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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_autic 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
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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-like and peptidoni netic conpounds that advant ageously inhibit the

enzymat ixgo@ghdsyd ty of picornaviral 3C proteases, especi ai,Hz é{pil virus 3C
proteases (RVPs), and that retard viral growh in cell II.I]JIS e 10

i nvention also relates to the use of such conpounds in pharnaceuti cal
conpositions and therapeutic treatnments for rhinoviral infections. The
invention further relates to processessf.or synthesizing, such conpounds
and conpounds useful in such syntheses. BACKGROUND OF THE | NVENTION . 15 The

pi cornaviruses are a famly of tiny non-envel oped positive-stranded RNA-

~ cont ai ni ngcause @ g conamon ¢old.edo dateyainge archotfiesivethdr@piss od BRSAakkf HSLS

i ncl ude the human rhino |r es, human pol ioviruses, human coxsacki eviruses,
human echoff Flti:l%ee‘? Mmen, e FIERtE thﬁtfélll%vlfhﬁﬁéﬁpmmﬁcephal onyocarditis
viruses, meningitis V|rus, foot 20 and nouth viruses, hepatitis A virus, ,
and ot hers. The human rhinoviruses are a major 04 Febr uary 2004 WO 01/ 10894

PCTI USOOI 2RiR6thagiraldnfetiafs hiyehe aaated by qhkibitihe tﬂ@fnﬁyte&_ﬂ?{ SCInzyhé %I:feﬁt | Ve

Atheraplées on the market, that cure the conmon co treat ments

relieve t N @Hrdeqyired ofonahe maturplh materations qujnebpacmmeahsds byTheyhis ti ng
the prot eotle¥ﬁdn§1b¥ecfcﬁ'%¥ rEﬁtsocataﬂff’lic cleavage of the genomic, large polyprotein into the

essential viral proteins. Members of the 3C protease family are cysteine proteases,
- where the sulfhydryl group most often cleaves the glutamine-glycine amide bond.
Inhibition of 3C proteases is believed to block proteolytic cleavage of the polyprotcm :
1_0 which in tum can retard the maturation and replication of the viruses by mterfenng with
viral .particle production. Therefore, inhibiting the processmg of this cystemc protease
with selective small molecules that are. specifically recognized should represent an
important and useful approach to treat and cure viral infections of this nature and in
particular, the common cold.
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:
Dragovwh et al., “Slmcturc-Based Design, Synthesis, and Blologlcal Evaluation of
Irreversible Human Rhinovirus 3C Protease Inlubltors .. ”J Med. Chem (1999), vol.
42, no. 7, 1203- 1212, 1213-1224; and Dragovich et al,, “Sohd-phase Synthesis of

.25 - Tmreversible Human R!unovnms 3C Protease Inhibitors . . . ,” Bioorg. & Med. Chem.

(1999), vol. 7, 589-598. There is stlll a desire, however, to discover small~molcculc

compounds that are eSpecza]ly potent annplcornavxral agents. R

 Inhibitors of other related cysteine ﬁrdteaSeé such asph‘thef)-sins' have béen desbﬁbed in,
30  eg. US. Patent No. 5,374,623, issued December 20, 1994, to Zimmerman et al.; U.S.



5 enzymes are required FOR the natural maturation of thm@egmaﬁa ddqises.
They are responsible for the autocatalytic cleavage of the | ar ge
polyprotein into the essential viral proteins. Menbers of the 3C prot ease
fam |y are cysteine proteases, where the sulfhydryl group nost often

cl eaves R{}gmg géam ne- gl yci ne ani de bond. Inhibition of 3C proteases is
bel i eved 195tk proteolytic cl eavage of the pol yprotei ECTASRM6Lh in .
turn can retard the maturation and replication of the viruses by
interfering with viral-particle production. Therefore, inhibiting the
processing of this cysteine protease vvl.Jth sel ective small nol ecul es that
are specifically recognized should represent an inportant and useful
approach to treat and cure viral infections of this nature and, in

parti cul ar Patdne Nomspwssmbd isshed SRIFcts B! | rodp)! SUM%H' “h' b rs fgﬁ}ﬁd
enzymatic activity i comaviral 3C proteases (i.e., ag I
conpounds) 1 ﬁtavetl%@r?qbgeaém Nosli WEo9u04172, S6@ 95713749xwm|9¢n92§# Smd RNt

No. 5, 856, uar 5 1 t.0, Webber et a U. S Pat ent

Appl i cat i o%%%g 65% ﬁma%is Péﬁcggﬁé%bﬁormrgqmm bigomasiyah ATty seineal .

U.S. Paten r&&SAM|&§&a . f|| enber ;L6 1997, by

Vebber ot B and U. S wp%%rﬁag%pt%%réﬁl e, R s GHEipeeieitys | | od April 29,

1999, b§ Dragow ch et aI See al so:  Dragovich et al., "Structure-Based

Desi gn, Syg : Bj Eval uation of Irreversible Human _

Rhi novi r us=3€-H DHON 3 Med. Chern. (1999), vol.. 42, no.
-7, 1203-1212, 1213 1224 and Dragow ch et al., "Solid-phase Synt hesi s of

25 Irreversible Humman Rhi novi rus 3C Prot ease I nhibitors ... , " Bioorg. &

Med. Chem Thus@n ohjecodf this ind&Rida98 to HieHRer| sﬁaaﬁtljﬂéﬂec@f: A& %)lgr‘rlﬂsqgvﬁ\rlxﬁ'ht

di scover. spal | - npl. ecul e ‘conpounds that are especia

ant Ih pi cor ?Bf\???lawmég’&mp@tcas%gﬁ mrﬂ&p?alb’tﬂmgﬂéraﬁhﬁkﬁﬂlaw%t??@ P(%%es
such agrat fgasior en.descr.ibed in e en
5 374 623 Peel 6311@ ,@% Q}‘b PIoM lﬂfqrgleéliﬂméﬁs#ﬁﬁf%‘tthgsynthwxﬂf roteRsEbr uar y
2004 VO omhm&&rg e0311pounds 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 been attained through the discovery of compounds of the following
‘general formula I:

\(As)p
17 -(Az)m
o - o 0 CRSRG
o R 4\[(% /]Hr
| @
‘ wherem:

2.(-) | - Yxs —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; '



PCTI USCO 21061 . Patent No. 5,498,616, issued March 12, H9%@brnipy ddd amo
-et. al.; and WPO International Publication. Nos. WO 94/04172, WO
95115749, WO 97/19231, and WO 97149668. There yet -renmins a need f.or .
inhibitors targeting the picomaviral 3C cysteine protease with desirable

har mac properties, such as high specificity. SU THE
FNVENTI?#?#ﬁﬂJQ anpobject of this |nvgnt|gn iIs to dlscos£§¥ﬁ§ﬁﬂau] | ecul e
conpounds that inhibit picomaviral 3C proteases and are especially potent
antipicornaviral agents. A further 10 object of the invention is to provide
I nternmedi ates useful for the synthesis.gt protease- inhibiting conpounds
and synthetic nethods useful for such syntheses. A yet further object of

the invention is to achieve pharnaceutical conpositions that are effective
for treat®n®R’naidall ese eseidiiadapendentlynH] IF, torommsabstied’ slavibsatudCalicyl,

prot eases, suc col d. 15 Such objects have been attai ned

- through t he &V@B%@Eﬂ%@&%gﬂnwlw hetgeoardi | owi ng general formul a 1 A4
(A3)p A wher -, or
=0, where eg{z)ﬁm R%%éfﬁwggéﬁgﬂﬁ ‘1—1“8?"%1 g()dé?dz(glsk‘mnmteg(aﬁ%ﬂ cyclog Y ,

substituted abde;dcycloylkypamiyyl ‘hefeeda@y10C-ORVakSR]1 XIRORY .. RURE
het ero ryI Nﬁegé@ re R16 | S unsubstituted or ’su |tut ed’ ar kyl ,

"cycl oa kyI d&ﬂ@%& R, andyR" dreteecto independeniip iy, alkyr,ldyelolamyl/
het er ocycl Oah&%&yclg%loa&l heteroaryl, or acyl;

e 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, pharmaceutically active metabolites, and pharmaceuhcally acceptable

' salts and solvates of such compounds

o na preferrcd embodiment of formula I, R? and R® are not both hydrogen, and R®and R®
- .30 | are not both hydrogen In another preferred embodunent of formuia I: R%is bcnzyl



bet eroaryl oxy, or amne; 04 February 2004 WO 01/10894 4 oRGEhHEPPLEMO61 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,

het er ocyo¥QakAaghs aryl, heteroaryl, -OR', -SR'. -NR 7R18 _NR' NRL7 R18, 'or

NRL7OR 8, where R17.1-01, and R19 are each independent!y PCTEPIOR061

cycl oal kyl, heterocycl oal kyl, aryl, heteroaryl, or acyl; R is a suitable

organi c o ety; R5, R6 and R7 are each indepen_dently H F, or lower alkyl;

msOorl; .10 . pis an integer of from4_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 R, R' and R 2 is independently H or |ower alkyl; each A3 present is

mdependentm}w@qlhr substintedigieh 2 halogen; ﬂ’@él&@@ﬂkylowﬁcyﬁl%@w gm‘??{@h R1,
'3, or 4, -

R 1 and R eE |@dependently H or |ower alkyl; V\/nen pis |,
Ad is N(RL %P D(R'), or 0, and V\/nenp|30(| A |s not present),

A is N(R13)(R'4) C(R14)(R)(R'-), and (R 4), provided that when p is O
and M is QR'), A is not CH where each R, R1 and R 2 is independently

Hor | owerdnad kyeferredoctmidimers, R' aisky | subdindled fie {R88He: gé,rﬁﬁ 8ac L, R élel s H,
oat ons OC ’

a)ﬁglecu i vef:éj ﬁz‘gﬁepéﬁé#}gﬁ dlé'g!%h(g%{r’l :é{ig&gz‘gtﬁ;qupfégzm)‘”hﬂe BBy A4,
5 5 ek o i i . Bt
0. heterocycloalkyl ary! heteroaryl and -C(O)R?, where R2 is selected from Optionally '
' | substltuted alkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, alkoxy, cycloalkoxy,
heterocycloalkoxy, aryloxy, heteroaryloxy, and amine, and optionally any two of R%®,
10 R and R® together with the atoms to which they are bound, form a 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 prefcrrcd.
embodiment, R' is a -C(O)R" group, where R'® js -NR7R™, wherein R and R® are
.15 each independently selected from H and optionally substituted atkyl, cycloalkyl,
heterocycloalkyl, aryl, and heteroalyl 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:

0 Ay
\ Ay- “(Adm
4 R _ 0 CRSR_G
R Y\/u\ R'
) = H
2 )
.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.



25 In addition to conpounds of the fornmula I, antipicorpa\Hebalanpgsoy s of
the i'nvention include prodrugs, pharnaceutlcally active netabolltes and
phar maceutical |y acceptable salts and sol vates of such conpounds. :.ln a.
preferred enbodi nent of formula I, R2 and R8 are not both: hydrogen and R3
and R9 -Qua@of1g3@f bot h hydrogen. In anot her preferred enbgg &@nt of formula
|: R2 is benzyl 04 February 2004 WO 01/10894 -5 PCTI t | So8F5458%2 186t i onal 1y
substituted with a halogen; R3 is a l.ower alkyl; R4 is Cbz; and R, R8, and
R4 are each H In. a preferred enbodi ment, R _is a substituted nethylene
group, for example, 5 CH NR20R?1, -CHzR20, 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,

heteroaryl ,. and -C(O) R?2, where R22 is sel ected from optionally
|, heteroaryl, alkoxy,

substi t ut aI ¥cl pal k het er ocycl oal kyl , _ary

cy;:l oal lkf) Efét‘%‘h) >§‘C1SOBTFE‘6§RJY 5 Feéxffomhéﬂ?tbéfa?lﬁdo@d substitated r’tmnz;d?d
opti ona 0 0
vvﬁr ch they are ound or I%Q%B-subs:}ﬁ&‘ar@%%{ (98‘ ‘g'%t'lt'\fltVI %H Féﬁﬁ’éﬁ

pr ef er r ed sehietintseare indeperident T RS TR #HRS0 Wer alk§} R%@Ikc&?% en Res and
7(26 arje each independently selected fromH and optional 'y substituted
al kyl, cycloalkyl het er ocycl oal kyl , aryl, .and heteroaryl. In yet another

preferred ere R16 is -NR21R28,
wher-ei n ‘R27 gﬁdg nggﬂlaarne a’“@@ggﬁﬁgﬁggﬁﬁgeﬁt %é‘?@’c!t ‘d‘%ﬂrﬁ'ﬂoaﬂd or
optionall )Z-methjzltl-btdp?g & KylmethyC | fbubshRiES 8 I :
het er oaryl , or an Rzgfyt oge hgér)évvl t hu tsﬂe &rt{tfrzége [twm?@ft%cmgfrare '
‘bound f or Meehtivlmethyl: menber ed heterocyclic ring. In another preferred

. enbodiment, R is a mono- or bi-cyclic heteroaryl or aryl group. 20
Especially preferred conpounds are depicted by formula I-a: 'O _., A4

10 R'is preferably a suitable organic moiety selected from -[C(0)],-R", where nis 0 or 1

and R¥ is optiona]l}_' substituted alkyl, cycloalkyl, aryl, heteroaryl, alkoxy, cycloalkoxy,
_aryloxy, or heteroaryloxy. In especially preferred embodiments, R* s
. benz_yloicyearbonyl, arylcarbonyl, . or  heteroarylcarbonyl, more preferably.
| heteroarylcarbonyl, where the heteroaryl moiety is a five-membered heterocycle having
15  from one to three heteroatoms selected. from O, N, and S, more preferably a five-
membered heterocycle having at least one nitrogen heteroatom and at least one oxygen
heteroatom (e.g., unsubstituted or substituted 1,2-oxazolyl (i.e., isexazolyl), 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 monomcthylesubstituted l,2,4-0x_adiazolyl are preferred. In especially preferred
embodiments, the heteroaryl moiety 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:

) (AS)p
(Az)m

’__SLCR{‘RE



.(A3) A~ --(A2)m CRSR6 |-a wherein R through W A4 Hbreugbodd m p,

and Y are as defined above. In preferred enbodi nents of conpounds of the
formula I-a, R is selected from 25 nonocyclic and bicyclic heteroaryl and
aryl groups. 04 February 2004 WO 01/10894 PCT/ US00/ 21061 6 R - in formula
l-a is preferagﬁr sel ected fromunsubstituted and substituted benzyl

gr oups, y benzyl, nono-substituted benzyl, and dicumswiziesied
benzyl , mhere the substituents are independently selected from | ower

al kyl, lower al koxy, and halogen. R3 is.preferably an optionally
-substituted alkyl (e.g., 2-propyl, 2- net yl -2-propyl, or

2-nmet hyl -1 -propyl) or aryl net hyl (e g. nsubstltuted or substituted
phenyl et hyl. or naphthyl nethyl). 10 Ris preferably a suitable organic

cubst tuted: E;fie%f,t{ea qg,“a %ﬁgj‘r, @ﬁﬁ%ﬁ“ﬁ‘gﬁgﬁﬁ@&;ﬂé@xﬁm %ﬁé@%&g £t§u|1 gnaily

aryl oxy, or” hdjeroaryl oxy.. In especially preferred enbodi nents, Ris
-benzyl oxycar bo NHaryI car bonyI . or heteroaryl carbonyl, rpre preferably
het er oaryl car nylfc her e t he het eroaryl noiety is a flve- red
het er ocycl e¥haviMg 15 fromone to three heteroatonms sel ec fromO, N, and
S, nore prelJerabI y a "1 Where pishh Qf%dmem@zyshmmmfdﬂ@lgtwfeast one
nitrogen heteroatom and at l.east one oxygen heteroatom (e.g.,
unsubstituted or substituted |,2-oxazolyl (i.e., isoxazolyl), 1,3 oxazolyl
g i .2e.51 ox atwpieforred@mbodatingg ‘ﬂhé’éorﬁ]')ou%dg’ ﬁﬁmgéﬁ)ﬂ%aceﬂﬁczany a cepgbilzo'

5 and pharmaceutxcally 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, isC, CH or N; ,_ ‘
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 thaﬁ ‘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 prbtecting group for amidc nitrogen;



oxadi azolyl'). When the heteroaryl noiety is oxadi azol ylpg penaidppbod4t 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 nethyl

gr oups / | ogens (F, C, Br or I), with chlorine and fluorine being
pref_errgg.go%oﬁ?eferabl y, the noiety: o A4,~A3)p A (Azi’ﬁifmﬁ%ﬂéﬁs 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 acceptable salts,. 5 and
pharmaceutically active nmetabolites and sol vates have an anti pi cornaviral

“activity . ei ®FP, R, BEERM @6 sadhiadependalyaklecd R Pvhidrokde aﬂiyi,'a'é?& el |
culture assay. The invention is also directed to internmediatés of tornula
|1, prefer abigteresryl muitabls protaciing groups for earbonylzorchydeniyylOR’ andeNRYRFhesi s

. of certain cQURRNREIS QieliRl BT aliiyt, Ak did SR}, S5nd R¥AY sStecii fromn alkyl,
-~ aryl, alkoxy, aryloxy-, and 8i(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.



R55 RSG R51 53-54 \ i u H52 C8 R NCRRR. wherei ngq @uhmnpPodat eger
of fromO to 5, preferably | or 2; A" 1sC CHorN, Al12 and each A 3 are

each independently-selected fromC(R6')(R62), N(R63), S, S(O, ;15 S(O 2,
and O where each of R61, Rfi2 and R63 is independently Hor |ower. al kyl ;

w 2%lss‘g_ere R1is H alkyl, aryl, or acyl and R6a is preferably
r&Pact | ng group for anide nitrogen; provi degcrhusbo/masnor e

above-depicted ring in

.+A|a|sw3

a suitable
than - two heteroatons occur consecutively in the
formed by Ai'l, Al2, (A'3)p, Ala, and C=G 20 R14' and Rl42are

- fornmula I
the dotted |ine

each independently H F or lower alkyl, gr R 42 is absent;
depicts an optional val ence bond, and whén such bond is present, R 12 is

absent and A" is C. R5' is H alkyl, aryl, or acyl, preferably a

rotectin asd heptinaihl M ry 2004 01/ 10894 8 '
IgCT/ usoo glgglw. RS2 Rgé?i:m 3’”8("%“#’ e%ngﬁ%&l@’e G Traghtsen bragchedchaim H,
aiegpvalentyadicalof sturate vt usatustd @bt Mool IRA-UER YRS Lor

hydr oxyl ,
car bonyl

eac

o] RS7R38 where R57 i s select
aryl and Si ?'%E% fﬁéfﬁ:ﬁ@@ e’gﬁl’aed'\:lé]zt%@}ﬂsr tsopeapl | butyl, isobutyl, t-butyl, ethenyl

10

15

2

pentenyl, butenyl, propenyl, ethynyl, butynyl, propynyl, pentynyl, hexynyl, and the like.
Unless otherwise indicated, such groups may be unsubstituted (i.e., containing only

carbon and hydrogen) or substituted by one or more suitable substituents (e.g., one or

more halogens, such as F, Cl, Br, or I, with F and Cl being preferred) ‘A “lower alkyl

group” is intended to mean an alkyl group having from 1 to 4 carbon atoms in its cham

A “eycloalkyl 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 lndlcated “such groups may be
unsubstituted or substituted by one or more suitable subsutuems Iustrative examples

of cycloalkyl groups include the following moieties:

a0OoCco M
)59() Ay

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

monocychc, btcychc, or tncychc radical, which i is saturated or unsaturated, contammg
ﬁom 3 to 18 ring: atoms whlch mcludes 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. Ilustrative examples of

heterocyc;oalkyl groups include the following moieties:



aryl, al koxy, aryloxy, and Si (R59)3, where each R59 is bﬁ@%gﬁ%ﬁﬁﬂkhy aIkyI
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.
Formul a H conpounds where at |east one of RS2, R53, and RSa is NR "R58 are
preferreg 1‘Fj'léﬂw?referred formula Il1-a enbodi ments, RS-' and R53 together
form =0 ‘AAd Ts 10 selected from al kyl, acyl, aryl,,he?@ﬂﬂﬁ%ﬁ@“thS' and
NR57RS8, where R57 and R58 are as defined above. In other preferred

enbodi nents, R52 is H R53 is OH and R4 is selected from-alkyl, acyl,
aryl, heteroaryl, ORS7, and NRS R5B wh qipe. R57 and RSe are as deflned .
above. 15 The invention is also dlrecte to pharmaceutical ly acceptable
salts of the conpounds of fornulae 11 and Il-a. The invention also relates
to pharmaceutical conpositions containing a therapeutpcally effective
~anmount of at |east-one . conpound of~{he fory@la I, oy a prod/ﬁk, 20

phar maceutical |y cepftabl e salt, ceticaly Ctiwe netapolite, or
sol vate thereof (¢ol Lectifel ").{ Addijtional l t {hvention
relates to hods ®F. i nRK{bi{ing Jcomavi “3C p se adifni st eri ng
a therapeut |1y effective@inount dk at |ea® one sgch agehg. 25 DETAILED
~ DESCRI PTI ON OF THE I NVENTI ON I i’ accor dafce vmth a convention uSed in the
art, ".is-used in gjructural, forp

las herein IRpi ct §he: d)ond that is
. the point ttachpgnt of the iety bstl L ue to ‘l» core or
backbone tru 'ure. -ebr ua *2?)4 01 108 61 As used

“herein, g¢kerm'’ . s fnte tome ast alght
branched chal n? novarent radic of sa ura.t ed d/ or rat ed car bon

~atoms and gen atonms, such as nethyl et hyl - (Et) propyl
i sopropyl, { buiyl, isobutyl, -butymhen
. N
R

5 An "aryl group" is intended to mean an aromat:c monovalent monocyclxc 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:

. 1_0 '
A "heteroaryl group" is intended to mean an aromatic monovalent monocyclic, bicyclic,

- 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 lllustxatwc examples. of heteroaryl groups include the following moxetles



pentenyl, butenyl, propenyl, ethynyl, butynyl, propynyl04pg5hﬁﬂmkm4hexynyl
and the like. 5 Unless otherw se indicated, such groups nmay-

unsubstituted (i.e., containing only carbon and hydr ogen) or substltuted
by one or nore suitable substituents (e.g.', one or nor e hal ogens, such as
F, d, Br, or 1, with F and C being preferred). A "lower alkyl group"” is
i nt ended WOOK8% an al kyl group having from1 to 4 car borPCRUSIORIOM its
chain. 10 A "cycl oal kyl group” is intended to mean a non-aronatic
nonoval ent nonocyclic, bicyclic, or tricyclic radi cal containing from3 to
14 carbon ring atons, each of which may, be saturated or unsaturated.

. Unl ess ot herw se indicated, such groups nay be unsubstituted or
substituted by one or nore suitable substituents. Illustrative exanples of
cycloalkyl ps include the follow ng noieties; 15 A "heterocycloalkyl
group” is |z?nﬁged to an a non- ar onat nDn va §§ycll icyclic,

or tricycli |caI |s stur te sat rat nt ai 20 from
3to 18 ring toms to 5N|eteroa onsdsel ct edpf rom

nitrogen, OXx gen and sul, fur nl ess QJt her wi seRi nd| cat such’ saﬁ
may be unsubstltut ed or substltut ed by one or nof e swtabl e substitdents.

[l1lTustrativ rrpl es of rocycl | s |ncI he foI V\Ang
noi et i es: FeNr uar/y 0 \AD /10 Hnd
PCT/ usoo 210
2N P ‘ ‘N
NZ ’ﬁl I?I/ I[f A\ @ \>
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“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 suttablc
subst:tuent

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

15

A “sulfoniyl group” is intended to mean a -SO R radical, where Ris a sultable
“substituent. '



An "aryl group" is intended to mean an aronatic nonoval ﬁﬂtFeERJ%RWdﬂzﬂ cC,-
bicyclic, or tricyclic radical containing from6 to 18 carbon ring atomns.

Unl ess ot herwi 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? 8VHEYh an aromatic nonoval ent nonocyclic, bi cyBCT@S00/a061t ricyclic
radical containing from4 to 18 ring atons, including from1l to 5- .
het eroat ons sel ected ' from nitrogen, oxygen, and sulfur. Unless otherw se
I ndi cated, such radicals may be unsubstjtuted or substituted by one. or
more suitable substituents. 15 Illusttk1ve exanpl e's of heteroaryl groups
i nclude the follow ng noieties: 04 February 2004 WO 01/10894 |

PCTI USO0/ 21061 -11 1V / N ONGCS3 R A "heterocycle" is intended to nean a
het eroaryl. or heterocycl oal kyl group. , 10 An "acyl group” is intended to
mean a - C(A‘kRiroaylgroap’ isihendedRol e thel kddiddl eoysubsti tuent. A "t hi oacyl
group” is intended to nmean a -C(S)-R radical, where Ris a suitable
substituent. 15 A "sulfortyl group” is intended to nean a - SOAR 'radi cal,

where R lgn Radiite B! Gmidt'Bobb* B8 Mend2d o6 Shean the rediat -NH,. An “optionally

5 substituted” amines refers to —NH, groups wherein none, one or two of the hydrogens is

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

 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 intepded 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 “alkylsulfonyl group” is intended to mean the radical -SO,R,, where R, is an alkyl

group. .

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

. _'A "Qialkylaminqcarbonyl group” is intended to mean the radical -C(O)NR,R;, where R,

. and R, are each '-independcritly an atkyl group.



WO 01710894 -12 A "hydroxy group” is intended to nmean tlag HefianAbogdOH. -

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

-NH2. An "optionally substituted" amnes refers to NH, groups wherein

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

. Disubstituted am nes nmay have substituents that are bridging, i.e., forma -
het er ocyY9 81483y structure that includes the am ne nitroBEHUSKWR1061

"al kyl arnino group” is intended to nmean 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 nean the radical -OR' where R 1is an alkyl

group. Exenplary al koxy groups include methoxy, ethoxy, propoxy, and the

| irke. "Loweg = | Lelkes having from1l to 4 :

car bons. AnA" ﬁeﬂo§§?§§%%ﬁ§wg?d§§g¥ﬁ’le§h?‘¥n B %@g%g mean the radical -C(OOR'

where R i.s an 20 alkyl group. An "al kyl sul fonyl group" is intended to

mean the radicg -S2R,, where. R is an alkyl group. 25 An .

"al kyl ani no‘é&rﬂl&ﬁwm §Fap s inended toaean the radical -$Me wherti R.db an Gke) pdolp.;  Wher e

Is.an al kyl group. A "dial kyl am nocar bonyl group" is intended to nean the

radical -C(ONR Rb, where R and R b are each independently an al kyl o

group. 3 0 AAcdrbiuynoup 30 ikeiBd0d Aika e RETAUBRBIBHO6L - 13-
A "carbamoyl:group" is intended to mean the radical -C(O)NH,. -

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

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
s 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, cycloglkyl groups, heterocycloalkyl groups, aryl groups, heteroaryl groups,
o acyl groups, sulfony_l groups, mercapto groups, alkylthio group;, alkoxy groups,
.25 carboxy groups, amino groups, alkylarhino groups, dialkylamino groups, carbamoyl
. groups, arylthio groups, heteroarylthio groups, and the like. s

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,



A "nmercapto group” is intended to nean the radical -SH ofieh ﬁ{(b{éﬁd}ﬂ
group” is intended to nean the radical-SR' where It. is an a group. 5 A
"carboxy group"” is intended to nean the radical -C(O OH A "carbanoyl
~group” is intended to nean the radical -C(ONH. An "aryl oxy group" S

I ntended_to nean the radical -ORs, where R, is an aryl. grou

"het er o QOHI*%r oup” i s intended to mean the radical =ORET/Y %’F’é’GRd is a
heteroaryl 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 hgigroaryl group. The term "suitable
organic noiety" is intended to nmean any organic noiety 20 recogni zable,
such as by routine testing, to those skilled in the art as not adversely

af f ecti ng haagédahbhotgmpsa@myrIgwu;ef a ﬁegrbw@hlw@lcgg@gunomgéfaﬁd, [gélg.sé ative

exanples of suitable or&anl ¢ noi eties include, but

hydr oxy gr @hkphhwagmps,ga Qp:rs groupsy qyrhvalkyl gryapspdickerbeygloatiyd, groups, aryl
heterocycl oal k grou s, heteroaryl groups, acyl groups,
sul f onyl ~gFBUB g hﬁr&?‘%‘ﬁi‘t & 'bu kBFRURSy PP STOuRSK Gy lamingp groupsos

car boxy gr amn rou
car banoyl mé'r’%baé’?%%? ?/lq{ hio gr ?‘6@%‘(3&81092%’%1 géugrlP%%\og(y gaﬁ'é‘%t ﬁ%ﬁ&'f‘ke
The terim " guops, heteeorryltido gicips tamdltke Bidbst i tuent” is intended to neaty any

suitable substituent that-nmay be recognr zed or selected, such as through
routine testing, by those' 30 skilled in the art IIIustratlve exanpl es of

suitable s Ue, 'y O e 04 V\DO /10894
PCTI US00/ 2 eﬁé”t“14d]1%wﬁ’l"%r§g %‘gig"’%é@%&jg‘rs&é}oc de‘ﬁ?%@’ﬁ?s&&f ‘1 4
sul fonyl ggroupds unsubstited @ SibBGtuted by one or more suitable subst:tuents, unless the
optional substituents are expressly specified, in which case the term indicates that the
10 group is unsubstituted or substituted with the specified substituents. Various groups

may be unsubstituted or substituted (i.e., they are optionally substituted) as indicated.

A “prodrug” is intended to mean a compound that is converted under phjrsioloéical
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!jr 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 eﬂxano!amrrrr:.

25 A “p}ranngceutically acceptable salt" is intended to mean a salt that retains the
biological effectiveness of the free acids ahd bases of a speciﬁed compound and that is
not biologically or otherwise undesrrable Examples of phannaceutlcally acceptable,

- salts include. sulfates pyrosulfates bisulfates, sulfi ites, bisulfites, phosphates,
monohydrogenphosphates .dihydrogenphosphates, metaphosphates, pytophosphates

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



al kyl thio groups, alkony groups, cycloalkyl groups, het@ugeyflapbdod
groups, aryl groups, heteroaryl groups, carboxy groups, am no groups,

al kyl am no groups, dial kyl am no groups, carbatnoyl groups, aryloxy groups,
het er oaryl oxy groups, arylthio -5 groups, heteroarylthio groups, and the
like. The term"optionally substituted" is intended to.expressly indicate
that the Vé@&aFI98PE£d group is unsubstituted or substitut ed® USRI nore
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 t hat

i S convert egordd@e! BHBLEIA0IicG oLl o} % .S or
met abolically to a specified cg’lr?gtgﬁ’ng%ia?ﬁéal‘t?s’i E"’?’X@E‘g%a%%‘%@t irggllopzf/tes’
active. A "pireimatasesubieowds) yebacstes; cfumataadso maleites] duiyné-a pdgidates) R&dfied,6-
phar macol ogi cal |y a(c?t i ve conpgpggq produced through netabolismin the body
of a specif HRFEonpGHatesno Khlorhepzqates, | s methylhenzeates, nedinitobenzoates,

. phar naceut nPEAS tﬁ{%ﬁ f a ecjfied co nd "t hat
retains - tﬁgdrg?()gieogi ca{) ef eé‘? ?é“éﬁé‘?g’ o?ﬂ %gﬁs’coﬁ‘%g’lﬂ%{ﬁ?’ E’(lﬁﬂ%]‘)'gfgmﬁ?s'
sol vat es> i nphengtizceteteoundenyiprdpishatesy e nphedRlbutyratedDi nakdey) Widdiappat ely.

I sopr opanol t hanol , nethanqgl, DMSO, ethyl acetate, acetic acid, or
et hanol ar hi Wéﬁ oxyputyrates,  Flyepllatesi c sarirgtesic cmpthand-sulfomhtes, | propanesotfonatésy mean

a salt that haldas- it Lologi.cal effectivene of, the free acids and .
bases of a %;?gtclﬁﬁ?%(}‘%?ﬁ%%s%hgg}l@c?%%fﬁﬁ@a eﬁtﬁ“%sﬁpﬂdﬁtﬂ"éal |y or otherw se
undesi rabl e. Exanpl es of pharnaceutically acceptable. salts . include .
sul fates, pyrosulfates, bisulfates, sulfites, bisulfites, phosphates,

monohydr og dif mong,gﬁgtvamzpoum yein d@e@n phdsq_irhdf[sek mayeba preparedabye any suitable
L P 3PEn g HoFR S ot ot B e o n Siennsea.
PCTI USOQ' 256K as hydrq_chioric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid,
and the like, or with an 'organic acid, such as acetic acid, maleic acid, succinic acid,

mandelic acid, fumaric‘ acid, malonic acid, pyruvic acid, 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



formates, isobutyrates, caproates, heptanoates, propiol @g%Prwé(@ies
mal onat es, succinates, suberates, sebacates, fumar ates eat’es
butyne-1|, 4-di oates, hexyne-I|,6- dioates, benzoates, chlorobenzoates,

met hyl benzoat es, dinitrobenzoates, hydroxybenzoates, nethoxybenzoates,
pht hal at@ ﬁﬁf# onates, xylenesul fonates, 5 phenyl acetates,

phenyl pr g’ K phenyl butyrates, citrates, |actates, ?CT/US00/21061

"hydr oxybut yr at es, gI ycol | ates, tartrates, rnethane-sul f onat es,

propanesul fonates, naphthal ene- 1-sul fonates, naphthal ene-2- suI f onat es,
and mandel ates. |f an inventive conpounggis a base, a desired salt may be
prepared by any suitable 10 nethod known in the art, including treatnent
of the free base with an inorganic acid, such as hydrochloric acid,

hydr obr omi Glrmaldbmhﬂ wf iwhictcard intidedite baGiithin RRO S6pe I‘df({h@ﬁllege lmqn&pe
nic acid, such as acetic acid, maleic a0|é Succini c

like, or wt

acid, mand8 FBC é\ig‘?d%a"w}ﬁﬁrl c acid, -malonic acid, pyruvic acid, oxalic
“acid, glycolic- acid, salicylic aC|d pyran05|dyl aci d, such as glucuronic
acid or ‘gal acturonic acid, alpha 15 hydroxy aci d, such as citric acid or
tartaric ad‘hd;m&nnmccnﬁpcdmd.@ﬂﬁ eRiSt APRIIL serdfd A adl
aromati ¢ aci.d, such as benzoi c'ham d or Ti nngm g%ggslr 53"‘: su Tb%}&eora{mxgumssuch
as p-tof ueRESHATtiomess and/er diesiereomens ulMbsich singie, stereoisbieds] kRemafes25hd

‘inventive a esi.red salt nmay be prepared by any _
“suitabl e gﬁ%%ﬁ" §f§‘§ﬁn‘ f"&g‘?‘hg° g‘i’ {within, the, Broag scpp 0 pmsemhavdnuen aci d
W th an i nPradaabl mw@@gm ﬁvaﬂ% i mar secondary, .or
tertiary);. an al ali metal -or - cﬁﬁpﬁﬂ%&ggﬁ c%rpn Péﬁ CR“B?( ‘HE’: or the
like. Illustrative exarrpl es of suitable salts i ncI ude organic salts
derived er rH ds sych i glyci ne and arginine; amonia; prinmary,’
secondary, “ 3 l?cé?‘ f lerm, OpUca IYM d?&tﬂlﬂedMHmnammpoand pompridinh me, 25

nor phol0 nejeagddulfidi&t a4 0 salts deri ved from sodi um
cal'cium pot assi um mé}ﬂﬁﬁﬁiﬁ%ﬂ@é [é)g% E‘? ’fFaE%rBB%‘lmd Baving the dgsredum

~and | it hi uphanhacalogical aeiving. cmﬂ&my]gq oplidatly HlireSQnY, ﬁﬁa &Mtee%%%ﬂ@gll i ds,

it is understopd by those skilledin the an"that th venti Vv unds
salts, and*@YIsE a5least 0okt singledsamen (8% @nioinetia EYc3S) toAOpRAANFI
. “at least 95% (90% e.e.), even more preferably at least 97.5% (95% e.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:

) where R' through'R‘ are as. deﬁned above In especially preferred embodlments of .
2.5 | formula I-b, R 1s mono- or bl-cyclxc heteroaryl Preferably, R? s selected from

unsubsntuted mono-substltuted and disubstituted benzyl ‘groups, where the



-16 PCTIUSQQ 21061 crystal forns, all of which are intepdedpignpmoa t hin
the scope of the present invention and specified fornulas. Thé inventive
conpounds may exi st as single stereoisoners, racemates, and/or m xtures of
enanti onmers and/ or diastereoners. Al such single stereoisoners, racenates,
.and mxtures thereof are intended to be within the broad scope.. of the

, present WOYEMSPHN. Preferably, however, the inventive. B@npﬂmmdmnare used
in optically pure form As used herein, t he term"optically pure” is

- intended to *nean a conpound conprising at .10 least a sufficient anmount

- of a single enantioner to yield a conpound haV|ng the desired

phar macol ogi cal activity. Preferably, aﬂ7dpt|cally pure conpound of the

i nvention conprises at |east 90% of a single isomer (80% enantiomeric

Teast by, sop PaBbEeaRhdkpeRlonlif BakcieP BRI, Iner gl ryilitogep. RIS
-Pref erabl y,ist heferabip oalkgls (ek., f D4pRapya, lz'ﬁl@ﬂﬂheﬂrﬁpﬁhq{r@‘iﬁ&h}rl‘:fih}%gl) or

acceptable salts prodrugs, active netabolites, and sol vat
ant i pi cor ndY L%ﬂ; A e Bquyu stigted op pelfstituied ‘phar}tlmcﬁhyhox/ naphthylaiethwi) Y The

correspondi n.or 00 M in the Hl-HeLa cell

culture ass‘g!g/i Blgd@ Ih pr%r?ﬁ§ 52-"2 bﬁ@ﬁﬁ@*%‘ﬁ%“%&&hﬂ%ﬂ@@ﬁbﬂgﬂﬂpme of
sub- f or Gul gpréfembhs Héﬁehbdi*ﬂdarb&%ﬂVQNheEépﬁl‘é' ?1 {e¥o E{%’ ! ment of the.
‘invention have formula I-b: b where R rou el as q&FheR ove.

In especi al gﬁrcpgyéleel;tqvm &mmemerthseedieter%toﬁﬂrsﬂdc&dlfr@n & Ni ﬁnd‘BnOMo?é

e cubs FFBR 5 51 B8 opils g s amamignt e

February 2Q84 alV¥ead} bﬁé@gygffen heteroatom (e.g., unsubstituted or substituted } 2-0xazolyl (ie.,
1soxazolyl) 1,3-oxazolyl (i.e., oxazolyl), or oxadiazolyl (1,2,3-oxadiazolyl, 1,2,4-

1_0 oxadiazolyl, or 1,2,5—oxad1azolyl), preferred oxadiazolyls are unsubstituted and -

monomethyl-substituted 1,2 ,4-oxadiazolyl. In especially preferred embodiménts the
heteroaryl mo:cty is 3-isoxazolyl or 5-1soxazolyl either unsubstituted or substituted
with one or two substituents selected from methyl and halogens, with chlorine and

ﬂuorme 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
?‘- ‘(Az)m
3 - ?" RB' e C.RSRS
RS /Hl/Nﬂ)‘\ R
.H. R ] 2 H R
.0 - R I-c
(A
?1" “(Azdm
: 0  CRR®

R? o I-d



-17 . PCTfUS00/ 21061 substituents are independently sel gt wer

al kyl, lower al koxy, and halogen. R3 is preferably alk%ﬁf%ﬂnkhpﬂ¥ﬁgropyl
2-nethy| 2-propyl, or 2-methyl-1-propyl) or arylnethyl (e.g ‘
unsubstituted. or substituted phenyl net hyl or naphthylnethyl). 'The variable
R' is preferably benzyl oxycarbonyl, arylcarbonyl, or heteroaryl carbonyl,
more . BVQOKIEYHbl y heteroaryl carbonyl, where the heter oBEH/USHAIBGly s a
five-menbered heterocycle having fromone to three heteroatons sel ected
fromO, N, and S. Mxre preferably R -is "a five-nenbered heterocycle
having at | east one nitrogen heteroatonl and at | east one oxygen heteroatom
(e.g., unsubstituted or substituted I, %xazolyl (i.e., isoxazolyl),

1, 3-oxazolyl (i.e., oxazolyl), or oxadlazolyl (I, 2, 3-oxadiazolyl, 1,2,4 10
oxadi azol yl , or-1L2,5-oxadiazon %Ermgeferred oxadlazolyls are
unsubstituted and nononethyl - to@g 1, 2, 4-oxadi azolyl. In espe0|ally '
preferred enbodi nents, the. betero Fy¥agol ety i-s 3-isoxazolyl or ‘
5-isoxazol yl, either unsubstltuted/or substltuted with one or two .

substituents sel ect fron1 hyl CBM hal ogens, with chlorine and fluorine
bei ng preferredrhal s R15 Varying the group Y in formula
gives:rise to forﬁﬁ;@ epﬂ -d (depsipeptides), and I-e
(ket onet hyl enes), mheﬁb aII arla I@s are as deflned preV|oust 0 Aa (Aa)p.
-'(A2)nf)RsRYb S§§I~Ir N RL RH o
.. .. Preferred embodiments of formula I-a are shown in formulae I-f, I-g and I-h below:
(Aa)p
. Ai"'(Az)m
o cﬁhﬁ '
*r ”'T“'
E I-f
“(Ad
Ar~{Agdn

:alu
- )
122

o Aq
gA3 ’p

17" {Ag)m
o cﬁ#‘

iy

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

w
o) Ih

I-h

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




l-c KRAN- ) _1f RS 0 R 1-d 04 February 2004 V\DOl/lOng T%Qrt%gy?mf% (As) A
A - -(A?)m CRSR6 1-e PCT/USOQ 21061 Preferred. enbodinents o ornul a

.1-a are shown in fornmulae I-f, I-g and I-h below I|-f I-g RLI-hIn the

corrpounds of fornulae I-c, lI-e, I-f, and I-h, R3'" is preferably H or

methyl. Preferred speC|f|c conmpounds i ncl ude those of t he Exanpl es bel ow,

especi al WO 0H14894nd 04 February. 2004 WD 01/10894 -19 PCT/US00/21061

-19-

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

the sub-formula II-a, which are useful in the synthesis of various compounds of formula

I:
A
(‘Ai_ﬁ)q

A /
AL

cf\:ﬂ‘lR‘Q
56

R
\T © CRERRH

RS It

I-a

5 whcrem all variables are as defined abovée. Preferred R®® and R groups are H and
sultablg protecting groups for nitrogen, for example, Boc (t-butyloxycarbonyl), 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, alkoxy, hydroxy, carbonyl OR¥,
and suitable protecting groups for carbonyl or hydroxy. A preferred protecting 'group'
for hydroxy is t-butyldimethylsilyl (TBS). '

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



PCTI FUS00/ 21061 I n anot her aspect, the invention is dirgg Igeqlii{l
internediates of fornula 11, preferably of the sub-fornul %ZO%I ch are
usef ul |n t he synthesis of various conmpounds of formJIa 1. RS Ai O{Ate
N\ AT Au I {CH). .1418142 e_ \ i CRS2R53R4 N_'_ -'--CR52R57R56 RS5 ||
155 I'l-a . wherein all variables are as defined above. Preferred R55 and
e groupévgt“gqu%nd sui tabl e protecting groups for 'nitropenusé@zioexanpl e,
Boc (t-butyl oxycarbonyl), Cbz (benzyl oxycarbonyl), FMOC

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

met hyl oxycarbonyl ), and trityl (tri phen?( met hyl ). Qther suitable _

ni trogen-protecting groups nmay be readi sel ected by artisans (see, e.g.,
Greene and 10 Wits, Protecting Goups in Chemcal Synthesis (3nd ed.), John
Wley & Sons, N\stc( 1999) Jocireferred groups for RS -, 833, jand RS ocql.e H

al koxy, hydroxy, car |, OR and suitable protecting gr'c'i caf"bonyl
or hydroxy. A preferred protecting group for hydroxy is

t-butyldi met hyl si | (TBS). 15 Preferred exanples of the fér a 11 useful -
as internedi ates, lude the follow ng: 04 February 2094 _n - S

_ CHg
BDC\N OH BOC\N N, _CHy
N .
O ; H 0 -
H
o N
N
Boc. Boc., A
‘ N S .
H .
o ; and

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.



WO 01/ 10894 PCT/ US00/ 21061 -20 f Soc H OH and phar maceyyi pt abl e
‘salts thereof. The present invention is also directed t?haﬁﬁtd%%gwf

i nhibiting picornaviral 3C protease activity, conprising contacting the
protease with an effective anmount of a conpound of formula I, or a

. pharmaceutically acceptable salt, prodrug, pharmaceutically active

net abol i (0 0H1088b| vate thereof. For exanpl e, picornaviral PGRUSeIRIERES €
activity may be inhibited in manmalian tissue by adm nistering a conpound
- of formula | or a 10 pharnaceutically accept abl e salt, prodrug,
pharmaceutically active . netabolite, S sol vat e thereof - More preferably,
the present nethod is directed at inhi bl%l ng rhinoviral protease activity.
04 February 2004 WO 01/10894 - 21 PCTI USOO/21061 "Tr eatl ng" or "treatnent"

I s i ntended"TRa Noratird ot o ond|t| n |n a -

manmmal , such as a hunman, that 1Is a eV|a
activity of cendétias mrmmnpna!olsmh/asr thu&ﬁnplhﬁtéﬁfilHSwaféucﬁy i iALERDdN of the
ovi rus, human coxsacki eviruses,

rhanV|ruses qﬁ
encephal oy By r@ogc §F MALe PICOpRaMirpl 3G pEotgases; sucks aahﬂmhmmnmtmsesﬁ\hunm :
d | ud t t | arly: wh
bl piovrdd, IURRIVLRAUEIRIES IEDnaldn AR SR, mebingiis Mk but

t he manmmal

not yet i aapdodephtitis Aavirng hrd nﬁ&ln)ddsﬂhl(b) tprbghylaicdtreanRbe GR ™Y thiRhral,

and/ or

* particularly wht.m‘ the mammal is found to be predisposed to having the disease
~ condition but not yet diagnosed as having it; (b) inhiEiting the disease condition; and/or

- (c) alleviating, in whole or in part, the disease condition.

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

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

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 belng‘

- 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.



(c) alleviating, in whole or in part, the disease condit,
activity of the inventive conpounds as inhibitors of pi tgéﬁpr%avl{]aﬁa?a-d%
protease activity may be neasured 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 nmeasurenents.is the antiviral

Hl- HeLa ‘%@I 013 t ur e assay descri bed herein. 15 Adni ni st P&T{USA0/SI061 he

conpounds of the fornmula | and their pharmaceutically acceptable prodrugs,

salts, active net abolltes and sol vates may be performed according to
any- of the general | y accepted nodes of_4gministration avail able to those

skilled in the art. Illustrative exanpf®s of suitable nodes of
-adm ni stration include oral, nasal, parenteral, topical, transdermal, and
rectal.. Intranasal delivery is pr ef erred. 20 An |nvent|ve conpound of

formula | or a pharmaceutically acceptable salt, prodrug, active

net abol i t eAcenptabls metheds bé pwﬁrmgyummpharmaselﬁmhfo@m ofl tiplidraeliticsr|
nizable to the skilled artisan

f
as being cureBiphs S B ROk seieaimed B er sk leicingbe ol For compieol | o
i quid, orpilvARkiditAGHepatichS gmg' B pfied TSR chRnAbS BRUTRES of the

capsules supposltorles susp 0SONES:

- Phar ma(Seutphaahamnpaisuhbmmsmaﬂv:hgetdps\s&eﬁ b Mikiyg; g@hﬁlﬁt:ﬁé‘%bld:%nﬁﬁ'éésﬁ%‘ €
exci pients,, diluents, vehjcles, -and carriers, as well as other

phar meceut Vien F?Fcéﬁ?f)f for tablet, formss or miwagdfiling. pod dtSIselvmgt thn dagredieatsas mode
of adm ni r dj rrent the inventive

phar naceutsépi’ |I co l’? |é g&% digrﬁgeddgfodrﬁg ﬁa?f’a%?rﬁ tPH‘caISG“%‘@gF@Fm of
suspensi onatrax(ﬁalFﬁi&lﬁbﬁih&!h:BQﬂﬁraMlQMrﬁ%&fhl %9%}4&%/ ﬁljnﬁ)rﬂgu-a q Acceptabl e

met hods of preparing suitable phar maceutical forms of the phar maceuti cal
- conpositions nmay be routinely determ ned by those skilled in the art. For
exanphg ki tlons be .prepared follow n
o on\r/ne)nt | ons%p t%pgﬁi @2‘2"5 ce{nﬁcgﬁla accepta arners E[Euegts vehicles, or excgl,plents
“may be employcd in the pharmaceutical compositions. Illustrative solid carriers include

starch, lactose, calcxum sulfate dihydrate, terra alba, sucrose, tale, 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



phar maceutical chem st involving steps such as mxing, guaRBhah fbs and

conpressing when necessary for tablet forms, or mxing, filling, and
.dissolving the ingredients as appropriate, -to give the desired products
‘for oral, parenteral, topical, intravaginal,' intranasal, intrabronchial

. int raocul 6’01 %{ aaural, and/or rectal admnistration..10 Solid or liquid
phar maceu acceptabl e carriers, diluents, vehicl es,PCR/USS0QIgHIENT S

. may be errpl oyed in the pharmaceutical conpositions. Illustrative solid

- carriers include starch, |lactose, calciumsulfate dihydrate, terra al ba,
sucrose, talc, gelatin, pectin, acaci a,_&amagnesi um stearate, _.and stearic

acid. Illustrative liquid carriers incldde syrup, peanut oil, olive oil,
saline solution, and water. The .carrier or diluent rray i nclude a suitable
15 prol ongeA-'rtmrmacmtaracabe 2R 3S i ' stearatecor gl yceryl
distearate, alone. or with a wax. \en gy |qté| Fraé‘?wr“ Oﬂé’édg"‘%{"ﬁ

pr epar at i onag?ﬁyﬂ% whery pdministered fto aa - neayrined, meﬂldemﬂwregmg Sfbie Ob! ef@k at i n
solution), or a nonaqueous or

capsul e, sty [ ctable lJ
aquous | i qg‘ilaghglﬁsp kot °°§6'"ﬁn~*‘da§e"e¢d ey ethe fahibition ofi the actbdtypof bhé of

cont ai ns atméRasitorAaviiAf amount of the active-
conpound (|m 6}ﬁaﬂ. corrp?)%%gé%%s‘é?g ?gﬁlﬁﬁ%nr W]énop bﬁ‘ﬂ?f“i‘ pahoyirusghwaan abl e

salt, pPodragysackisvirusssnencaplultyocanditis Gitdse nida flovls, Tﬁﬁ]ﬁ%‘%@% eAda‘g%ée Ry

made up of~Qne or re phar rraceutrcal dosage unr ts.

be adni ni st]e\gé'ﬂ’quﬁ 9" 8RR Fompeyndeof; ath@llefemaorhthaamlbhé trerdpeuticallpeERtc@fe
e T ot U B ot P AR, S

activity, by any known sul

i ncl udi ng: and»pilmw:my tieo¢ofetha dehe L oral l _
rectal Iy, .as a suppgsﬁgf&ﬂrﬁlgﬁg éecrdotFlFr% E%m‘?‘h ae‘E?‘f%r’r",’ayor

e,
cont i nuousﬁ’ﬁ"b‘i}"’ieﬁi eddly artidans.r anasal , |ntrabronch| al, intraaural, or
intraop@rl ar infusion. 04 February 2004 WD 01/ 10894 PCTf US00/ 21061 - 23 A
"therapeutically effective amount” is intended to nean the anount of an

i nvent i ve Bygeay oft laitratioh o fodmiiatibA F6F Slaf &R e JRFRL mvcntrl]\%egon'tlp%%ﬁs for 'S

sufficient to effect
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.



treatment -for disease conditions alleviated by the inhi l@htF'eBﬂJ %266219
activity of one or nore picornaviral 3C proteases, such u

rhi novi ruses, human poliovirus, human S coxsackieviruses,

encephal onyocarditis -viruses, menigovirus, and hepatitis A virus- The

anmount ~@aden conpound of the invention that will be thera eutlcally

ef fecti \c}g(’%lgh\é?vary dependi ng upon factors such as the Bg}rﬁl 8&

conpound, the disease condition and the severity thereof, the |dent|ty of
the manmmal in need thereof, which anmount nmay be routi nely determ ned by
‘artisans. 10 By way of illustration, a40rml ation for nasal delivery of

the inventive conpounds for treatnent of rhinoviral infections may include
-a conpound of formula | that is mcronized to a reduced particle size in a
suspensi onWientseevchgniatry iswdt spevifieinlchbingtal Shuctieg @tﬁ&%&re@ce@ﬂeﬂiﬁv ghout -
2% of . the active conpound, preferably about fromO. 2%to 15 2%

. exenpl ary hralezed. ¢ ﬁlfPH‘t’W’cS'ﬁ afgbra\gauqml a9 :applyo Vidoq literautaxyearbohyl)j erconi zed

conpound o rcent xture of

m cr ocryst%ﬁ%me chb% ’é/c bﬁ'dylg ﬁ qm&ﬂ'iy | ose sodi um (e.g .
Avi cel - RC/ CL) ; Ger&rﬂ/@cﬁﬂhemer cent. of 20 poI ysorbate 80; 0.01 wei ght per cent
of di sodi um et hyl enedi am ne tetraacetate (EDTA); 0.02, weight percent of

" benzal koni.um chl ori (fe soluti,on (50 wt. %FBZC1) 5.0 wei ght per cept -of
dextrose (anhygr ousNH and bal ance of p 1-|‘| ed wat er. GENERAL SYI\ﬂ',IﬁESES 25

The inventi vehg? ounds of formnul advant ageousl| yOpr epared. by the
met hods of gkt RH i nvertio ﬂ'h |Nn ~CHe general - h escri bed
bel ow. I'n each of ese general rret oddl tHe variables &e fined

above.. 04 February 04 WD 01/10894 - 24 9CT/ US00/ 21061. V\hen o
ster eoghem stry iA not specified in cheg cal structures, eit h&r
stereocenter may be

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 Schemc 2

p1 P1 . Py
/[:f L NHg_b o NH
Pz\: N oOH —— -PZ\N&/N\O,CHg, —_— PZ‘NJ:H/Z
o] H o H 9
D E E |
- " ;
o NH NH
H o 3

NS - - C ‘_G



utilized. The follow ng abbreviations also apply: BOC 04 February 2004
(tert-butoxycarbonyl), Ac (acetyl), Cbz (benzyl oxycarbonyl), and.Tr
(triphenyl methyl). General Scheme 1: 5 AB CH3 QU,CH3 Cin this gener al

synt hesi s schene, an amno acid- A (prepared by standard peptide

coupling

* condi ti oo antigesr net hods known in the art), where Pl s an ag'i) &él ate
organic

protecting group for nitrogen (e.g., Boc or Ac) and R is BHOpP
noiety (e.g., 10 Cbz- L-Leu-L-Phe-), is transforned into Weinreb am de B.

Compound B is treated with an excess of an organonetallic reagent (e.g.,

an alkyllithiumor Gignard reagent) te25provide product C. At this point,
P1

the Pl nitrogen protecting group present in C nay be exchanged for an
Boc exchanged for Ac). Ceneral Schene 2:

alternate :ﬁ& mncessar%_?
P1 P1 Pi R AR dhgf Booparing popduer @ iPtlepibdd above. In this general method,

amino acid D (prepared by known methods), where Py is an appropriate protectmg
group for nitrogen (e, g., Boc or Ac) and P; is an appropriate orthogonal protecting
group for nitrogen (e.g., Cbz), is transformed into Weinreb amide E. Compound E

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
removed, and the resulting amine G (or salt thereof) is derivatized (coupled) with a
sultable organic moiety (e.g., Cbz—L-Leu—L-Phe-) to afford product C. As described
above, the P| nitrogen protecting group present in C may be exchanged at this point for

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

General Scheme 3:

0 ?3 ‘I:.‘3 P3
NH O~ _NH o0 _H
o
0 CH
: 0
,ﬂ\ OH ——a f
RN RJLN N -CHy  ——n R,ILN 7
0 H o H
0
H 1 J
OxNH
0
AL
H o
K

}5 - In this general process, an amino acid H (either commercxally available or prepared by
. standard peptide couplmg conditions and/or methods known in the art), where P3 is an

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

N



91H N,O C 33 P2’.N HF 1 :"Pi Pi NH-NH H2N G 04 Febr Wares E%%B’ :
WD. 0.1/10894. -25 An alternate nethod of preparing product pr cted
above. In this general nethod, amno acid D (prepared by known net hods),
where Pl is an appropriate protecting group for nitrogen (e.g., Boc or Ac)
and P2 Iﬁ an a%roprl ate orthogonal protecting group for nitrogen (e.g.,
Cbz), i VOPYHEPHrmed into Weinreb amide E. Compound E i sPSTUSBHZMEL with an
‘excess of an organonetallic reagent (e.g., an alkyllithiumor G'ignard
reagent) to provide internediate F. The P2 protecting group present in F is
~then renoved, and the resulting am ne 4 (or salt thereof) is derivatized

. (coupled) with a suitable organic noiety (e.g., Cbz-L-Leu-L-Phe-) to

- afford product C. As described above, the Pl nltrogen protecting group
present i no@aﬁiaynmtyax@tga,ngm.@uﬁimmwppl Rt whAsfornldd 3o aw%%#? %ng

' necessary Boc exchanged for Ac General Schene 3: 21061 P3
=3 7 ompoundl is treated with an excess o anorganometalhc 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
_ o) o
L M N O

|;"3 .
0. NH, O~ _NH.
o - o
AT RJLN 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 commercnally 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
mt_erme@nate N. The P, protectmg group present in N is-then removed and the resulting

‘_ emine._()_(o_r salt thereof) is derivatized (coupled) with a suitable organic moiety (e.g.,. |



NHn_ MJPg lvn HI CEb | J K1 1In this general procesgy iﬁéi)%m pacid ft
(either commercially avail able or prepared by standard pepti coupllng
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 WO 01/10894 -26 PCTI USOCQ 21061 organic noiety (e.g

Coz- L- Le(WQO¥HEY  is transformed into Winreb anide I. mmjmmdoa: i S
treated with an excess of an organonetallic reagent (e.g., an alkyllithiuin
or Gignard reagent) to provide product J. If necessary, the P3 protecting
group present in Jis then renoved to ay ord product K General Schene 4:
P2 L P3 p3 NHO-- ,NHOH P2 M el

Cbz-L-Leu-L-Phe-) to afford product J. As described above, the P; protecting group

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

General Scheme's:

o. P
N
OH
0
P Q R

O
N
P ~—
Z\N Z
U T S
o .
NH ° NH
O
Z ——e
H N | R’U\N z
o H 0 .
5 Vv w

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



K'N.J 10 An alternate method of preparing' . products Jg a:"f
above, In this general nethod, am no acid L (either COhTTEI’CI ally aval 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

ort hogon cting group for nitrogen (e.g., Boc or. Chz
transfopﬁebd@{lgﬁgg Wi nreb amide M Conpound Mis treated W)ﬂjsngb‘iﬂess of
an 15. organornetallic reagent (e.g., an alkyllithiumor Gignard reagent)
to provide intermediate N. The P2 protecting group present in Nis then
renmoved and the resulting amne O (or.sglt thereof).is derivatized
(coupled) with a suitable organic noiety {e.g.,. P3 P13. NH O- .NH H2N O
04 February 2004 WD 01110894 -27 PCTI US00/ 21061 Cbz- L- Leu- L- Phe- ) to afford
product.. J. Sw@fﬂmlb’lttﬁ@afoabGiJmto WeinreBapidetS cCCoMPodHdS! B trddbcASGH ah gxées%\ls

t hen rermvgflahooraglgorqal?r oduct K if necessary. Ceneral Schene'5:
U ganometallic reagent (e.g., an. alkyllithium or Grignard reagent) to provide

HP
intermediate T. The P3 protecting group present in T is then removed and the resulting
amide U is further deprotected (by removal of the P5 protecting group) to afford amine

5 for salt thereof) V. Intermediate V is then derivatized (coupled) with a suitable orgamc

' mmety (e.g., Cbz-L-Leu-L-Phe-) to afford product W,

 General Scheme 6

W APy

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

mtermedlate T (described above), where P3 is an appropriate protectmg group for the
,amlde nitrogen (e.g., 2 4-d1methoxybenzyl) and P; is an appropnate 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



HZN Q T S5 V WIn this general nethod, am no al cohol Pg ﬁ%éggo known
met hods) where P3 is an appropriate protecting group for £

nitrogen (e.g., 2,4-dinethoxybenzyl) and P2  is an appropriate orthogonal
protecting group for nitrogen (e.g., Boc or Cbz) is oxidized to aldehyde
Q This %g{ln%gbate is then further oxidized to carboxylic acid R which
is 04 Fe 04 WD 01110894 -28 PCT/ USQU 21061 subsedifdifisog/21a6ansf or ned
into Weinreb amde S. Conmpound S is treated with an excess of an
organonetal lic reagent (e.g., an. alkyllithiumor Gignard reagent) to
provide internediate T. The P3 protectijag group present in T is then -
removed and the resulting amide Uis further deprotected (by renoval of
.the P2 protecting group) to afford amne (or salt thereof) V. Internediate
'V is then d@enerdltSchede Feoupl ed) with a suitable organic nmoiety (e.g.,
Cbz-L-Leu-L-Phe) to afford product W General Schene 6: P2 NHT XY w 10
An alternate nmethod o pr&paring producto Wi ®idepi cted abg e. ng this
general process, inter iate T (describ #bove), where P an
appropriate praqtecti i itrogen (e.qg.,
2, 4- di met hoxybenzyl ){ and ‘P2 is an appro riate orthogonal ecting group
for ni t rogen (ePgs Zor €bzy, i Podepkotect ed—by.renmoval of, the P2
protecting group t@ g| e am_ne (or sal’_l'(t tlher eof ) X. Cohighou X is then

derivatized . ' OH OH
T z . AA
_ . NH ° N'P3
o , 0
RJJ\N £ T 'R’U\N ¢ T
'H o H 5
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,



15 (coupled) with a suitable organic noiety (e.g., Cbz- balrebnban/ ) to
afford internediate Y. The P3 protecting group present in Y is then
renoved to provide product W 04 February 2004 WO 01/10894 General Schene
7: P2,NHT - 29 Z H2N PCT/USCO 21061 OH AA WY BB An additional

al terna h for preparing product Wis depicted above. 5 Internediate
T (prepﬁ%gﬁé@%e) where P3 is an appropriate protecti ngPﬁ?’H§QP’$1851the

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 fesent in Z is then renpved and the
resulting amne (or salt thereof) AAis derivatized (coupled) with a
suitable organic noiety (e.g., Cbz-L Leu-L.-Phe) to .10. afford

internedi aGen8B] Shemke!l$t s poi nt, BB may be further derl vatized if necessary
by renoving any protecting groups present (other than P3) and coupling any
and/or all- unprot@cted reactive functl'ijnal groups (e.g., am ned?, or

: aI cohol s) w gh suifttabl e organic o NH o NH -

: A RJLN’Q.’/OH -_— R/U\-NJ:H/Q_NZ —_— R)LNJ:H,CH-‘;&
', o H o ' H g | H o §

‘A . cC bD .

|

i
NH

S |
R/IL ”I\n’ emo«:ow
H o

EE

In this method, an amino acid A (prepared by standard peptide coupling conditions
5 .and/or methods), where P is an appropriate protecting group 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
o IO ‘be exchanged for an alternate if necessa:y (e g. Boc exchanged for Ac)



noi eties to afford additional BB internedi ates. Wen all I
derivatizations of BB have been conpl eted, an oxidati on04|afgé% a?\{b@(?red to
gi-ve ketone Y. The P3 15 protecting group present in Y is then renoved to
provi de pr oduct W 04 February 2004 WO 01/10894 PCTI US®121061 -30 Ceneral
- Schene 8w B?'nsu P1 P1 NHI1 _11INH .NH OH CC EE CHzBr In this nmethod, an
am no aci d /9\ prepared by standard peptide coupling cond|¥¢BH§001250&nd/or
nmet hods), where Pl is an appropriate protecting group for.nitrogen (e.g.,
" Boc or Ac) and Ris any suitable organic noiety (e.g., Cbz-L-Leu-L-Phe-),
is transformed into diazo conpound CC. -4 ynpound CC, in turn, is converted
to the bromide DD. This intermediate i S subjected to a dlspl acenent
reactlon enpl oying a carboxylic acid noiety to afford product EE. At this
poi nt, the Seneral $chemen: protecting group present in EE may 1 0 -be
exchanged for an alternate if necessary (e.g., Bob exchanged f or Ac). 04

" February 2004 WO oL/ 15894 3 PCT/'USOO 21081 General Schene 9: By

Pa. OH' e '
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In the above-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 transfozmed 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 then xemoved and the resulting amme (or salt thereoﬂ I is derivatized



L PJ p3 P3 FF I 1,3 1 NH OH CH20(CO ar JJ KK H2N 11 PsMephia@odts 1 NH
CHZQ(COAr HH I n the above-illustrated. nethod, an am no acid L (either
comercially available or :5. prepared .by known nethods), where P3 is an
appropriate protecting group for the amde nitrogen (e.g., Tr) and P2 is an
appropriate orthogonal protecting group for nitrogen (e.g., Boc or Cbz),
is tranXOP84 nto di azo conpound FF. Conpound FF, in tEfHUSQ106donyert ed
to the chloride GG This internediate is subjected .to a displ acenent
reaction enploying a carboxylic acid noiety to afford internediate HH The
P2 protecting group '10 present in HH i.s then renoved and the resulting
anmine. (or salt thereof) Il is derivatizéd

(coupled) with a suitable organic moiety (e.g., Cbz-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
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%ﬁm T

: N
o o °
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© - To ?re]iar'e Wi '(éomp_()uhd 21), alcohol P1 (prepared as described in Dragovich et al.,
. Med. Chem: (1999), vol. 42, 1213) is oxidized to give aldehyde Q1 which, in turn, is

' ‘10.  transformed into -carboxyiic acid R1. This ipfermediatc may ‘be converted without )
'+ "purification to Weinreb amide S1. Exposure of S1 16-an excess of 2-lithiobenzothiazole

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



04 February 2004 'WO 01/10894 - 32 01 (coupled) with aoamgbﬁ}yrfzmégam c
noiety (e.g., Cbz-L-Leu-L-Phe-) to afford internedi ate

protecting group present in JJ is then renoved to provi de product KK. To
iIIustrate t he specific syntheses of the conpounds of Exanples 21 and 28

T are. %ﬁ dbelow CH301 /_\ OCH3 CH30. ~-OM CHOP1L O Ul Cec W
7(21) CH3 : "HHOCH3 HO Ti PCT/LTSOQ 21061 RETHISONR106t epare W
" (conpound 21), aI cohol Pl (prepared as described in Dragovich et al., J.

" Med Chem (1999); vol. 42, 1213) is oxidized to give aldehyde Q which, in
tun, is 10 transforned into carboxylic a3c.|d R1. This internedi ate may be
converted without purification to Winreb am de S1. Exposure of Si to an
excess of 2-1ithiobenzothiazole (generated from nBuLi and benzot hi azol e)

~provi des keﬂiﬁft@o’ﬁ&be&?ﬁnﬁmﬁax@ﬂr&@&fngaéréfu;;goénbsequently removed from T1 to give
' Ul Tke Boc protecting group present in Ul is removed under acidic conditions and the

: resultmg amine salt (not- shown) 1s coupled with commercially available Chz-L- Leu-L-
Phe-OH to afford W1 (compound 21).

-

-The synthesis of specific compound W8 is as follows:

&CCrL : ~OCH . H:cur\ 3 ~OCH,
N ' )

vi oo ' w2 s

. 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



WO 01/10894 33 PCTI USCOL21061 di met hoxybenzyl . nitrogen4Fegief ot 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- OHt f W (conpound 21). The synthe5|s of : speci.f _c co und W is
as foll gv\X/s%Gflag%4octt TI 882 Y!I z1 881 V@ (28) Ketone Ti EHLBHAY,

descri bed above) is. reduced to alcohol ZI (isolated as a 1:1 . 10 m xt ure
of diastereoners). The Boc protecting group present in Zl is renoved under.
04 February 2004 WO 01/10894 ' PCTI US004 21061 acidic conditions and the
resulting amne salt (not shown) is coupled with Boc-L-Val-L- Phe(4-F)-CH
(prepared usi ng standard peptide coupling techniques) to afford -

i nt er medi atagidBRjbnditRak aﬁd?ﬂteﬁésuftm]g amifk §£lt’$rﬁ>t Qﬂowﬁ'l)':ﬁ E&Irp?&ﬂ%{&ﬁ )Boc:rhg F Lons

“protecting group present in BBl 1s also tenove acl di ¢ con

and the reﬂnc@rlFDgO (n@peeé aksing nstanddrdwpgptide denplinat itedsliqiet) t6OFMRESI al |y
avai | abl e 5- net azol.e- é car,boxyl chl or| de to give internedi ate BB2
(i sol ated H¥€ megiate HHY (ofated ag; 2, d¢ b maisier of diastsreoragrs)oThef Baarptegtmgies

- ket one VI, ?Hi\;g Hﬁﬁ?ﬁluﬂﬂi 1§ or g%ho/égd(t%r@gr gcﬁ'g c%g?%ogso al¥(P ﬁ'tnzr\ésulrglllgt 21319

protecti ng group fromYil
5 salt (not shown) is derwatized with commercially available 5-methylisoxazole-3~

carboxyl chloride to give intermediate BB2 (isolated as a 1:1 mixture of dlastereorners) '
Oxidation of BB2 provides ketone Y1, and subsequent removal of the 2, 4-

dlmethoxybenzyl nitrogen protecting group from Y1 affords W2 (compound 28).

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 Vlma'gnetic

resonance sbectroscopy, 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 strength
of 300 megahertz (MHz). Chemical shifis are reported in parts per million (ppm, 5)
downfield from an internal tetramethylsilane standard. “Altemnatively, IH NMR spectra”
were referenced to residual protic solvent s;gna!s as follows: CHCl; = 7.26 ppm‘
DMSO = 2.49 ppm; C5HD5 7.15 ppm. Peak multlplxctttes 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
| tmcroanalyses were performed by Atlantic Microlab Inc., Norcross, GA and gave
results for the elements stated Wlthln +0.4% of the theoretical valucs -



10. Detail ed procedures used to make conpounds 21 and 2 th
exenpl ary conpounds of fornmula | are set forth in the Bé%gwe‘ﬁ’gﬁfm
illustrative exanples. EXAMPLES The structures of the conpounds of the
‘following exanples were confirned by standard 15 anal ytical techniques

- i ncl udi ngwe@egesnore of the follow ng: proton magnetic resonance
spectroscopy, infrared spectroscopy, elenental m croanal ygcxmsawauom ting
poi nt. Proton magnetic resonance (tH NVR) spectra were determ ned using
“either 'a Varian 20 UNI TYplus 300 or a Ceneral Electric QE 300 :
spectronmeter operating at a field strengjgh of 300 negahertz (MHz). Chenical
shifts are reported in parts per mllion (ppm s) downfield froman

i nt er nal §: rapet hyl sil ane standard. Alternatively, | H NVR spectra were

ref erenced t&sh é@i%hphlpmtqgmpbpIwasr‘;ier&mgwhgmg&ﬁ@j EOVSG g@g@@A{t 038§S ppm
esignate

- DVBO 2. 49p m Peak rrultlpI|C|t|es are
foll ows: 9*% % ‘E‘YC’QC?“ %ra? hy dd.C)vasopesformikd duingl mesiatéd sHebisrfet ;

a, quartet Sﬂfca6br1§ M&SPANER mul t i pling constants are
- given in Hertz Infrgérj(ed absor p?l ? pSB‘é% %?Wcre\liaét"gn"@étoalaﬂdﬂfsmpg a

Per ki n- El rreappzmﬁsadrarcemcﬂib&e@pect rorret er. Elenmental mcroanal yses were
perfor by Atlantic Mcrolab tnc., Norcross, GA and gave.' results for

the el erfents stated within 0.4% of the theoretical values.' 30 04 February

2004 WO 01/ Af 4 l Fl ash col unm chronat ogr aphy . was perforned

~using Silica gg*f& g,g;%;gg,gf T 19 sgaiym-sealgd flasksunder hslnght@peuwe pressat g aphy
(TLC) was pmgtbmurrbcls u&eﬁ@s@ﬁ&e@a fl St o] Silica 60 F254 (Merck Art
$e & “fea%F“E?e Wergassd asqrsseived dromand

5719). Melting points wer e term ne
are uncor r deFIBACSPSCtivel SUPB wathsthedoBowiag fexcefbns SeAMRIEER &ty 33k

under a sli v rnessure of
S cﬂgﬁchQﬁJrﬁ Lodi urR-benzo enone ketyl prior to use; dichloromethane (CHaCl,) was

10 dxsulled from calcium hydride prior to use. EtO refers to diethyl ether DMF rcfers to
N N-dimethylformamide. DMSO refers to dimethylsulfoxide. MTBE refers to fert-
butyl 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'rtg 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)]



argon unl ess otherw se noted. Al commrercial reagents w§ ?ﬁsed %JECEI ved
from their respective suppliers with the follow ng exc 6 Fo
tetrahydrofuran (THF) was distilled from sodi um benzophenone ketyl prior
to use; dichloronmethane (CH2C12) was 10 distilled from cal ci um hydri de
prior tq’{(ﬁ f’“? 20 refers to diethyl ether. DVF refers to

N, N- di ? Fg m de. DVBO refers to di methyl sul f oxi de. PW@@“W&”@FS to
tert- butyl nmethyl ether. O her abbreviations include: CH3CH (nethanol),
Et OH (ethanol), EtQAc (ethyl acetate), DME (ethylene glycol dinethyl
ether), Ac (acetyl), Me (nethyl), Ph (phenyl), Tr (triphenylmethyl), Cbz
(benzyl oxycarbonyl), Boc (tert 15 butoxycarbonyl), TFA (trifl uor oacet tic
acid), DIEA (NN-diisopropylethylamne), TMEDA (1V,N N N

.-t et r amet hyBxainbld E@h—gnmwﬁﬂ_“m@bd) Ac20 (acetic anhydride),

* NW (4- et hyl nor phol i ne), HOBt (1-hydroxybenzotriazole hydrate), HATU.

[ O (7-azabenzotriazol- | -yl)-N,N N ,N-tetra. met Bbsuroni um

hexaf | uor ophosphate], EDC [ 1-(3-di nethyl am no p*yl )-3-et hyI car bar bodi i m de .

20 hydrochl oride], DCC (dicycl ohexyl -g¢arbodiimjde), DDQ

(2, 3-dichloro-5, 6-di cyano-1, 4- bé&zgquignon®) , fDVA?

(4-di met hyl am nopyri di ne) L 4-gh HRe)y -y ci ne), Phe

(phenyl al ani ne), Phe(4-F) ;- fl uoraph@nyEal ani , Val (valine), am no-Ala

-~ (2,3- dia.-ninopropionic acid), and (S)-F @ -Ala [(2S,3'S)-2-anino-3-(2
oxopyrrolid in-3=- ylY-propionic acid]. Ad onal ly,qyL" represents -

naturally occurring amno acids. 25 A sinplified nan‘i%& system enpl oyi ng . .

am no acid abbreviati ons is used to identify sonme internediates and final

products. R ounds alicized.am no acid abhbreviations
repr esent @ Ff]p%'gla"t“g gﬁn RE’B erepil MEDA{OBlank, §.37 mme}) apfl dimathy!

2000 057 1050 36 ram Tt B SR BT B ey LS5

_ 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-(T 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. - | |



PCT/11SOO 21061. At 0 C and under an argon atnosphere,
5.37 mol ) and dinethyl 5 sulfide (0.49 nL, 6.67 mml)EgEDQl‘%‘B’dﬁﬂ? to nBuL|
(2.58 Min hexane; 3.4 n_., 5.37 mml ). The m xture was stirred for 5 hours
(h) while being brought to 23 C. The reaction mxture was cooled to -40 C
©and a soky hfpsed Cbz-L-Leu-L-Phe-L-(Tr-GAn)- N(CH3)O CH3 (prepared as
described in WPO International Publication No. WO 97/4 SQ0G143 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 Et{@Ac. The pH of the aqueous phase
was nmade basic with solid Na2CO3, and extracted with Et QAc. The organic
| ayers were conbi ned, washed sequentially with saturated NaHCO3 and bri ne,
dried over Exapsin?: Cbrydiadi Phd-ic@epai,gtel under vacuum The residue was
subjected to colum 15 chronat ography (45% Et QAc/ hexane) to afford the
product as a white solid in 60% vyield. 1H N MRC13) 8 0.86 (m 614),
1.31 (m 1H, 1.53 (m 2H, 1. 75 (m 1H), (s, 3H, 2.27 (m 3H), 3.06
(m 2H), 3.15 (m 2H), 3. 93 ( 540(m.IH),‘ 4.70 (m 1H), 4.90 (m
/"LJ (m 27H. HRVB calc :

2H), 6.50 (m 1H), 6.95 . |

for C49H54N406S (M+Cs), 281841 fo nd 0. 26505 Anal . 20

(C491- 154N406S0. 50H20) H N. 04 F%bru0%4 WD 01/ 10894 -37 Examle 2:
| |

Cbz- LLeuLPheLGIn-CH SCH PCT/ TISOQ 2 (2) :

Cbz- L- Leu- L- Phe-L- (Tr-GI n) - CH2SCH; (0.30 g,”0.363 nmmol ) (s added to 10 nL
of .5 1:1 CH2C12 and TFA at 0 C and stirred for 45 mnutes (mn). The
reaction mxture was concentrated under vacuum and taken up in excess

Et OAc. Thi §bzdHieu-bifheds(Trv@ehaH,SUHA0WN B c363 RS W 8 ANt B! HF-
dried 05/ er ll\fgégl Clzfe{nldt'lel;r‘f %t %n°% and stirred 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 vacgum. 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, IH) 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



concentrated under vacuum The residue was triturated wohlreEuadR 2@@4vi Ng
0.15 g (71% vyield) of the product as -a white solid. 1H NMR ( O-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 J = 14.0, 8.0),

3.05 (d : = 14.0, 4.4), 3.27 (m 2H), 3.98 (m | I H),
4.52 (mq"ga"#&”g.oz (m 2H), 6.78 (s, | H, 7.14-7.35 (mF%I’P%T%,?“’%Qz (d.
I H J=7.7), 803(d, I H J=7.7), 842 (d, | H J =7.4). HRMs talc
for C30H40N4O6S (M+H), 585.2747; found, 585.2720. Anal. (C34H40NAGGS) C,
- H N. 15 Examle 3: Cbz-L-eu-L-Phe-L- Nyjg4c-amino ,4la -CHOCO. 24
6-trinmet.h | hen 1 (3) Preparation of Internediate Cbz L-Leu-L-Phe-L-(N.
Ac-am no Ala)-CHN2: 20 To a solution of

Cbz- L, - LeupL; RHEniméI)- Fg-raixiuie whk abolElthd P $P@ badisoBursRElorb Bkt f0.05% ggpl)i 9.
g

bel ow) (0.381 g, 0.71 mml) in 8. n of THE was added NEt3 (0.07

February 29duLy7d mmol aves addedorfterstiodiez fos 1 01minpthe mintved Was dordedriotlr e was

'» led to &15 d i sab hl te (0.097 .q. .92 L, 0. 1)

caol 50 12, o0%f AL RRLER B ELALIREE A AOR St % LR '
: di ' f | ay&ad f - added.
excess, O TRMRANaty Hh AR URRABA e A ol ol 0o

2 h, arid 5AL0BHvamthen hddedad daehndhangeroesh depnrRERAS S T §ERERid MDRure NS
quenched mxture was diluted with H2O and extracted with an excess of
Et OAc. Th ‘BFEFLFW‘@’ He{e pnd\sxtracied; with 2 eNcess iof Q. e Thesganit 188, was

L2 R SIS, S SBBETEL05 { Eghe"
NVR T nt egr dibidReronRd28%) lal s Witk €b2A0f e Btic-t -(FAc-amino-Ala)-OCH;3 (13%) as
: - determined By THNMR intcgration" and MS t(M+H) 565 and 555].
10 - | o
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 CHxCly. The organic phase was washed with H>0, dried 6ver NasSOyq,
filtered and concentrated. The residue was subjéctcd to co!ﬁmn chré»mzitqg_raphy.using a -

| gradient of 80 to 100% ‘Et(_){__&'c{hexane and afforded 0034 g (33%) of the -
© '20 bromomethylketone as a yellow solid. TH NMR (CDCls) 5 0.86 (4, 3H, J = 6.3, 0.90
o, 3H,J=6.23), 1.36 (m, 1H), '1..55 (m, ZH), 1.91 (s, 3H), 3.01 (44, 1H, J %14.3, 8.5),
3;1?_(dd, 1H,J=10.7,5.9), 3.48 (dt, 1H, J =14.0, 4.6), 3.84 (m, 1H), 4.04 (m, 2H), 427
_(dd, 1H, J=13.1, 9.0), 4.61 (m, 1H), 4.85 (m, 1H), 5.04 (m, 2H), 511 (m, 1H), 6.48
 (m, 1H), 6.57 (4, 1H, J= 7.0}, 7.18 (d, TH,J = 7.7), 7.22-7.42 (m, 10d). HRMS calc

| ‘25 - for C29H37N405Br (M+H), 617.1975; found, 617.2001. Anal. (C29H37N404Br) C,H, |

. Preparation of Product Cbz:L-Leu-L-Phe-L-(N-Ac-amino-Ald)-CH;0C(0)-24,6~
* trimethylphenyl): - | | T



. added. Af

Preparation of Internediate Cbz-L-Leu-L-Phe-L-(N Ac-am To a

0 C suspension of crude Cbz--L-Leu-L-Phe-L-(N Ac-am no &afgl%ch%

-=0.17 mmol) in 10 nL of 1:1 benzene: CH2C12 was added 0.2 nlL of 48% aqueous

(aq) 15 HBr." After "I h of stirring, another 0.2 nmiL of 48% aq HBr was
‘&ﬁ additional 2 h at 0 C, the reaction nixture was poured

into H20 &léW?act ed with a large excess of CH2ClI 2. ThBCHU§#MI6Iphase

was washed with H2O, dried over Na2SO4, filtered and concentrated. The

- resi due was subjected to colum chronat ography. using a gradient of 80 to

100% Et OAc/ hexane and afforded 0.034 g (33% of the a-. .20

br ononet hyI ketone as.a yellow solid. 1H (CDA3) 6 0.86 (d, 3H, J= 6.3),
0.90 (d, 3H, J 6.3), 1.36 (m 1H), 1.55 (m 2H), 1.91 (s, 3H), 3.01 (dd,
1H5 J=14.3,  8.5), 3.17 (dd, 1 H J =10.7, 5.9), 3.48 (dt, I H J -14.0, .
4.6), 3.84 (m 1 H), 4.04 (m 2H), 4.27 (dd, 1 H J = 13.1, 9.0), 4.61 (m

1 H, 4. 85 Tma-stiidd sblutién (of) CiA)-Leb I ABhe I N- 57
(dH)I H o J ¢ 7. 0)@781;3’ -ng ﬂﬁ“j” = 76%:0( #é‘é@mﬁaﬂ@%gm&ﬁm%&g%alc

25 for C2oHmmelgissolyed in 2 mh DMBEes sdiled KHEES, ROC4 dispersion. in( GARIA 7AL06Br )
‘C, H N f Pr.oduct .Cb |- .4
S phes Lo (NS Bl 08 ady "ARECE iy 23 T4 prtimeytoomeniy msid (@msmp@arfy

2004 WO D1 1hHadI wasHdR 4,{th§9 T r on_of

Cbz- L- Leu- L- Phe- L- (N AgTam noq‘,&lgag-;éﬁ% {18{051 hedﬂgé)@g rn‘ﬁ%ﬁﬁonﬁf’%%ﬂled in
2 mL DVF welgkeniue dn me:(«:;:ss of E6QAlt, snd i avab laddﬂche'mé ofglahic lafr Wak washed1- 02
nmmol ). After 5 m 2,4,6-trinmethyl benzoic acid (0.057 g, 0.347 5
mmol ) was aﬁ?ﬂ'é‘ﬂ‘ laﬂﬁd"%é*aq xatvratedaq NalleDsd and brinehandrilenmivas driedveer

concentratqq o Ar@ an exce \('ﬁ_l Et OAc, and H20 was added. The
organic Iayer f] d eq‘i?é‘ﬁ?q"&F%y £ h Iegidie s%ﬁrﬂ%ﬁﬂhqbﬁﬂal—q@!ﬁnnand

brine, and &Rﬁﬂatﬁ@%p@ '(WA%@Ac/hexane) affording 0. 054 g (22%) of the product as a
10 white solid. 'H NMR (CDCl3) 5 0.89 (t, 6H, J=6.3), 1.42 (m, 1H), 1.56 (m, 2H) 2.05
(s, 3H), 2.32 (5, 3H), 2.35 (5, 6H), 3.03 (dd, 1H, J =14.0, 8.1), 3.16 (m, 1H), 3.67 (m,
2H), 4.14 (m, TH), 4.59 (m, 1H), 4.65 (m, 1H), 4.86 (m, 2H), 5.06 (m, 2H), 5.23 (d, 1H,.
J= 70) 549(t lH J=6.1),6.71 {d, 1H, J= 66) 6.86 (s, 2H), 718-734 (m, 11H),
| 7.65 (d, lH J = 6.3). HRMS calc for C39H4gN403 (M+Na) 723 3370; found,
15 723.3358. Anal. (C35H4gN4Og+0.5 H;0) C, H, N.

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

| | /¢ 010
' J’L :\/fL . CHy
'g\o “ o = 3%

o @

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)



Na2SO4, filtered and concentrated. The residue was puri thedpR¥ncsigdm -
chromat ography (70% Et OAc/ hexane) affording 0.054 g (22% of the product as
~a 10 white solid. 1H NWR (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, 16(m1H) 3.67 (m 2H), 4.14 (m 1 H) 1 H

4. 65 m%“’@u 86 (m 2H), 5.06 (m 214), 5.23 (d, 1‘??,14’9?@’?2(:15%}. 0),
(t,I'HJ: 1), 6.71 (d, 1 H J =6.6), 6.86 (s, 2H), 718-7.34 (in,
Hy, . 7.65 (d, 114, J =6.3). HRVS caic for C39H48N408 (M+Na), 723.3370;
found, 15 723.3358. Anal. (C391448N408.5 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-ani no-

éLa) L2 Eenitfﬁl(mzdﬂé, 3-BotpolH) 4636 (th-Ij,|4t4k4 Gﬂlfmpunlj, ms?ﬂﬁdﬂgﬂi)zﬁd)gf (rjom
repar r n -
Vebber ot Ul 3ED: 5100 GReH 5156850 ot H)44 S6 sl alhD, 7e02cken 0, B3L [
44% | d b lid. 1H NWMR
(oo ) (Sp e ‘mis??‘ﬁr‘%fé%*ﬁéﬁgoﬁ%‘%%ﬁ?&a %ﬁg*i?g@ %?15? 14l 6a

(m 3H), 2.20 (s, 3H), 3.05 (m 2H), 326 (m 1H), 04 February 2004 WO
~01/10894 - 40 PCTICJSOO’21061346(m I H), 358(m 111), 4.16 (m | H),
4. 47-4.59 Example 3y Cb 4L-Phet{N-Uctdming A0H-CHgn 2H), . 5. 10-5.20 (m 114),
53755_0(mIH),686696(mIH),722(m5H) 734’(m511) HRVS - -
- cal ¢’ for C32H44N4A07 -(M+Cs), 729.2264; found, °\*qz§”=2231 Exanmpl e 5: -
Cbz- L- Leu- L-Phe-L-(N, Ac-am noAl a, - H (5) Fmdl owing the procedure :
‘descri.bed-bel ow to prepare Cbz [ Ldu- LB Phg- Lf(N Ac- ami no- Al a) - 2- Pyrldl ne
(compound.8), the title 0 8”=from Cbz- L- 1. 6u-L-"

e} Z ls) .
'\© | G

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

6. 49
I

' AIa)-2—Pyr1dme (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 ,



10 Phe-L-(N Boc-am noAl a)-CH3 (conpound 4) in 85%yi eldoa$egrm"g@4solrd I
H NVR (CDC13) & 0.88 (d, 3H, J= 6:6), 090(d 3H, J =6.6), 1.38 (m 1 H),
.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 1H),411(m1H),4.47(m1H),
~463(m 07 (m 2H), 5.23 and 5.30 (2d, 1 H J = 5.9), 585 (m 1
6. 47‘%"'3)‘%8% 6.72.(t, 1 H J = 6.1), 7.13-7.41 (m BRCEES0ENS cal c
.15for C29H3gN406 (M+H), 539.2870; found, 539.2852. Anal.
© (C29H38N406. 1. OH20) C, 1, N. Exanple 6: Cbz-L-Leu-L-Phe-L (N Boc-am no-Al a
- 2-Benzt hi azole 2 04 February 2004 VO Ogly 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 nL, 2.5 Min hexane). The reaction m xture was stirred

for 30 mn Tata ~788Csolutiem ofi bemdottizdle g_st CEBI 6( E: eOergdl 5 ml, of THE w

Cbz- L-Leu-L- -1 - camnoAIa

V‘éb?eg (rar}_ Zfﬁsj‘b“ﬁv‘é gfalw MI(?aCﬂaﬁﬁ')lxt(lﬂ: &Wstﬁred&'oﬂi&dﬁlémf]?')
in o e tion, mxture was stirre or

AR 4 dﬁ?ﬂéﬂ?‘agﬂ‘g fipy W?%ﬂ‘fw L e e amina-Ale)-HGHEO CHat

nost of t pafddtds i a re was

quenched vmh?f] H20 gﬁfﬂ%?#ﬁﬁ%ﬁmﬁ%ﬂ@g%ﬁgqg%i’n‘foj ‘ﬁ ?zg@%b

conbi ned, d-#E&reeldin 1.54850f THF Was nddeddropwizaC aiieredidn URSlRe WAS H} 4The

t solv

resi due wa |f| y 0 .chromat ogr aph using a gradien ent
system (SO%OPE 3&) E %&é}‘ 11 |t@|2ﬁgc)a/1 When a"Lﬁ?ahd:datr:dht!%%qst eld
(26% based @méggg rwd @51{1 1H NWVR ( CDCL13) (rot arrerl c
m xture) S 0.90 (tﬁ‘% m§é idg ? gid"ee ﬂéﬁ—ﬁca‘nf’nﬂ W vwas guenched ewith m

3 3.12 (HgO 2ad c;xt@c&a Gith 7E |
HEOIR T2 ?é 5, 75 5. 85 ((03}1(: ?36" gl ers “}gﬁe céﬁ?g'eé ﬁ"%r%"é%H)
7.36 (m 6Mj225Pushltersd pad conpantratad erdet vacubing. Thereich welk phfifiéd by Chlumb =

| 7. Q) . Ve ch?dn?atgé)rgph%s%skﬂlgmogrgdzeﬁt 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

IS SYeSe
@/\0 wo % ::IYO
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,



(M+H), 716.3118; found, 716.3100. Anal. (C381145N507S 1. Z (2)
Exanpl e 7: Cbz-L-Leu-L-Phe-L- N-Boc-amino-Ala -2-P ridi R&F 53202qg§lng t he
" 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- LWPHa/bs9 N- Boc- ani no- Al @) - NCH30CH3 and 2-1i t hi op&,g%g Iglggner at ed
from 2- bronopyridine and nBuLi) in 83%yield. 1H NWVR ( 3 b. 79 (d,
3H, J- 6.6), 0.82 (d, 3H J=6.6), 1.26 (s, 9H), 1.35 (m 2H), 1.47 (m
| H), 2.81'(m IH), 3,01 (m .25 1H), 3.39 (m 211), 3.58 (m | H), 3.98"
(in, I H, 458 (m I H, 5.00 (s 2H) 45.77 (in, 04 February 2004 WO .
01/ 10894 PCTIUSOO’21061 -42 I , .6.78 (m 1 H, 7.19 (m 5H), 7.33 (m
‘SH),741§{3 8 68 dd 1H J 6.4, 5.7), 7.91 (Fn,
1.11), 1 rﬁ7$ (fn) IHB 72149 SH) w:3lm;5mm)41 @i, 18, (e 8.8), H.68%(da, 4HOY =

B cale s 0@7@@9%@?%@7@(@%@ Q3R 1ty 7)668073%341HA9 0

'Cbz- L- Leu- HRRYE- Icalc\- b€ - @3 di .8)

Cbz- L- Leu- L- Phe=L- (N-Boc am no AI 2_E>1yr|6§|6r?{§9‘%,c fﬁp’b (969)335'3} 04‘69“3160 6
nol) 10 wésssHiussD1r0F HyONCH M. TFA The solution was stirred at 0 C for
.30 mn, and t hen was concentrated under-vacuum To the resulting TFA salt
‘was added | nL of pyridine. foI | owed by 0.5 mL of Ac20 (excess). The m xture
was sti rregxagly - ol : ?d under vacuum and subjected to
- col um_ chromatogr CRE ading 023 g (63% of a V\/mte
solid.” 1H NVR (CDC13) 8089 15(d 3H, J %ﬁ;\' 091(d 3H, J = 6.6), :
1.41.(m | H, 1.58 (m 2H, 1.87(s, 3 : 3.59 (m 1 H);

3.95 (m | H, 4.12 (m IH), 4.64 'H-\ljwm 3H) 5.89 (m
O :_'°Né\éo\

5 n]a

®

| 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

0 CHy

R 7
v e



| H, 6.51 (m 111), 6.63 (d, IlI, J=7.0), 7.19.(m 5Hb e%&é 45H)
7.49 (m 114), 7.85 (m 111), 8.01 (d, IH J =7.7), g;

5.3). HRMB calc for C33H39N506 (MtH), 602.2979; found, 602. 3002. 20 Exam
de 9: Cbi-L-Leu-L_Phe-L N-A c-amno Ala -2-Benzthiazole oYCH3 NH.' N 04
. February. 2004 WO 01/ 10894 -43 PCT/ US00/ 21061 Preparation of Internediate
Cbz-L- (l\l—‘K@%’M&% Al a) - N(CH3) OCH3: To Cbz-L- (N Ac- ani no- APEFAISM/Ipslepar ed
as described in Webber et al., J. Med_ Chem (1998), vol. 41, 2786) (1.5
- g, 5.36 nmol) dissolved in 30 m. CH2Cl 2 was added EDC (1.08 g, 5.63 mmmol),
N O di nmet hyl hydr oxyl am ne hydrochl oride (0.55 g, 5.64 nmol) _and :

4- met hyl nor pholine (1.35 g, 13.35 mmol )‘.4-’The reaction mxture was stirred .
“overnight at 23 C, diluted with250 nL of CH2CEZ2,.and washed with 50 nL of
IN HCl and 50 nL H20. The organic |ayer was dri ed .over Na2sO4, .filtered,
and evaporated 10 under vacuum The residue was purified by colum

~ chr omat ogr aptepafafién %@rﬁ%%&)bi—@(@%&ﬁm@%ﬂ) NZ@P@)G&H}, he am de product
as a viscous 0|I 1H NVR ( DVSO- d6) 6 (s 3.08"(bs, 3H), 3.12 (m
2H), 3.70 (s, 4.60 (bd, 1H, J= 59) 501(s,- 2H) , 734(m 5H), 7.43

br epar at fo;Téfélm@ et 8O (aparedbie.desgbedoino Wekbenich ol SQG%MS

. T](c) Cbz. |—5‘ (NcAeR 3T998); ¥81201, Dedd GF.13 F63nfbn Hissan e il P L Ek-l%& l\\alfgsdaddrédzo .
EDC (1.08 g, 5.63 mmol), , O-dlmethylhydroxylamme hydrochloride (0 55 g, 5.64
mmol) and 4-methylmorpholine (1.35 g, 13.35 mmol). The reaction mixture was stlrrcd
overnight at 23 °C, diluted’ w1th 250 mL of CH,Cl, and washed w1th 50 mL of IN HCI -
and 50 mL H>O. The organic layer was dried over Na2804, filtered, and evaporated

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
(Cy5H2iN305°0.50H>0) 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 g,2.70 mmol) in 10 mL CH2C12

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



CH3OH was added 0.4 g of 10% Pd/ C. The _bl ack suspen5| O&éﬁ%i’[suéé@d under

an 20 atnosphere of H2 (balloon) at 23 C for t hen and
" concentrated to give 0.51 g of L-(N-Ac-am no- Ala) N(CH3) OCH3 i n
guantitative yield as an oil. This material was used i nunel lately w t hout

further flcation. The commercially avail abl e dipeptid
Cbz- L- Léﬁal_‘ﬁ’ﬁh‘g?m (1.0 g, 2.43 mml) was 25 dissol ved PFFT%OW%W@F CH2C12

and 6-7 drops of. DMF. N hydroxysuccinimde (0.29 g, 2.52 nmol) was added
foll owed by (upon honpgeneity), DCC (0.526 g, 2-55 mml). After
approximately 2 h of stirring at 23 C e mxture was filtered dlrectly
into a .solution of L-(NAc-am no-Ala)~N{CH3)OCH3 (0.51 g, 2.70 mml )'in 10
m.' CH2Cl 2. The reaction mxturewas stirred for 12 h at 23 *C -and the

sol vent's WRF VaBhRY € G hb Rdedue Ubish r 1108 | USOQ/ 21061 .
44 hi gh vacggm The resi dugemgp%ﬁﬁgbéd%g‘%cwﬁ @%@jcgﬁﬁﬁmf%@ of a
- saturated methaholioNH; suhiBioadh @HOR) o gWeQl2S gt B9Y) \&tﬂe %ﬁ:% Whitd he

tripeptide as a white solid. IR (KBr) 3300, 3067, 2955 57, 1537 1262

cmt2 111 ﬁm (mﬁ-’fxﬁ 73@67,92?5:6 1857, Js3ﬁd1(?azlﬁna§ (;qllgmgg (%MS@@ oé 31
gch T)H J ‘ﬁ%@éﬁ?nﬁﬁ)@&é@ :JHfG@, h?g(ngHZH 47 (@, 6H),(K77 &)1311) 3. 96
(L A8tad i )= fafLa 00l B P b 318 D0 6 S i“aum“ﬁ.m? -
7.7 8 193.6be, 3H)H 961(m7u?)),454\r(ai 1H) @9 {mNpaY,- éﬁegﬁHE@(ﬁ';Q% S, kg; A7) -

: Alternate Preg{aratlon of Internmedi ate Cbz-L:Lel

y( CH3) 80;3(*111‘5 dal 43 (ditlte d =08 DB B2, (N, A= 32)9 ggm@)flwlzw)gggg;@t% ?;{1 6’
escri be L VO ,
4.62 ol ) 7TYERRAL (Ciftenns0ito sHREOEET bt 100 wes added | g of 10% ic

‘The m xture was stirred under an at m)sphere of H2 at 23 C using a balloon

for 3 h. Renoval of the catal yst by filtration
10 Alternate ‘Preparation of Internediate Cbz-L-Leu—L-Phc»L—(N ~-Ac-amino-Ala)-

- N(CH3)OCHs:

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= 138 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



and concentration of the filtrate under vacuum gave t he(04aFebmaac2@b4Ac OH
salt in 99% vyield. This, material was used without, further purification.
| HNW (CD3OD) S 1.47 (s, 311), 3.54 (dd, 1HJ=13.8, 6.1), 3.63-3.75 (m
2H). 20 Comrercially obtained Cbz-L-Leu-L-Phe-CH (1.9. g, 4.61 mml) was

- di ssol veqybRifege xture of 20 nL CH2CI 2 and 4 nL of DIVFrmgﬁ? ’IUhI s stirred
sol ution was added N- hydroxysuccinimde (0.53 g, 4.61 'f SO

di ssolved, DCC (0.951 g, 4.61 mmol) was, added and the reaction yvas

" stirred at'23 Cfor. 3. h. At this time, the m.xture was 25 filtered
directly into a solution of L-(N-Ac-amgs A a)-ONa (prepared.by dissolving
L- (N-Ac-amno-Ala)-OH AcOH (0.95 g, .4.61 mol) in .1 n of 1:1. DM and
adding 9.21 nL of 1 Nag NaOH at 0O C) The reaction m xture was stirred
for 2°h at 2adbeollestadl. t Bt orgmics phise wessethieh arasheMAOHYOd 8Fed b9 Xaseym The
. resi due was B Fré-dt ned between 150 nL of 1 N HC and 500 niL of &
Any sol i ds f reoneentiataded The elidsuaveye 200abindd @dd 1RAFRA: 85 column

Lt ed over ook, O3fitE heghiSes ?P@%ﬁi&g?ﬂﬂ:)e fag 660 Ohdhe tipsrtidecd
Tl i hg 6o0 5T Ju0 PHET (NERE SQAIGRI ot 8 MAP?*%@?@J%”@%S a
white sd i dd, 3H, Mbmd,&mﬂﬁ)(ﬂm%ﬁ,zﬁ}—l gs 11%@%;(& 3ﬁ§< 2553 0

6.6), 1.40 (rn H) ( I H)
9.7), 3.22 éidleiLth1333:9])43@2 (dd;80H, B=4%.0; dR), 3.47(dd] 1#], 18~ 63.677.7), 3.8464

(40 15 dag B P 1300y %87 il b0k fdiomoith s casiai,
(M-l-'H) 541 2%6)62? 14-2300im, ot 2GS éaﬂ: g&ﬁzggfi’;ﬁﬁ?‘é T, §41-2662; found,

Cbz- L- Leu- L- Phe- L- ( N- Ac- am no- Al a)
: 541 .2678.

10
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.

Preparation 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



m. THE and 2 nL CH2CI 2 at -20 C was added 1-nethyl piper g, -
mol ) and i sobutyl chl orof ormate (0.163 g, 1.19 mol). Tr(})é%ﬂ% 5?26074
~stirred for 10 mn, and a solution of N, Odinetbyl hydroxyl am ne

hydr ochl ori de (0.116 g, 1.19 ninol) 15 and 1-nethyl piperidine (0.12 g,
1.21 m‘ne{, | fhes, ML CH2C12 were added dropwi se. The reaction m xture was

br ought - ggn% and stirred for an additional 3 h. The hFXUSPE21RaL
concentrated under vacuum taken up in an excess of EtOAc, ~and washed wth
H2O. The organic | ayer was dried over Na2SO4, filtered, and concentrated’
under vacuum The residue was purifiedgy colum chronatography (5% - -
CH3OH/ CHC13) 20 yielding a white solid in-59%vyield. Preparation of

Product Cbz-L-Leu-L-Phe-L-(N Ac-an noAl a) - 2- Benzt hi azol e: Thi s conpound was
prepar ed i $HR RESy(re| GHX 756 (ngr3iD)y, Mi%sz@) Biane Sy SlisL@y1k, Bhe7lg). 3BRMS
(N-Ac-am no4 é*.?abew%ﬁb%}gﬂ descri bed above for the preparation of

Cbz- L--Leu $2PIPEBsH3aNs0sS SMNR) 2080251 % faund 1680:2549. (conpound 6). 1H NMVR
(CDC13) 8 0.90 (m 6H), 1.38 (s, IH, 1.57 (m 2H), 1.88 (s, 3H), _
3.05-3.23 (rn, 3H), 3.55-3.72 (rn, IH, 4.16 (m 2H),. 4.70 (m .1H), 5.10 .
(m 2H), SExindle 90 CBa-1! February 2004 WO
01110894 PCT/ USOQ 21061 - 46 3H), 7.95 (t, 114,

J R80), 815 (d, 1H, J = 7. 0) HRVS calo C35H39N506S

(MtNa) , . 680. 2519; found, 680. 2549 Exarrpl e ' Cbz- L- Leu- L-Phe-L. -

N- Ac- ari noAia - CONHCH(lO) terrredlate -

[ 1--(Acet yl am nonet hyI ,Kblﬁﬂy ' '
phosphanyl ldene)propy bam CHAC d Ben st 10 This internediate was
prepared genéral |y acce d| ng to t h® rre "*~ sserrran et al. J. Og.
Chem' £1994), vol. 59, 4364. In partlcu to a solution of

(3 acetyl am no- 2 benzyl oxycai bonyl ar ni noprop ionic -aci d19X1.40 g, 5.0 nmol,
1 equiv) in CH2C 2 (50 m) '

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). |



at 0 C were added EDC (1.00 g, 5.25 mmot, 1.05 equi v) a%%ﬁ%?@}
mmol, 0.1 equiv). A solution of (cyanorret hyl ene) tri-phen g
(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
h at 0 C the

- to the agiglp@ssti on dropwi se over 20 nmin. After stirring 2
reacti on m xture was partitioned between deioni zed - vvaterPg{T%OWE}%hnd

CH2Cl 2 (3 x 50 nmL). The conbi ned organic |ayers were washed wth brine (30
m.), dried over MgpSO4, filtered, and concentrated. The residue was 20
purified by flash colum chronmat ography4§5% CH3CH in 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% CH3CH in CH2C12). IR (cmt) 3312, 2175, 1716, 1437. 1H NWMR (CDC13) .

5191(s 5.04-5.06 (m 1 11),10 (s, 2H), 5.94
(br s, . ﬁé?)agatr}g (bPP glf °H?e‘§ FP°26 'f.l'f&cetﬂﬁnémmﬂyIW-m%yﬁ%ﬁﬂﬁ&Mz.Z004
WO 01/ 10896;{5’@1}1]&9{3},&;@@@ IFE& ration . of Internediate

2 oxoethyl]carbam c Acid Benzyl

(1- (Acetyl am nonet hyl ) - car m)yl -2
Ester: A soluti-on of [1 (acetyl am nonet hyl ) - 3- cyan- 2- oxo- 3- (tri phenyl - k' -

phospha§yl [ dene)%rotﬁ%l]car bam c acid benzyl ester (569.9. ngy, Al mol, |
equi v) - 'CH2C1 1 mi)ofat --[1E(a®ty\lam1uormhflid-3wayhﬁb.gme_, Fﬁ? di9ia3 .
h

e“col or had

The chill Ar for, 30 ;
e chi eﬁh&ﬁhiﬂﬁfllﬂ&l 3@6?)?1@%%” ngv‘\all eﬁ{gr %%nyg?ﬂg]lutgg:oﬂ leequiv)) mand

changed fromgreén to

I 7 A e il B 1y S
Caiet anippth oo, gons e st 1ot oue e i g A
added, em‘i‘g?ﬁ. (021 ppd {ng mipels 47 equizhand methﬁamdwel?msclﬂbﬁdef (B R, flash
col ‘u mi0  1.11 mmol, 1.1 equiv) were added. After 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 CHaCh). IR (cm1) 3302 1709, 1658, 1539.
TH NMR (CDCl3) (rotameric mixture) § 1.89, 1.95 (2 s, 3H), 2.77 and 2.89 24d,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



chr omat ography (5% CH3CH in CH2C12) to give [|-(acetyl a? r&oget p}y% -2 15
met hyl car banoyl 2- oxoet hyl | carbam ¢ acid benzyl ester ( ars b yi el d)
-as a pale yellowsolid. Rf=0.23 (10% CH3OH in CH2A 2). IR (cml) 3302,
1709, 1658, 1539. ~H NMR (CDC13) (rotameric m xture) a 1.89, 1.95 (2 s,
3H), 2. RfoaHes489 (2 d, 3H J 5.2), 3.47-3.54 (m 1H), iCQ'?US%?E? {m 1H)
-4.29 (m IH), 5.10 (s, 2H), 6.64 (br s, | H, 6.85 (br. %106 (br
s, I H, 7.34 (s, 5H). 20 Preparation of Product ‘
Cbz-L-Leu-L-Phe-L (N-,4c-amno ,41a')-C(ONHCH3: I N: HCl - (solution in
water) (0.17 nL, 1.0 equiv) was added tgga. solution of [I- .
(acet yl am nonet hyI) 2- met hyl car banmoyl - 2- oxoet hyi ] carbam ¢ _aci d benzyl ester
(55.8 25 . ng, 0.17 mml, | equiv) in absolute ethanol (5 nmL). After
purging wi €36 me, 039%mubl, ddi equivy) HOBDEDS (s OITS) miuRs: ﬁﬁé&@tv) ad DBIEA gﬂ@“ ure
stirred under hydr sphere for 5 h. After filtration to reénove
the catal y8# Q?Pc} S'Br%ﬂ‘ﬁ’ niBgPMih 1.5 b difter stiing es239€ fmst B stwol ved

Chz- 1 Lou. (o Bes 3Rfe BRRGE Lag ol pfisil. ARQRERYE asighd Aoty o004

e L 4 1 T P,

ng,
(1.5 md) . bined5 mk). rFlienggatic l%@eﬁvﬁ@dlnéli ch;er MESO4 Gittaiell! 881 WRES) Under
reduced pressure. The_residue was taken up |nto4 CH2Cl 2 (20 n{iaf‘édo\’lga@ shed

sl T o e o chmanie o o g [
- The resi (cjl;%zaivj\?é‘éeu'plﬁrﬁ? f‘%@s’ﬁ/a’f’?"&gﬁakgl(%ﬂgﬁsom égmhﬁﬁ%%ﬂﬂml a
viel ) as RS sl o Y pa Sl ER0l Gy R Gtieis, sz
|1 Rog crm 6152) 1(&%8%42@53%} N%@Dié@f??gk-%w 58 75). (;So & 25, Vs Tor (50
10 s, 3H, rotamers), 2.70 (d, 3H, J = 13.2), 2.85-3.13 (m, 3H), 3.55-3.61 (m, 1H), 3.97-
| 409 (m, 2H), 438-4.62 (m, 3H), 548 (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_ermediate [1-(Acetylaminomethyl)-Z,B-dioxo—&piperidin—l-
xl_oropyl]carbar:ﬁc_Aeid 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 2 h. - The chilled soluuon was then purged with Ar for 10 min until the color had
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 s, 3H, rotanmers), 2.70 (d, 3H, J= 13.2), 2.85-3.13 ( ﬁ%;p 3.6
(m 1H), 3.97- 4.09 (m 2H), 4.38-4.62 (m 3H), 5.48 (sm‘f3 “a'%’%@% 35 (m

| OH) _ Examle 11: Cbz-L-Leu-L-Phe-[,- N-Ac-amino .41la C O-Pi ridine 15 NH
0 Preparation of Internediate

~ [1-(Acet W thyl) -2, 3-di oxo3-pi peridin-I- ylpropyl]carbamc Acid
Benzyl Ester % sol ution of PCTIS00/21061
[1-(acetyl am nonet hyl ) - 3- cyano- 2- oxo- 3- (tri phenyl - ks 20 '

" phosphanyl i dene) propyl ] carbani ¢ acid benzyl ester (prepared as described in
Example 10) (572 ng, 1.01 mmol, 1 equiVyy in CH2C12 (11 nm) at -78 C was
treated with ozone gas for 2 h. The chil'l'ed solution was then purged with
Al for 10 m-n until the color had changed fromgreen to yellow Piperidine
(0.110 ni, Piperddifviofl-prapyllj@ebsmid a¥dheasidedier ¢ Y,

. stirring continued at -78]Cf 15 mn. Theergol ati esg/eileid)%k%crogﬁr}ges

under reduc@émpr%%@i&@(ﬂé}mn Hé(am'é) 33(14 D‘EIZO 639 1537.F 1RSMRCHO)) 5 1. 59
chr omat ogr {%{A) CH3CH i n
[ 1- (acet yl a Ayl G231, é&?x%%(m?ﬁbmiﬁa«t $8 PO FHYNS.91. (s] Y %6281 Ebr s,

PCT/ US00/ 21 pyl ] carbam c acid benzyl ester (120. 7 ny,
32% yi el d) g?}ggggﬁﬂ qug’s‘hﬂ)an{tﬂl?f: 0. 30 (EtCQAc). IR (cm1) ' 3304, 1720,

1639, 1337. 1H NMWR (CDClS) S1.59 (br s, 7H), 1.97 '(s, 311), 3.22-3.91
(rn, 7H), 454458f( 09 (s, 2H), 6.28 (br s 11H), 6.67 (br s,
111), 7. 34 Rreparationo foodw abaﬁamuanPhe-LF(waAmmo-Ata)-C(O)-P.pendnne
'Cbz-L-Leu-L-Phe-L-(1V-Ac-amno Ala)-C(O -Piperidine: By a nethod anal ogous
to that used to prepare conpound 10, [1-(acetylam nonethyl)-

2.3 di oxo- Bph ol drclogsld LAt LA B PG IpRAELY! [2BEEH: Rrormediyy- 14

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. ll 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").

20 . -



10 equiv) was deprotected and coupled with Cbz-L-Leu-L- PE%G%@MOM ny,
0.14 mmol, 1.0 equiv). After chronmatography (5% CH3OH 0

Cbz- L- Leu- L- Phe- L-(N-Ac amino Ala)-C(O -piperidine (10.5 ng, 12%yield) was
obtained as a colorless film R ='0.40 (5% CH3OH in CH2C12). IR (cm1l)
3302, 18Pgoyigds- 111 NWR (CDC13) 8 0.80-0.97 (m 6H), %ﬁlﬁsé]!%%(m 911),
3.09-3.19 (m 2H), 3.37-4.20 (m 514), 4.54-4.79 15 (m 22 (m
2H), 5.95-6.58 (m 3H), 7.12-7.46 (m 10H). M5 (FAB) 636 (Md), 658 (Ma
). Exarrple 12: Cbz-L-Leu-L-Phe-D- N-Ac-amino Ala -C O -Pi eridine oycH3 " X,
NHS 20 (12) As a byproduct of the syntsgesis of conpound 11,
Cbz-L-Leu-L-Phe-D{N-Ac-am no- Ala)-C(O piperidine (16.7 ng, 18%y| el d)
was obtai.ned as a colorless, crystalline solid. Ef = ,0.36 (5% CH3CH in
. CH2CL.2).. -1 13: )-L e- Ac-abiho\NMAR)-2C Tt S 0. 88 (br s, 6H, -
©1.39-1.82 (m 8H), 1.93 (s, 3H), 2.99-3.02 (ﬁ}ﬂg&ll) 3.15-3.22 25 (rn 111),
©3.40-3.75 (m 6H), 4.07-4.12 (m 2H), 5.07- (nt 627657(2|n
2H), 7.18-7.36 (m | OH), 7.53-7. (m.2 .NHI\/B(FAB) 636(M—IO)

February 2004 WO 01/10894 ' PCTlIl U 00]:21 1 $50/ nple 13: =
Cbz-L-Leu-L-Phe-L- N-, M @io- N4 2 TR a oYc~b NH Preparatlon of

Intermediate Cbz-L- (N- A 'no-Aﬂ‘a)oZ-Tﬁ@o L S
. L ’ - (13

Preparation of Iniex'me&iate Cbz-L-(N-Ac-amino-Ala)-2-Thiazole:

Using a slightly modlﬁed version of the method described above to prepare Cbz—L-Leu—
L -Phe-L-(N- Boc-ammo—AIa)-2-benzt1uazole (compound 6), the reactlon between Cbz-L-
e A Ac-ammo-Ala)—N(CH;)OCH:; (prepared as described in Example 9 above) and 5
| 'equw of the 2-thiazole anion (generated from thiazole and nBuLl) was performed Once |
.10~ quenched with H;0, the mixture was then acidified with 10% citric acid followed by
extraction with EtOQAc. D:ymg (Na,50y4), concentration, and 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 (4,
15 1H,J= 29) 8.05 (d, IH,J=2. 9) HRMS calc for CygH 7N304S (M+H), 348.1018; :
found 348.1028.
] ,:Prep'aration of Product Cbz-L-Leu—l_.—Phe.-L-(N-Ac-amino-AIa)—2—Thiazole:‘ .
20  Toa solutlon of Cbz-L-(N—Ac-ammo-Ala)-2-thlazole (0.225 g, 0. 65 mmol) in 5 mL
, _CHgClz was added 5 mL:30% HBr/AcOH. The mixture was stirred for 1 .5 h and was -

| .. concentrated. The residue was washed thoroughly with Et,O and dried to give L-(N-
* - Ac-amino-Ala)- 2-thiazole-hydrobromide in quantitative yield. 'H NMR (CD3OD) 5
1.85 (s, 3H), 4.00 (m, 2H), 5.20 (i, 1H), 8.17 (m, 2H). ' ' |



(13) Using a slightly nodified version of the nethod de?ﬁf? ye to
‘prepare Cbz-L-Leu- L-Phe-L-(N Boc-ani noAl a)-2-benzthi az € %’8% 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

: (generat%h{l%} hi azol e and nBiiLi) was perfornmed. Once 10 quenched with
H20, the ‘mi xture was then acidified with 10%citric¢ aci d BOVH¥aetshy
extraction with EtOQAc. Drying (Na2SO4), concentration, and purification of
" the _residue Dby columm chromatography using a gradi_ent of 2-5% CH3OH CHC13
gave an 87%yield of the product as a wgjte solid. IHNVR (CDCI3) 6 1.88
(s, 3H, 3.8 (m 2H), 5.12 (m 2H), 55 (m I H, 6.11 (m 1 H, 6.23
(d, ILH J =6.6), 7.36 (m 5H), 7.75 (d, 15 1H, J. 2.9), 8.05 (d, IH, J

2.9). ‘HRVB 'Baae%G(ESGIIJﬁHiaf\BBﬁ—S-I(dWMPhe-@?B(d@&ﬁg, 0.69 i}l ﬁf‘%?]@ was o L |
I azo e (0]

. Preparation f qftd i? z L-Leu-L-Phe-L-(N Ac-am no
a sol ution 1 § h& drm> nﬁlmi?lb)aﬂé 1§¢h®)zldnlero¢mrm2c5 (@ nfs, GBESTMMNPL)i N 5

mL CH2C|2 HB/ACH t df 1.5 h
. and- was’ concent 991%%8‘5‘% B’ ﬁ&@“\h@%%&“@ﬁ‘gﬁ‘gu‘\éﬁ?@m:‘trﬁﬂfigmfnh
‘dried to gisghtibn (o LJ{\NMMF&) 2—@1&3!@%/‘3%&1-%% %9275% ‘ii uant jLative
n,

yield. LH NVR (CD30OD) , ackon 7 (|
2H). 049 Fetwﬁaarw@emnwd @12316894d &ler ACH lof' SARD] Mk qﬁena,eaxq&p},? on of
ded BNH‘?O

CszLeuL;acgﬁg—tég%@ g_hOGSmml)lnSrrLTHEwas d 197

gi 1 95 rnf’rﬁf“ wit 31 dibE SFemis lﬁf{g@was (h@.ghng‘i\rltlg btﬁﬁe rrT(;dd)Cover gfaQSOvaF (2

stirring c xture ooled tqg - and a

n.) sol ut ?%‘ﬁ gr‘l‘}kirb(’kﬁki"g‘%% TBC ﬁﬁsﬁuezvﬁsm“\é%sfi @weluem Jupmatographyusioga The

.reaction grididntib€ 2v93%6 OIYOREH; 38
‘ quenched wi th H20 and extract ed’ wi tpgo%@l%uééﬁf’a{edolr"g%ﬁ é’"’f‘%{é l‘x?&?é%a%éshed
Wi th bri newhite iseli. olHaNNmzeDgomaoss (d, 3H, J=6.3), 0.90 (d, 3H, J=6.3), | 37 (m,
10 2H), 1.58 (m, TH), 1.83 (s, 3H), 2.93 (m, 1H), 3.20 (m, IH), 3.64 (m, 1H), 3.81 (m,

1H), 4.07 (m, 1H), 4.66 (m, 1H), 5.09 (m, 2H), 5.63 (m, IH), 7.14 (m, SH), 7.33 (m
SH), 8.09 (d, IH,J=2.9), 8.17 (d, 1H, J=2.6). HRMS calc-for C31H37NsO6S (M+H),
608.2543; found, 608.2565. Anal. (031H37N5058-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 mixture 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),



filtered, and concentrated. The residue was purified by g]‘é
chr onmat ography using'a gradient of 2-5% CHSQ/\CHC13 to prow r)f%e product
in 64%yield (2 steps) as a white solid. HNI\/R(CDSOD) S 0.86 (d, 3H, J=

6.3), 0.90 (d, 3H, J=6.3), 1.37 (m 10 2H), 1.58 (m IH), .1.83 (s, 3H)
2.93 (M whldhlossd- 20 | 'H), 3.64 | H, 3.81 .
466§nm1 | ),0893 oggnm1 2H)H) 5.63(§nml H)H? 714(§nm5|—|) ﬁ%@ﬂﬁmé

8.09 (d, I H J=29), 817 (d, IHJ=2.6).. HRVM5 calc- for C3l H37N8068
(MtrH), 608. 2543; found, 608. 2565. Anal . (C31HB7N50680.50H20) C, H N-15
' Exanmol e 14: Cbz-L-Leu-[.-Phe-t.-(1V-Acsanino Al -CsCH NH (14) Under
anhydrous conditions, 10 equiv of ethynyl nmagnesium bromde (0.5 Min THF,
12 : mL) was added to a solution of Cbz-L-Leu-L-Phe-L-(N-Ac-am no Ala)- 20

: N(CH, OCH 4)"%(5(#)3;3#}@ d#)de8 (dthHd, J 2 13@@@9@@9&&91@398 ﬁ QQ{)‘?‘]@Q) in
3 m of Z é&r i xture was stirred for 1.5 h at 45°C. e
mixture wad™ i ‘béﬁ? ﬁ?ﬁt o, 1H), 687 (ANIHIGY =ahd), 500r(3c28)) 7t24i @e, 6H), h 50
mL of Et CAg.34T, a y e MRshed yit H2O, _dried over
Na2SO4, fi e d, gggd??gn@nﬁ%t {% l\f‘?e'gve7§5 @M*Mf%h&:ﬁ&%y
col um . chr Qmmgr&physggﬁb@ﬁp)gggqg@a white solid in .25 67%vyield. EH NWR
(DIVBOd6)&080(t, 6H J = 7.7), 1.29. (m .2H), 1.48 (m 1 H). 04

-Februar¥- 2004 - W0 01/ 10894 -52 .1.79 (s, 3H), 2.80 (m 1 H, 3.05 (dt, | H,
J=13.9, 4. 1 : H, 3.98 (m -1H, 4.35 (m |
H), 4.57 (i a H»2H), .7.21 (m 6H),

7.34 (m -SH), 7.9,§(h1 oH) | 859(t 1H J 7%5). _HRVB cal ¢ for
C30H36N406  (M-Cs), 681.1689; found,| 681. 1662y Lranpl e 15: |
. Cbz-L=Leu-L-Phe-L-N-.4c-rim nggAl o

as).

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 :

JLL",N\,!LL"/

Lo (16)
20

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



OYCH3 NH (15) This conmpound was prepared in 22%yield. fr :
Cbz- L- Leu- L- Phe- L- (N- Ac- ami no- 10 Al a) - N( CH3) OCH3 (preph?ggb’é’?wd%%oéri bed in
- Exanpl e 9) and vinyl magnesi um brom de using a procedure anal ogous to that
descri bed for generating Cbz L-Leu-L-Phe- L-(N Ac-am no Al a)-C =CH
= 7.5), 1.27 (m 2H),

" (conpoundwtisiegesH NVR (DVSO-d6) S 0.80 (t, 6H, J =
1.43 (m IH), 1.76 (s, 3H), 2.80 (m | H), 3.07 (m’ 111), PETAHSOQZR061 | H) ,
345 (m | H, 400 (m | H, 4.48 (m | H, 4.62 (m | H, 500 (s, 2H),

5.81 (d, 1 H 15 J= 11.4), 6.19-6.66 (m 114),- 7.20 (m 5H), 7.34 (m 5H),

7.41 (d, | H J=18.5), 7.77 (m IH), 883 (d, 1 H J=7.0),.8.39 (d 1H

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

- L--Phe-L- N-UA,c-atgi no-A1‘a -CH=CH oicH O, CU3 NH _ -NH (16) 20

“Prepar at i on™~67E| ¥t gienerd] ptoeediive dbscribed\FoA0bAP 1A pha Phsr O 04 February -
ShB) phe Fr@rggéﬁw?‘b $H; bed

. 2004 WO 01/ 94, PCT/ USQQY 21061 -53 Using the :genera
for Cbz-L- Liérg% -zﬁgjieﬂil'(gﬁ;‘?'ég a‘@rﬁ-%ﬁﬁnginé}Alaf-gNmiﬁJMath&H db'zﬁﬁ“@"'g}and
| a) - - was

L- ( N- Ac- am ffimdl sy L 9 z-l- (N Ac- am no- -
- synthesi zed in 5000)%&9#%’%%@7%%'9 hid fiom Chol-(ApAepatineAls)-
descri bed i AH@tparededs debcribed inarbbbGEm (71 §)Chvo'%ﬁé§'y wﬁ?gf) and- the
sodi um sal t, of |.-phenyl al ani-ne as a whité sold. T { -d%7)36&alld77
(s, 3Hp, Zhegodiyem sall of L-phenykufine £ §whif. Qfia( ds Wﬁgﬂ}“_ *1%9‘, 737@,
3.20 (rn, ?ﬁ), $00al iy J Mg, 438, (M 1B 00 (i ISO-deho 1. Hylsg m |
1H), 7.88 (> 170) Oy Td3 8 8653.85 Ad, 1H,7=13.6, 48), 3.20 (m, 251), 4.00 (m,
- ;Ij; 28 (n 1D, 500 G, 280, 7.10.7.34 G, 1110, 788 (m, 180, 807 @, 18, J =

) 10 Preparation of Intermediate Cbz~L-(N—Ac~amin0-AIa)-L*Phe—L;(N-Ac-amino-Ala)-
N(CH3)OCH;: | -
Using the general proégduré'deséxibed in Exam.plle 9-for prepanng Cbz;L-ieu-L-Phé—L-
(N-Ac-amino-Ala)-N(CH3)OCH3 from Cbz-.L-Leu-L'-Phe-OH and L-(N-Ac—ainiﬁo-ﬂla);
15 N(CH_v,)OCH_;, Cbz-L-(N—Ac-amino-Ala)-L—Phe-L—(N-Aé-amino—Ala)-N(Cﬁ;)bCH3
was synthesized as a while solid in Sl%ryield from Cbz-L{N-Ac—émino-Ala)-L-Phe-OH
| and L-(N-Ac-amino—A!a)-N(CH;)OCH;. IH NMR (-DMS-,O-ds)‘B» .1'.77 (s, GH),‘ 2.79 (dd,
IH, J =13.8, ?.4), 2.9_9.(dd? 1H,J=14.9, 6.6), 3.10 (s, 3H), 3.19 (m, 2H), 3.29 (m, 2H),
_ 3.68"(3, 3H),4.05 (m, 1H), 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), 802 (d, IH, J = 17), 828 (m, lH)’. ;\nal
(C29H3gNg0g+1.0H;0) C, H, N. o ‘ -
Preparation of Product:

. Using the procedure described for preparing _compound. 14, Cﬁz—L{N-Ac~aminb-Ala)-L-‘

25 Phe-L-(N-dc-amino-Ala)-CH-CHy was synthesized as a white'solid in 25% yiéld from
: Cbz-L-(N-Ac;-amipo-Ala);L-Phe-L{N-Ac-amigo;Ala)-N(CHs)ocﬁg  and  ethynyl

: magncsim bromi;ie. TH NMR (DMSO0-dg) 5 1.76 (5, 3H), 1.79 G, 3H): 2.7§ (m, IH),
3.05(m, 1H), 3.18 (m, 2H), 343 (m, 1H), 3.50 (i, 1H), 4.04 (m, 1H), 4.36 (m, 1H),
4.56 (m, 1H), 4.88 (d, 1H, J = 4.0), 5.01 (m, 2H), 7.22 (m, 6H), 7.34 (m, 5H), 7.80 (m:



8.1). 10 Preparation of Internediate 04 February 2004
Cbz-L- (N-Ac-arinino-Ala)-L-Phe-L-(N-Ac-anm no Al a)- N CH3) OCH3: I ng the

procedure-descri bed in Exanple 9 for preparing Cbz L-Leu-L-Phe-L-
(N- Ac- am no- Ala) N(CHB)OCHB from Cbz-L-Leu-L-Phe-CH and L_(N-Ac-am no Al a)
-L- (N-Ac-am no Al a)-L-Phe-L-(N Ac-am Qe n%})ﬁmN&g-lS_)OCI-B

gener al

1% N(
was synt

. Cbz-L-(N-Ac-am no-Al a)-L-Phe-CH and L-(N--Ac-am no- Al a) - N( CH3) OCH3.
NWVR (DVMSO-d6) s 1.77 (s, 6H), 2.79 (dd, 1H J= 13.8, 9. 4) 2.99 (dd,
6.6), 3.10 (s, 3H), 3.19 (m ZI—% 3.29 (m 2H), 3.68 (s, 3H); -

01 (m 2H), 7.20 (m 5H), 7.34 20

'J=14. 0,
(m IH,
(m 6H),

eS|ze as a while solidin 81%yield from*

4.44 (m | H, 4.89 (m |
7.84 (m 2H), 8.02 (d, IH J =.7.7), 8.28 (m 1 H. Anal.

I H
I

H,
4

( C29H38N603H), 052 00m,QH}18.19 (tE’VIQPQIaI s%@ 961 \;Agycy Lﬁsgf ﬁ@@p&gg%’}”e |

~ descri bed for_preparing conpound 1

arriin

Phe- L- ( N- - fookNs®7-(M @Qﬁdﬁ@%fasn@,ﬁ%ﬂéﬁ&zed as a white'solid in 25%

-yield from Cbz-L- (N Ac-ami no- Al a) _L-Phe-L-(NAc-ani no-Ala)-N(CH3) OCH3 . and
ethynyl -magnesi um brom de. tH NWR (DI\/SOdG) S-1176 (s 3H), 1.79 (s, 3H),
2.79 (m IEk&mleQ'fOQﬁHilL-L : e $3.50 (m-1i),
4,04 (m 1 = J =4.0), 500 (m

oH), 7.22.(m 611), 7 34 (m. 511), 7.80 (g,cum Februariz 2004 WO 01110894 -
t

54 PCT/ USO0/ 21061 7.93 (m 1 H),

8.1).
| Exarrpl e

5

To

15

20

8. 12 ( 8.6), 8.61 (t, |
+{ MieCs) 696 4&,4., found, 696. 1408,
MM C—CCH)OCHl oy CH
| , (@7

Using the procedure described for preparing compound 6, the- ut[e compound was

Fl RVS cal-¢- for C29I-‘¢f

17 Cbz L Leuo 7
H

H J

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
(generated from nBuLl and methyl propargyl ether at 23 °C). H NMR (DMSO-dg) )
0.80 {, 6H J=174), 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. 00 (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.
Example 18:' Cbz-L-Leu-LTPhe-L—(N-Ae—amino—AIa}-CH_';_OCHg_CHzPH

TN

s

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

' Potass:um hydnde (35 wt % in mmeral oil, 2. 29 g, 20.0 mmol, 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 hexanes layer was removed by pipette; and the residual solvent L

05



~HH o (17) Using the procedure described for preparing @amesHRf Sso4 he
title conpound was synthesized in 19%yield from Cbz

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

f r om nBulyyoapgogget hyl propargyl ether at 23 C. 1 H NNR DIVBOd6 S 0 80
(t, 6H J = 7.4), 1.28 (m 2H), 1.47 (rn, 1H), 1.79 (s, Tm%“"@é
3.05 (m | 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 1lkk. HRMS calc for C32H44N407 .
(M+Cs), '725.1951; found, 725.1978. 15 Exam |l e 18: Cbz-L-Leu-L-Phe-L-
N-Ac-am no-Ala CH OCH CH Ph (18) Preparation of |nternediate
BUBSnCI—IZO(]ﬂ@PIE%UHdZOVa@QUmS sThewestlyig deleK H3pwiler Yoab q.}% ( 0%1%)9 :
20. 0 mol , tirred in hexanes (10. nmL) for m n, then
stirring vvas PS’S%’@'X %ﬁt(ﬁgz & dPi0manol, durami)ovassasided &auﬁlhgtga@évolﬁtitﬁx

sol vent 04 February -

hexanes | aygferWasin: ye and e resi d
2004 WO 01/ 10894 - PCTIéU %5%2‘%6‘&‘%" él? f?&%‘Fd W%@a%wdﬁong dry

KH powder Wa¥C ancspeolutiah Ohoablﬁeﬂlg'ﬁnmﬁdtmf{?ﬂ: &l&a%&&)ﬁln 3h %2 9 0-0
#”).!{‘ ?E@qged (causi n% 8as evo Pl on) Eer S ”l
C—for 2 35 4 reodi b1t 1208 (6.86 gedS.OTnmoli k6 wgeivids mlﬁdmm wzQ C
and. a sol yhaen;g % ;l’ I | t V)r ed accor di to Seitz, et
~al., Synth 5 CorlTruEarl{ng L, bﬂ‘f%“"di’f@ 2410 3576 fombh b, andbtbequi v)
in THE (15cml¢d was’is %(Zldﬁ'ﬂe‘:‘ea%uﬁﬁi%ﬂ| S ] ﬁHnS}ﬁ Jnar med
to 23 C gs i and then cool gget 0 - “éﬁl tell'}ag (flls#@ Rched
with satur Sy étq‘ﬁ@'ﬂlﬁg NH4ECC, st etracted with EtyO (200 mL). The organic extracts
were dried over MgSOy, filtered, and concentrated., Purification of the residue by flash
- 10 column chromatography (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. 'HNMR (CDCl3) 5 0.90 (¢, J = 7.2, I5H), 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
(s, 2H), 7.15-7.33 (m 5H). 13C NMR (CDCi3) & 9.01, 13.66, 27. 28 29. 12 36.36,

15 61.94,76.38, 125.94, 128. 17,128.91, 139.50.
Preparation of Product Cbz-L-Leu-L-Phe—L—(N-Ac-amino—Ala)—CH20CH2CH2Ph:

_ A solution of tnbutyl-phenethyloxmethyl—stannane (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
' 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)



(25 nL), warmed to 23 C, and extracted with Et20 (200 nbhFeEhgrpzmnlc
extracts were dried over MgSO4, filtered, and concentrated.  Purification
of the residue by flash 10 col um chr omat ography (hexanes) afforded

tri butyl - phenet hyl oxynet hyi -stannane (3.73 g, 88%yield) as a colorless.
l'i quid. = (4% Et OAc' in hexanes). IR (cm1l) 2955, 1464,
1082. 1&[\%}1‘3&%&13) S 0.90 (t, J- 7.2, 15H), 1.31 (sexté%%%\?wglfgh

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) - CHZOCHZCHZPh A sol ution of
tributyl - phenet hyl oxynet hyl - st annane (0.443 g, 1.02 mmol) in THE (10 20

n _and Cbz-L-Leu-L-Phe-L-(N-Ac-am no-Al

- nL) was coéll@dnt, 2H)78.3¢ (e dH)BUUT (62 15D))M.00 (h.egﬂrp,e’; 19743 (rﬁi,)wms-ngctgd The

: ﬁ}étéiéoﬁs’a?@“ ShSEd Bl T 5, BAS Gt £=8)4) 532 (g0 27 Ay
105°h and ken GEReid) FCE o TosPhTou o D Audh (bR Nt

with 30. nN.of 10%aq citric 25 acid, 30 nL H20, 3 nL brine, dried over
MpSH4, filtered and concentrated. The resi due was purified by colum

chr omatdgraphy (gradient elution, 3-5% CH30OH CHCl 3) yi elding 0.014 g (13%
- of awhlteEsollldl_ ~J 6.8), 1.30 (Fn, 2H),
- 1.48 (my A A o : CH 86(rn | H), 2.99
(dd, 1 H,_J: 13.2, 4.0), 324342(m 2H) .o 356(t 2H J=6.8), 4.0l (m .
1H), 04‘February 2004 WO 01/10894 - 6 PCT/U /21061 4.10 (m 2H), 4.34 (m

1H) 4.47 (m I 5.00 (M 2H) g 7,43 H1 A 740(d I H J =
(ﬂ 11 J 8.32 (d, .1 H J =
1 4 9!" ound 791.2439. Anal .

8.5), 7.72 (t, 1 H J 0
7.4). HRVB _calc for c@/)ﬁaﬁ&
(C37H46N407) C, H N .
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



Exanple. 19: -.Cbz-L-Leu-L-Phe-L- N Ac--amno --41la - Oy N 9)
Using a procedure | i ke that described for preparing con‘&g?_{a l}ééyy?é]é t|tIe
conpound 10 was synthesized as a white solid in 26%yield from

Cbz- L-Leu-L-Phe-L-(N-Ac-am no Al a)-N(CH3)OCH3 (prepared as described in

- Exanpl e Woefrthshbf i but yl - net hoxynet hyl - stannane (prepared as descri bed in C
R Hebd. Seances Acad. Sci. Ser. C (1970), vol. 270, 208®CT/US0p2194WR
(CDC13) S 0.90 (t,-6H, J =6:6), 1.45 (m 1 H), 1.62 (m | H, 2.01 (s,

" 3H), 3.17 (m 1H), 3.25 (m 1H), 3.48 (s, 3H), 3.88-4.05 (m IH), 4.12 (m
IH), 42015 (m | H, 434 (m | H, 4.82 (m 1M 4.85-4.95 (m 1H), 5.05
m I H, 510 (m 2H), 583 (m I H, 6.45 (m | H, 6.55(t, I H J =

S

( :

7.4), 7.05 (m | H, 7.40 (d, 1HJ—85) 7.18-7.43 (m 10H). HRMS talc
f or CBoMOM@ﬁu@Mﬂ-ben&ﬁﬁecﬁ&ZBochOtmd’;nﬁQﬂa&&&ﬂ% Anal . (C30H4OMA07) C, H,
N. -20 Exam |l e 20: Cbz-L-Leu-L-Phe-L-d Benzt hi azol e NH 04 February 2004

WD 01/ 10894 =57 Preparati on of |nternediate-Boc-L-(Tr-d n)-2-Ben7thiazol e:
3.5

PCT/ [ TS00/ le (1.63 nL, 14.9 |
equiv) in fﬁ’;&g%‘r%ﬂ"ﬁff%#&ﬁ D1 833G Fen 5 cauind imTHF 400 mtoynl, 3. 5
Th&8fiCvas addsd :iBal t | ut f

gggi\ﬁ)( g} ? n).- N( CH3) OCH3 ¢ g??é’?eé" ggl%g&écrre@e%g') eﬁ‘ﬁg‘iﬁuvﬁflngt&e%aﬁt—
Med Che §9§ for\;i@rmmzrlA sggonegx of Bo2g.- r-Gin2Hi( joca}@&ﬂ-éﬁ) %Jgef,g (50

m.) was adde ot e\angove m xture at -78 C. After stlrrrngZ
the feacti 6‘?1 EFE‘eet Clewn 6898k tvabetl, 2806)1(226 ¢, B34 Ghmbil Q0 and_

FtQac (2 AR (@b)mL)Wa% aﬁé’erﬁotb'?ﬁd oLganic lave 78 After stiring 2 h 2tv J8eC, 25
the reaction mixture was partitioned between saturated NH,Cl (100 mL) and EtOAc 2
X 100 mL). The combined organic layers were dried over Na;S04 and were
10 concentrated. Flash column chromatographic pl'niﬁcatiqn of the residue (25% EtOAc in
hexane) gave Boc-L-(77-GIn)-2-benzthiazole (0. 987'g, 35% yield) as a pale-yellow
foam. Rr=0.24(25% EtOAc in hexane). IR (em-1) 3394 1696, 1489, 1165. 1H NMR
- (CDClg) 8 I 46 (s, 9H) 1.59-1.64 (m, 1H), 2.07-2.09 (m, IH), 2.44-2.53 (m, 2H), 5.61
(m, 1H), 708 (s, br. 1H), 7.25-7.33 (m, 16H), 7.55-7.63 (m, 2H), 8. 00-8 03 (m, 1H),
15  8.16-8. 19 (m, 1H). Anal. (C36H35N304S)C H, N.

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

._ Bo‘él[;-(rr-Grn)-z-Benzmiazole (0.156 g, 0 26 mmol, 1.0 equiv) was dissolved in 1,4- ‘
20 3 dlo;ggne (3 mL), and a solution of HCl in 1,4-dioxane (4.0 M, 3 mL) was added. The
- rca_ctxon 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 |



10 concentrated. Flash colum chromatographic purificati si due
(25% Et OAc in hexane) gave Boc-L-(Tr-GLn)-2-benzt hi azologrr(egruggggodf%%
yield) as a pale yellow foam Rf = 0.24 (25% Et OAc in hexane). IR (cm1l)
3394, 1696, 1489, 1165. 1H NVR (CDC13) S 1.46 (s, 9H) 1.59-1.64 (m 1H)
2:07- 2. , 2.44-2.53 (m 2H), 5.61 (m. | : 7 08 I
7.25-7.3 owﬁfiﬁo, 7.55-7.63 (m 2H), 8.00-8.03 (m ' T"{SE‘KZ%’G% 8.19
(m IH. Anal. (C36H35N304S) C, H, N. Preparation of Interrredl ate

Cbz- L- Leu-L-Phe-L-(Tr-d n)-2-Benzthiazol e: B6c-'L-(Tr-Gln)-2-Benzt hi azol e
(0.156 g, 0.26. mmol, 1.0 equiv) was digsolved in 1,4- 20 dioxane (3 nl),
and a solution of HCl in |, 4-dioxane (4.0 M.3 nL) was added. The reaction
was stirred at roomtenperature for 3 h, then the solvent was renoved under

reduced pr gbpeuCle-1-The-L-Rigi00E-GBS-20h % C .
~and Cbz- L-Leu-L-Phe-CH (0%60@319 0. e%x%@n'idénﬁ% d0”17@¥:7(4/ %)d)Dﬁﬁﬁl ?%4 @%‘an

- 0.78 mmol , CH CH26h) HRTtm(1p32 0 ded
mmo 30Hyini CH2@h)l HRATE(1D 3298 16540188, mFPNMlit(@gtqé?%’ 98 Rt

sequent i al The 25 reaction m xture was stirred a n, and

then the séménil -4 (ne Wk de21hd6 (m; EH)det8- hi58 myIBH), zramznsqhﬁqﬂzvmg.t aken
up into e e ntlaII with 0.5 N HC (50 nL
sgt ur at e%%%&agégﬁi'ﬁ%&%ogﬁﬁ ﬂ’%\&’a 458 (ﬁL)IH)ﬂ'ﬁgsdtﬂj’aﬁn,c)
“layer whs 2H) ,esjﬁgngqp_ r n t rat resi was
purified b%; | ash céﬁﬁﬁﬁnmc%?%ﬁg?o@?égﬂygfggg’(ﬁgoﬁ ﬁgb%fg]g?st(ﬁh gﬁ?
February 2064-7.580n0 2H)OBIE-83 T )3H) 121084 4 (15,81 ). Vnal, (Cs3Hs3N506S) C,

Cbz- L- Leu-L-Phe-L-(Tr-GlLn)-2-benzthiazo[e (0.170 g, 74%Vié€ ?dﬁ Qef l-b 24 .
(5% CH3 in CH2C12). IR (cm1) 3295, 1654, 1226 1H NMR (CDCI3) S =
0.77-0.91 (m 611), 1.31-1.37 (m IH), 1.42-1.46 (m .111), 1.48-1.58 (m
3H), 2.02-2.18 (m IH), 2.38- 2.42 (m 211), 2.83-3.18 (m 211), 4.09-4.13
(m 1H),. 4PofardtiGPof(Produetl) , . 4-88-4.97 (m 2H), 5.68-5.72 (m IH),

6A2-6.47 (m 111), 6.56 (d, | H, J = 7.5), 7.07-7.35 (m  2511), .
.7.549 59 (m 214), 7.96-8.01 (m 211), 8.10-8.14 (m 1 H). Anal.

(Cs3 53N Offlogrogisilane (0.077 mL, 0.376 mmol) and trifluoroacetic acid (3 mL) weré 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
CHyClz). 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, lH) 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, 1H), 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. (C35H39N6058) CH, |



N_ Preparation of Product: 10 Triisopropylsilane (0.077 gglfebfiapy8otao[) and
trifluoroacetic acid (3 nL) were added sequentially .to a solution of -
Cbz- L- Leu-L-Phe-L-(Tr-d n)-2-benzthiazole (0.150 g, 0:17 mml) in CH2C 2
(3 nL). at 23 C, producing a bright-yellow solution. The reaction mxture .
- was stir ‘§§ 3@\%33 C for 30 min, during which tine it becane colorless. The
15 vol ativad renoved under reduced pressure, and theP€EEERNIING sol i d
was triturated with Et20 (10 nmL), filtered, and air-dried to give
" Cbz-L-Leu-L-Phe-L-d n-2- benzthiazol e (0 058 g,. 49% yield) as a pal e-yellow
soli-d. Rf= 0.50 (10% CH3OH in CH2C12) =192 -195 C. IR (cm1) 3298,
1659, 1526, 1238. 1H NMR (CDC13) & O. 68590 81. (m .611), 1.22-1.30 (m
211); 1.42-1.48 (m IH,.1.98-2.07 (m 11), 2.15-2.24 20 (m 311),
: 2_.68'-21._7-9'-(m-- 114), 3.00-3.05 (m | k), 3.93-3. 95 (m 111), 4.60-4.64 (m -
H, 4.99 (s, 2H), 5.42-6.46 (m '111), 6.81 (s, H), 7.15-7.37 (m 13H),
7.63-7. 71 (Bxamplel: Chel-TamOP Pyrfol2fia z.mnamazoierb 8.70-8.72 (m
IH) . Anal. (035H39N6CBS) C, H, N 04 February 01/ 10894 59 Exanpl e
. 21: Cbz-L-Leu-L-Phe-L- -Prol-Aa -2- Benzthlﬁzole H (21) PCT/ USOQ’21061 5
Preparation .of |nternediate
Boc-L-[(N-2,.4- Dlrrethoxybenzyl) (gS rrol -
sul fur trioxide-pyridine co 5}5\){
) was-slowy added to @?ﬁ"urg

Boc-L- (N-2, 4-di met hoxybeni ) - ( P?/rr A ani nol (Pl) (prepared as’

Qt): A solution of
, 4 equiv) in DMSO (60

descri bed - in Dragovich et al. . in  (1999), 'vol . 42, 10 1213) -
(1.64 g, 4.00-nmmol, | equiv) and Et3N (2.01 nL, 14.4 &, 3.6 equi V)
cooled at : '

5 Preparatxon of Intermediate Boc—L—[(N-Z 4-Dimethoxybenzyl)-(S)- Pyrrol-AIa]-H (Ql) ‘

A solution of sulfur trioxide-pyridine éomplcx (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



10-17 C. The reaction mxture was stirred at 23 Cfor 1 gtlgn The, m Xt ure
was slowy quenched with H20 (80 nL) at 0 C, then extrg 88“{5\“{% 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 MyS. 4 and
concent%gfh Jpe resulting white foamwas 15 used withgut further
purificattonBreparation of Intermnediate : PCTAUS00/21061
Boc-L-[ (N2, 4- Di net hoxybenzyl )-(S)-PyrroE-Ala)-CH (RI): To ' a solution of
Boc=L-[ (N2, 4-di net hoxybenzyl )-(S)- Pyrrol-Ala] H (1.63: g, 4.00 20 mm 1
equiv) in t-butyl alcohol (50 nL) and Zgyrethyl-2-butene (12 nl) was added a
solution of NaClQ2 (3.32 g, 36,68 mmol, 9.17 equiv) and NaH2PO4 (3. 32 g,
27.68 nmmol, 6.92 equiv) in H2O (20 nlL) using an additional funnel. The
m xt ure wesvestNaiS€} aml coceRiraé8rii gk _iranot 41 %mi deanigh 0 _Et 20 -
(80 nL'), and the aqueous | ayer vvag gcll.’ag%l%[g%’l%ﬁ‘?ﬁn W('%’Hygoiand
,then ext rélal-64 i 4h g, 16%). €HaOwhite fERC ThidSmaris! K9 wEkd -wilifit FasRed
dried 04 February 2004 WO

~organj c layers were hed with H20 (100 i),
01/ 10894 ﬁé‘f‘ﬁ%@@?ﬁz%%@%ﬁ%&(mwh Soh IS, D 1178- 988 €m, 1H), -
Boc- L- h rpethgx V-(S,) - rol- Afal-OH (1.11 g, 66% as a
whit e 1[532?12 ufﬁz“%g (ﬂ’a;zgﬁi gﬂ%\%gg t‘&ém fﬁ%—aﬁq Ry %F]é}, 3-%1(1£s, fGPBgﬂMr(.s/? PH).NMVR
. (CDCL3) 8 41544.56%m, P, 6.46-6 7 1,28;4.88 (m IH, 2.18-2.31
(m 2H), 2.75-2.35. ?’ﬁ?ﬂ‘%@ﬁ%?‘?z@?’?o‘-’%@ ”éIH),-,SI.Bl (s, 6H), 4.45 (s, 2H), .
5 4.52-4.56 (m 1H), 6.46-6.49 (in, 2H), 7.13 (d, I'H J= 7.5). Preparation
of Inter. | at e Boc- IT [ (N 2, 4- D met hoxybenzylé;(s -Pyrrol-Ala]- N(CH3) OCHS -
(Si): 10 FEEBIANAR cfifor Jrisrmediate( 0. Bopol-V-23-Bimethotybenzyd)i(S)\Bymudsrlaided to .
a sol uti omeeti;Roey I(S{(N-Z, 4- di met hoxybenzyl )-(S)-Pyrrol-Aa]-CH (I:11q, -
2.62 mmol, 1 équiv ar?d NWMM (0.570 ni, 5.24 mmol, 2 equiv) in CH2Cl2 (40
m.) at -20 C. The reaction mxture was -stired ;at -20 C for 20 mn, and
t hen ll\b O- di net hﬁ/ll hydr oxyl am ne - '
c

Isobutyl chloroformaté (0.340 mL, 2.62 mmol, 1 equiv) was added to a solution of Boc-
L-{(N-2,4-dimethoxybenzyl)-(S)-Pyrrol-Ala}-OH (1:11 g, 2.62 mmol, 1 equiv) and

- NMM (0.570 mL, 5.24 mmol, 2 eguiv) in CH>Cly (40 mL) at -20 °C. The reaction
‘mixture was stirred at -20 °C fo_r 20 min, and then MO—dimé:ihylh}drokylaminé-
hydrochloride (0.257 g, 2.62 mmol, I equiv) was added. The resulting mixture was

15 stirred at -20 °C for 1 h and at 23 °C for 2 h, and then was partitioned between water
(100 mL) and CH,Cl, (2 x 100 mL). The combined organic layers were dned over
N804 and concentrated. Flash column chromatographic purification of the residue
(2% CH3O0H in CH;Cly) gave Boc-L-[(N-2,4-diniethox3;benzyl)-(S)'Pyrrol-AJa]-
 -N(CH3)OCHj (0.869 g, 71% yield) as a white foam. Ry = 0.‘176‘.(5% CH30H in
20 CHZCIZ). IR (cm-t) 3413, 1671, 1508, 1258. 1H NMR (CDCl3) 5 1.42 (s, 9H), 1.59-
1.69 (m, 2H), 2.13-2.20 (m, 1H), 2.30-2.38 (m, 1H), 2.51-2.95 (m, IH) 3.18-3.22 (m,

| SH): 3.77 (s, 3H), 3.80 (s, 6H), 4.41 (s, 2H), 4.64-4.69 (m, 1H), 5.39 (d, 1H, J = 9.3),

| 642644 (m, 2H), 7.11 (4, 1H,J=8.7). Anal. (CosH3sN3O70.25H,0) C, LN,

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

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



- The m Xt ur e

hydrochl oride (0.257 g, 2.62 mol, | equiv) was added. pheebrBH 20029
M xture was 15 stirred at -20 Cfor | h and at 23 C for 2 h, and then 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 o ' urification of the residue (2% CH3OH in CHZC12 a
Boc-L-[(%gﬁgi[%?'ﬁet hoxybenzy 1)-(S)-.Pyrrol-Al a]- N(CHS) }%%g 71%
_yield) as a white foam Rf = 0.16 (5%CHBC]—I in 20 C112C12). IR (cm1) 3413,
~ 1671, 1508, 1258. 1H NWR (CDClB) 51.42 (s, 9H), 1.59- 1.69 (m 2H),
2.13-2.20 (m 1H), 2.30-2.38 (m IH)), 2_.651_-2.95 (m 1H), 3.18-3.22 (m
5H), 377(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.
(C23H35 momaszsﬁﬁecsa)t -G8 %8, fo 302}5mPr&|%@hﬁliohCHT Bdc-L 1t zﬁﬁ@&kh%hﬁ@@; <(S)-

T1 3

N—24D| | S rrol AlaJ-2- Benzthi azol e
[S(()| ution of ‘ﬁz%‘?ﬁ%é’é%@%l%m(%m 13374171111@!1;011 g’.quzlﬁ)l:ﬁ'lédﬁ(m miLp whbddedonl)
at - 78 C V\@% %dde Min hexane, 4.7 m, 7.47 mol, 3.5 equiv).
£ &%%FW&PS? Adien siowe 2 h HeBUSDOhe Trestionasixsre wasd at

5 ST ety o ST Y B
‘added' t &  tdrgariboldgersTi wérbT @it ovdd séfts‘ﬂd éé{%dgl%még 15%5%3 ne

reaction mxture was.. partitioned be &n"sat ura

Et OAc (2 x @omatpgrafitiie parifititivache the ﬁefstlﬂﬂ'(g% EYBOH 15 CRLAN): E‘g%ve‘s%rc-x. SO
and were cggme trat ed Fl ash col um chromat ographl C pur| |cat|on t he .
resi due (2 PHbenzpl=(Dy Pryealetlah2-bentthinzole (0.872 g, 86% yield) as a pale-

AR T ) Sﬁ@(%&ﬁs&%q&éﬁﬁﬁé}“#%ﬁ3403?21@esn1ﬁ§§§f’myﬁel v
0SSO O T L b T Bt o
3H), 3188 (), SM1-2.74 GF, (1), 320328 RO 359,78, 61), 4.40 (s, 2H), 5.55-5.60 (i,
| 1H), 5.93 (d, 1H, J = 7.8), 6.39-6.44 (m, 2H), 7.09 (d, 1H, J = 8.1), 7.52- 760(m,2H)
7.97-8.00 (m, 1H), 8.15-8.17 (m, 1H). Anal. (cng 3N3065+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.



| H, 5.93(d, I H J=7.8), 6.39-6.44 (m 2H), 7.09 0drehrdryoca 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-Benzthiazole (U): 15 To a suspension of Boc-[,

[(Nr2

4- di met ke whemby 1) - (S) - Pyrrol Al a] - 2-benzt hiazoie (0. 408(:8@59%271 m mml

equiv.) in CH3CN (10 nL) and H20 (1 nL) was added

2.equiv). The reaction mxture was stirred at 60 Cfor 5 h, and

diluted with CH2Cl 2 (50 nL) and washed sequentially with sat
- NaHC03 (40 nL) and brine (40 m.). The ogmanic |ayer was drie
and was concentrated. The residue was purified by flash col
chromat ogr aphy (2% CH3OH in CH2C12) to give Boc-L-[(S)- Pyrr

urat ed 20.
d over
umm

ol

then was

Na2S04

Alal -2- benE{eﬁalaE@m@fE@dQ¢t4%l) 80% as a white foam Rr=.0.28 (10% CHBOH i n

CH2C12). IR (curt) .3295, 1693, 1167. 1H NWMR (CDCL3) 8144
(s, 2H);, 2.12-2.17 (m 2H), 2.66-2.70 (in, IH); 30425343

(s, 911),
(m 211),

(0 30, et AacBabShiale @og g kit sbid e bobios

PCT/ USOO/ znd@%dwamﬁkphl,and arsohitioRrof #ICHtin (1¥-HioxanEA% M, BGR),

1.0 equiv) was dissolved

] Fv’o/ars Qhéd al

1.75
5. 60
(d,

2- Benzf oI £ (%f 200 0 56 mol ,
.1, 4-di xan of‘waé §bTQ9FI tsmpsratyeifor ; hy and then tersolvedt QaMenﬁ)ve&) was
added. Thqmra ! i, Qo0 for 3. h, and then the
sol vent was %2%{\1/%! ;%@s%g:% SIa%e {vﬁ‘g)gﬁﬁﬁngf é&gg i @UBLWggolgd 36 8/°Ced i n

CH3CN (6 rall, cmoJLed-LtméJoﬁ ((ﬁjl@'i 936 gl 1ln§HJ Lo U.PCeQUé d‘\%ﬂ%@ gat@%g?gzﬂm :

1.5 equiv), NWM (0.246 m; 224

© 0. 84nmol , Mg, deeduiy) a«drﬁAé’dﬁé(ﬂBhQa pesumidl 1.5 fudv)reast
stirred atfhgggﬁcb 40 min, and t eﬁ t he sol%//ent was? ‘?gerrt?!\(/iggj %&Eﬁaﬁ

reduced pre

10

15

under reduced pressure The resndue was taken up mto CHClI; (50 mL) 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%

_yield). Ry = 0.20 (5% CH30H in CHyCh). mp = 108 —111 °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),

5.25(d, IH J= - 8. l) 568 5.70 (m, iH),GlS(s br IH) 7.07-7.37 (m, 10H), 752-761

20

(m, 2H), 797-800 (m, 1H), 807-809 (m, ‘1H), 8.158.18 (m, 1H). = Anal.

) (C37H41N5058)C H,N.

- 25

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

H

a - 0 -\
H o = H o

o ﬂlé‘%%ﬂa@%@ & ¥k éor 4pmimtand O he s¢Bentlas refdveds



washed sequentially with 0.5 N HCl (50 nmL), saturated wgcg (‘350%@), H20
(50 ), and brine (50 nL). The organic |layer was drie vepHany 4,
filtereed, and concentrated. The residue was purified by flash colum
chromat ography (2% CH3OH in CH)Cl2) to give Cbz-L-Leu-L-Phe-L-[(S)-Pyrrol
. Al a] -2-benzt hi azol e (0.142 g, 37% 15 . yield). Rf = 0.20 (5% CH3OH in
‘CI—|2C12) WIHOLI08H - 111 C. IR (cm1) 3284, 1662, 1531, 1244CThr$obvRef CDC13) S
©.0.81-0.88 (m 6H), 1.40-1.44 (m I1H, 1.55-1.59'(m 2H), 1.89-2.00 (m

. 2H)', _2.10-2.17 (m .211), 2.48-2.52 (m 2H), 3.09-3.18 (m 2H), 3.35-3.37
(m 2H),-4.11-4.19 (m I H, 4.80-4.85 (m | H, 505-5.10 (m 2H), 5.25
(d, 1 H J 8.1.), 5.68-5.70 (m | H S 6'18(3 br 1H),7.07-7137 (m |-
C]—I),75276120(m214)797800(m111) *8.07-8.0.9 (in, I H,

Cor- Lo - fre LIS DRRB e Srtele Yorthatod gty Bae-G1 0 adriimetposyimaib

01/ 10894 - 43)-PETIUSADNICHEIOCHS, hBLLIS) ankly Hiddole 1214 @Hﬁf%%ﬁst%p red
~.from Boc-L-[ (N2, 4-di net hoxybenzyl ) - (S)-Pyrrol ulLi ,
“and t hi azolS¥thesinofBarsrl(& rageua]-%emmazay deseibed iPExBRe 1) ((ﬁ)sf%r r ol

Al aj - 2- bengt e, described in Ex ¢l) (0.065 g, 0.19 ol equi v)
was di ssol ?/)e? I%m%:l g H qugﬁ’é’s(d?sﬂlﬁfgn‘:gﬁd -djoxage (8 irak), @nd piEolution of HEIdinoxane
(4.0 M53 mddiormerddery, 3 HE) waag WaSasd ol &d S
and then the sol vgfl(? was removed un er r e%ﬂ['gﬁnﬂfné'g%ﬂ'?%s‘tmfﬁétig EO‘IG 3was
 di ssol ved ,@d@h@@he(selmgwmehmdethﬁn&r ﬁdueémbﬁaﬂﬁfb %r&sx&ﬁ% di &3!{9&‘
(0.118 g, éﬁg% S e OB L O Togmi L 4 edu V). and
“HATU (0. 118 GFs fﬁh%?mﬂ 2 G .avgl th@r@b?abld@d-lsﬁhpdéﬁtmalllk , 0D9amimeRCt | on
¥ B
.mxture wa far
| $.5%qLiv) 24 (Boks m, 041% 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
. NaHCO;3 (50mL), H,0 (50 mL), and brine (50 mL). The organic layer was dried over
MgS0Qy4, 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)—Pyrrol-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, IH), 5.08 (s, 2H), 5.29-5.32 (m, 1H), 5.59
) - ‘.A.(m 1H), 6.55 (s, br lH) 7. 16a722(m,5H) 7.33 (s, SH), 7.69 (d, 1H, J = 1.5), 8.00 (d
- 20 lH J= 15) Anal. (C33H39N505S-0 S0H,0) C H,N..

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

23)



10 and then the solvent was renoved under reduced pressgqg:eb;[géﬁm due was
“taken up into CH2Cl 2. (50 nlL), and washed sequentially with O N HCl (50
m.), saturated NaHCO®3 (50nmL), H20O (50 nL), .and brine (50 nmL.). The organic
| ayer was dried over MySO4, filtered, and concentrated. The residue was
purifie ﬁ%l/flbsg h col utm chr onat ography (2% CH3OH in CH2Cl 2 i ve Cbz

L- Leu- L- §S) Pyrrol 4la]- IS 2-thiazole (0.057 g, @2‘&%’@? 1

0.48 (10% CHSC]—I in CH2CI2). np = 83-85 C- IR (cm 1) 3284, 1661, 1536, 1247.
1H 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 (5, 2H), 5.29-5.32 (m 1H) 559655
(s, br I H, 7.16-7.22 (m 5H), 733(s 5H), 7.69 (d, 1H, J = 8.00"

O L Lt L oo HOah L L i Ve e ﬁi‘?&%ﬁ%ﬁ?yrzfs@ﬁ %
- 01/ 10334(1641’}'@@1“ USOéprapgsa&l A fi"mhlijt i (:anoelt-[(h‘{cg 4Ld‘iuieﬂ{bx§lbé)&§n§sj F‘¥|901M\1ak m.)
2 S AL ol o,
i
ICZ)ybenz‘t hi aE(ngB%ng‘.g{a %ﬂ%ﬁ&?ﬁ ﬁﬁcggei%f l%(agg)ie I)Cf%ﬁ@?’rr&sog) 9I minagdy il v) in
m_ of5 1, dquiv)omanmlasf B3-dioxaht en3 2ch, Aft@l-ez h; %ka@d&jﬂ%”%&g&n%@ga ddunder

' '_ reduced ‘pressure. The resi due and Cbz-L- Leu- L2
1.2 equi viedyeadepigssiss| vide tesid@HREN quz-myzuaplehecom emloiﬂ gOOQB ﬁJHMH 92083

m., 0.91 Ul, V (0.060 .2 e UIV) were
t hen addedeqmggq‘ﬂ%rﬁtqasif’ﬂﬁd %Fé’g@éa& aﬂf’)@?ﬁkg Ms"%t NI\M%SMC, P81 2 h,
. and then tﬂﬂlo‘foh%t b&lﬁ@) and HATU (0.060 g, 0.23 mmol, 1.2 equiv) were then added '

scqucnually The reaction m1xture was stirred at 0 °C for 2 h, and then the volatiles

10 were removed under reduced pressure. The residue was dissolved in CHxCl (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% CH;OH in CHoCl)
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), 734
o -.(m, 4H) 74S-7 52 (m, 3H) 775 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:



10. were renoved under reduced pressure. The residue waaad_l&@low
CH2Cl2 (70 m.), and then washed with I N HCl (70 nm.)

.brine (70 rnL). The conbined organic |ayers were dried over Na2SO4,
concentrated, and. the residue was purified by flash colum chromat ography
- (gradi entywplgghibRy. 2-- 4% CH3OH in CH2CI2) to afford .
Cbz-L-Leu-L-Phe-L-[(S)-Pyrrol..Al aj-2-pyridine (0.060 g, BOUBYSHL101ite
foam 15 Rf= 0.28 (5% CH3OH in CH2C12). IR (cm1l). 3279, 2954, 1690,

" 1660, 1531. 1H NW\R (CDCl13) 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), 2.39-2.52 (m 2H), 3.04-3.20 (m- 3H,
3.33-3.34 (m 1H), 4.17-4.19 (m |H), 4.85-4.87 (m | H), 5.09-5.10 (m

2H), 5.33-5.36. (m 1 H, 5.89 (m 1 H), 7.10-7.17 (m 4H), 7.34 -..(m
4H) 745752(m31)775786(m2H) 7.99 (d, | H J =7.8), 8.65 (d,
= 2gﬁgL221 @f C351L1 i N506. 0. 35H20) C, H, N. . Examle 24:

Cbz LLev L 1o A}%P m@tﬁ(?z@mamsreqpma\tasoadéeftoldyoﬁms‘ég%?%'

Boc- L-[ (N r rrol - Al al-CH3: 04 Februar
. 01/ 108[92 Pc'ﬂ[@%%‘g ’}, \ég‘;lbi@)LPYFr)(YOi Ada]hm(cei]{;)aeﬂﬁ (F@pared . icgc,qggy in 3
equi v) was gﬂﬂ,ﬁﬂ 9{) gg(%)) BQ,'Q:
L-[ (N-2, ég dtlh rretEM;x enée)él) M}nlm?mﬂsecmr—atpachr ah, ax%d .
describ | then (i1 téedeR m xture was stirre
at -40 C for | h, ﬁgﬁdoza DbebReet par?ﬂ‘%cﬁéao il o\ng P4 OALUZaK 50 ) They 50

TL) o, i b ongtieyer Bee St NG 05 PR ek BUELS ol i f‘?q‘?:eééeén of

Na2S04 and re concentrated. Flash col u

th duhfonztegaphic puriftiasich 2 dBo¢2 -(S

. Pyrer(rﬂezllaij é’%%‘ #6 %&48% yi glﬂg?mgls a%%l%ﬁiﬁrllﬁg\%:l?%éﬁ Eé{@@ 25)0%

Et OAc i n" héxa . -Pynrpi-AlaleH; (G.Mg,‘ﬂ%?wlc?"és%!é.%ﬁ%ﬁis 1.43
40-

(3 509(1‘;]) 3,189%1@%@% ,Qpéxa%g) %gé?(g;(nn?elé?mmm 4509, (1%9.! Wiy NARS (S,
214), 6@09(((:90:3)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), 438 (s, 2H), 6.09 (4,

1H, 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—{W—Z,'-f-Dimelho.xybenzyl)—(.S)—Pyrral—
15 AlafCHz: | | | o

| Boc-L—[(N-Z.4'—dilr.:etho.\ybenzyl)-(S)-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



IH, J=6.6), 6.43-6.45 (m 2H), 7.10 (d, IH J= 7.8). Anal §C22I-|32N206) C,
H N Preparation of Internmediate Chz 04 February 2004

L- Leu-L-Phe-L-[ (N2, 4- D net hoxyberLyl)-(S)-Pyrrol- '15 Al a]-CH3:

Boc-L-[ (N-2, 4=di nel hoxyben-ry!)-(S)-Pyrrol A a]-CH3 (0.230g,'0.55 nmol,

1.0 eq di ssolved in I, 4-dioxane (3 nlL), and a solution of HCl in
1, 4-di o%ﬁé”{%ﬁ M 3 .nmL). was added. The reaction was B¢T/US¥18¢1 r 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 O C, and
then Cbz-L-Leu-L-Phe-CH (0.340 g, 0..83 |, 1.5 eqw v), NW (0.242 ni,
2.20-mml , 4 equiv) and HATU (0.314 g, U.83 nunol .5 equiv) were added
sequentlally The reaction mxture was stirred at O C for 40 mn, and the

sol vent. wadintatkenxybdhz LPsiresiugLiey COBL,e@SHi4Cs, : 051 3. taken up into.
CH2Cl 2 25 (50 nl), ;Jg)ddaagﬁed se!qiuentlal I4y ﬁ% %8@} WWH‘E,SOR’e

saturat ed hiaejaesl¢ Bpubkis. s, RF20IEGOR 04 thczh{E 8fer) 320K"5 60 e

layer was dried over MgSO4,” filtered, and conce tra

purified bi'26‘lLa'§hN6/ﬂl(ﬁBClal)lﬁcﬂm BHY Y96 @5, 3 - O—I in -
CH2Cl 2) to&&;ve Cbz- L- Leu- L- Phe- (ng%-Z 4EH gﬂﬁé%%@)\/\%’ﬁ/@fgg‘g '

PCT: 350012 1 %b%(rﬁeiﬂbay%a 201 (m, (58)); llppmolsl@d:acu{pa 79 @, gg?m A3
t % Et

Y Choxine) W BEDRL30 440 G0 AT 0 4178 8000 Tl S5 10 su B 23 G, k!{)()m-(s "

38 3 D SO B ol B T

4.30- 4. 40 }n84§|€m,lﬂ)81488(m IH), '5708-5.10 (m 2H), 5.23 (m 1H),
6.42- 6.45. (m'2H), 6.80(d, 1H, J = 8.1), 7.06-7.10 (m | H), 7.18-7.19
(m 5H), 7.33-7.34 (m 5H), 8.45'(m I'H). Preparation of Product: 10

Preparation of Product:
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.



To a suspension of Cbz-L-Leu-L-Phe-L-[(N-2,4-dinethoxybearshl=hSaddyr ol
Ala]-CH3. (0.300 g, 0.42 mmol, 1 equiv) in CH3CN (10 nL) and HZO (I nlL) was’
added DDQ (0.190 g, 0.84 mml, 2 equiv. The reaction m xture was stirred

at 60 Cfor 5 h, and then .was diluted with CH2Ch (50 nL) and washed

. sequentl bé W|th saturated 15 NaHCO3 (40 nL) and brine (40 nmL). The
organic | V8% dried over Na2SO4. and was concentr at eBCT/UR@/rieai due was

purified by flash colum 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% CH3OH in CH Cl12). IR (cm1).-3285, 1661, 1544, .1261., -1H NWR
(CDC13) S 0.82-0.90 (in, 6H, 1.24-1. 37‘?“1 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),
3.28-3.32 (Bxathple2s: 4(-3&913-‘&&5_ 4. 35 1 H,. 479-4.84 (m | H),.
. 5.02-5.14 (m 2H,; & a ' P P gENG4A=6.96 (m . 'IH),V
7.20-7.24 (m 5H), 735(s 5H) 794796m 1H) Anal (31
HAON406. 0. 50H20 C, H, N. 04 Februar

. Exanpl e 25: Cbz-L-Leu-L-Phe-L-j_ 9) -
suspensi on of .. Cbz-L-Leu-L-Phe- -[gN- . i oxyben_yl)-(S)

Pyrrol - Al-a] - 2- benzot hi mﬁéo( e _
130c-L-[ (N2, 4-di nmet hox zyl) - ltSG’) le Al @] - N(CH3) OCH3, nBuLi, and
benzot hi ophene in a manner anal ogous t e.- synthesis of Chz

L- Leu- L- Phe- L-[ (N--2, 4-di met hoxyben-rylJ-(S) Pyrrol - A23) - CH3 described in .

" Exanple 24) (0.09.g, 0.12 nmol, | equiv) in.CH3CN (10 in 10 and H20 (1 ml)
g, 0.30 mml 2.4.equiv). The reaction m xture was

was added (0. 066
stirred at %QCSUSPG“*‘H? of. ﬁbz'éfletuﬂhghe“w[w{ﬂ,*de&éhﬂi%ﬁbp}@o’gﬂﬂﬁ) and
g .
“ vyas ed §eql{)ﬁﬂidtﬁl)l)l¥en\é‘ (ﬁrepared 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 (CDCI3) 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.



saturated NaHCO3 (40 nL) and brine (40 nl). The organi c o4 &ebruanazoolr i ed
over -Na2SO4 and was concentrated. The residue was purified by flash col um
chromat ography (2% CH3CH in CH2Cl12) 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%
CH3COH |§§6:Hﬁ?0%é1_< 15 IR (cm 1) 3287, 1663, .1514, 1255..1H NMR (CDClI 3) s
0.77-0 1.26-1.32 (m 211) 1.47-1.53 (m 2H), PCEASYBWEIm 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
IlH, 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 , 7.28-7.40 (m 6H)., 7.46- 7.59
(m 21), 7.65 (s, | H), 8.02-8.08 (m 2Hj, 8.40 (s, | H, 8.69-(d, 1 PI, J
=8.1). Anal. 20 . (C38H42N46) C, H, N. 04 February 2004 WO 01/10894 -68

Exanpl e 26Exﬁh§IeI26LQIszL-E&?-LLPHe(l§£@@EFr‘T&ﬁ@lg{fh H PCT/ US00121061 (26). The
title conpound was prepare rom Boc-L- - di met hoxybenzyi)-(S)-Pyrrol - -
Al a] - N(CH3) OCH3 and PhL1 in a manner anal ogo to t-he synthesis of :
Cbz-L-Leu-L- Phe-L-[(N-2,4-dinethoxy enyl')°. Pyrrol Al a] - CH3 described in
Exanple 24. RJ 0.25 (5% MeCH in CH2 2) . 1) 3280, 1696, 1643. 1H NWVR -
(CDC13) S 0.79- 0-92 (m 7H), /u\l 4-9. 4 H) 1.48-1.89 (m -5H), = -

2.98-3.35 (m 3H),

2.06-2.18 (m | H),2.27- 4- ml

4.11-4.21 (m 1H),-4.76- (m *ELH)o > 1( | H J= 12.3),.5.12- .(d,
| H J= 12.3), 5.28 (,_d, 1H J=09.0), ( -1 H), 6.38 (s, 1H),"
7.08-7.20 (m 5H), 7.29-7.42 (m 5H), 7.4 7 52 @ﬁ) 7.56-7.63 (m 2H),

7.93-7.98 (m 2H) . Anal . (C36H42N406. 0. 50H20) C, H N. Examle 27:
Cobz-L-Leu-L-Phe-L-G n-CH 0~ C(O 6-di chl orophenyl) H2 :
o The title compound was prepared from Boc-L-[(N-2 s4-dimethoxybenzyl)-(S)-Pyrrol-

5" Ala]-N(CH3)OCHj3 and PhLi in 2 manner analogous to the syntlxests of Cbz-L-Leu-L~

Phe-L-[(N-2,4-dimethoxybenzy))-(S)-Pyrrol-Ala]-CH; described in Example 24, R/ =
0.25 (5% MeOH in CH>Clp). IR (cm'l) 3280, 1696, 1643. ‘H NMR (CDC13) 5 0.79-
0.92 (m 7H),1.34-1.44' (m, 1H), 1 48- 1.89 (m, 5H), 2.06-2.18 (m IH) 2.27-2. 38 (m
1H), 244-2 56 (m, 1H), 2.98-3.35 (m, 3H), 4.11-4.21 (m, 1H), 4.76-4.85 (m, 1H), 5.06

10 (d,1H,J=123),5.12(d, 1H,J = 12.3), 5.28 d, 1H, J = 9.0), 5.47-5.56 (m, 1H), 6.38
(s, 1H), 7.08-7.20 (m, 5H), 7.29-7.42 (m, 5H), 7.44-7.52 (m, 2H), 7.56-7.63 (m, 2H),
7.93-7.98 (m, 2H). Anal. (C36H42N404+0.50H,0) C, H, N.

. .E_xz'arhple 27: Cbz-L-Leu-L-Phe-L-Gln-CHZOC(_O)-(2.6-dichloronhenvn

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



(27) 15 Preparation of Internediate Cbz L-(Tr-d n)-CHN2 on. of
- 5.22 g of commercially obtained Coz-L-(Tr-An)-0H (10. OO%E%P?"%%HEOO mL 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 mmol). The

. reactlonaﬁ? #Jﬁgg‘was stirred for 40 mn before it was filtered to renove
t he soli & Di azonet hane in ether, generated fromBTUSpsiosD azal d

(23 mml) and 5.0 g of KOH, 04 February 2004 WO 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 pressure, the residue was
purified by flash colum chromatography;y "eluting with CH2Cl 2/ CH3OH (100: 1,
600 nmL; 100:2, 600 ni; 100:3, 600 nL) to provide 5.37 g of product (98%

i el d). . 1H W¥RhéCREed) 4 ., .5.90 o
Yo 5% ( éH),' mahgﬁhﬁagangim‘lldlg" Gy F‘?g ?'% égéfze‘@gg'@ﬁfm Ofllé-e 2.10
(m 11i), Bobeny nqndler I—ye;iu@tdegmcsannepntlﬁf rem@r wRaY ahRiffeaZ (tgz{s GcP 2Cl
10 At 0 C, h\: a.sol of Cbz-L- gTr-G -CHN2 (8 in 200
mL of anhydrsie géi‘ "%mmcﬁzﬂz@t%& Q1 4eG005BLM 002, 6000mM4 HIY:3) N

EEESO?LE’Y“M 0 piie p?%f@%ﬁ?ﬂ%fm%é’&?a ity bt ﬁé%u}i% Qnﬁéiéﬁgﬁ
our :”‘% ot | oar TS, L S0 1B, 503 BN S £ A0, Bt en (1), 225-2.55 6m, 15
(d, | H, SHLR.IG(m2AH), 18048, (). |H), 4.20 (s, 2H), 2] 25-2.50 (m 2H),

2.00 2.25 (m 1H), 1.75-1.95 (m | H). Preparation of Internediate-
Cbz-L-(Tr-G n)-CH2OC( O - (2, 6-di chl orophenyl): .20 2.40 g of

" Gor- L-(Tr'ﬁeBifa@E@S%InQén%dﬂH:DéBg-L-{'TrQZHrg-@glzgfz 6=di chl or obenzoi ¢ acid (5.‘6 |

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). '



mmol) and 1.5 g of cesiumfluoride (10 nmmol) were stirr f DMF
at 656 C for 3.51. Then, 150 nlL of Et QAc was added and '?%e#e% x%?%oz\fl)vas
washed 4 tines with br| ne and dried over Na2SO4. The sol vent was renoved
under reduced pressure and the residue was purified by flash colum

chr omat oYPaprIs¢ el uting with hexane/.Et QAc; 3:1, 25 800- my, T%gs 1800 m_) to .
provide 1.80 g of product (59%vyield). 1H NWR (CDC13) S F otyz

23H), 6.90 (s, I H, "5.90 (d, 1 H,'5.15 (s, 2H), 4.85-5.10 (dd, 2H) 4. 45
.(m.'IH, 2".35-2.65 (m 2H), 2.15-2.35 (m 1H), 1.90-2.10 (m IH). 04
February 2004 WO 01/ 10894 PCTI USOQ' 210620 - 70 Preparati on of Internediate.
Cbz-L-Leu-L-Phe-L-(Tr-Gn)-CH20C(O) - (26- dichlorophenyl): Cbz L-(Tr-

A n)-CH = 6d|clor henI (0-90.9, 1.0 mmol ) was dissolved in 50
“mL oof Et g#%%‘%ﬁ" m § e“&ﬁ%‘ goo rgbok-LE0%-Phik- -G(BAGIH-CHOCPd)-2,6- M
HC1 in Et 2&NBidpheddfied. The m xture was exposed to H2 froma bal‘?oon at 23
Cfor 4. h. The SO|IdS were renoved by filtration and the filtrate was

‘concentrated under reduced pressure. The residue was used directly in
‘purification. 10 At 0 C, to a solution of

o "t he next %}ZIPW ?FC further ,
©0.70 g of {16, m@}(@;ﬁ-dohlmm;ih)enm@@o“go 19 ﬂ{molER\%Pl ssofl’v g““

50 m_ ggg,&;?dfs%@ﬁ li@ieoé'gﬁ of BOP reagent (1.70 r i§ ﬂlxture _
was stl rréd for Rgand 200 wigt of 10% Pd/ided 30 RE. 6F P WG

t he sol vent was renoved

- - pr epar e HGIHA B0 Nekadded | Th 1 r\@gﬁa%\iég%&o fpm a:ballopniat 23 FC ot 4

under reduced 15 pressure and _
chr omat oghap e (selids ivge éhbved by filtrﬁhgﬁ_‘%ﬁu\}g Xan‘?‘/BﬁEtcgnAch)ng'tet%dgtlm\;i%('o 88 g ..
m r

of produc;e 72%i el d over two steps)
3H), 7.10° PrESsyroH) The residie. B@s (used @Iﬁectlﬂ 155[11% %ext stel) witflort Oabdler | 1)

4.00 (m buﬁﬁcmgﬂ?O 3.20 (m 2H), 0.70-2
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 rmn 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 Prcpa@don of Product Cbz_-L-Leu-l_.—Phe-L-GIn-CHgO_C(O}(2,6—dichloropheﬁ3rl)' '

| 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

| | .mxxture was strrred 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 ;
washed thoroughly wnh CH2C12 The combmed orgamc layers were concentrated and |
'l"the resrdue was punﬁed by preparatnve TLC (elutrng with 10: 1 CHgClp_/CH;OH) to

give 100 mg of product (17% yield). H NMR (CH-OI_-I_—c_L;) 8 7.10-7.50 (m, 13H),



20 Preparation of Product 04 Eeb 2004
Cbz-L-Leu-L-Phe-L-d n- CHZOC(O) (2, 6-di chl orophenyl) At O ge Eugrya soI ution.

of- 0.80 g of Cbz-L-Leu-L-Phe-L-(Tr-Gln)-CH2OC(O) -(2,6- dichlorophenyl) in
24 nL of CH2Cl 2, was .' added .8 nL of TFA slowy. The yellow m xture was

- stirred &9 T%OB and then NaHCO3 (solid) was added to guench the'.TFA
unti | ég 1983 col or di sappeared. The organi c | ayer wasPEEps0Rded and t he

-solid vvas - washed thoroughly with CH2Cl 2. The conbi ned organic | ayers were
" concentrated and the residue was purified by preparative TLC (eluting with

10:1 CH2CI 2/ CH3OH) to give 100 ng of p\/@duct (17%vyield). 1H NVR (CH3OH44)
s 7.10-7.50 (m 13H), 04 February 2004 01/ 10894 PCT/ US00/ 21061 - 71 :

4.00-5.20 (m 7H), 2.70-3.25 (m 214), 1.75-2.50 (m 4H), 1.20-1.70.(m

o 3%-1), 0 90400F620€(H) THYCLNB-I2PEh) 21y 47 Y / ( h benzoi c

. aci d) g&b: @t h i soxglzl%)l eyg %é )?%9'1:@ 6295:%5% ?hﬁ’ bﬁf)? _
rrol - MM%@%?@)#MWIWamfzctmﬂwedmmﬁmem #id,

Boc- L- (N-2 4- Di net hoxybenzyl )- (S) Pyrrol - Al ani nol -2- Benzthiazoie (Zl): 10

. To a solution of

Boc- L- ( ( N- Esénihlgrogho Mltsbxéz%)e-ﬂéﬁf Xy

(prepared as described I n anpl e I PO R1E

at -20 & \Beszhhiszele NaBH4 (Q. 010 g, 0.27 rrm)l 0.5 eqU| v) The reacti on

m xture was stirred at -20 C for 20 min, and then was partitioned between

saturated H20 (50 nl) and |5 CH2Cl 2 (2 x R0 m_) The organic 1ayer was
dried over MgSH4, filtered, and concenf’

fl ash col um chronmat ography ((grﬁ:rent
o ’. _ o-—N

F .' a8

Preparahon of Intermcdlate Boc-L-(N-2 4-D1methoxybcnzyl)—(S)—Pyrrol Alamnol-.‘!—
| Benzthjazole (Z1):
10
Toa solutnon 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 H50 (50 mL) and

| ;5 CH2C12 2-x 50 mL). The organic layer was dried over MgSOq, filtered, and

concentrated. “The resndue 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 6s), 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. f



elution, 0-2% CH3COH in CHZC].Z) to gl ve 04 Fepruary 2004 :

Boc- L- (N- 2, 4-di net hoxybenzyl )-(S)-Pyrrol - Al ani nol - 2- benzt hi azol e (0. 199 g,
68% yield) as a white foam IR (cm1l) 3334, 1654, 1508, 1160. 1H NWR
(CDbC13) (m xture of isonmers) 8 1.35 (s), 1.46 (s),"'1.88-1.97 (m, 20

2.04-2 2.23-2.28 (m, 2.52-2.60 (m, 2.66-2.74. 16-3.28 (n),
3.78 (3%90(@%43.84 (), 4.22-4.26 (1), .4.38-4.51 (), éc%s 24861 1y
5.66-5.68 (m; 5.73-5.76 (m, 587589(n) 6.27-6.29 (m, 641647(n),
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 Fepruary 2004 WO 01110894

PCT/ US00121061 -72 Preparation of Interiredi ate

' Boc-L-Val -L-Phe(4-F)-L-(N-2, 4-Di net hoxybenzyl)-(S)- Pyrrol-Al ani nol

2- Benzt hi aPfeperalibi] of : Intermediate 'Boc-L-Val-L- F)-Le(N-

Boc- L- (N-2 piaet b benzyl ) (S)-CLvaélL-%egﬁF%él(Nzﬁ efhoxybenzyDdShog ¢,
0. 37 mleqoleﬁ'éqmiﬂmﬂng tin 1,4-di oxane (3 rrL) and a solution -
of HO in 1,4- dioxane (4-0 M 3 nL). was added. The reaction was stirred at
23 Cfor 3 h, and then the solvent was renoved under reduced pressure. The

[ esi due weBodll A03 i inkdhokybely1f %é' -QQBﬁmﬁ%-Pgﬁgp&éﬂa”még %ol U%Zal t of .

Boc- L-Val - L-Phe(4-F)-0OH (prepare
4- f | uoPopHempl.al.@eiquiy) was alissalvedin ama‘ﬂxomqstmj hd Ry et 6OACEh §/4-Cbz

, L Leu L- Phcgm'&’éw(.@ﬂl%%,ﬁ* desej:rgelxq%%gplragzs%;d |a|t/§3 g%i(fc(mo—mziffx(d%t’hegjg, : |
St .S?r e(TTS't“‘% SolZe Qs Bl IR0 R SRS o VESSiuRibad Citardy
hmshed Sbasan Ty B oCo B VA e U iR £ 0‘?\‘&?%:&9??536 .
H20 (50 miand tgspdiumrsalt (F@-fitgropiEnglatingerin G mames aHﬂS%OLQrtb E |
Qe A S A e
§| gl di ; et RNURA1Y Kok RvikY (0.3 xﬁtaﬁ'l%' mmoP‘?i‘éc}u?x';)azfn%' Aa5lr 0513%, 058

' L mmol L.5 equ:v) were added sequentlally The reaction mixture was stirred at to 0 °C
for 40 min, and then the solvent was removed under reduced f pressure The resndue was'
taken up into CH2C12 (50 mL), and was washed sequentially with 0.5 N HCI (50 mL),',

15  saturated NaHCO_-; (50 mL), H>0 (50 mL), and brine (50 mL). The organic layer was
- dried over MgS0y, filtered, and concentrated. The residue was purified 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=
| ~0.59 (10% CH3OH in CHoCh). IR (cml) 3279, 1644, 1158. lH NMR (CDCl3)
20 - (mixture oflsomers)8051 @,J=6.),0.67(d,J= 66) 0.9 (d,J 69), 095, J=
R 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), 7.36-7.53 (m), 7.87-8.00 (m), 8.12 (m), 876 (m). Anal.

- 25 (C42H52FN503S_°0._50H20) CHN. - o

Prcpaxanon of Intermediate (S-Mcthyltsoxazole-B-carboxyl)-L-Val-L-Phe(4-F)—L-(N-
2 4-Duneﬁ10xybenzyl) (.S')-Pyuol-Alamnol—2—Benztluazole (BBZ)



0.59 (10% CH30H in CH2CI 2). IR (cm 1) 3279, 1644, 1158. OhHeN\Br}(mB) 20
(m xture of |sorrers) S0.51 (d, J =6.6), 0.67 (d, J = 6.6), 9(d J =

6.9), 0.95 (d, J =6.6), 1.46 (s), 147(s) 1.59-1.65 (m, 2. 08- 2.13 (m,
2.87-3.18 (m, 2.94-2.96(n), 3.02- 3.05 (m, 3.18-3.28 (m, 390401(rr)

© 4.23- 4. 46WOOU/10$488 (M), 5.07-5.12 (m), 5.98 '(m), 6.24-
6. 47-6. 53 ??5:106.463-5{1)74 (), 6. 77-53@89 (n), 6. g?-?.oo ( Cg’?s"“%ﬁ“%n)

7.36-7.53 (m, 7.87-8.00 (m, 8.12 (m, 8.76 (m. Anal.

(C42H52FN5088. O. 50H20) C, H, N. Preparation of Internediate

(5- Met hyl i soxazol e- 3- 66xboxyi )-L-Val -L--Pe(4-F)-L-(N

2, 4- D et haxybenzyl) (S)-Pyrrol - Al ani nol 2-Benzthi azole (BB2) 04 February
2004 WO 01/ 089 CT/ US00/ 21061 :
Boc- L- Val - F')‘P &) 2.- @V-3idrditkthoyenzyl)-SHEIrIRALastho Y -BBh ARz s Denzt h

. I 0 d | ved d 3
), and a @8'?“9% BS3nTE00 %) SRkl b B Gy s ot
react i-on waHChin l,ﬂeﬁoﬁhe%o@[fphé wlasa@d%g ﬁgq&cgg%%vent 3 g@,{s éem)ved

. under: reduced:. Pressure. The residue was di ssolve
cool ed to 0m-@nd thea the soleent wias relnmd(lﬁdﬁﬁé’duﬁed-pre@sl}@ '!‘H@}e&d%er-%%'d?solvgﬁ'd

5- et h de (0.076, g, O.525 -

nere o AR AL E LM o6 Pl 4 24 8o bt {0005 iy 0 30, > ey 4 hen

.. tit 5 d 202 (2 x 50 ). The
e g or A mAMEER R AL M &%agﬁé%mml,céﬁc:quw)amib .

QESC Ihzgsolg;rﬂddedlrmmtagﬁ@phuﬂurema@kﬁrké‘d'éi%“c)?or% il ah3Fha Sl satimaat '

(5 met hyl i i’emar%nga%&h&m aL.)\enld- CHROIg (@- £ )50Lmf - anc s \Aﬁ@)&yﬁ%yl ) - (

Pyrrol - ﬁd ani noI) 2 .benzt hi azol e (0.182 g, 65%yield) as a oam
= o 55 ( 10999ER=YHE Hﬁ‘e‘i@@@ng O4 zmd(wm thn@ABated.1 F1sh coluath ctﬁaﬂatogﬂdgjhw?

0550130 PG of SIS QP RFuld i Fiaidseme rlipnaidss 2. 02
3 i b il A o 3
.8), 6.20 gxgth:azolc (0.182 g, 65% yield) as a white foam. Rf 0.55 (10% CH3O0H in
CHaClp). IR (emt) 3281, 1643, 1539, 1209. - 1H NMR (CDCls) (mixtize of isomers) &
057 (4, /= 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), 194-2.02 (m), 2.12:2.26 (m), 2442.53 (m), 2.89-3.09 (m), 2. 21-3.28 (m),
- 37345),3.80(5), 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), 6.42-648 (m), 6.63-6.69 (m), 6.74-6.80 (m), 6.93-6.99 (m), 7.02-7.18 (m),
735-7 52 (m), 788-3 00 (m), 8.16 (d, J = 7.5), 874 (d, J = 57). Anal
 (C42Hg7FNg05S+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 g solution of Dess-Merrtin 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 dlmethoxybenzyl) (.S‘)~Pyrrol-Alamnol-2—benzth1azole (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



J =6.3), 6.42-6.48 (n), 6.63-6.69. (n') 6. 74- 6. 80 (n') oﬁpggmﬁwggb (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 ate (5-Met hyli soxazol e-3-carboxyl)-E,-Val- ,-Phe(4-F)-L-[(N 2,4
D net ho&benz&% (S) Pyrrol,tila]-2-Benzthiazole (Y1): To a solution of
Dess- Mar P# odi nane (0.114 g, 0.27 mml, 1.2 equiv) PATAER@RWS(7 25
M) was added (5=net hyl i soxaztil e-3-carboxyl)-L-Val-L-Phe(4-F)-L-(N-2,4- .
di met hoxybenzyl)-(S)-Pyrrol Al aninoi-2-benzthiazole (0 182 g, 0.22 nmmol, |
.equiv) in CH2CI2 (3 nmL). The reaction mxture was stirred at room '
tenperature for 2 h, and then was. paﬂ“i'tloned bet ween sat ur at ed H20 .

(50. M) and CH2Cl 2 (2. x 50 nL). The conbined organic "|layers were dried

01/ 10804 - HoRepPOEs: SIARRAR BE e L%?Qﬁ R GHPHE dh TGRS, meve 6t aue

- (2% CH3OH inethylkdaicl)-3aanxy -L-Val-L-P
net hyl i soxazof e- 3- car boxyl ) - lI:a Val - IA? ’F)[m{ Kf—”f’hoxybe""j’l) (8)-Pyrrol-

4- di et hoxzﬂgaaﬁ-lgmﬂl(as?kmprlﬁs|g, 9Afyayxem)tsmmm ﬁm& e Ri6: 088 (Y0%9Mhokeld) as N

white foam_ Rf= 0.51 (0% CH3OH in CH2CI2). -IR (cnil) 3288, 1645, 15009,
1209. 1H Nvk2 bbd%ﬁ%‘kﬁ@ﬂ, 7(&115 8509, 120%. NMR((DDCCIgI]SGBI? (dsrﬁﬁ:)wi

2.06=2.39. 2. 346317 ( 25-3. 30 (m 1
13.83 ( faﬁ% (f?lﬁgg 4‘?%)5& m, gH} 2.5 (9 n}sﬁ lkgm)l?(m,sm EBgGrﬁO w@

S 8 2B gl i ?6’8’”%“8%73 485 0. B9 1Y 565095 o6

(d, | H JXms 151)7(542-,&@ (m, ﬂmzm%w@asmﬂﬁ@)ﬂ@z(ﬂx M), $34-7.64 (m, 2H),
800803 (m, IH),. 8.19-821 (m, 1H), 896 (4, IH, J = 57).  Anal
(C42HasFNs0gS+2.6H,0) C, H, N. / | |

10 . -
| 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 bdnc (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



" follow ng A )

Preparati on of Product (W2): To a suspension 04 February 2004
ol _

- (5-rret hyl i soxazol e- 3-carboxyl ) - L- Val - L- Phe(4-F) - L-[ (N-2,

di met hoxybenrryl J-(S)-Pyrrol Al a] - 2- benzt hi azole (0.132 g, 0:16 mol, 1
equiv) in 15 CH3CN (10 nL) and H2O (I nmL). was added DDQ (0.132 g, 0. 58
mmol , 3. 6GVequiesss The reaction m xture was stirred at 60 C for nd
then was diluted with CH2CI2 (50 nL) and washed sequentlgppysw

saturated NaHCO3 (40 nlL) and brine (40 nm.). - The organic |ayer vvas_ dried
over Na2SO4 and was concentrated. The residue was purified by flash colum
chromat ography (gradient elution, 2-+4%7GH30OH in' CH2CI2) to give 20 .

(5- net hyl i soxazol e- 3- car boxyl ) -L-Val - L- Phe(4-F)-L-((S)=Pyrrol

Al al - 2-benzt hi azol e (0.011 g, 11% as'a white foam Rf= 0.43 (10% CH3CH in
CH2Cl 2) . IR (cm 1) 3284, 1682, 1265. 1H NVMR (CDGi3) b 0.91 (d, 3H, J= 6.6),
0.95 (d, Smloﬁqugqg 651256(m5H) 3.03-3.21 (m
2H), 3.43-3.46 (nmy ZH), , I-496(m|'|—|),571581
(mlH) 6.45 (s, 1H),652(s br.1H),679685 (m 2H), 25
'6.87-6'.94 (m 1H), 7.13-7:17 (m 2H),- 7.55-7.64 (m 2H), 8.01-8.06 (in,
11-), 8. 1818hiBRlion OFRH] no'ﬁh&&éhr&g J H J=6.6).~ HRVE MOs+ 795. 1259,
.Results of tests con exerrpl ary - conpounds of the invention are |

descri bed - bel ow 04 February 2004 WD 01! 10894 - 75 Bl OCHEM CAL AND ‘
i nhi bition of Rhinovirus 3C Protease: PCT/US00/21061

St ock. ol USRFASSB0TH(F0 FM. DnSfS) ) of derous coRIRAS dert Rk oL AT
ases

-dilutions weRS fh tHe. g sgl ve Reconbi nant rhino
' M ?g‘gatg 'ﬁ‘?‘“ﬁ“ﬁdbtﬁé’l"mﬂchpm«:m(see\Blfdhscglgl 3C

(see Birch et at.

pr ot ease exi’m'tfk:amh oﬁre&ﬁﬁhiﬁﬁutq{!lh?an Sleass exprshipdin Eshorhia -
6(5); 609- 6][8,) from serotypes. %@Oj"gﬁs’dﬁggg@f‘g% %P@wdéﬂgmhmhb‘a
Heavein &p pfa:rogmsm ol p6(o); 0063 8) fr&da)sefo%&)iﬁh%‘ %Rd 2 were
.tO prepared by the following - standard chromatographic procedures: (1) ion exchange
using Q Sepharose Fast Flow from Pharmacia; (2) affinity chromatography using Affi-
Gel Blue from Biorad; and (3) srzmg 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:mately 1 pM-substrate, and 50-100 nM protease.

15 | The kobs/I values were obtained from reactrons lnmated 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 peptrde the EDANS ﬂuorescence was |

. quenched. by the proxrmal DABCYL morety When the peptrde was cleaved, the |

‘2‘0 quenchmg was reheved -and actrvny was measured 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  Antithinoviral H1-Hel.a Cell Culture Assay:

Inthis cell protectron assay, the ab:hty of compounds to protect cells agamst HRV

inf
n ectron was measured by the XTT dye reductron method whrch is descnbed in .
: .Welslow etal J Natl Cancer Inst. (1989) vol. 81, 577-586.°



using Q Sepharose Fast Flow from Pharnacia; (2) affinityirsbamaiagggaphy
using Affi- Gel Blue fromBiorad; 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, approximtely 1

PM substgatdfiesfid 50- 100 nM protease. 15 The kobs/| val ues were obtained
fromreactions Initiated by addition. of enzyne rather ®GAFIS9BY6Eate. 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-
Ady-Pro-Val-A@y)-EDANS. In the uncl eaveggpeptide, the EDANS fluorescence
was .quenched.. by. the. proximal DABCYE noi ety. When the peptide was

cl eaved, the 20 quenchihg was relieved, and activity was nmeasured as an

.increase in-fluorescence signal. Data were anal yzed using standard :
and are shown in -the table ,bel ow

non-linear fiftin rograms (Enzfit
The tabul ag'feldhﬂtﬂ’ ge[ SsvérR anfeesed, ﬂldééngt@dnklup['cxﬁy Nﬁh&cﬂﬂiﬁﬁﬁl&@%ﬁd Pﬁ‘
25 Anti. rhinoviral H -Hela

Bel T Gt of SR R Ror S RREL 1 ot oY e crymotic g
Teducti on herher sranrietis 4 X T8 Bl B aTor G Grcoed h&mﬁgp?oyp%mer

PCT/ USO0/ 2X061- H - HeLa cells were'infected

‘I nst:  (5198&ncentvhtion$ bf the confRands %%QE&'%‘%O%%?W 1&%&‘@ agﬂ l& ty of B

i nf ecti on €% aesynq)ﬂ\e@npym Qﬂfqnmszqmpmdodeds%asqhhﬂnﬁerd slif@étbphﬂ{m&l th

nmedi um onl f i nf ec cells were resuspended at x 105 -
cel |'s per ér?L anj(? | ncﬁg'agg a&‘ﬁ" ‘é(ﬁ)?% jtgd @s the C@W@'ﬁwraopgcmpmﬁmttha o

conmpounds t XT.T/ PM5 was ded to test plates
antrzlrp t he arr%grr?ta?egf&? rmaza\gg %uc&%ﬂvﬂgd‘&ﬁﬁﬂﬂl‘ch’é’B"‘é'ﬁgE?#‘@ﬂah‘{lﬂEﬂBfﬁgtedal ly -
at 450/ 650-chlm 10THRYEEGH thav Produce@ shyC Bbinph eagng&einfe%&(aegél! at izon 96,,0

conpotmd t.hat Jjncreased the percentage of formzan -producti
lcorrpo d- tPEIPXG 405 ((s50)trascalaylated 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



cells to 50% of that produced by conpound free, nock-infpa®eseiapebdet The
50% 10 cyt ot oxi ¢ dose (CC50) was cal cul ated as the concentration of
conpound t hat decreased the percentage of formazan produced in
conpound-treated, nock-infected cells to 50% of that .produced by

corrpound‘g{)(é X ngck-i nfected cells. The. therapeutic index (Tl) was
cal cul ate ?‘H‘? i ding the CC50 val ue by the ECSO val ue. RGI/EB0/21906t r ai ns

of hufan rhinovirus (HRV) for use in this ! assay were purchased from
American Type Culture Collection (ATCC), - except for HRV serotype-14
(produced fromthe infectious cDNA clo constructed by Dr. Robert
Rueckert, Institute for Mblecular Virol 0gy, Universi ty of Wsconsin,
Madi son, Wsconsin). HRV stocks were propagated and viral assays were

per for med i milihratetsetRd | SedibHCQhith OphdsS Q. growni.
essential mediumwith 10% fetal . bov?ﬁ%ﬁsgﬁfm%og\glnae 151 W%mriqckg’ﬂ"g‘es

Technol agi e@a(t@ %MBMrg MD). Test results for the HRV assay are shown
in the table below.'. 25 Anticoxsackieviral Cell Culture Assa :
Coxsacki evirus types A-21 (CAV _21) and B3 (CVvB3) were purchased 'from

St TR St iy UM DB B

propagat ed and “antiviral asSays were per

Cel I's were Wesommasureddy tHeKﬂE[édxe rﬁﬂﬂﬁ[on\ﬁ@tﬂéd IPR thettod i EQ{!CH%({% ?ggl es.

“m ni mal ess %N% nﬁ%{g umw th 10% fetal bovi ne serum
Gai t hers burf‘g yVatifranegsilngt; (1989), vohSdu5T7-585. tHl-ﬁ{amae:eﬂs oetd MR With

methot. Thi e verhad ves gba By i e SRR man et 0025 quiter) mspetivelyns:

met hod. :This nethod i's
3y T BT Bl ARG Sl cor '
mock- i nf ectwdl i tah96raiupkienbyd dr&:bkﬁbawﬁﬁlépiardﬁ{a?e Bbehiflatins Yot thelfesf ' | S
per 10 compound. One day (CVB3) or two days (CAV-21) later, XTT /PMS was added to test
plates and the amount of formazan prc;duced was quantified spectrophotonietrically at
450/650 nm. The EC50 was calculated as the cbncentration 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
ECso.

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,



. well in a 96-well.plate and incubated with appropriate' g sadons - of

the test 10 conpound. -One day (CVvB3) or two days (CAV-2 1) l|ater, XTT /PNMs

was added to test plates and :the anmount of fonnazan produced was

gquantified spectrophotonetrically at 450/650 nm_ The EC50 was cal cul at ed

as the afo@ameynd that increased the formazan production in ‘ -

conpound-treated, virus-infected cells to 50% of that pFEGEEaY2IYH

conmpound-free, uninfected cells. The 50% cytotoxi c dose (CC50) was 15

cal cul ated as the concentration of conpound that decreased fornazan

production in conpound-treated, uninfegted cells to 50% of that. produced

I n conpound-free, wuninfected- cells. The therapeutic index (Tl) was

-cal cul ated by di \;i ding the CC50 by the EC50 20 Anti -Echo viral'and

- Ant i - Ent ermgspectivelGeor maek-infeced\saty SeEahO gkl U bRy 1L vas

" purchased from ATCC (Rockville, 'MD). Vir ﬁgﬁ! ?tngéé%? (\;/\lJelru(el prcofolacg s S¥tEng
antiviral Eﬁlﬂgﬁy@é Wasr B% eelisopererell nardR@EcRbated vt éﬂi@ﬁ?ﬂ?a& Q%H:cjg??iﬁﬁgs ggown 1 n
m ni nal .escsent | a#l ﬁedl H%n;fsvv th 10% fetal bovine seru Life

Technol ogi @& PPEATt HEMs BtXSg'atavpX T TS awey addedab tesspbates) ind@hé anivuat oft

cell's agaitphakLiRdduckd | ' . d. by the XTT d duct i
ot hod (vey oy e Groduped Vb Rl e Rlaetioal ot $S0/650 i, TrevBCsgo)

MRC-5 Eel veaswesleulaefiess Qe Wignh 1 : 10,0 ."0of 0.003 gr 0.004, 04
‘February 2004 \D.01/10894 - 78 TD[CTMId@éogiﬁh@ﬂ?‘iens%@cf?w '8‘? WRSERZA  ect od

~wi th medi PRAEEGN inrdompoynd teated] wiresiifecteIckls W% B18H: Froducta 194 €' 'S
per wel | apd | ncgﬁat ed. }M tg aﬁgr%ﬁri ate concentrations of - “conpound. Four
days later, » WRAHES -0 Lhe 30%myiatexic dased GQre) wvam valtulated af @ zan

produced. WasceRtat {’11}6&’2“ gt peotorre Ei cally at 4501650 nrn. The EC 50 °

was cal cul'ated as t ncent P at 1o
pr oduct i onninfectdnpalisnd- 30%aifedlat piddused B BEHESLRSLES dhfred0%0.fs Hat

pr (.)d%ed. R%rapéutic index (TT) was calculated by dividing th
| _ : g the CCjs¢ 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
valug was pquetcrmi_ned for that compound, and the designation “NA™ means not
‘applicable. | ' |

rRyodyssion in moswound-tieatefpr mazan



uni nfected cells. The 50% cyt ot oxi ¢ dose CUEEBO)ary2B804
concentration of conpound that decreased fornazan
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 at yvi ding the CC50 by the EC50. Activity of the conpounds
agai nst gﬁ%se)brl%)\g/%us type 70 (EV 70) may be neasured . by tH{/U4AE%6dssay 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 ng_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 'Pharnaceuti cal s),

Pirodavir (obtained from -Janssen Pharnmegggjircal s), and Pl econai.il
hod described 20 in Dina et al., J. Med.

conpound- fr ee,
cal cul ated as the

(preparedtaccerdin" to the ne ¢ :
S L et
, ¢ \ e dpsignationf " NA
means not | appl i capl ¢iRV44Febl uaNA 2044 WO 01/ 10894y 79 PCIIHSU0T PTRRS
" TABLE.' C¢npd., #Viltus,, kobs/[1J Ke (,J1M bECsqf(t 0 (MTI
.serotype(a#ﬂls-zl)b, 1. HRY- 4 aNAONDMOND [3HRS014 NA  ND ND ND
- -- 3 HRV-14 slow NA >25 25 | NaA
4 HRV-14 | NA 16.3 ND | ND ND
5 HRV-4 | NA | 13 ND | D ND
6 HRV-14 NA | 48 | ~ | w | w
7 | HRV-4 | Na 7t | Nb | ND ND
8 HRV-14 NA | 80 ND ND ND
9 HRV-14 NA 1.7 >25 25 . NA
"HRV:16 NA | 031 >25 N | Na
HRV-2 NA | 090 'ND | ND ND
HRV-89 | Na 0.48 ND ND ND
10 | HRV-i4 NA 20 251 . | 320 >1
1. | HRV-I4 | Na | 110 ND | ND ND
12 HRV-14 NA 10.7 39 g | 2
13 | Hrv4 NA 24 | >s6 | s6 NA
. HRV-16 | NA 4 'ND ND | ND
| HRV2 | NA | 133 ND ND ‘ND
14 | HRV-14 NA 0.065 >100 | 100 NA
HRV-16 | Na 0.322 ND - ND ND-
CHRV2. f NA | o124 | w0 | wp ND
| HRV-89 | NA | o7 >100 | >100 | Na
AIS. HRV-14 | NA | 0098 >100 - >100° NA
16| HRV-14 NA | 0035 | >00 | >l00 | Na
17 | HRV-14 NA | 0075 | 100 . | >100 | Na
18 'HRV-14 NA | 91 | 2 20 NA
HRV-6 [ NA [ 67 | N | nD ND
HRV2 | NA - 1 - ND | ND ND




50 ND ND ND HRV- 14s| owNA>2525NA 4HRV- 14NA16. 3NDNDND 5 HRVi AL DINPND-
"6HRV- 14NA4. SNDNDND 7HRV- 14NA7 1NDNDND 8HRV-'14NASONDNDND HRV- 14

. NAL. 7>252. 5. NA HRV- 16NAO. 31>25NDNA HRV- 2NAO. 9ONDNDND HRV-89 . NAO. 48NDNDND
10 . HRV- 14 NA20251 .>320>1 11. HRV-14 NA>110NDND ND 12HRV- 14 NA10. 73980 2

13.. HRV- 4>5656 NA HRV-16 NA . 4 ND ND ND HR- V-2 NA13. 3NDND ND
%@8”@%&10%100 NA HRV- 16 NAQ. 322NDND ND HRV- 2, PREFS§YZ6ND ND

FR-89 1 NA . 0.7651005100 NA 18HRYV- 14 NA- 0. 09851005100 NA
-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-14 | 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
CVB3e 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
| piodavic | HRV-14 | NA ND | 003 |~ >10 | >30
Plecorarit | HRV-14 | NA | ND | o001 | s10 |>1000

Notes:  aHRV = human thinovirus of designated serotype.
. 53C Protease inhibition activity. '
¢CVB3 = coxsackievirus B3.
- “CAV-21 = coxsackievirus A21.
5 | ECHO-11 = echovirus 11..



16HRV- 14 NAO. 035>100>100 NA 17HRV- 14 NA-0. 075>100 . >100 OMArebRidRV2004

" NA9. 1>2620 NA HRV-16 NA 6.7 ND ND ND HRV-2 NALINDND ND 04, February 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- 16NAMGNDMRPD HRV- 2NA-12.9 . ND . NDND HRV- 89NA20. 6 NDNDND
20HRV- 14NA3. 517. 4>100>6 21HRV- 14NAQ. 0653. 2>320>100 22HRV- FGRES00/21961024030

23HRV- 14NAQO. 174. 020050 24HRV- 14 NA 0. 65>10>10NA 25HRV- 14NA4. 7>10>10NA

26HRV— 14NA3. 22>10>10NA
-81-

| While the invention has been descnbed In terms of preferred embodrments and specific

examples, those skilled in the art will recogmzc that various changes and modifications

_can be made without departing from the spmt and scope of the invention. Thus, the

S invention should be understood as not being" limited by the foregoing detailed
| descnpt:on but as being defined by the appended claims and thelr equwalents



-27HRV-14 . 2500" NANO. NDND 28HRV- 14 . NA . 0. 00450. 3352517494 February 2004

HRV- | ANANDO. 337251744 HRV-1 ONANDO. 253251992 CVB3cNANDS. 7925143 _

CAV- 21NAND4. 6725153 ECHO- | Y: NANDO. 821251305 W N 51711HRV- | 4NANDO. 78>60>77
W N 52084HRV- 14NANDO. 07>10>143 W N 54954HRV- 14, .. NAND2. 13>63>30

Pi r odaviywof#iR¥zsk4NANDO. 03>10>300 Pl econari | HRV- 14NANDO. 01>1 >1000 Not es:
aHRV = human rhinovirus of designated serotype. b3C Prot 00iZHIBi 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
Wil e the invention has been described.igh.terns of preferred.enbodi nents
and specific exanples, those skilled in the art will recognize that
various changes and modifications can be made without departing fromthe
spirit and ‘«'é%dﬂ'elso@LﬁlMEDiSent ion. Thus, the .invention should be :
understood as not being' limted by the foregoing detailed description,

but as being detq&ﬁﬂp&iﬁdtd]‘%@.ﬁ%ﬁged clains and their equivalents. 04
February 2004
0

\(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;



WO 01/10894 -82 WHAT IS CLAIMED I S: 1. A conpound of th@4fpybmg 2004 V ~
(A3Jp Q- -(A2)m wherein: PCT/CTS00121061 Y is--N(Ry)-, -C(RMRY)-, or -0-,
where each R is independently H or lower alkyl; R is selected from
optional Iy substituted al kyl, cycloal kyl, heterocycloalkyl, aryl,

- heteroar)“, ‘@n‘%y C( O R16, where R16 is selected. from optionally
substi t ut e‘a f cycl oal kyl, heterocycloal kyl, aryl, hREEESNI2H061 al koxy,

cycl oal koxy, het erocycl oal | 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, aryl, and heteroaryl; R~ and R9 are
each independently selected fromH and optionally substituted al kyl
~cycl oal kyl, heterocycloal kyl, aryl, heteroaryl, -OR', -SR', NR. 7R" '

-NR 9NR'R 8 and NR70R . 8, where R", R $, and R19 are each independently‘
selected fromH, alk cycl oal kyl, heterocycl oal kyl, aryl, heteroaryl,

and acyl; ®& &%l}pgd,lﬂ% organic noiety; each of RS, R6and R7 is
|ndependently H F, or lower a! msOorl; 04 February 2004 WO 01/10894 -83

PCTI US00121061 pisO, 1,2, 3,4,or5;
A;isCHorN;

wher_; misl, A,is sélected from C(R‘”)(R_' N, NR"), S, S(0), S(O)z and O: |

when p is not 0, each A, is independently selected from C(R") (R"), N(R‘z) S, S(O)
5(0);, and O; where R"’ R" and R" are each mdcpendently 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. LA compound prodrug, pharmaceutlcally acceptablc salt, phannaccuuca!ly active
._ metabohte or phannaceutlcally acceptable solvate accordmg to claim l whereln R, R}, |
and R are each H.

- 3. Acompound of the formula:



A is CHor N when "mis I, A2'is selected from C(Rl) ( §)prebMart2004 S, -

- S(O, S(O 21 and 0; when p | s not 0, each A3 is independently selected from
CRD(R), N(R2), S, S(O, S(0)2, and 0; where R 07 RL and R12 are each

i ndependently H or | ower al kyl; -when p is not 0. A4 is selected from

. N(R13), ‘%)I%Ji@% , and 0, and when pis 0, M is selected from
N( Ru) (RL 0)(R')(R ?), and Q(R14), provided.that WRETUSHOREGI O R14A,

is not CH where R, R' and R 2 are each independently H or 1 ower alkyl,
R13 is H, alkyl, aryI, or acyl, and R4 is H, alkyl, or aryl; provided that )
A, (A2 m (A3)p, and A4 together do no% i ncl ude nore than two consecutive
het eroat ons; or a prodrug, pharnmaceutic ‘hy accept abl e salt,
pharmaceutically active nmetabolite, or pharmaceutically accept abl e sol vat e
thereof. 2.. A conmpound, prodrug, p rrrageutlcally acceptabl e salt,
pharmaceutically active netabolite, p‘gﬁl%maceut ically accept abl e sol vat e
according to claiml1l, wherein R7, R$ an are each H . 3. A conpound
of the fornula: 04 February 2004 WO (ﬁ‘/l -84 PCT/ QSO0 21061 wherein R,
" R2, R3, R4, R5, R6, AR" A/, A3,0M, or°gS and Y are as defined in claim1;

or. a prodrug, -pRar mac l'y ccep abl e ;salt, . pharmaceutically active- )
e solvate thereof. 4. A conpound,
ac pt alid e s@ilt, pharnaceutically active

netabolite, or .phlaytac

prodr ug, - phar maceut Hcal |

.metabolite, or pharnmacedti cd’i ly accepOabI e solvate according to claim 3,
wherein R is selected from al kyl- and nonocyclic and bicyclic heteroaryl
and aryl groups. 5. A conpound,. prodrug, pharnaceutically accept abl e salt
~ phar maceut Wbati“)R B R%eRS, R, RY, AlsAzs As, Ad:m pand Yareasdeﬁned in claim 1;

or a prodrug, phanhaceutically:"aeceptable salt, phanhaceuticaliy active'metabolite, or
pharmaceutically acceptable solvate thereof. .

4. A compound prodrug, pharmaceutlcally acceptable salt, pharmaceut:cally active
metabohte or pharmaceutically acceptable solvate accordmg to claim 3, whercm R'is

selected from alkyl and monocychc and bicyclic heteroaryl and aryl groups.

-5 Acompodnd prodrug, pharmaceutically acceptable salt, phaﬁnaceuticall;t active
metabolite, or pharmaceutically acceptable solvate according to claim 3, wherein R! 1s. |
selected from -CH NR*R" -CH20R2° -CHZOC(O)R20 ~CH,0ONR*R?, and -CHISR""O
where R® and R¥ are ‘each independently selected from H and optxonally substttuted ‘_
‘alkyl cycloalkyl heterocycloalkyl aryl, heteroaryl, and -C(O)R22 where R22 is selected
from optionally substituted alkyl, cycloalkyl, heterocycloalkyl aryl heteroaryl alkoxy, .
cycloalkoxy, heterocycloalkoxy, aryloxy, heteroaryloxy, and amme or any two of R,

i'R “and RZ together wnth the atoms to which they are bound form ad-to 7-membered
ring.

6. A compound prodrug, pharmaceutxcally acceptable salt, phannaceuttcally active
metabohte or phannaccuttcally 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



met abol ite, or pharmaceutically acceptabl e sol vat e accondifegriaey 20 m 3,
wherein R is selected from-CH2NR20R2', - CH20R20, -CH2OC(O R O,

-CH, ONR2R2' , and - CH2SR20, "where R20 and R21 are each independently

sel ected fromH and optionally substituted alkyl, cycloalkyl,

- heterocyay@atikegbs aryl, heteroaryl, and -C(O R22, where' R22 is selected
fromoptionally substituted al kyl, cycl oal kyl, heterocycl%ﬁﬁq§ﬁ

" heteroaryl, al koxy, cycl oal koxy, heterocycloalkoxy, aryl oxy,

" heteroaryloxy, and amine, or any two of k20, R2', and R~ together with the
~atonms to which they- are bound forma 4-850 7-nmenbered ring. . 6. A
conpound, prodrug, pharnmaceutically acceptable salt, pharmaceutically
active neta&oll or harnaceutlcally accept abl e sol vat e according to

cI ai m 3, Wn‘é ‘Zﬂeﬂ‘sw lyj e §‘§1ie(f1[0€d Hr omd. -opGRRAKCRRIUAMed astdyL: Cef#Balkyl, Wher e

e]l&g, @g@ bruary 2004 WO 01/10894 -85
PCT/ USOO’ 2106 epe'gg% &%msgqr%ﬂed fromH and optionally substituted

al kyl , cycl oal kyl heterocycl oal kyl, aryl, and heteroaryl. 7. A conpound,
prodrug, h7ar maceut i cal y acceptabl e salt, pharnmaceutically active

met abol i te, enmm mroéllugypimunmmmédll? ROLPLABIE sAE PRRFhRButiQl 49 \?\%ﬂ,‘y’g 3,
wher ei n R 7R28, \Wheréin R27 an are

&( Iﬁ R16 IS}? NR' -

each i ndepen bol y %R aé‘l’f‘%ea‘ ¢ lﬁ)ﬁ%il‘@t? agmémgttqcbdnél, thr,encl}biseal kyl ,

het er ocycl GEOMY¥, wher¥IR'S B or and Re her with the
COMY¥,, whér MK@R ﬂér)filn 'R anﬁ?% %‘Fﬁfg g quC

ni trogen to whi ch they are. bound’ orma 4

ring.. 8. °€fbﬁmﬂnﬂw Snbsbduc@alkphaymwt h@t@irdc},‘cl@&l%?f’ ! Enéﬁé:{; 1, o

phar maceut LReﬂai' é{act Itﬁ n]gt abglite, phar maceut i cal [y’ accep abre Lol vat e
accor di ng R iogetheg yatl i nitsogea to whichghexiar bommd Brtibs 8 fold RUndoRd
substi t ut eHett@Bydlic ripOUPS 9. A corrpound prodrug, pharmaceutically -
accept abl e salt, phalgmaceut ically active netabolite, or pharmaceutically

accept abl e sol vate accordi ng to claim8, wherein R2 is a

8. A compound, prodrug, pha:maceuncally acceptable salt, pharmaceuncally 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_elected from 2-propyl,. 2-meﬁ1yl~2—propyl, 2-methyl-1-propyl, and unsubstituted and
substituted phenylmethyl and naphthylmethyl.



benzyl group substituted with one or two substituents i pdeRBAMANSAYA

selected from lower alkyl, |ower alkoxy, and hal ogen. 10. A conpound,

-prodrug, pharnaceutically acceptable salt, pharmaceutically active

~ metabolite, or pharmaceutically acceptable solvate according to claim 3,
whérein | ptionally substituted alkyl or arylmethyl..11. A conpound,

pr of rug}f@g Igors?]gceut ically acceptabl e salt, pharmaceuti cBFTHSMEIPeIe

nmet abolite, or pharnmaceutically acceptable solvate according to claim 10,

~wherein R3is selected from2-propyl, 2-nethyl-2-propyl,

2-met hyl - -propyl, and unsubstituted argf- substituted phenyl nethyl and .

napht hyl net hyl . 04 February 2004 WO 0l /10894 PCT/ USOQ/ 21061 -86 .12. . A

- conpound, prodrug, pharmaceutically acceptable salt, pharnaceutically

active e ?aboI'AtC@,mPQHﬂCbDmdmehaﬂmbhﬁcaugmempﬁbﬂesmbﬁahﬁcaﬁﬁﬂmﬁhag@t 0

ctaim 3, e 4 1:s _sel ected from benzyl oxycarbonyl, aryl carbonyl, and

het er oar y%gég‘gﬁﬁ’l%r W%e}}g (AYGeP lgagﬁ'at,e crerdingctollaines. whereinRbisabl e

sal t, pharsgherdifidiabbizyfixiadBo ROMLLEL ropceutically acceptabl e
sol vate according to ﬂcki)',ai ?,n 12,“1\/\7ne$ elg‘lr?ob?ﬁ]’ fngéhﬁg?%&gcgﬁiﬂné’gr bonyl , where the

heteroaryl noiety is a five-nenbered heterocycle having fromone to three

het-er oat o selected fromQ, N, and S. 14. A conpound, prodrug, ‘

phar maceut i-¢al. 14y “YPRYHIIaBIogdrugs Pharmarenticaly acceptableysalicphiamacemtitaloddtive, or

" phar maceutg,&a. ﬁ},ﬁ aJN=E y cording to,.claim13, _wherein R4 is
bet er oaryl car bdg)%???%ﬁ er e&?hcéﬂ%é%ﬁgyeyﬁ‘ﬁ%‘? gqulgg to ¢laipy 1 2pMipsein R’ is

het.er ocy clhetenaarylogrboayl, whers itheoheerohiyl aifidty 1Eh SO N0, %rotfciiéi,a gne . .

oxygen heteroatom _15. A conpound, prodrug, pharmaceutically accep‘fﬁ%l e

sal t, . pharffAgt 8ng fodhier hetgrqataras selastedfoomi N,andShar maceut i cal |y accept abl e

- solvate according to claim13, wherein R4 is heteroaryl carbonyl, where the
:heteroaryl. noiety is unsubstituted or substituted 1,2 oxazolyl, -

1, 3- oxazoligl, |A nfpouidshroaelpybharhaduc APl ERabY hndena G ARz V-
16-.: A corapound, prodrug, gﬁgr maceut | ¢a Y ccléﬁ?lé&rhgng%ﬁewca y aclive
phar mac eugqeéaé)ppgp, 8¢ Phapmaceutically acceptable solvate according to claim 13, wherein R* is

. heteroarylcarbonyl, where the heteroaryl moiety is a five-membered heterocycle having

at least one nitrogen heteroatom and at least one oxygen hetercatom.

15. A compound, prodrug, pharmaceutically acceptable salt, pharmac’eﬁtically 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.

-1 6 A corapound, p_rod:ug,'phgnnac_eutically acceptable salt, pharmaceutically active.
' | .metabolite, or phannaceyﬁcally-acceptablc solvate according to claim 13, wherein R*is
heteroarylcarbonyl, where the _hetéroaryl moiety is selected from unsubstituted and
' moqpmetl_lyl-substituted,l,2,4~oxadiazolyl. |

17 A compound, prodrug, pharmaceuﬁcally acceptable salt, -phémi'aceuticélly active -
mgtaboli;e_, or pharmaceutically acceptable solvate according to claim 13, wherein R* is
: hete;garylcafbonyl; where the heteroaryl moiety is selected from 3-isoxazolyl and 5-

1soxazolyl, each unsubstituted or substituted with one or two substituents selected from
‘methyl groups and halogens. - -



metabolite, or pharmaceutically -acceptable solvate accengicpf,ahPaddsai m 13,
wherein R4 is heteroaryl carbonyl, where the. heteroaryl noiety Is selected
fromunsubstituted and nononethyl-substituted, 1,2, 4-oxadiazolyl. IT. A
conmpound, prodrug, pharmaceutically acceptable salt, pharmaceutically
active RQRIaPRsLLE, or pharnaceutically acceptable solvate according to
claim13, wherein R is heteroarylcarbonyl, where.” the HEGE¥SIRWSINDI ety
is selected from 3-i soxazolyl and 5- isoxazolyl, each unsubstituted or
substituted with one or two substituents selected from nethyl groups and
hal ogens, 04 February 2004 NO 01/10894 /. PCT/[ TSOO 21061 .18.. A .
conpound, prodrug, ' pharnmaceutically.acceptable salt, pharmaceutically .
active netabolite, or pharnaceutically acceptable solvate.according to

clai m 3, whdr ei rAcpmpowsl. pradrug) phamfaB)irally abdBibleSafRHREmhS gﬁg cfidefrom
- CH2CH2 O q%lﬁngﬁ%ﬁo%?m iykyu - CHSNHC( Q) OHB; and  NH (CHRY; < wher e
nis | or 2. 4R % A ,““ﬁﬁ dfasgPtabls asolvaéc aedording yo athém R, ablieteifiahé , ‘
phar maceut ingsikdyy active netabolite, or pharnaceutically acceptable solvate

according to claim 18, wherein said noiety O Aa

O M4
._(A3)p
A" = (Adm-

.
’}LL—‘CR R

is selected from -CH,CH,C(O)NH,; -CH,CH,C(O)NH-alkyl; -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



(A3)p Al- (A2)mO ? ~--NH --~~-CRSR6 is 20. A conpound @qq_@bpuarrx)gz@& claim
19 of the formula: 0 UR2 O or a prodrug, pharnmaceutically acceptable salt,
pharmaceutically active netabolite, or pharmaceutically acceptable solvate
t hereof. 04 February 2004 WD 01110894 -88 PCT/ US00/ 21061 21. A conpound,
prodrug ‘Shar maceutical ly acceptable salt, pharmaceutically active

met abol W' 019 har maceut i cal | y acceptabl e sol vate accor BEBRISO®21068i 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 benzyloxycarhbgnyl, arylcarbonyl, _

or. heteroaryl carbonyl. 22.. A conpound of claiml selected from. H and and
proodrugs, pharmaceutically acceptable salts, pharnaceutically active -

e A s gl e

conpound, prodrug, pharmaceutically accep arnmaceu
-active nemahbliteor pharphcauticallyutccepthbly salvarnicabldings®l slahe2@GHRTELN R O
claiml, wherein Y is NgR‘). g e : .
IS mono- or bi-cyclic heteroaryl; R? is unsubstituted or substituted benzyl; R® is
2-propyl, 2-methyl-2-propyl, 2-methyl-1-propyl, or arylmefhyl; and R' is

benzyloxycarbonyl, arylcarbonyl, or heteroarylcarbonyl.

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: -



24. A conpound, prodrug, pharmaceutically acceptable salglFebruary 2004

phar maceutical ly-active netabolite, or pharmaceutically acceptabl e sol vate
according to claim23, wherein R' is Hor nethyl. 25. A conpound accordi ng
to claim23 of the.formula: 04 February 2004 WD 01110894 -89 PCT/ USOQO 21061
or a pro rmaceutically acceptable salt, pharmaceutically active

met abol i t q{'djlg%ﬂ'olgg‘f)lhar maceutical |y acceptabl e sol vat e t her SYFL/USNG/210%1
conpound, prodrug, pharnmaceutically acceptable salt, pharmaceutically
active netabolite, or pharnaceutically acceptable soI vate according to
claiml, wherein Y is 0. 27. A conpoungqg prodrug, pharnaceuti cally
acceptabl e salt, pharmaceutically active™ netabolite, or pharmaceutically
accept abl e solvate according to claim3, wherein Yis 0 28. A conpound,
prodrug; pharmaceutically acce Bl e salt, pharnaceutically active

met abol ite, or pharmaceuti cal I%‘gccﬁpﬁ abl e solvate according to claim1,
whereicn Y is -C(R}) ( R} )-. " 298 Awgpnpound, prodrug pharmaceutical |y
~acceptable salt, p eutd Ca|cG§R°aCtl ve netabolite, or pharmaceutically
accept abl e soRr ate di clgim3, wherein Yis 30. A conpound
according to clailn 1 i av g fconnaviral activity corresponding to an
EC50 | ess than or eqgal &o 100 in an H -HelLa cell culture assay. 31. A
phar maceuti cal conposition conprising: 04 February 2004 -90 (a) a
therapeutically effective amount of at |east one ant i pi cor navi r al agent:

sel ect ed. | or a prodrug, pham]aceutlcally acccptable salt, pharmaceutlcally active metabolite, 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
0.

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

-CR)RY-

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:



from conpounds, prodrugs, pharmaceutically acceptable s@utrebruary 2004

phar maceutically active netabolites, and pharmaceutically accept abl e
solvates defined in claim1; and (b) a pharnaceutically acceptable carrier;
di luent, vehicle, or excipient. 32. Use of a therapeutically effective
anount of at |east one conpound, prodrug, pharmaceutically acceptable
salt, pharmaceutically active netabolite, or pharnaceutically acceptable
solvate defined in claiml1, in the manufacture of a nedicanment for the
treatnment of a manmmalian di sease condition nedi ated by picornaviral
protease activity. 33. A nethod of inhibiting the activity of a

pi cornaviral 3 C protease, .. conprisi9gg contacting the picornaviral 3C
‘protease -with an effective amount of at |east one conpound, .prodr-ug,
pharmaceutically acceptable salt, pharmaceutically.' active netabolite, or
phar mace@di cah therapeutigatiglefiectivd arnount dé it leest dna antipicmnhvirSMageAt seledied! as
defined in claim 33, wherein_the pi co navi r al rotease is 'a rhinoviral
pr ot eas effomrompounds, prdivgs, ghampecytsall P‘éFePI@ﬂP 5 phamgceutically agtive C

Fob e bR Rl e 'd@{;ﬁaﬁn &lind RO 1o 57 04

(b)  aphammaceutically acceptable carrier; diluent, vehicle, or excipient.

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 freatment of a mammalian disease condition medlated 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

Ay A
M.V
CI'%.“'R“Z )
RSB.
g CRIRSIRH

.RSS

wherein:

qis an integer of from 0 to 5;



PCT/ US00121061 Al, and each Al3 are independently sel ectogq:egﬁ% 2004

- C(RR) (Rb2), N(R63) S, S(O, S(O2, and 0, where each , , and R63

i s independently H or |ower alkyl; Al4 is NR64, where e |s H, al kyl, aryl,

or acyl; provided that A, ,, A 2, (A13)p, and A" together include no nore

: than t\/\o‘,&gpﬁggy}lve heteroatons; R'' and R 42 are each independently H,
For | ower ¥4 or R142 is absent; and the dotted |ine d@%ﬁ’%@ﬂa‘?ﬁloptl onal

val ence bond; and when such bond .is present, Rl142 is absent and Al is C

R52, RS3, and R54 are each i ndependent |y ‘sel ected fromH, hydroxyl, alkyl,

acyl, aryl, heteroaryl, suitable protegying groups for carbonyl or :

hydr oxy, ORS , and NRS RSS where RS i's selected fromalkyl, 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 R54 t{ogether form =0, and at |east one of Rs2, RS3, and RS is

NR$' Rsg; i IHSLHRINRS'  are each i ndependently H or a suitable protecting

group for nitrogen; or.a pharmaceutically acceptable salt thereof 36. A

compound of the fornula: 04 February 2004 WO 01/10894 -92 PCT/ USk) 0/ 21061

wherei n R51A, andeachl Kyl are %Edébend%hﬂf‘%m’@te@ #ne "{;ﬁﬁg @213?1\;%&% ts??kand

care as"defined in claim 35, phar maceut 1 c er eof ,
37, A conp@uﬂ@,whemhﬁceaﬁmw inindegendénitly Hak lovagaligi Nng to clai m 36,
wherein .R51 is a protecting. group for am de nitrogen. 38. A conpound or
phar maceut i cal | y acceptable salt according to claim 37, wherein

A,s is NR™, where R* is H, alkyl, aryl, or acyl;

provided that A;,, A,,, (Ay;),, and A,,, together include no more than two consecutive

heteroatoms;
R™ and R"are each independently H, F or lower alkyl, or R' is absent; and

the dotted line depicts 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 independently alky! or aryl; or any two
of R’2 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:



[ [ ting
RS5 and R56 are each independently selected fromH and guid-8Rl-p, PR €c
groups for nitrogen. 04 February 2004 WD 01 /10894 -93 PCTI US00121061 39.

A.conmpound selected from CH3O -~OCH3 CH3O, ,,,OCH3 a Boc and

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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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
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HiCOo. OCH;
o N
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