturated H,0 (50 mL) and CH,Clh, (2 x 50 mL). The combined organic

layers were dried over NazS0Qq4 and were concentrated Flash column chromatographic
10 ; purification of the residue (2% CH30H in CH,Cly) ga\_re (5-methylisoxazole-3-
carboxyi)-L-Val-L-Phe(4—F)TL-(N-Z_,4—dimethoxybenzyl)-(S)-Pyrrol-Alaninol):-2-‘ |
 benzthiazole (0.182 g, 65% yield) as a white foam. Ry = 0.5 (10% CH30H in
CHyCh). IR (cm-1) 3281, 1643; 1539, 1209.- 1H NMR (CDCI 3) (mixtire of i isomers) &
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-
15 178 (m), 1.94-2.02 (m), 2.12-2.26 (m), 244-2 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 (4,
J=63), 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), 8.16 (d, J = 7.5), 874 (d, J = 57). Anal
 (Ca2Hg7FNg03S+0.50H,0) C, H, N,
Preparat:on of Intermedlate (5-Methyhsoxazole—3-carboxyl)—L—Va!-L-Phe(4-F)-L—[(N-
| 2, 4*D1merhoxybenzyl) (&-Pyﬂol—AIa]-2-Benmhluole (Y l)

.To a solution of Dess-Martin periodinane (O 114 lg, 0.27 mmol, 1 2 equiv) in CH,Cl, (7
| 25 . mL) _' was  added (S-mcthyhsoxazo1e-3-carboxyl)-L—Val~L-Phe(4—F)—L—(N 2,4~ :
o dimethoxyb'enzyl) -(S)- ol-AIamnol-2—benzth1azolc (0 182 g, 0. 22 mmol, 1 equiv) in
CHZCI;_ (3 mL). The reaction mixture was smred at room temperature for 2 h, and then -
was parutloned between saturated H,_O (50.mL) and CH_-,_Clz (2 x 50 mL) The

combmed organic layers were dned over NaZSO4 and were concentrated Flash column



Preparation of Product (W2): To a suspension 04 February2004
(5-met hyl i soxazol e- 3-car boxyl )-L-Val -L-Phe(4-F)-L-[(N-2,4

di met hoxybenrryl J-(S)-Pyrrol Al a]-2-benzthiazole (0.132 g, 0:16 mmol, 1
equiv) in 15 CH3CN (10 nL) and H20O (I nlL). was added DDQ (0.132 g, 0.58
mml, 3.6 equiv. The reaction mxture was stirred at 60 C for 5 h, and

t hen vvas?”ﬁlol"msgﬂ with CH2CI 2 (50 nl) and washed sequent PEIIUS00R 1061
saturated NaHCO3 (40 nL) and brine (40 nL). - The organic layer was dried.
over Na2SO4 and was concentrated. The residue was purified by flash col um
-.chromat ogr aphy (gradient elution, 2-+49% CH3CH in' CHCI2) to give 20

(5-met hyl i soxazol e- 3-car boxyl) L- Val - Ehe(4 F)-L-((S)=Pyrrol
Al al - 2-benzthiazole (0.011 g, 11% as'a white foam Rf= 0.43 10%CHBC]—I in

o5 (@ kg, e ARGt Bl s,
. (2H) 43 aleiagnfdmaz&bm,caﬂa&g QAL-%J %mhe@)-:.—éﬁgg%.é@%%ﬁ]b ,,Z.JF%*)(S) Bortai. > A81

S ot e v o 01 Gt

.Resul ts ofHeek} sl%enlyﬂﬂ@%a,ldﬂéf h5p% 1208 HIINMRmﬁ}DElgl}sBOD?m,GSH nregighon are
e LIRS R i 3800, . 7Hi6, )% B3 7 60, PRGN 21061
G Tari ot PR Gl e S U 4 YR AR R R A Sﬁéases
e oo, e sokC e D SIS o8 (oS . GR T2 *"SW%‘%&@S?‘*) Vol

6(5), 6096%%?3? 2% st $28-8.214 (m,6, 1Hnd8P6ne(de  1H, prepar 0)by Al

fol |l owi ng (@Emmoggjzmt(ﬁ%’%m_c procedures: (1) ion exchange

10 . o |
 Preparation of Product (W2):

.To a suspension (s-methyzi'soiazole-z,-carboxyl)-L-val-'L-Phe(rt‘-F)-L :"[(N-Z 4-
d:me!hoxybenzyl)—(&-PyrroI-Ala]-2~bcnzthsazole (0.132 g, 0:16 mmol, 1 equiv) m
15 ° CH;CN (10 mL) and H,0 (1 mL) was added DDQ (0.132 g, 0 58 mmol, 3.6 equw)
'Ihg reaction mixture was stirred at 60 °C for 5 h, and then was diluted with CH,Cl» (50
- mL) and washed sequentially with saturated NaHCO_«, (40 mL) and bﬁnc (40 mt.) -The
‘organic layer was dried over NazS04 and was concenuated The residue was punf ed
by ﬂash column chromatography (gradlent elution, 2—»4% CH~0H in CH2C12) to give
20 (S-methyllsoxazole-B-carboxyl) L-Val-L-Phe(4—F)-L-[(S)-PyrroI—AIa]-Z-benzthxazole
o ‘(0 011 g, 11%) as a white foam. Rf— 0.43 (10% CH30H in CH2C12) IR (cm“) 3284 |
1682, 1265. 'H NMR (CDClg) 5 0.91 (d,3H,J=6. 6) 0. 95 @, SH J 6.6}, 2.08-2.28 |
(m, 5H), 2.51-2.56' (m, 5H), 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, lH) 645 (s 1H), 6.52 (s br 1H), 6.79-6. 85.(m, 2H), |
25 | '6.87-6.94 (m, lH) 7.13-7. I7(m, 2H), 7.55- 764 (m, 2H), 8. 01-8 06 (m, 1H), 8.18-8.21-
| (m, IH) 8:31 (d iH, J 66) HRMS MCs+ 795 1259. '

,Rcsults of tests conducted usmg exemplary compounds of the mvention are described



- using Affi- CGel Blue from Biorad;

usi ng Q Sepharose Fast Flow from Pharnacia; (2) affinitywidubamy osgsaphy
and (3) sizing using Sephadex G 100 from

Phannaci a. Each assay sanple contained 2% DMSO, 50 mmtris pH 7.6, 1 nM

EDTA, a test conpound at the indicated concentration, approxinmately 1

pM-subst rE0®1/1emed 50- 100 nM prot ease. 15 The kobs/ | val ue?1 were obtained
fromreactions initiated by addition. of enzyne rather GHUSIMAPG1at 6. RVP

activity was neasured in the fluorescence resonance energy transfer assay.
The substrate was (N term nal) DABCYL-(d y-Arg-Al a-Val - Phe-Qd n-

G y-Pro-Val-dy)-EDANS. In the uncl eavedsspepti de, the EDANS fl uorescence
was .quenched.. by. the. proxinal DABCYL noiety. Wen the peptide was

cl eaved, the 20 quenching was relieved, and activity was neasured as.an
increase in fluorescence signal. Data were analyzed using standard

non-1.i near BIOCHPOIOAR KR re._shown in -the table , bel ow.
The tabul ated datfa fn ﬁ% A lj were neasured from
progress curves in enzyne start experiments. 25 Anti rhinoviral H -Hela :
Cell Culture Assa'ln this cell protection assay, the ability of conpounds

to protect Iﬁﬁbitﬁn@gmﬁy,rh@/c ljr&f ection was neasured by the XTT dye

reducti on method, which IS-déstriped in .Wislowet al., J Natl. -Cancer

Inst. (2989), vol. $1 577-596.' 04 February 2004 WO 01/10894 -76
ceIIs were'infected with HRV-14 at a multiplicity of

PCT/ US00/ 2§gq6é Hy e
i nf ecti on %03105? %Pmdd (mnmsomafmb@éaﬂ,bdw@w}pgk? Rlgeg lg{iim\glthl%
X

-medi um onl e e&}r?eg ck-infected .cells were res
' re il Bie Scﬁ{’%’{{o #ﬁ comppyR thinowinus 3€opotrasesalseo Birdhf et e

cells per nL; and incu

conpounds thlrﬁe:attmsoﬁd rAbast was added tq test plates:
o A thitovird 14 S&E’F‘dﬁ%ﬁéewﬁﬁﬂh@%mhmal 'y

and the anp n,t of formazan produced was quan
" at 450/ 650°%m 'FH in B Rugl owmwmm(symgmsmoﬁa%r&%ﬁgg

conpourtd t Hiahared rtﬁgggﬂ t he percentage of fornazan Were
compound-t'r eat ed vi T us- i ‘%‘Hf” chromatographic procedures: (1) ion exchange

" using Q Sepharose Fast Flow from Pharmacia; (2) affinity chromatography using Affi-
Gel Blue from Biorad; and (3) s:zmg using Sephadex G-100 from Phannacra. Each
assay sample contained 2% DMSO, 50 mM tris pH 7 6,1 mM EDTA, a test compound-
at the indicated concentration, approx:matcly 1 pM-substrate, and 50-100 nM protease.

15 | The kobs/I values were obtained from reactlons lmttated by addition of enzyme rather
than substrate RVP activity was measured in the ﬂuorescence resonance energy
transfer assay. The substrate was (N-terminal) DABCYL—(GIy-Arg—Ala-Val-Phe-Gln-
Gly-Pro-Val-Gly)-EDANS In the uncleaved pepude the EDANS ﬂuorescence was |

o quenched. by the proxrmal DABCYL mo:ety When the peptrde was cleaved, the |

‘2‘0 ' quenchmg was reheved -and actmty was mcasured as an increase in fluorescence

| srgnal Data were analyzed usmg standard non-hnear fitting programs (Enzf' t), and are

shown in -the table below.. The tabulated data in the column desrgnated kd,s![l] were

measured from progress curves m enzyme start expenments

25  Antirhinoviral H1-HeLa Cell Culture Assay:

| In'thls cell -protection assay, the abtllty of compounds to protect cells agamst HRV
inf |
n ectmn was measured by the XTT dye reducuon method whtch is descnbed in .
: .Welslow etal J Natl Cancer Inst. (1989) vol. 81, 577-586.°



cells to 50% of that produced by conpound free, nock-inaFepeiapebdm The
50% 10 cytotoxic dose (CC50) was cal cul ated as the concentration of
conpound that decreased the percentage of formazan produced in
conpound-treated, nock-infected cells to 50% of that .produced by
conpoun gﬁﬁ ck-infected cells. The. therapeutic |ndex TI) was
cal culated by dividing the CC50 val ue by the ECSO val ue. PEB/U§00/2106%¢ 1 aj ns
of human rhinovirus (HRV) for use in this ' assay were purchased from
Anerican Type Culture Collection (ATCC), - except for HRV serotype-14
(produced fromthe infectious cDNA cl oRg_constructed by Dr..Robert
Rueckert, Institute for Ml ecular Virology, University of Wsconsin,
Madi son, W sconsin). HRV stocks were propagated and viral assays were
.perfornmed in H-HeLa cells (ATCC). Cells -were. 20. grown in m ni nal

bovi ne serum available fromlLife

~ essential gﬁd h 10% fetal - '
Technol ogi %{é%’f’ﬂ WHE Fﬁeﬂﬁlb}"ﬂh‘ifé%v-lr‘bgm maltipbicityt dfinfNoR GE V4. YA, ghown
in the tab 0 kj eviral .Cell Culture Assa :
. Coxsacki ewk‘rgus J?@*S%’SS"A&@PA %% m%f; daﬁﬂhggﬂt"ev y- \Aéll@dsémhaedﬂmﬁfqteﬂn :
Aneri can td Qn Roc vi || MD). 'Virus stocks were
| GRS et Tadie gﬁé‘i LR Cﬁ% dan “ﬂlhatr-ré | witle eapp@p(mlﬁcc:)

propagated and antivir assays

Cel s Ver ecgrcammuonswtlﬁebhwdiﬁ% fe el 01:@3,(@ Satef Wﬁ%galé ﬁﬁg&@ es.

m ni mal essent l al mediumwith 10% fetal bovine er um

Ga.t L her sbuﬁeg P&isf and-the agiunt Pflfqmammrodmédzz&stqod abmlffﬂﬁéb@;gr £ élbﬁm?éiﬁéd g@t
either. asure e ye.reduction.
et hod. Th| s rre @( 8?5’8 Y Vs %?lgletﬁ‘l\ﬁs the cancentratmaof comipoundrthatnst .
(1989)., v 1, I a | | re.infected with CAV-21. or CVB3
at a . nul tﬁgfrlegﬁdy&gf e?& Y E'O_flie : a;-%ﬁ pr?d o iy sgmppungt-tsated, vimisdofected! y, or

nmock- i nf ectelld i 5ml%neﬁthammsuq¢edl-$y Ebhposfl-frs:, wﬁg&_lgke%{e%dcg 4T>flelgél%cel I's

per
10 cytotoxic dose (CCs0) was calculatéd as the concentration of compound that decreased

the percentage of formazan produced in compound-treated, mock-mfected cells to 50%
“of that produced by compound-free, mock—mfected cells. The. therapeutlc mdex (1
was calculated by dividing the CCsg value by the ECs0 value.

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 RUeckerl:, Institute for

. Molecular Virology, University of Wisconsin, Madason, Wisconsin). HRV stocks were
: propagated and viral assays were performed in H1 HeLa cells (ATCC) Cells were.
- 20, | grown in minimal essentlal medlum w1th 10% fetal bovme serum avallable from Llfe
Technologies (Gaithersburg, MD) ' '

'l‘est results for the H'RV'a's;say are shown in the table below.
25 Anticoxsackieviral Cell Culture Assay:
Coxsackxevuus types A-21 (CAV-ZI) and BB (CVB3) were purchased from Amencan

Type Culture Collection (ATCC, Rockville, MD) Vu'us stocks were propagated and
_antiviral assays were performed. in Hl-HeLa cells (ATCC) " Cells “were grown in



well in a 96-well.plate and incubated with appropriate' gageefRk 2dgsons  of
the test 10 conpound. One day (CVvB3) or two days (CAV-2 1) later, XTT /PNM5
was added to test plates and :the amount of fonnazan produced was
quantified spectrophotonetrically at 450/650 nm_ The EC50 was cal cul at ed
as the of nd that increased the formazan production in
comoundWﬁgg@g virus-infected cells to 50% of that prBdliEew2iger
conmpound-free, uninfected cells. The 50% cytotoxi c dose (CC50) was 15

cal cul ated as the concentration of conmpound that decreased fornazan
production in conpound-treated, uninfec ‘Fd cells to 50% of that. produced
I n conpound-free, uninfected- cells. Therapeutic index (Tl) was

cal cul-ated by dividing the CC50 by the EC50 20 Anti -Echo viral ' and

 Anti - Ent er omisialal Cadstntial!| fnddRm\SRRY S 15HD
pur chased from ATCC (Rockville, %) 1&% %%I "ok erk)%e &dcgoéﬂﬁﬁg’i“gaglﬁﬁd
antiviral a§}§é‘}@3m Pérformed in MRG-5 cell s (ATCC) Cells were grown in
m nimal essential nmediumwi th 10% fetal bovine serum (Life 25
Technol ogi es, Gaithersburg, MD). The abili ty of conpound 28 to protect
cell's agai nﬂeﬁﬂ‘@(},fd ndoheg b red. b T dye reduct i on
ontighRE 2B 0 ptfi2e BftS dbiny: ol CRYAA opt VB Eimicesin)

met hod (Wi sl'ow et al cer
MRC-5 cé | Swmmm@“mmﬁeﬁgﬂ@t'bﬂmﬁho&”ﬂﬂk thethodqt dQscggg’d A wiglg: 04

‘February 2004 V?l\?q 94 78 PCTI US00/ 21061 respectively, of nock-i n‘?’ect ed

with rredlurﬁ

produced wasy rAsaOinFdctea v at 45 650 nrn. The EC .50
was cal cul ated as the concgﬁ%ﬂ; %Rf gﬁtl c!%ﬁﬁo‘iﬁxla ‘Y‘H%\P ated x4 Q'Fé'smr nmazan
pr oguct i OB wall dmrpBewatilt plart and ﬂdctdbuﬁdl WitR Cippebpiatd: Eoﬁc%ntrﬁ)o{ﬁsoéf e Bt
pr oduc
16 Xompound. One day (CVB3) or two days (CAV-21) later, XTT /PMS was added to test
plates and the amount of formazan produced was quantified spectrophotometrically at

450/650 nm. The EC50 was calculated as the concentration of compound that increased
the fonnazan productlon in compound-treated, v1ms-mfected cells to 50% of - that
produced by compound-free, uninfected cells. The 50% cytotox:c dose (CC50) was
15  calculated as the concentration of compound that decreased formazan production in
compound-treated, uninfected cells to 50% of that produced in compound-free

unmfccted cells. The therapeutic index (TI) was calculated by dividing the CCs50 by the
. ECs0.

20 Anti-Echoviral and Anti-Enteroviral Cell Cultute Assays

: Echovnrus type 11- (ECHO 11) was purchased from ATCC (Rockville, MD). Virus
stocks were propagatcd and antiviral assays were performed in MRG-5 cells (ATCC).

- Cells were . -grown in minimal essentia! medium with 10% fetal bovine serum (Life
25 . Technologles Galthcrsburg, MD).

The ability of compound 28 to protect cells agaihst ECHO 11 infection Qvas’ measured
by the XTT dye reduction method (Weislow et al. J Natl. Cancer Inst. (1989) vol. 81,
577—586) MRC-5 ceils were infected with ECHO 11 at an m.o.i. of 0.003 or 0.004,

gees dnsly (laﬁﬂ}afvebtsédsz;ksm HibiHeLaadile dvend infectedl@gh cel | s
.per well a ubad concent.rations of - corrpound Four -
days | ater r@;"(TW'?'ZI:IPI\/B ﬁwggwgégn ngﬁ ol m%f”é?‘é éﬂd’fpﬁgSéﬁﬂﬂ?t tspedtivelyaz an



. conpound-free, uninfected cells. The 50% cytotoxic dose ghaEepflary\B504

cal cul ated as the concentration of conpound that decreased formazan
production in conpound-treated, uninfected cells to 50% of that produced
i n conmpound-free, uninfected cells. The 10 . therapeutic index (Tl) was

cal cul atygg gaMogdy vi ding the CC50 by the EC50. Activity of the conpounds
agai nst enterovirus type 70 (EV 70) may be neasured .by PREUSSYEE6KLssay as

descri bed above in this section. Enterovirus type 70 (EV 70) may be
obtained fromthe Anerican Type Culture Collection ATCC (Rockville, MD). 15
Resul ts obtained for the conpounds of t-ge invention may be conpared to.
results obtained in the sane nmanner for control conpounds WN 51711, WN
-52084, and WN 54954 (obtained from Sterling-Wnthrop 'Pharnaceuticals),

“Pi rodavi r respecavelpdor mock-infened eithRnediBC 84y CRkled &M N,
" (prepar edg%;:jcgrdilng'g%the net hod de’scri_bedgrzo In D%;%F#egﬁa,&y.s HG.
Chem " (1998ied b1 x3H)* tdBSper Aelli ad RlcuBatd vall 2beskife". E}sﬁ, i
conmpounds are sh in.the tab]l e bel ow. The desi gﬂ?]@?’lq%;ﬁe"‘ﬁ |trr?h|8'(§:%t°g's t hat
a val ue JESPRBRC-q&8F fryselatero X TIIRMS cwemadded, to aest pldtes, dmdi the abiovat oRA"
nmeans not fommlﬁ d G FG%E ry 2?04 V&%{al 894 - 79 PCT/ US00/ 21061
© TABLE.' Conpd. #Virus . s ghdtBlape oy c3ly\ibds6/65Mmm.  The ECsg
~serot ype( MdsSedipilated . 8RVhd AROHNION £ BN ipbtndAhat increased the formazan
~ . production in cormipound-treated, virus-infectedf'cells to 50% of that produced By
-~ compound-free, unix_lfected cells. The 50% cytotoxic dose (CCs0) was calculated as ihe
+ concentration of compound that decreased formazan production in compound-treated,
uninfected cells to 50% of that prpduced in compound-ﬁ-eé, uninfected cells. The

10 . therapeutic index (TI) was calculated by dividing the CCs by the ECsy.

~Activity of the compo_imds against enterovirus type 70 (EV 70) may be measured by the
~same assay as dgscribed above in this section. Enterovirus type 70 (EV 70) may be
obtained from the American Type Culture Collection ATCC (waille, 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 pot-detcrmi_ned for that compound, and the designation “NA™ means not

applicable.



L4HRV- 14

“m%%gée5656 NA HRV-

NA . 0. 76>100>100 NA 15HRV-14 ‘NA. 0.098>100>100 NA

16 NA .

4 ND ND ND HR-
>100>100 NA HRV-16 NAO. 322NDND ND HRV-

50 ND ND ND HRV- 14s| owNA>2525NA 4HRV- 14NA16. 3NDNDND 5HR\?41ENALE3Y BIMDND

6HRV- 14NA4. SNDNDND 7HRV- 14NA71NDNDND 8HRV- 14NASONDNDND HRV- 14
. NAL. 7>252. 5. NA HRV- 16NAO. 31>25NDNA HRV- 2NAO. 9ONDNDND HRV- 89 .

10 . HRV- 14 NA20251 .>320>1 11. HRV-14 NA>110NDND ND 12HRV- 14 NA10. 73980 2 -
V-2 NA13. 3NDND ND

2, BGEAUSS2M9UD ND

NAO. 48NDNDND

-79 -
TABLE™ -
‘| Compd. #|  Virus kobs/[l] | K; (uM)® | ECsp (uM) | CCsp (uM) | T
: serotype (M-1s-)b | : - .
1 ‘HRV-142 NA 9 ND ND 'ND
2 HRV-14 .| 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 438 ND ND ND
7 HRV-I4 | Na 71 ND ND ND
3 HRV-14 NA | %0 ND ND ND
9 HRV-14 NA 1.7 >25 25 . NA
"HRV:16 NA 0.31 >25 N | Na
HRV-2 NA 0.90 ND - ND ND
HRV-89 NA 0.48 ND ND ND
10 HRV-14 NA 20 251 >320 >1
1. | 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-
HRV2, { NA | o124 | D ND ND
| HRV9' | Na 0.76 >100 | >100 | Na
15 HRV-14 NA 1 00938 >100 - >100 NA
6 | HRV-14 NA 0035 | >100 | ->j00 | Na
17 HRV-14. NA 0075 | >100 . 5100 NA
18 'HRV-14 NA o1 | 20 120 NA
HRV-16 NA 67 ND ND ND
HRV-2 NA 1 ND ND ND




16HRV- 14 NAO. 035>100>100 NA 17HRV- 14 NA-0.075>100 . >100 gh¥ebSHRV2dc4
'NA9. 1>2620 NA HRV-16 NA 6.7 ND ND ND HRV- 2 NALINDND ND 04, Febr tary 2004 WO
01/ 10894 PCT/ US00/ 21061 -.80 - Conpd..#Virus kobsf 111 Ki (M bEC50 (pM CCSO
(M Tl serotype(1Vl-1s-1)b HRV- 89NAL4' NDNDND 19HRV- 14NA27NDNDND

HRV- 16 D HRV- 2NA-12.9 . ND . NDND HRV- 89NA20. 6 NDNDND
20HRV- 1 Nﬁ’i@@@%}\l@loow 21HRV- 14NAO. 0653. 2>320>100 22HRVPEHUBBY2861 924030

23HRV- 14NAO. 174. 020050 24HRV-14 . NA. 0. 65>10>10NA 25HRV- 14NA4. 7>10>10NA
26HRV- 14NA3. 22>10>10NA _

-80-
Compd. # Virus Kobs/(I} | Kj(uM)b | ECso (uM) | CCso uM) |  TI
. serotype M-1s-1)b , - 1 -
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 | .129 | ND. 'ND ND
HRV-89 | NA | 206 | ND ND ND
20 HRV-14 NA 3.5 174 >100 >6
21 | HRV-14 NA | o065 | 32 >320 | >100 -
22 | HRV-14 NA 0.70 79 | 240 | 30
23 HRV-14 | NA 017 | 40 200 50
24 | HRV-4 | Na 0.65 510 >10 NA
25 | HRV-14 | NA | 47 >0 { 10 | Na
26 HRV-14 | NA | 322 >0 | >0 | Na -
27 | HRV-I4 | 2500 | NA | D ND ND
28 HRV-4 | NA | 0.0045 0.335 251 749
HRV-1A NA ND | 0337 251 744
HRV-10 NA ND 0.253 - 251 992
CVB3¢ NA ND | 579 251 43
. CAV2I* | NA ND 4.67 251 53
e ECHO-11¢ NA ND 0.821 251 305
WINSITIE | HRV-14 NA ND 078 >60 . >77
(WINS2084 | HRV-14 NA ND 007 >10 | >143
WINS4954 | HRV-14, | .NA ND | 213 | >63 >30
Piodavir | HRV-14 | NA ND | 003 | >10 [ >300
Pleconaril | HRV-14 | NA | Np | o001 | >0 |>1000

Notes:  aHRV = human thinovirus of de51gnated serotype
- b3C Protease inhibition activity.
€CVB3 = coxsackievirus B3.
- “CAV-21 = coxsackievirus A21.
5 _ ‘ECHO-11 = echovirus 11..



- 27THRV-14 . 2500' NANO. NDND 28HRV-14 . NA . 0. 00450. 3352517494 February 2004

- HRV- 1 ANANDO. 337251744 HRV- | ONANDO. 253251992 CVB3cNANDS5. 7925143

- CAV- 21NAND4. 6725153 ECHO- | Y: NANDO. 821251305 W N 51711HRV- 1 4NANDO. 78>60>77
W N 52084HRV- 14NANDO. 07>10>143 W N 54954HRV- 14, .. NAND2. 13>63>30

Pi r odavi rwoldiRyesd4 NANDO. 03>10>300 Pl econari | HRV- 14NANDO. 01>10>1000 Not es:

aHRV = human rhinovirus of designated serotype. b3C Prot BGE®SPMHOEA t i on

activity. cCvB3 = coxsackievirus B3. "CAV-21 = coxsackievirus A2 1.

"ECHO-1 | = echovirus 11.. 04 February 2004 NO 01/10894 -81 PCT/US00121061

VWil e the invention has been described igyterns of preferred enbodi nents

and specific exanples, those skilled in the art will recognize that

vari ous changes and nodifications can be made w thout departing fromthe

spirit and scope of the invention. Thus, the .invention should be

under st ood While®he B: NG Hak L ed by the foregoing detail ed description,

but as being defi nigg#_ 3’“91]"% %%"Sgﬁaé%ed}épéi*w %frftfegﬁ@ﬂ embgdimeatseanidspeéific

February 20®amples, those skilled in the art will recognize that various changes and modifications

_can be made without departing from the spirit and scope of the invention. Thus, the
S invention should be understood as not being" limited by the foregoing deta'ile'd’

| description, but as being defined by the appended claims and their equivalents



‘WD 01/10894 -82 WHAT IS CLAIMED IS: 1. A conpound of the4ffebdra2063 v ~
(A3Jp Q- -(A2) m wherein: PCT/CTS00121061 Y is -N(Ry)-, -C(RMRY)-, or -0-,
where each R is independently Hor lower alkyl; R is selected from
optionally substituted al kyl, cycloal kyl, heterocycl oal kyl, aryl,

het er oaryip g1A08b4- C( O R16, where R16 is selected. from opt| é‘? h%
substituted al kKyl, cycloal kyl, heterocycl oal kyl, aryl, WGI al koxy,
cycl oal koxy, heterocycloall coxy, aryloxy, het eroaryl oxy, and am ne; R2 and
R$ are each independently selected fromH, F, and optionally substituted

al kyl, cycloal kyl, leterocycloal kyl, amggl., and heteroaryl; R~ and RO are
each independently selected fromH and optionally substituted al kyl,

cycl oal kyl , heterocycl oal kyl, aryl, heteroaryl, -OR', -SR', NR.7R",’

“NR 9NR' R VHAINS CRADMEDS[S:where R, R $, and R19 are each | ndependent | y-
selected fromH, alkyl, cycloalkyl, heterocycloal kyl, aryl, heteroaryl,

and acyl; Ris a\&mﬁaﬁu%f%gﬁ%ﬁlanm ety; each of RS, R6and R7 is
|ndependently H F, or lower al! msOorl; 04 February 2004 WD 01/10894 -83

PCTI US00121061 pisO, 1,2,3,4,0r5; o A4

\(A3)p -
17 "(Az)m
‘ RSRG
, R4 ) Ra
RQ

wherein:
Y is -N(RY)-, -C(R")(RY)-, or -O-, where each R’ is independently H or lower alkyl;
R!' is selectcd from optlonally substxtuted alkyl cycloa!kyl hetcrocycloalkyl aryl

heteroaryl and -C(O)R“’ where R is selected. from opuonally substituted alkyl,

“cycloalkyl, heterocycloalkyi aryl, heteroaryl, all-.oxy, cycloalkoxy, heterocycloalkoxy,
. aryloxy, hcteroaryloxy, and amine;

R? and R? are each independently selected from H, F, and optionally substituted alkyl
cycloalkyl, heterocycloalkyl aryl, and heteroaryi;

R® and R’ are each mdepcndently selected from H and optionally substttutcd alkyl,
~ cycloalkyl, heterocycloalkyl, aryl, heteroaryl, —OR17 -SR", NRR", NR"NR"R"
~-and -NR"OR*, where R", R', and R” are each independently selected from H, alkyl,

fcycloalkyl heterocycloalkyl ‘aryl, heteroaryl, and acyl;
" :R%isa suitable organic moiety;

each of R®, Réand R’ is independently fl, F,or loﬁrer a:lkyl;

misOorl;



A is CHor N when "mis I, A2'is selected from C(Rl) (Ba)rebMR12004 S -
S(O, S(O21 and 0; when p |s not 0, each A3 is independently selected from
C(R1)(R'), N(R2), S, S(O, $S(0)2, and 0; where R 07 Rl and R12 are each
i ndependently H or lower alkyl; when pis not 0. A4 is selected from
- N(R13), %&@@) and 0, and when pis 0, A is selected from

N( Ru) ( R14); f))(F\")(F\’ ?), and Q(R14), provided.that WRGEBI00{240610( R14A,
is not CH where R, R' and R 2 are each independently H or |ower alkyl,
R13 is H alkyl, aryl, or acyl, and R4 is H alkyl, or aryl; provided that
A, (A2)m (A3)p, and A4 toget her do Notesi ncl ude nmore than two consecutive
het eroat ons; or a prodrug, pharmaceuti cal3l y acceptable salt,
_pharmaceutically active nmetabolite, or pharnmaceutically accept abl e solvate
thereof. 2. A conpound, prodrug, pharnaceutically -acceptable salt,
phar maceuti cal | act| ve netabolite, or pharmaceutically accept abI e sol vat e
accordi ng tR)‘S@IvL 314 wdrein R7, R$ and R are each H . 3. A conpound
of the fornula: 04 February 2004 W) 01/10894 -84 PCT/ QSO0 21061 wherein R,
R2, R3, R4, R5, R6, A, A, A3, M, m p and Y are as defined in claimi;
or a prodr u!g,,is phbsrmaceutical ly _accept abl e salt, pharmaceutically active
met abolite, or pharmaceutically acceptable solvate thereof. 4. A corrpound
prodrug, pharmaceutically accept abI e salt, pharnmaceutically active

. met abol i t F rmace abI e solvate according to claim3,
“wherein R %eg gﬁhla@‘tzé #"r“é‘ﬁf‘%‘l"% m9c$,lsdoé.r&(001,aq¢0;c het er oar yl
and aryl groups 5. A conpound, pr odrug phar maceuti cal I y accept abI e salt,

phar maceutically active
when p is not 0, each A, is independently selected from CR)R™, N(R‘Z) S, s(o)

5(0);, and O; where R"’ R" and R" are each mdcpendent!y H or lower alkyl;

when p is not 0, A, is selected from NR™), CR™)R"), and O, and when pis 0, A, is
selected from N(R”)(R“) CRO)RMRY, and O(R" » provided that when A is
_ O(R' Y, A is not CH where R™ R" and R are each independently H or lower alkyl, |
*isH, 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
heteroatomss |

ora prodrug, phannaccut:cally acceptable salt, phaxmaceutlcally active metabohte or
pharmaceutlcally acceptable solvatc thereof

2. A compound prodrug, pharmaceutlcally acceptablc salt, phannaccuttca!ly active

._ metabohte or phannaceutlcally acceptable solvate accordmg to claim l whereln R, R}, |
and R are each H.

- 3. Acompound of the formula:



netabolite, or pharmaceutically acceptable solvate accorairmrﬁé;yp_@@u m 3,
. Wherein R, is selected from-CH2NR20R2', - CH20R20, -CH2OC(O R 0,

-CH, ONR2R2' , and - CH2SR20, where R20 and R21 are each i ndependent |y
sel ected from H and optionally substituted alkyl, cycloalkyl,
. heterocy, ‘;llo]ﬂj aryl, heteroaryl, and -C(O R22, where' R22 is sel ected
from opt Y Q{1 4substl tuted al kyl, cycloal kyl, heter ocycP&aYsp2105¢ y| |
het eroaryl, al koxy, -<cycl oal koxy, heteroCycIoaIkoxy, aryl oxy,
het er oaryl oxy, and am ne, or any two of k20, R2', and R~ together with the _
atonms to which they- are bound forma 4-,t0 7-nenbered ring. . 6. A
conpound, prodrug, pharnaceutically acc%‘{)’t abl e salt, pharmaceutically
active netabolite, or pharnaceuti caI | y acceptabl e solvate according to
claim3, wherein R is selected f A; CR23=CRz' R25 , . and -G R26, . where
.R e,. Rte, and R26 are each 04 Fe‘\r‘ﬁry*z 04 WD 01/ 10894 -85
PCT/ USOO’ 21061 i ndependently sel ected\MromH and optionally substituted

al kyl, cycl oal kyl, heterocycl oal kyl, 1ar 2mand heteroaryl. 7. A compound,
"~ prodrug, pharmaceuticd’ly accep@abl eca%ﬁlﬁt pharmaceuti cally active
met abolite, or pgharmaceuti G2l lyjacceptabl g sol vate according to claim3,
wherein R is - . SN -7R28, WWerein R27 and WS are
each i ndependently &el eclled . -irorr‘H)ptl nal Iy substituted al kyl, cycl oal kyI
het erocycl oal kyl, aryl, @nd rﬁet eroaryl© or R27 and Reg toget her with the
nitrogen to V\/ni'ch' t hey are bound forma-4- to 7-nmenbered heterocyclic
ring.. 8. A corrpound prodrug, pharnmaceutically acceptable salt,
- phar maceut whereinR'3 BEiR7GRY, REIRY Al j Ag A, 0N, )P 4HACE \abd &%iehﬁe@ﬁﬁﬁﬁhﬁiﬂ e solvate
according to claim3, wherein.R2 is, selected from unsubstituted and
substituted benzyl groups '9. A conpound, prodr ug, pharnaceutically
accept abl g | abolite, or pharmaceutically
accept abl e°‘§% %/ogrg‘ cor ?‘trlr%&ﬁ% axoe&:?qt,h'l%sal ?FQREC"T lly ggtive metabolite, or

pharmaceutically acceptable solvate thereof. .

4. A compound prodrug, pharmaceutlcally acceptable salt, pharmaceuucally active
metabohte or pharmaceutically acccptable solvate accordmg to claim 3, whercm R'is

selected from alkyl and monocychc and bicyclic heteroaryl and aryl groups.

-5 Acompor.rnd prodrug, pharmaceutically acceptable salt, phaﬁnaceuticalljr active
metabolite, or pharmaceutically acccptable solvate according to claim 3, wherein R! 1s. |
selected from -CH NR*R" -CH20R2° -CHZOC(())R20 ~CH,0ONR*R?, and -CHISR'm
where R® and R¥ are ‘each independently selected from H and optxonally subsntutcd ‘_

‘alkyl cycloalkyl heterocycloalkyl aryl, heteroaryl, and -C(O)R22 where R22 is selected
from optionally substituted alkyl, cycloalkyl, hctcrocycloalkyl aryl heteroaryl alkoxy, .
cycloalkoxy, hetcrocycloalkoxy, aryloxy, hetcroaryloxy, and amme or any two of R,
fR ‘and RZ together wnth the atoms to which they are bound form ad-to 7-membered

ring.

6. A compound prodrug, pharmaceutxcally acceptable salt, phannaceutrcally active
metabohte or phannaccuncally acceptab!e solvate according to claim 3, wherein R' i is
selected from ~CR”-CR*R¥ and —C=CR¥, where R®, R, R”, and R* are cach



benzyl group substituted with one or two substituents i ndeepngentdos
selected from |ower alkyl, |ower alkoxy, and hal ogen. 10. A conpound,
prodrug, pharmaceutically acceptable salt, pharnaceutically active

met abol i te, or pharmaceutically acceptable solvate according to claim 3,

- wherei n Rgolpregeptionally substituted al kyl or arylnmethyl 11, A corrpound
prof rug, pharmaceutically acceptable salt, pharmaceuti ca‘f"F’ifU%ﬂ?
~metabolite, or pharmaceutically acceptable solvate according to claim 10,

" wherein R3 is selected from 2-propyl, 2-nethyl.-2-propyl,

- 2-methyl -1 -propyl, and unsubstituted ands substituted phenyl met hyI and .
napht hyl net hyl . 04 February 2004 WO 01 /10894 PCT/USOO 21061 -86 .12. . A
conmpound, prodru pharmaceutically acceptable salt, pharnaceuti cal | y
active rret’&g‘?ﬂef‘%é‘tly orselﬁﬁsﬁird@@ljtl'%eﬂnldy aptiongiabhubstnietht ﬂkﬂccefréiba‘lﬁ*rlt, o -
claim 3, e d from benzyl oxycar bonyl, aryl carbonyl, and
het'er oar yl car‘ﬁbﬁyﬁﬁlk?garﬁ %‘%ﬁ prodr ug, pharmaceutically. acceptable
salt, pharmaceutically active net abol i te, or pharmaceutically acceptable
sol vate according to claim12, wherein R4 is heteroaryl carbonyl, where the

het eroaryl “moi et‘%lcqupcﬂmfii Wedmnnﬂarraabehabeﬂbmyéﬂtﬂﬂbﬁmt l}ﬁmﬁd’c@ﬂi‘i&ﬂ? akfyd hree

heteroatorn%e?‘,ﬂ:laﬁge om Oh all 14. A conmpoun

phar naceut i B?eé‘ 2 “?R\%IWWFiawrdlylgacclmmB whtxahokl ise, or
phar maceut mebﬁ‘ﬁ ﬁﬁ&@ﬂt‘ﬁmﬂq ¥ C %0 claim erein R4 is

bet eroaryl carbonyl, where t hlg?@*\eta‘;eﬂr?ecfgl?lylgf %5'8§ Aeseaghsin H&Qﬂﬁ@ cted

het er ocycl domueptivgaliysubstitised alkgl, oydloal nhagk@ :
i gﬂ SeiouRgL, 304, ?f y accBe‘B'?a%rl e

oxygen het gp 15. A conpound, pro phar maceut i'ca

salt, phar ?r{aca@f}?{ﬂ cBser %?@%“‘W&E@Hﬂ@ they anotbeund derut a 4atol Hmagberigabl e
sol vate acH@ERcRYictiheC! @il M 13, wherein R4 is heteroaryl carbonyl, where the
- heteroaryl noiety |§ ‘unsubstituted or substituted 1,2 oxazolyl,

1 3-oxazolyl, 1,2, 3-oxadiazolyl, 1,2, 4-oxadiazolyl, or 1,2,5-oxadiazolyi.
16-.: A co#apound pr odr ug, phar maceuti cal |y acceptabl e sal t, _
phar maceut Pcal | 4 “QEPPYRd, prodrug, pharmaceutically acceptable salt, pharmaceutically active

metabolite, or pharmaceutically acceptable solvatc according to clalrn 3, whcrem R2

selected from unsubstituted and substituted benzyl groups

9. A compound, prodrug, pharmaceutically acceptable salt pharmaceutically active
metabolite, or pharinaceutically acceptable solvate accordmg 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, prodrug, phannaceutlcally acceptable salt, phannaccuncaily actwe
- metabolite, or phannaceuttcally acceptable solvate ‘according to claim 3, wherein R3
, optlonally subsututed -alkyl or ary!methyl

11. " A compound prodrug, pharmaceutically acceptable salt, pharmaceutically active

_ metabol:te or pharmaceutically acceptable solvate according to claim 10, wherein R® is
s_elgcted from 2-propyl,. 2-meﬁ1yl~2—propyl, 2-methyl-1-propyl, and unsubstituted and
substituted phenylmethyl and naphthylmethyl.



metabolite, or pharnmaceutically -acceptable solvate acc%qjegg, 5d4a| m 13,

wherein R4 is heteroaryl carbonyl, where the. heteroaryl noi et
-from unsubstituted and nononet hyI substituted, -1, 2, 4- oxadi azol yl .

~ compound,

prodrug, pharmaceutically acceptable salt, pharnmaceutically

Is sel ected
IT. A

active W@ te, or pharmaceutically acceptable sol vate. according to
3, \/\f]}erM where. the Hel/EPUWAIY! noiety

claim1

ein R is heteroaryl carbonyl,

is selected from 3-isoxazolyl and 5- i soxazol yl, each unsubstituted or

substituted with one or two substituents selected from met hyl

hal ogens,
conpound,

active rret abolite,

“.claim:3;
-CHZCHZC(
nis I

04 February 2004 NO 01/10894 g7 PCT/[ TSOO 21061 .18.. A _
prodrug, phar maceuti cal | y. acceptabl e salt, phar maceut | cally

or B SRR it nliecstering by i i

har maceuti cal |y acceptabl e sol vat e. accor di ng to

wher ei A@ﬁ@ou ipeqdyug, Phavmacadqally/acéepdbic AlCRatcutR el L 4RA INLOm

ere?-

groups and

phar naceutge{ba{eufr@ﬁbé loxggg,g&gl he h aI I ccept abI e soI vat e
according to claim 18M9\/\her el n ‘sal arr!g)ime1 E@‘E\ag Arboh ?

. heteroarylcarbonyl, where the heteroaryl moiety is a five-membered heterocycle having

-1 6 A corapound, prodrug, 'pharmaceutically acceptable salt, pharmaceutically active.

13. ' A compound, pro'dr!_.tg, pha:maceutically. acceptable salt, phannaeeutically active
metabolite, or pharmaceutically acceptable solvate according to claim 12, wherein R*is

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 acceptable salt, phanhaceutically active

metabolite, or pharmaceutically acceptable solvate according to claim 13, wherein R? is
at least one nitrogen heteroatom and at least one oxygen hetercatom.

15. A compound, prodrug, pharmaceutically acceptable salt, pharmaceetically active
metabolite, or pharmaceutically acceptable solvate according to claim 13, wherein R? is
keteroarylcarbonyl, 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-oxac-[iazolyl.

_-metabolite, or phatmaceutlcally -acceptable solvate according to claim 13, wherein R* is

heteroarylcarbonyl where the heteroaryl moiety is selected ﬁ'om unsubstituted and

' monomemyl-substltuted,l 2 4~oxadlazolyl

17, A compound, prodrug, pharmaceuncally acceptable salt, pharmaceutxca!ly active -

metabohte or phannaceutxcally acceptable solvate accordmg to claim 13, wherein R* is

: heteroarylcarbonyl where the heteroaryl mo;ety is selected from 3-xsoxazolyl and 5-

1soxazolyl each unsubsuluted or substltuted with one or two subsutuents selccted from '-

_methyl groups and halogens



(A3)p Al- (A2)mOQO ? ~--NH --~~-CRSR6 is 20. A conpound aggRhdiRgxd claim
19 of the formula: O UR2 O or a prodrug, pharmaceutically acceptable salt,
pharmaceutically active netabolite, or pharmaceutically acceptable sol vate
t hereof. 04 February 2004 WD 01110894 -88 PCT/ US00/ 21061 21. A compound,

pr odr ug, : utically acceptable salt, pharmaceutically active

met abol i F@P@%ir@% armaceutical |y acceptabl e sol vat e ‘accor BGTgUR88/28463; m 20,
wherein: R is nmono- or bi-cyclic heteroaryl; R2 is unsubstituted or
substituted benzyl; R3 is 2-propyl, 2-nethyl-2-propyl, 2-nethyl-I-propyl,
or arylmethyl; and R is benzyl oxycarhgyl, K6 arylcarbonyl, .

or. heteroaryl carbonyl. 22.. A conpound of claiml selected from. H and and
pr odr ugs, plkéar maceutically acceptable salts, pharmaceutically active

met abol.i t esl®- ard cgwaﬂmtpcadmg;|phyrmeawaapbecepfalbléaéaﬁ§%ﬂa?xﬂ£&%iica1§§cfi§e

conpound, har maceut.i cal | y acceptable salt, pharnaceuti
active ne%%%hq?%, ‘Pro?ahaﬁ'ﬁﬁ?‘?r'ﬁﬁg@ pcspiablesobeatn atsoading ftw ataém &; ogliedéin ghé O
claimll, Wiggiedyn Y is NR). :

O P,
._(A3 )p

A1™ = (Ag)m-

.
’}LL—‘CR R

is selected from -CH,CH,C(O)NH,; -CH,CH,C(O)NH-alkyt: -CH,NHC(O)CH,; and

N l\{H
' o | (CHy),

{ . wherenis 1 or2.

19. A compound, prodrug, phannaceuﬁca}l)} acceptable salt, phénnaceuticéllf écﬁve

metabolite, or pharmaceutically acceptable solvate according to claim 18, wherein said

moiety
" O P ,
As)p
At = (Ao AN
/ 56 ' !
’__%CR R =

is !

20.. A compound according to claim 19 of the formula:

o o R .
o or a prodrug, pharmaceutically acwp@ble salt, phﬁnﬁaceutical[y active metéboiiie,. or'
- pharmaceutically acceptable solvate théreof. o



24. A conpound, prodrug, pharmaceutically acceptable salgyFebruary 2004
pharmaceuti cal | y-active netabolite, or pharmaceutically acceptable solvate
according to claim 23, wherein R' is Hor nethyl. 25. A conpound according
to claim23 of the.formula: 04 February 2004 WD 01110894 -89 PCT/ USOQ 21061
or a prodr U(I:J, ghar maceutical ly acceptable salt, pharmaceutically active

met abol W@ /8 pharnaceutical |y acceptabl e sol vat e t her B6T/US2B21061

. conpound, prodrug, pharmaceutically acceptable salt, pharmaceutically
active netabolite, or pharnaceutically acceptable solvate according to
claiml1l, wherein Yis 0. 27. A corrpou_n%_ prodrug, pharmaceutically _
acceptabl e salt, pharmaceutically active netabolite, or pharmaceutically

. acceptabl e solvate according to claim3, wherein Yis 0 28. A compound,

prodrug, phRAr MeARshigoahd hrédGeHnakh ' E@&m& ' Live.. :
‘metabolite, or phar r?gg{éu%bi cal ?’y acc%ﬁtﬁgﬁ"g ago vat e?%%@gﬁ%%&fcgll&a%\m 1, -
-wherein Y mgtabolt?!@R}r) YiRymaceutically. acleptablp sulvdte feeodingoto diiial PBGRREERAI Y
accept abl e, sal t th%ma eutically agtjve - netabolite, or pharmaceutically
accept abl !SsBPI% 8F RE3Fls &i‘@‘ef } & missunspfstituted §r isubstigged Aeozytp Rinis

accordi ng 4. [ 190 ti P ayi ral yactjvit orrespondj,ng, to an
BOR0 1'eos T RIVE, Mol XptoRll | RO ke el 2B o ° A
phar maceutbenayloxysapmiyl, iaoylcabonyl, g ihe@roRdica8bayar y 2004 -90 (a) a

therapeutically effective amount of at |east one antipicornaviral agent
sel ected '

22. A compound of claim I selected from -

o ARE el
| O RO

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 soli/ate according to claim 1, wherein Y is
N(R?).

24, A compound, prodrug, pharmaceutically acceptable salt, pharmaceutically active
~ metabolite, or pharmaceutically acceptable solvate according to claim 23, wherein R’ is

H or methyl.

25. A compound according to claim 23 of the formula: -



from conpounds, prodrugs, pharmaceutically acceptable s@ahidpruary 2004
pharmaceutically active netabolites, and pharnaceutically acceptable
solvates defined in claim1; and (b) a pharmaceutically acceptable carrier;

di | uent,

~vehicle, or excipient. 32. Use of a therapeutically effective

anount OfW&E’HL"S?ft one conpound, prodrug, pharmaceutically acceptable

salt, pharm
sol vate defined in claim1,

treatment of a mammal i an di sease condition nediated by picornaviral
protease activity. 33. A nethod of inhi_l%btai ng the activity of a

pi cornaviral 3 C protease, . conprising “contacting the picornaviral 3C
protease -with an effective anount of at |east one corrpound . prodr-ug,

pharnaceuti cal | y- accept.abl e sakt .,Apharmaceutically.'. active rret abolite,

pharmaceutical 'y acceptabl e sol \at efﬂdefl ned in claiml. 34. A nethod as

cally active netabolite, or pharnmaceuti /5002854 pt abl e
in the manufacture of a nedicament for the

or

defined in cIa|m33 whereln th -pidgr naviral 3C protease.is a rhinoviral

prot ease. ' @ind oof Qgﬁforrmla Al4 (At~la Al,-,/ Al12 C
JulRttz \~ f"h‘CRS 53 (,i, afl whi re| R1q is an integer of fromO to 5; 04

February 2004 VWO 1 |s C, CHor N

or a prodrug, pham]aceutlcally acccptable salt, pharmaceutlcally active metabohte or

phannaccuttcally acceptable solvate thereof.

26. A compoimnd, prodrug, pharmaceutxcally acceptable salt, phannaceutlcally active

_ metabohte or pharmaceutlcally acceptable sclvate accordmg to claim 1, wherem Yis

O.

27. A compound, prodrug, pharmaccuucally acceptable salt, pharmaceuncally active

metabohte ‘or pharmaceutically acceptable solvate according to claim: 3 wherein Y is

0.

| 28. A compound, prodrug, pharmaceutlca!ly acceptable salt, pharmaccuncally active

mctabohtc, or pharmaceutically acceptable soivate according to claim 1, wherein Y is

-CRRY)-

29. A compound, prodrug, phatmaceutlcally acceptable salt, phannaceutlca!ly active .

metabolite, or pharmaceatically acceptable solvate accordmg to claim 3, wherein Y is
-CR)(R)-. '
30. A compound according to claim 1 having annplcornav:ral activity

corrcspondlng to an ECg, less than or equal to 100 pM in an Hl-HeLa cell culture
assay.

7 '31. A pham;aceuticai composifion— comprising:



PCT/ US00121061 Al, and each Al3 are independently sel ecly@tchr @M 2004
C(RR)(Rb2), N(R63), S, S(O, S(O2, and 0, where each R6', , and R63
i s independently H or |ower alkyl; Al4 is NR64, where e is H alkyl, aryl,
or acyl; provided that A, ,, A 2, (Al13)p, and A" together include no nore
than two consecutive heteroatons; R'' and R 42 are each independently H,
For | ower alkyl, or R142 is absent; and the dotted |line depicts an optional

val ence bond; and when such bond .is present, Rl42 is absent and Al is C
R52, RS3, and R54 are each independently selected fromH, hydroxyl, alkyl,
acyl, aryl, heteroaryl, suitable protecting groups for carbonyl or

hydr oxy, ORS , and NRS RS8,. where Rp4is selected fromal kyl, aryl and

"SI (R59)3, and RS8 is selected fromal kyl, aryl, alkoxy, aryloxy, and

Si (R5) 3, where each R59 is independently alkyl or aryl; or any two of R52,
RS3, and(dy54 4 dgsipheticatlgrefiestive ancurdiof hekrast anrentipicRayirBlSPentsdedtsd i s
NR$' Rsg;  and RS5 and R5' are each |n ependenieLy H or a suitable protecting

group f offoR QOMPQHALS, PErdrugsy RhamRiceficRly preePiableflsp Pharmaceutically @stives. A
conmpound - 04. K 94 .- 92 PCT/ USK) 0/ 21061
wherein ﬂg{fbﬁh? gﬁ#@%ﬁ%ﬁ“‘%\“ﬁﬁﬁy %@é%?/ﬂ%%gﬁ%?ﬁgﬁéé&%ém ?aa,ng\-ll-\v, Ri b, and g
are as"defined.in claim35, or a pharmaceutically acceptable salt thereof,
37. A conpound or pharmaceutically acceptable salt according to claim 36,
wher ei n (rtT’B51 4 phagmpreptieallyi avgeptafle gprrien diluentdechidle rayganipi@®. A conpound or
pharmaceutically acceptable salt according to claim 37, wherein )

32. Use of a therapeutically effective amount of at least one compound, prodrug,
pharmaceutical!y acceptable salt, pharmaceutically active metabolite, or
pharmaceutically acceptable solvate defined in claim 1, in the manufacture of a
medicament for the treatment of a mammalian disease condition mediated by

picornaviral protease activity.

- 33. A method of inhibiting the acfivity of a picornaviral 3C prbtease,'comprising
-contacting the picornaviral 3C protease -with an effective amount of at least one
compound, prodrug, pharmaceutically acceptable  sal, pharmaceutically. active
metabolite, or pharmaceutically acceptable solvaté 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 forrula:

o A
N\
(Analq

A /v
1}\’\‘2
CI'%.“'R“Z )
RSB .
N CROTRS:R™
L
wherein:

qis an integer of from 0 to 5;



[ [ ting
RS5 and R56 are each independently selected fromH and gyig.8Rl8, PRt €c
- groups for nitrogen. 04 February 2004 WO 01 /10894 -93 PCTI US00121061 39.

A conpound sel ected from CHSO. ~OCH3 CH3O,, ,,,OCH3 a Boc and

WO 01710894 " PCT/US00/21061

-9] -

"A,isC,CHorN;

Ap and each Ay, are independently selected from CR)R®), N(R®), S, S(0), S(0),,
and O, where each R®, R”, and R® is independently H or lower alkyl;

A,s is NR™, where R* is H, alkyl, aryl, or acyl;

provided that A;,, A,,, (A3),, and A, together include no more than two consecutive

heteroatoms;
R™ and R"are each independently H, F or lower alkyl, or R' js absent; and

the dotted line dépi'cts an optional valence bond; and when such bond is present, R™ is -

-absent and A;, is C;

R*, R, and R™ are each independently selected from H, hydrexyl, 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 indcpeﬁdéntly alkyl or aryl; or any two
of R”, R”, and R* together form =0, and at least one of R*, 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.

36. A compound of the formula:



04 February 2004

WO 01/10894 : ‘ ) PCTI'UTSU‘0121061

92 .

wherein R*' is H, aikyl aryl, or acyl, and R, R®, R, R*, R%, and q are as defined i in

claim 335,
ora phaﬁnaceutically acceptable salt thereof.

37. A compound or phannaccuttcally acceptablc salt accordmg to claxm 36, wherem

R'isa protectmg group for amide mtrogen

: 38.. A compound or pharmaceutically acceptable salt according to claim 37, wherein

R and R are each independently selected from H and suitable protectmg groups for |

nitrogen.



04 February 2004
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-93-
39. A compound selected from: _
CH30 OCH3 CH30 OCH;
0N o= N
?Ha
Boc OH B C
\N GC\N ’ N\Ol H3
H g . H 5 )
. ? ¥
CH30, OCH,
H
o=N 0~_N
N S N—
Boc., / Boc. {
N S ) N™ . ]
H ' H
() ;- ) : and
HiCOo. OCH;
o N
¥,
Boc., ! -
N S
H



