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| NHI Bl TORS OF PRENYL TRANSFERASES ' Background of the
| nvention yoosoospe The Ras fam |y of protelns are inport ant pcoashrei
signal transduction pathway nodul ating cell growth. The protein is
pr.oduced in the ribosonme, released into the cytosol, and post-
translationally nodified. The first ste& Tn the series of
post-translational nodifications is the al kylation of Cys[err] with
farnesyl or geranyl geranyl
prenyl transferase enzyaBsx® _ SR oot

ger anyl geranyl transferase (ancock JF, et aI , Cell 57:1167-1177
(1989)). Subsequently, the th_ee C—ter ) .%ids are cl eaved
(Qutierrez, L., et al., EMBO % : 1969) ), and the term na
Cys is converted to '.rhe m@w;ﬂamﬁlyerof( @mﬁe,:u& am Jalport'amc inlatheé Acad.

Sci - (USA) 85: 464 4 f S

reversibly Balﬁﬁ‘% %é%%n&%gg s dﬂééﬁ}%% cé i I%Ltherm n§ to

Oys[err] (Busgpratgimtisip :;omeda;m thej sibosong, ﬁelfege(il

bel i eved that ¢ r?b@?&%% R4l b&@l'Ef&né!!&tﬁéﬁ&ll?embadﬁﬂmbl ahley qurstﬁwe C
a’s,

termnal regio cau5| it to localize

rfac ,of t
cel | nenbrane. Sﬁ.QRal’Fz"éh?oﬁeHeRagftB°Fﬁe ang;.r#x Al li Ir}ffor
si gnal {1 ansdugid e ¥l bhuszcoyst el carrin e ?g&awlge:saﬁwm))

cancers | nafuBHPReRoRREe Thcp (ERpeBisn pakladkel by, pEelL S0 el con

of pancr eattransferase (@nzymég, sGzhcas Reypesyl transSeraseo a3l (1989)).

s o0 o o R RESh S bl pirimer 157 R T
57:1167~1177 (198 Subsequently, the three C-terminal.
amino acids are cleaved (Gutierrez, L., et al., EMBO J.

15 8:1093-1098 (1989)), and the terminal Cys is converted to
a methyl ester (Clark, S., et al;, Proc. Nat’l Acad. Sci.
(USA) 85:4643-4647 (1988)). Some forms of Ras are also
revefsibly palmitoylated on cysteine residues immediately
N-terminal to Cys®® (Buss, JE, et al., Mol. Cell. Biol.

20 6:116-122 (1986)). It is believed that these
modifications increase the hydrophobicity of the C-
terminal region of Ras, causing it to localize at the
surface of the cell membrane. Localization of Ras to the
cell membrane is necessary for signal transduction

25 (Willumsen, BM, et al., Science 310:583-586 (1984)).

oncogenic forms of Ras are observed in a

relatively large number of cancers including over 50
percent of colon cancers and over 90 percent of
pancreatic cancers (Bos, JL, Cancer Research 49:4682-4689

30 (1989)). These observations suggest that intervention in
the function of Ras mediated signal transduction may be
useful in the treatment of cancer.

Previously, it has been shown that the C-terminal

tetrapeptide of Ras is a "CAAX" motif (wherein C is

35 cysteine, A is an aliphatic amino acid, and X is any




Previ ously, it has been shown that the C-terninal tetrapeptide of Ras i$
a'"CAAX" notif (wherein Cis 35 cystel ne, Ais an aliphatic amno acid, and

X is- any s/00df9 98/ 00409 . _

PCT/ US97/ 0711 o2 am ASTAPYYTI
Tetrapeptides having this structure have been shown to be inhibitors of
prenyl transferases (Reiss, et al., <€l+ 62:81-88 (1990)). Poor potency
of t hese early faynesyl transferase i nhibitors has pronpted 5 the

seatch for MR AGALr s Tebrapeptideschaying thigaskiuckuret haveehavi or
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55: 5310- 531¢udm59arl$rfmmem transferdse inBibitoflenns2pRoapeaa- 26806
(1995); Ler sﬁﬁf 6 5). and Janes,
et al., P?oga{ € éﬁ Acacf1 evg %ﬁégﬁgﬁgﬁhﬁgﬁé) %ng(:agi Recent |y,
it has been mqqmn%timebsha\l ¥ r GFhares as@Lj netbalo; Sadehbeck growt h
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Resear on P AEAL U MGGy (SEFP EREE, e, e %an, . SO
Biol. Chem. 270: 26802~26806 (1995) ; Lerner, Ec, et al.,
J. Biol. Chem. 270:26770 (1995); and James, et al., Proc.
Natl. Acad. Sci. USA 93:4454 (1996)). :
Recently, it has been shown that a prenyl

15 transferase inhibitor can block growth of Ras-dependent

' tumors in nude mice (Kohl, NE, et al., Proc. Nat’l Acad.
Sci. USA 91:9141-9145 (1994)). 1In addition, it has been
shown that over 70 percent of a large sampling of tumor
cell lines are inhibited by prenyl transferase inhibitors

20 with selectivity over non-transformed epithelial cells
(Sepp—Lorenzino, I, et al., Cancer Research, 55:5302-5309
(1995)).
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-3- Summary of the Invention I n one aspect,

t he i nvent o od/eabar es a corrpound ~of formula | or fornul aeaLu$esnriiL
fornula | formula Il 5 wherein Rl is
Hor NRerr]Rerr]; R2 is (CH[er%]_)nSR[err] (CHerr])nSSRerr],
substituted or unsubstltuted het er ocycl substituted or 10

unsubstituted heterocycle | oweguﬁﬁng%TiE $‘ﬁh%‘°e :dv%ﬁtﬁaﬁmd the
substituent is lower alkyl, lo aryl | ower alkyl;

each of R3 and R7, inEmplnecasPect; sthej ém'?ngP-OB( fpatures a compeunchf R4

and R15, indepgn #%%M 'Isdi" Formy 0 al kyl; each. of R5 and
R16, |ndependent Y, |saH substituted or unsubstituted noiety
sel ected from | ower aIkBJ thio | ower al kyl, Iomerlﬁlkenyl thio | owner
al kenyl, cycloalkyl, c cI ﬂh Iﬂwer al kyl, aryI d 2 | ower al kyl
wher e the substltuenﬂs s I , hydroxy err]R[err],
or COOH, ﬂg Rr,R11, R12, nd ]FZ
|ndependently, | r a t tu %: unsubstR ut
R13 N/R1§
Fis . © F%s
formula X : formula II

5 wherein
R, is H or NRygRy3;
R, is (CH;)4SRyy, (CH,)pSSRy,, substituted or
unsubstituted heterocycle, or substituted or
10 'unubstituted heterocycle lower alkyl, where m is 1-6 and
the substituent is lower alkyl, lower alkenyl, aryl, or
aryl lower alkyl; '
each of R; and R,, independently, is CH, or C(0);
each of R, and R,;, independently, is H or lower
15 'alkyl,-
each of Rg; and R,;4, independently, is H or a
. substituted or unsubstituted moiety selected from lower
alkyl, f.hio lower alkyl, lower alkenyl, thio lower
alkenyl, cycloalkyl, cycloalkyl lower alkyl, aryl, and
20 aryl lower alkyl, where the substituent is lower alkyl,
hydroxy, halo, C(O)NRs3Ry4, or COOH;
each of Rg, Ry, Ry, Ry3, Ry, Ry3, and Ry,,
independently, is H or a substituted or unsubstituted
moiety selected from lower alkyl, lower alkenyl, thio
25 lower alkyl, cycloalkyl, aryl, and aryl lower alkyl,
where the substituent is lower alkyl, halo, hydroxy,
: . C(O)NRygRyg, Or COOH;
' R;o is 8§, S0, or 80,;



noi ety selected fromlower alkyl, |ower alkenyl, thio 25 | ower alkyl, ° !

cycloal kyl, aryl, and aryl |ower alkyl, where the substituent is | ower

al kyl, halvgo Xy, - C(O NR25R26, or COOH, R10_is SO, or
sqerr]: 98/ 00409 FCTdssTuTiis

'PCT/ US97/ 07711 : -4- -~ R18 i s COOR27
or C(O NR28R29, or, together with R16, 4 f-ornms - COOCH2CH2- . -
R19 is a substituted (with one or nore substituents; same bel ow) or
unsubstituted noi et yRyd iseIQNORyG PFoMG(0) WB2aBL &y | 90X ) cbmgetliderwitharyl, and
aryl | oneg_al k?r .eéeo&ﬁecﬁubst ituent is |lower alkyl (e.g., an

al kyl group céﬁ e deene a substituent too), hal o, or al koxy;
and each %is R 2 IQ*PStF!-é?_n e (with, oner eere R27. R28, 10 and

R29, i ndepengaabh;y_tuesxﬂé-Ol’salxdélvfﬁelaidsybr unsﬁmiiﬁité&%loiét is (CH2)nBH

d R5 is thio.l t hi f RS f
G sul T do DoRaLegFe Srom-dbuee ANy oot ARy L, o rsflner ampl

| n-one enmbodiower, atlkglqompmw'blm efubstritmient is Mware diky (é:lﬂ}?.)pSRzz,
het er ocycl e, _qr r f R1

| ndependent | ?R gih‘i 2’ éa?ﬁ 0\,}&" %@Qe‘ﬂf%% %c%r% eﬁ? t'F?:?’)'Rll
and R12, hnaopend'entlﬂopxmsand)r Iovver alkyl; RIO is S; R13 is H 20 R16

is | ower al kyl or substpt th| | ope er sub i tuent
is |lower al kyI and Rl?lald;lfeﬂ l9"9{ zz'ahn%%dl%t §2§1 cé bez'N RS1

(e.g., N#9:apd Ragr b%ndepﬁﬁiﬁ?ﬁéﬁzzlﬁeug°r ¢aven) ali¥lian be CH2: each of
R8 and RO, provdapandsat Lf qqn jke (idu msHFaﬁd be miewgé

o herr e Biat iy SREIEORERE 8 dFx, cathaD Y o

disulfide bond; or a pharmaceutically acceptable salt
thereof. |

15 In one embodiment, the compound is of formula I

' where R, is (CH,).SR,,, heterocycle, or heterocycle lower
alkyl; each of R, and R;g, independently, is H; Ry is
lower alkyl; Rg is H; each of Ry, Ry, Ry, and R,,,
independently, is H or lower alkyl; R;, is S; R;3 is H;

20 R;g is lower alkyl or substituted thio lower alkyl wherein
the substituent is lower alkyl; and R;, is H. In this |
embodiment, R, can be NRygR,; (e.g., NH,); R, can be
(CH,) SRy, (e.g., CHpSH); Ry can be CH,; each of Ry and R,
independently, can be H; and R,y can be COOR,,;

25 furthermore, Rg can be CH(CH3) (CH,CH3), (CH,);CH,,
CH(CH;),, or C(CHy)3; each of R,; and R,,, independently,
can be CHy; R;¢ can be (CH,),SCH; or crizcn(cu3)2; and R,g
can be COOH or COOCH;. In the same embodiment, R, can be
H; R, can be heterocycle or heterocycle lower alkyl; R;

30 can be CH,; each of Ry and Rg,' independently, can be H;
ami.'Rl8 can be COOR,; where R,; is H or lower alkyl;
furthermore, R, can be imidazolyl or imidazolyl lower
alkyl; Rg can be CH(CH3) (CH,CH3), CH(CH3),, or C(CH,);;
each of R;; and R,,, independently, can be CH;; R, can be



can be CH3; R16 can be (CH2)2SCH3 or CH2CH(CH3)2; and R18 can be COOH or
COOCH3. In the sanme enbodi nent, Rl can be H, R2 can be heterocycle or
het er ocycl avbosmssonl kyl ; R3 30 can be CH2; each of R8 and ROPCT/USI7O77I1

i ndependently, can be H; and R18 can be COOR27 where R27 is H or |ower
al kyl ; ~furthernore, R2 can be im dazolyl or imdazolyl |ower al kyl ;
R5 can be CH(CH3) (CH2CH3), CH(CH3)2, or CKEHB)3; each of R11l and R12,

‘i ndependently, 1 n 8/0

bo Ueo s 0y 7 ) S E (PG, R cmyen %Q?&‘l ) 588 pe COOH
(CH2) 3CH3, orcﬁHZEHME@B)Z and R18 can be COOH or In
anot her embodi ment, F EQdehﬁoﬁflmEﬂ‘E”UItﬁie cdn!pdmﬁi qd’\’%f formula
(CH2) 3SR20, heterocyc eteroc | ower

Ik
R11, and R12, Fhahesneidie |=5F (CHy) Sﬁzor !‘BREPSYE}P' éfo Pge§°°ﬁi‘<,1% s H
and R15 is §| 1diver dik}ﬁl;?rﬁmﬂ'l renty, ,RJRg:,a lge HRﬁORZ}, :Eﬁdepénaently,

(CH2) nBR22; can e ngdep n b
and R19 can be'"ssﬁf)s‘ﬁt llffg'ut}glq E%ted arg + o%gr gikg 1§yﬁ'smﬁére&ﬁ t he
substituent i a:rhaé cenbodmmt.alngquan be NRApRop0r B, fanche LCHAMHBRRS can

20,9, S e e R ot s

2, 3- di chl 3obenz ¢ hyI sane
can be H R2 (amitR;ghGP@r @@y@ﬂgswuﬁ%arewséﬂ%d A% ; 1¢!$etan be
CH2; each.9f RA)@A WRkrein mﬂ%&emﬁém o8 h&15! oBnToirdP a8

?ngtltE;Fo g; I%Jqlg,;ltm ed aryl r %?qv\/%e{zg?gl g&e su stltuent
i m dazol yl | owsa qi yl indeplendently, aruirRlie j P Rydeds! g, 36an be CH3;
SRR b e g ey ) e
embodiment, R; can be H; R, can be heterocycle ;s O
15 heterocycle lower alkyl; R3; can be CH,; each of Ry and Ry,
independently, can be H; and R;g can be substituted or
unsubstituted aryl lower alkyl wherein the substituent is
halo or lower alkyl; furhtermoe, R, can be imidazolyl or
imidazolyl lower alkyl; each of R;; and Ry,,
20 independently, can be CH;; and R;q can be 2,3~
dichloreobenzyl or l-napthylmethyl.
Examples of the present invention include the

following:

Compound 1;
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‘Compound 20;

and
Compound 21.

Ry

o>....

In another aspect, the invention features a dimeric

s compound consisting of a first moiety and a second moiety,
wherein each of the first and second moieties,
independently, is of formula I or formula II shown above
except that each R, of the first moiety and R, of the second
moiety, independently, are -(CHy),S- and form a disulfide

10 bond; or a pharmaceutically acceptable salt thereof. The
first and second moieties can be identical or Qifferent.
Indeed, R, of the first moiety and R, of the second moiety
can also be identical or different. An example of such a
dimeric compound is shown below:



- 12 - *[err] | ' Conpound

20; and Conpound 21. [err] - I n anot her
aspect, thegydoeigasd on features a dineric 5 conpound consi st ipterode7RTiiitr st
noi ety and a second noi ety, wherein each of the first and second

noi eti es, i ndependently, is of formula | _or fornmula Il shown above

except that each R2 of the first noiety ~ahd R2 of the second
— Compound 22.

pane.

-5

HN

>.....

The compounds of the present invention may have
asymmetric centers and occur as racemates, racemic mixtures,
_and as individual diastereomers, with all possible isomers,

s including optical isomers, being included in the present
jnvention. For simplicity, where no specific configuration
is depicted in the struétural formulae, it is understood
that all enantiometric forms and mixtures thereof are
‘represented.

10 As used herein, “1ower alkyl" is intended to include
saturated aliphatic hydrocarbon groups having 1-6 carbon
atoms. Examples of lower alkyl groups include methyl,
ethyl, propyl, isopropyl, butyl, isobutyl, t-butyl, and the
1ike. "“Lower alkenyl" groups include those groups having 2-

15 6 carbon atbms and having one or several double bonds.
Examples of alkenyl groups include vinyl, allyl,
isopropenyl, butenyl, pentenyl, hexenyl, l-propenyl, 2-
butenyl, 2-methyl-2-butenyl, isoprenyl, and the like.
wLower alkoxy" groups include those groups having 1-6

20 carbons. Examples of lower alkoxy groups include methoxy,
ethoxy, propoxy, isopropoxy, and the like. All alkyl,
alkenyl, and alkoxy groups may be branched or straight
chained, but are noncyclic. The term "cycloalkyl" means a
3-7 carbon ring. Examples of cycloalkyl groups include

25 cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and
cycloheptyl. The term "halo" means chloro, bromo, iodo, or



noi ety, independently, are -(CHé)nB- and forma disulfide 10 bond; or’a
phar maceutically acceptabl e salt thereof. The first and second noieties

can be identical or different. | ndeed, R2 of the first nmoiety and R2 of
t he secony can also be identical or different. AnF ¥ such
-a dineric conpound i-s shown bel ow WO 98/ 00409

PCT/ US97/ 07711 -14 - - 13 - [Jerr] _

Conmpound 22. The conpounds of the present

i nvention rrefsadm Thees Vrerhs | thekatecychadlovenr alkyl ptetthie, lowerni C

m xtures, : as *#ﬁ#ng%g% cgffé O”Ef§r¥¥gigw§£l ?Q?flb|§ gsomers, 5

i ncl udi ng oft 'is hg |nc presen i nVenti on. For
S|an|C|ty,RMxﬂIDxx>lﬂﬂgtfabk!bnY|§n¢a§$bﬂtltute depespeativelye with

structural fQIITlaephide | e t@bSE ?épad thiéha{:hﬂU &PP1} | 2HR Ay &rbeys and

m Xt ures thereof are represente used herein,. "Il ower
al kyl " is5i rae9RR® t o i ncl ude

As used herein, "“aryl" is intended to include any
steble monocyclic, bicyclic, or tricyclic carbon ring(s) of
up to 7 members in each ring, wherein at least one ring is
aromatic. Examples of aryl groups include phenyl, naphthyl,

10 anthracehyl, biphenyl, tetrahydronaphthyl, indanyl,
phenanthrenyl, and the like.

The term heterocycle, as used here1n, represents a
stable 5~ to 7-membered monocyclic or stable 8~ to 11-
membered bicyclic or stable 11 to 15-membered tricyclic

15 heterocyclic ring which is either saturated or unsaturated,
and which consists of carbon atoms and from one to four
heteroatoms selected from the group consisting of N, O, and
s, and including any bicyclic group in which any of the
above~defined heterocyclic rings is fused to a benzene ring.

20 The heterocyclic ring may be attached at any heteroatom or
carbon atom which results in the creation of a stable
structure. Examples of such heterocyciic elements include,
but are not limited to, azepinyl, benzimidazolyl, '
benzisoxazolyl, benzofurazanyl, benzopyranyl,

25 benzothiopyranyl, benzofuryl, benzothiazolyl, benzothienyl,
benzoxazolyl, chromanyl, cinnolinyl, dihydrobenzofuryl,
dihydrobenzothienyl, dihydrobenzothiopyranyl,
dihydrobenzothio—pyranyl sulfone, furyl, imidazolidinyl,
imidazolinyl, imidazolyl, indolinyl, indolyl, isochromanyl,

30 isoindolinyl, isoguinolinyl, isothiazolidinyl, isothiazolyl,
isothiaZoiidinyl, morpholinyl, naphthyridinyl, oxadiazolyl,
2-oxoazepinyl, 2-oxopiperazinyl, 2-oxopiperidinyl, 2-
oxopyrrolidinyl, piperidyl, piperazinyl, pyridyl, pyridyl N-
oxide, quinoxalinyl, tetrahydrofuryl, '

35 tetrahydroisoguinolinyl, tetrahydro-quinolinyl,



sat ur'at ed “al i phati c hydrocarbon groups having 1-6 carbon atons. Exanpl es
of" l ower al kyl groups include nethyl, et hyl, propyl, isopropyl, butyl,

I sobutyl, twadbgdesond t he | i ke. "Lower al kenyl" groups i W&f’g%vkbﬂie
groups having 2- 15 6 carbon atons and havi ng one or several double bonds.

Exanpl es: of al kenyl groups include vinyl, allyl, | sopropenyl, butenyl,
pent enyl, hexenyl, 1-propenyl, 2- but &n¥% - 2- met hyl - 2- but enyl ,

isoprenyl the || u ncI

havi ng 6 20%}%} H‘%% V\%#a?égéﬁgﬁi"%gygé?‘gﬂﬁ% Pnc%F}g xy,

et hoxy, prcmxn@h1azm&imgtw@hzazmﬂi@zn?lkethﬁenoﬁukyl, thiehbthilenyand

al koxy groups éﬁa:?/ )géral ght chai ned, but are noncyclic.
The term "cycl OHl R rreans a 7 carbon ring Exanpl es of cycl oal kyl
groups include 25 cchbsnopysr%\pclwo@m}nsti@qusbemmmamm chabst i tuted

cycl oheptyl 5 et | B ANSTRE| PaLIoRE OBbst 9ERent
98/ 00409 8 ol o stCaents ay be 4Peached

- 14 - f | f§ Farhen (ahops - %t‘é?&?%???%%?cg?k?f' '8, "Npj 8| Qher
alkyl," "thio | ower afrkengompolndsl oifowtisalikwentiond can Haﬂﬁfbﬁhdéawin

thio, thio. ashe SHHE I SRklcditicall} aoceltinl8 salfs, chroSRERbe |
i ntended to i mAlkke inglude sthult eamm*yclmtmctmacidoadditdpnl saltsr ben
aromic. Madi RS NTRE SRS et L hfﬁﬁ‘iS@%ﬁ{Lr”gc'eiyl
bi phenyl, t et t@ARARRwI# QEﬁln§$kki trate phﬁﬂ%ﬁ! ﬁnesvhﬁonate, p-
The term het erﬁwtféxﬁsxﬁ@thqmdatéﬁmﬂmﬁaee oﬁaﬁate Sanli©
/- menber ed mon %Cl ol S]Eablv?itﬁxin the scope (] ettfg f:’:':é gll-rltcz.g{re%%gglne 11 |
to 15- nenber e® ic ’
where applicable, are salts formed from bases such as sodium
15 or potassium hydroxide. For further examples of
pharmaceutically acceptable salts see, "Pharmaceutical
Salts,% J. Pharm. Sci. 66:1 (1977).
In a still further aspect, the invention features a
method of 1nhib1ting prenyl transferases (e.g., farnesyl
20 transferase or geranylgeranyl transferase) in a subject,
e.g., a mammal such as a human, by administering to the
subject a therapeutically effective amount of a compound of
formula I or formula II. In particular, the present
invention also covers a method of treating restenosis or
25 tissue proliferative diseases (i.e., tumor)} in a subject by
administering to the subject a therapeutically effective
amount of a compound or its salt. Examples of tissue
proliferative disease include both those associated with
benign (e.g., non-malignant) cell proliferation such as
30 fibrosis, benign prostatic hyperplasia, atherosclerosis, and
restenosis, and those associated with malignant cell
proliferation, such as cancer (e.g., ras mutant tumors).
Examples of treatable tumors include breast, colon,
pancreas, prostate, lung, ovarian, epidermal, and



15 heterocyclic ring which is either saturated or unsaturated, and "whi ch
consists of carbon atons and fromone to four het eroat ons sel ected from
the group_consisting of N, O and S, and including any bicyclic group in
whi ch anyW above-defined heterocyclic rings is fu "H’g‘enzene
ring. 20 The heterocyclic ring may be attached at any heteroatom or

carbon atomwhich results in the creatigp of a stable structure. - _

" Exanpl es of such heterocyclic el enents include, but are not limted to,

azepi nyl , bgenatoparidtic candenwi(Sepprdiortendinofly atargl ;, beanceyr anyl ,

25 benzot hi &ogg%piyér% %e%éjr qnzot hi azol yl , benzot hi enyl

benzoxazol y ci'nn dlhydrobenzofuryl
di hydr obenzot hi enyl & uhaydpeut;ﬁzg BtYopﬁfaﬁy-IlVG ameunydprenmqwmw

sul fone, fu ‘% : \ftahit | g@ﬂ
i ndol yl, i s%rorran dd‘gl SOl nadolll'l‘dfﬁ | soiéaldhlb éﬁ , | sot?n azo nyI
i sot hi azo5ylsub5tﬂr§¥ﬁ @ 4 d!afgnes ‘ghﬁ ?dl?i';/l

oxadi azol y| phospir® Ni’dﬁ ,wlﬁ:dh(chéJetnM'apéutfc memd C&iﬁ | foEm a

oxopyrrolidinyl, r|d erazin | VI xi de,
Ui noxcal | nymiqed i addtner £565 A Haphieitioa] Gothe tbion 0167 a
}:fétT | %ggg/rg?c?pﬂm itaplet, capsu;le%/mmuid) fo:; administration (e.g.,
de
or%at 1y, fn'm:r ven t:ltsalzy *li.tans all d ubd 2 n@%ﬂ,) ¥y

t hi anor phol i | azo t | azo
t hi enof uagl a tswhdesthiimyneed °ﬁm ﬁomm he kaep 11, tablet,yen a

group is SU%&ﬁé%aﬂ tbér%é&@lmntaﬂﬁibsw ¢&pdIFLE éf NBfotdB€ing

vari ous substituents tta t 0, car bpn at oyrs, or, 1 0 het er oat ons

(o o %5 NEng ‘gmposTtion fromdha aastiie erh & | estiial rpgnes

provided in jin tHe guwjed's)rwommfcm!a ;pempaqbtmlmwlsuffiﬁciemabbe

salte 1l U el ol €15 6 el duifbdatia Bhis Sle ubiiieny -
15 small lntestlne.

The dose of a compound of the present invention for
treating the above-mentioned diseases or disorders varies
depending upon the manner of administration, the age and the
body weight of the subject, and the condition of the subject

20 to be treated, and ultimately will be decided by the
attending physician or veterinarian. Such an amount of the
compound as determined by the attending physician or
veterinarian is referred to herein as a "therapeutically
effective amount.®

25 Also contemplated within the scope of the invention
are pharmaceutical preparations of compounds of formula I
and formula II, methods of preparing the compounds of
formula I or formula IT¥, and the novel chemical
intermediates used in these syntheses as described herein.

30 Other features and advantages of the present
invention will be apparent from the detailed description of

the invention and from the claims.

ipti o) v



tartrate,- succinate, citrate, |actate, nethanesul fonate, p-

t ol uenesul fonate, panpate, salicylate, oxalate, and . stearate. Also

wi thin theysgogiuaed the present invention, wher e appl i calderussaraal ts
:formed from bases such as sodi um 15 or potassi um hydroxi de. For further
exanpl es of . pharmaceutically acceptable salts see, "Pharnaceuti cal
Salts,"” J. Pharm Sci. 66:1 (1977). =17 = |n a still further aspect,

the invention features g t ho f. i,nhibit] n n r S (e.g 
Farneoyl 20 tr anef or e 15 BALAKAL AR s HEALISE N HhE S 38y (O
e.g., a mamrehasedhonsthe hdemoriptiednhereingi ngidldzehthe presendt a
therapeutically effecti u nd I feardTul a
[1..1n parti CHX‘é?’:‘é{‘ﬂé %‘rgeisag%t Eﬁlglgﬁgené [ oﬁ'eél sg'iigo&g?gb?i#gt hsgg;’cg?ﬁdm
treating restenbsdimentgsaressthersefpreer ko be gonsiIved as.menalyor) in a

subj ect by . ; pILPLSESGEN0ah@ hbe 3iRieativel 0 ahUremdlindel icECitine
amount of & ¢ | t

onpound or | ts salt. Ex | es of tissue proliferative
di sease i ncl LAESELPAUFQOIB GBXOEP¥t¥§g£PPﬁver'benign (e.g., non-nmalignant)
cell proliferation syileis Hefitdddtheeleq) albstechnidapeandasi a,
at heroscl erosis, and rest enosi

, ~and,th associ d w.th | i gnant
cel | prol i feientificHEFmE S UESR CQFrfé‘.ng?l,%%Fas%%r?uts %% H?Mr’&aasg
Exanpl es of tgemhehiy tnderstbodl byecobecaf: ordimary skijdndmedhe pxistto e,
| ung, ovarjan,,  epjd I : 3/ 0 :
PCT/ Uso 7/ 7 Tynf8h EhTE .'.m@Hf_ltlon be1Vfg2S in%%é all publications,
cancers (Sepppatenhzapplicationg, patgnts, androlder;referenpes mppjioned

A-therapeU“Cﬁ{aﬂiﬁf&ﬁét ineoppBrated’ by semerentedfl  this invention and a
pharmaceutically acceptable carrier 5 substance (e.g., nmagnesi um carbonate,
| act ose, or a phosphol i pid with which the therapeutic conpound can form
a The following is a description of the synthesis of -

Compounds 1 to 12. Other compounds of the invention can be
15 prepared in an analogous manner by a person of ordinary
skill in the art.
The compounds of this invention were prepared by
using standard solution phase peptide synthesis .
methodologies as well as other standard manipulations such
20 as esﬁer hydrolysis and reductive akylation of an amine by
an aldehyde, e.g., as described in Greenstein, et al.,
Chemistry of the Amino Acids, Vols. 1-3 (J. Wiley, New York
(1961)); and M. BodanszKky, et al.., The Practice of Peptide
Synthesis (Springer-Verlag, 1984)). For amide formation
25 reactions, EDC/HOBt or HBTU/DIEA/DMF was used as the
coupling agent. Deprotection of the protecting groups was
done by using TFA/DCM. The reducing agent used in the
reductive alkylation of an amine was sodium
cyanoborohydride. The final products were purified by using
30 preparative HPLC and analyzed by 1H NMR or mass
spectroscopy.

EXAMPLE 1: N=[N’~[2(S)-(2(R)-Anino-3-mercaptopropylamine)-
3(S)-methylpentyl]-L-5,5-dimethylthiazolidine~
4-carboxyl]-methionine (Compound 1)



-mcelle) together forma pharmaceutical conposition (e.g., a pill,’

tablet, capsule, or liquid) for adm nistration (e.qg., orally,

inIraven8ﬁ§h¥m¥h%ansdernalIy, or subcutaneously) to 10 a suq&ﬁct in need of
“the conp . pill, tablet, or capsul e can be coat - MPEHOZ71L

subst ance capabl e of protecting the conposition fromthe gastric acid or
~intestinal enzynes in the subject's sgéomach for a period of tine

sufficient to al l ow the conposition to pass undigested into the

subject's 1%apmal | N-t-efhdrk-Butoxycarbo dos®: ®f a conpound of the
present invention faimethykthiigamlidinenfrearkexybieReidtases or disorders

varies  dependi ng uppiutitsh BINNRs O5-Reth Pl ERiAHE1 idPReage and the
body wei ght of the_subjegt, and the_conditiqn gf the subject 20 to be
e

treated, ancarbexy¥die| pcdfd| (2pa Hectded BP n.water, {10 My idioxang
~veterinargd apo mtfh) andaERUNEOH! (7he mL)cwapostdraediend Bovded\ir fn

di . ! . : : .
" her apect | L4pTyaEercpath, | BISHERk-Biyl GlcAYEdNakd 1AL SD 2y i chin
t he scope oi7themmolynwasnaddedr anghatizrdng ¥as gontdnmedat afoasmnpounds
f f | J/ s t » i f
of Tormi 2 {eppe@lfiukg" gulgggagﬁtve S B uRIRRA Vel o T Lap

formula | or e novel chem ca I nt ermedl ates used in

t hese synt heaesoatodabentpeg Rbr apd. efbyl acetae,(EHOAR: 30 ming was
advant aggs Q&?Ea? PTRICBH of tR¥CBLIARiIWN wake sdRARRH to AMdt e ¢ty | ed

description 0 ., the invention and fromthe _clains.
Dot ai | od Do38AABEPBNOST 28 BCinye e, RTSanic JB¥SE MpfoFeparated, and

PCT/ US97/ 07¥4é aqueous layer was extracted with EtOAL’ (20 mL). The two It
o0l ookt Yk, T cfsfich, e wier WAL imes),
_ dried over anhydrous MgsO,, filtered, and evaporated in
15 vacuo. The title compound, as a white solid (3.60 g; Yield:
 89%), was obtained, and it was used in the next reaction
without further purification. IH NMR (300 MHz, CDCl;) §
4.68 (m, 2H), 4.39 (s, 1H) 4.23 (s, 1H), 1.60-1.40 (m,
15H) . :

20 (b) N-[ (tert -Butoxycarbonyl)-L-5,5~
dimethylthiazolidine-4—-carboxylic]~L-methionine
methyl ester:

A solution of N-{tert-butoxycarbonyl)-L-5,5-
dimethylthiazolidine-4-carboxylic acid (1.00 g, 3.83 mhol),
25 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydtochloride
(EDC; 0.734 g; 3.83 mmol), l-hydroxybenzotriazole (HOBt;
0.517 g; 3.83 mmol), and diisopropylethylamine (DIEA;
0.495 g; 3.83 mmol) in dichloromethane (DCM; 20 mL) was
stirred at 0°C for 10 minutes. To this solution was added
30 methionine methyl ester hydrochloride (0.765 g, 3.83 mmol).
The mixture was warmed to room temperature and stirred
overnight. The solvent was removed 1in vacuo. The residue
was dissolved in EtOAc, washed with 5% citric acid (2
times), 5% Na,CO; (2 times), and brine (2 times), dried over
35 anhydrous Mgs0O,, and filtered. The residue obtained after
concentration was further purified by column chromatography




invention'to its fullest extent. The follow ng specific enbodi nment s
afe, therefore, to be construed as nerely S illustrative, and not

s limtati vewi ooy €mai nder of the di scl osure in any p@EyusdIptragever .
Unl ess defined otherw se, all technical and scientific ternms used

herein have the same neani ng as - commonly understood by one of
ordinary skill in the art to 10 whi ¢h?®Hht s i nvention bel ongs. Al so, al

publ i cat.i ons, ... patent. applications atents, d.qther refereances
nmenti'oned ~ on Shiigfn § EtFﬁgowbg$aggﬁaﬂgs/§F@§§hggf 3. me" elede The
fol lowing i s gofipeGRapt asnaokhike spitilegdso0of g; Yield:caokjyndmsl to 12.

O her conpounds, of _the | O Sy Pr epar R aRganal,ogaus
manner by a p%PEﬁﬁnﬁa‘or£¥ﬁ§$$ ?386nnﬁ§ékF?Fi?% tﬁe&ég?.(a' in}, 4298 The
conpounds of abée (myeBH)endvdie (Breptded3bys (s, 3H)usin@-SSarl@r RH),

sol uti on phas o} Y Nt BRSI S1.56-1.40"N0d8ggi es as well as ot her
st andard ni%ﬁ gt%bﬁg zﬁéh v 20 as e tg$ ) d??? si s and reductiyve

akyl ation of &) ani ndigr(tert-Bu L) -gmethoxyNepethylrk-

Greenstein, et al., isoleuciiamide .y of ihe Amino Acids, Vols. 1-3 (J.
Wley, New York A sdlfifilon ;ofiIN-d4 ( Backriswtgxyearbényl) FhsoPeachihee of

Pepti de nt he§i,s kRQgeL:- samd,d¢ | -
25preact i ons, (%ﬁl-EBt §é|’3l(—§$blllg?E?/—§§é&%aQ§ié§§§%g'mg‘ gl q"ét(y(’:% g
agent . Deprooterohbumshexhélporepbosphageo (FBTHis 12.63 g; ddnd mmaldi nPIEA
TEA/DCM The (9uzg9 39305 4RBY)! An! Bimethylforimslidie (DM K sty Al an
am ne was sodruim cyanobor ohydride.. The final product's re purlfied

by using stirpedpatatPeR EPRpeRAfuRRafPFed Bynhtegvr Jio solution
Spect roscopy.yas added NE¥A§RWBthylhydroxylamine hydrochloride (3.25 g,

35 - met hy| peASyP] BROS SaF, EBRy PAXERES) VAR, Erirred at room temperature
4- car boxyl {s neveratght.( Cheosodvént was removed in vacuo, and the
: residue was dissolved in EtOAc and washed with 5% citric
acid (2 times), 5% Na,CO; (2 times) and brine (2 times),
ﬁried over anhydrous MgSO,, and filtered. The residue
. obtained after'concentration was further purified by column
20 chromatography on silica, eluting with EtOAc/hexanes (1:1).
8.5 g (Yield: 90%) of the title compound was obtained. IH
NMR (300 MHz, CDCl;) & 5.12 (d, 1H), 4.62 (m, 1H), 3.79 (s,
3H), 3.23 (s, 3H), 1.72 (m, 1H), 1.58 (m, 1H), 1.45 (s, 9H),
_ 1.30-1.05 (m, 1H), 1.00-0.85 (m, 6H).
25 (d) N-a-(tert-Butoxycarbonyl)~L-isoleucinal
LiAlH, (0.20 g, 5.25 mmol) in 20 mL of anhydrous
ether was stirred at room temperature for 30 minutes. The
. suspension was cooled to -45°C, and a solution of N-a-(tert-
butoxycarbonyl) -N-methoxy-N-methyl-L-isoleucinamide (1.10 g,
30 3.89 mmol) in 6 mL of tetrahydrofuran (THF) was added
dropwise to the suspension. The mixture was warmed to 0°C
and stirred for 2 hours. The mixture was then cooled to -
45°C. To this solution was slowly added a solution of KHSO,
(.17 g) in H,0 (10 mL). The resulting mixture was filtered
35 through Celite. The filtrate was washed with 5% citric acid
(2 times) and brine (2 times), dried over anhydrous MgsO,,
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"18 - (a) N-[err]-(tert-Butoxycarbonyl)-L-5,5-
d| nmet hyl L&(ﬁw ne- 4- car boxyl i c aci d: A sol uti %n of
L- 5, 5- di azol i di ne- 4- carboxylic acid (2.5 g, 15§,
water (10 nmL), dioxane 5 (20 mL), and 2N NaOH (7.8 nL) was stirred and
cooled in an i ce-water bath. Di-tert-dutyl dicarbonate (3.72 g, 17.1

nmol ) was added and stirring was continued at room t enperature
overni ght. Thilteiredj candasoncentratedctioi drynesacuo0s 30agoof fhentikie

t hyl t at d. h
S vt od 1o FARORE; 4R §20185140s MEET wigPoREathel"End L P 10°
separ at ed, aﬁmmediahelnqnee@slma nﬂ§te§FPBcV§HhRPFthth gr(20 nL). The

two . orga@ﬁkifq@5§iaﬁre conbi ned, washed with water (2 tines), dried
over anhydrous MySO4 flltere

. nd .eva orated in %? The title
conpound, 3as(®} whi té1 id %‘}7 Q% $60, and it
was used in the nex Y Wi Y= 1H NVR (300
MHz, CDC 3) [err] 3 (s, 1H), 1.60-1.40
(m 15H). 20 (b)Nb[ﬂtéﬂtﬂautoﬂinanhnnyliﬁﬂﬁ5rﬂrdiﬁbthylthiazolldine-

QU et hyLthi agg %&gﬁ_ﬂ%u H&éﬂkgﬁin{a HptyRneBter (1.00 g, F26BYmB1)"

A sol ution oxycar
di met hy| tiei e @iaeolveérbexylméXéere pf BEAq (15 BD) nABA) DCM5 (15 mL)

(3- glggthyll n@@igﬁ&h)%é ?b?ﬁ'ﬁéﬁ eﬁatﬁrdefbrdacchhaﬁtéa SghéEDﬁ) 0. 734
nmo r oxybenzot r nmo an
gllsopropyle?ﬂ}P§1 ReWpp) gRncen 3€2§5&6 vgbgg WW%P? Fﬁgg} ng; SEELANS:

(DCM 20 nlL) an@sN-a-({Sert+bdtekySarbohgl) eL-i6olencinal 10.Ub|g,solut|on

The mixtur e Jees HPRLY PREPoRiPRRLER i S RIGELER OF ABeninod fiheBH 1\ .
sol vent viss 3@muLpdand acebdc acvhd (Oshdmb) . Wasthisssplution wesredded
washed wi th ebfﬁiSnQChgdﬁam c hhasa}oh a&waacga 634l gJes). 2520010 Ne (2
_Ljnes), dried o anhydr ous Kg : ht%rgd Thedre5|due obt ai_ned
after over a period of 30 nutes ueo as remov in vacuo. To
o the rest of the solution was added EtOAc and saturated
NaHCO;. The organic layer was separated and washed with
20 saturated NaHCO; (1 time), water (1 tiﬁe) and brine (1
time), dried over anhydrous MgS0Q,, filtered, and :
concentrated. The residue obtained was further purified by
column chromatography on silica, eluting with EtOAc/hexanes
(1:2). 1.06 g (Yield: 78%) of the title compound was
25 obtained. IH NMR (300 MHz, CDCl;) & 8.70 (d, 1H), 4.68 -(m,
1H), 4.53 (s, 2H), 3.90 (m, 1H), 3.79 (s, 1H), 3.75 (s, 3H),
3.42 (s, 1H), 2.95 (44, 1H), 2.78 (4d, 1H), 2.50-2.70 (m,
2H), 2.22 (m,_2H), 2.13 (s, 3H), 1.60~1.40 (m, 12H), 1.36
(m, 2H), 1.38 (m, 2H), 0.92 (m, 9H); mass spectroscopy
30 (electron spray) ((MS(ES)): 505.4, Calculated molecular
weight (Calc. MW) = 505.7.

(£) N-a-{tert -Butoxycarhonyl)-S-(triphenylmethyl)-h-
cysteinal

The title compound was syntheslzed starting with N-
35 c—(tert—hutoxycarbonyl)—s-(trlphenylmethyl)-L—cystelne by



.concentration was further purlfled by col umm chr omat ogr aphy WO

98/ 00409 PCT/ US97/ 07711
- 19 - WO 0800409, el uting with hexanes/ EtOAc (2:1). The t
conpound, as a white solid (1.09 g; Yield: 70%, was obt ai %%*c{ﬁs”ﬁ.’M\’R
(300 MHz, CHA 3) [err] 6.67 (d, 1H), 4.78- 4.60 (m 3H), 4.11 (s, 1H),

3.75 (s, 3H), , 2.55 (m 2H), 5 2.24-2.602Im 5H) 156- .40 (m 15H).
c N- a- (tert - But oxycar bon N- met hQx
|(Sz)| euci nam( ddsing th the sape éqrégg BREE gegcrlggd )J(.n the synthesis of N-a-

N-[err]-(tert- (témm&tbmuki'bunyl;eum-msoleué&nam g, 33.3 mmol),
o0- benzotri azol xaf,l uor ghosg{]ate

=l =t
(HBTU, 12.63 gée an5 5 N pe[ t@ AV
di met hy! f or gami de (DMgg i _%ftlgl‘ ﬁﬁﬁ% ﬁfﬁiﬁﬂafor 2
m nutes. To“this solu %qé 0

hydrochl ori de (3.25 %ag , 1xture was stirred at room
tenperature 15 overni ym[N'TH@(ﬁIWWWQWMJﬂCSIﬁe

P n b s 5 araetmyL th 8261481 he - o B ) ane
filtered. The™ &éY {:i } cBﬁcﬁntﬁa%Poﬂmﬁéé Gﬁtﬁéﬁ ed dn

by colum 36 choiwtuce a:ptnytm:flud:roar;e‘biutaogdvv'(‘l'kAEt mcinh,gxamsnﬁ; 1).
8.5 Yi el d: 1 300 ,
coa ) Terr] i) & shicted FBE 30 #155E05 " Foop FompelRtura, i
1.72 (m 1H), soBtion Wa§ cancaentrated)in vacugo- 1The tesidip, obtadneds5
6 25 L L
LA P (0-20 S%“% %%imﬁ% éf( DafoRyeayuear btk ek ibBhiiieliyy 1 o
“room t enper at (F¥skek R 3, Fhe6 mmal)eesecdiggelved in Pomlxs[tmer ot
and a sol uhsoMetn N‘iser:ﬁﬂ.y (e tHOAC (0.3 mL). To this was add d i

Pt g car bony b il e NeA B ok SRR S5b 102052 S TR
period of 30 mlnutes. The mixture was st;rred at room
temperature overnight. 5 mL of saturated NaHCO, was added,
and MeOH was removed in vacuo. To the rest of the solution

20 was added EtOAc and saturated NaHCO,. The organic layer was
separated and washed with saturated NaHCO; (1 time) and
brine (2 times), dried over anhydrous MgSO,, and filtered.
Concentration in vacuo gave the title compound, which was
used directly in the next step without further purification.

25 MS(ES): 836.5, Calc. MW=836.8.

{(h) N-[N’~-[2(S)-{2(R) -Am1no-3—mercaptopropy1am1ne) -3(S)~-
methylpentyl]-L-5 5—dimethy1thiazolidine—4-
carboxyl] -methlonme

N-{N’=[2(8S)~(2(R)-(tert-Butoxycarbonylamino) -

30 3-triphenylmethylmercaptopropylamine)-~3(S)-methylpentyl]-1L-
5,5-dimethylthiazolidine-4-carboxyl]-methionine methyl ester
(0.50 g, 0.42 mmol) was dissolved in a mixture of MeOH
(16 nl) and 5 N NaOH (4 mL) at 0°C and stirred for 3 hours.
The solution was neutralized to pH 7 by addition of 2N HCL.

" 35 MeOH was removed in vacuo and EtOAc was added. The mixture
was cooled to 0°C, and the aqueous layer was acidified to
pH 2 by adding 2N HCl. The organic layer was separated, and



dropwi se to the suspension. The mi xture was warned to O[err]C and

stirred for 2 hours. The mixture was then cooled to - 45[err]C. To this
sol ution y added a solution of KHSO4 (1.17 g) in HZOQQ%‘O m.) .
The resulting mxture was filtered 35 through Celite. ThePFTUSIATEN g
washed with 5%citric acid (2 times) -and brine (2 tines), dried over
anhydr ous MgSO4, WO 98/ 00409 - 22 -

PCT/ US97/ 07711 - 20 - filtered, and

content r at e¢hieo adueosss 1ay@r7tas extafactied with Etoamundheomyamior | ess
oil, was obpu ggcme%%glﬂ "RRAMIE W S B ik e tid) SIER A LM

further ation

N[N -[2(9) apbyﬁgqg@t Y3804 handi gﬁqlﬁ@;mg( .S) The residue obtained after

WE'; Ey: pe”thbnbeﬁt@aﬁlm |Iﬂt Rr'&'a’&@t hiadi 'Ha‘:s‘é’olwed in L2 £ H et h: _03! ne
me est e er X n I me i azol i di ne-
4- ca?/boxy"f] tflﬁé‘f’ﬁ’ﬁ?ﬁﬁﬁi&k 3 'yél"gg y 3‘3*6@ Hﬂsl') was di ssol ved
in a mxtur erdiatﬁliAs@.nind_)(Oaﬁdmw (]I!hmis)olutmrdm!s reteitrdd raﬂprﬁoom
tenperature,f ] AU . ut ifd rat ed in vac The
resul ting r&??‘@?&%g‘ ﬁ ?‘é"}u‘%@t oxycar\é@%ﬁ%%@s To RANERR ‘iz@

.3.25 mol) mr wmmomwmmmmmtm aride @H 13U TFO aq:jeoms‘l

~acetic acid it T RAY- T?Iﬂ& '
cyanobor ohygrl @1@11) 204 f&?%e?ﬂ 1% ratéd‘ ) na}gs MeOH

ver, a peri o
was rerm%%dPF'ﬁPHéﬁé-"eTG‘ gh pext, %QXW 1&@"‘3& REQ) and
sat ur at ed elugmﬁgewifheoqugammm.H&yerowwﬂ enpauareé aaﬂdwa 1wuthZO

satur et o0 ML s e b T Y 6 5 "ﬁ%*s LN

further purified by col urm chromatography on silica, eluting wth

ST e T e e g

-carboxyl]-methionine methyl ester (Compound

N-[N'-[z(S)—(z(R)-(tert-Butoxycarbonylamlno)-
3-triphenylmethylmercaptopropylamine)~-3(S)-methylpentyl]-L-
5,5-dimethylthiazolidine-4-~carboxyl]-methionine methyl ester

20 (0.60 g, 0.718 mmol; Example 1(g)) was dissolved in a
mixture of TFA (10 mL), DCM (10 mL), and triethylsilane
(1 mL). The reaction mixture was stirred at room
temperature for 30 minutes. The solution was concentrated
in vacuo. The residue was partitioned between 1% TFA

25 aqueous solution and ether. The aqueous layer was
separated, purified by HPLC, and lyophilized to give the
title compound. MS(ES): 494.3, Calc. MW=494.8.

EXAMPLE 3: N-[N’=[N"-(2 (R) -Amino-3-mercaptopropyl)-tert-
leucine]~L-5,5-dimethylthiazolidine~4-
30 carboxyl] -methionine (Compound 3)

(a) N-[N’ [ (tert~Butoxycarbonyl)~tert-leucine]~L-5,5~-
: dimethylthiazolidine~4—-carboxyl])methionine methyl
ester

N-[ (tert-Butoxycarbonyl)-L-5, S-dimethylt_hiazol idine-
35 4-carboxyl]-methionine methyl ester (1.63 g; 4.01 mmol;
Example 1(b)) was dissolved in a mixture of TFA (5 mL) and




1H), "4.53° (5, 2H), 3.90 (m 1H), 3.79 (5, 1H),
1H), 2.95 (dd, 1H), 2.78 (dd, 1H), 2.50-2.70 (m
(s,- 3H, 1.wo9B0ed9(m 12H), 1.36 (m 2H), 1.38 (m 2H), @ECIAISHWI7TAH) ;
mass spectroscopy 30 (electron spray) ((MS(ES)): 505.4, Calcul ated

nmol ecul ar wei ght (Calc. My = 505.7. _23(1) N-[err]-(tert

- But oxycar bonyl ) - S—(t r| phenyl nmet hyl ) - L- cystei nal The

title conpoun |

[err]-(tert- bg’cﬁfjl car %ﬁi g‘: r| p edrglfrgé‘% c?/t':s‘tné?nféoﬁ 30 mln%s.
98/ 00409 The solut:.on was concentrated n mg7 /'glyql:ges:Ldue was

- 21 - kﬂb stollQre'iﬁrmx R'Idlﬁféiw e AP AHPBbiUtide wast S6haenseaNia-
(E'?;:t bléh?éi;gmonyw é‘m i S)%r%‘écé ure was (xggpeatel\é J:hree {:12.141 ; al(l& g %hite
3-triphenyl Seteitahr Wg:amwrrmwl amne)-3(S)- 5 met hyl pentyl ]-L-5,
5-di met hyl t hi azolidin t te

N[N -[2(S)-(tert- Butgx§8&PB$ﬂv|8ﬁnF §)(g§§¥”L“%E&§E%g%%%YHS tertidioine
net hyl pentyl ] (1., o, diswihypindli)az BDQ (- 262 & hoky0] -mmol hpt HOBhi (0. 680hy],
ester (1.06 g, l%)ﬁs 1 l f r e

aci d (SI'PA; 1g4rh%)l %% Od)d/ |(r)“f"edfrI 6’%% %Kn%?gs atg Bﬁg wab
tenperature. BHdrred@tmoap mmq % 1%, ‘V:H(‘,‘&Ees TheTeelt was added
obt ai ned i!;g;é\'ﬂa[ua WHitid £dui.OXYmRE erwmtiirS-vas | DbERréaebtethignt .

cysteinal (1. ' 46, nmol re ure of 15 Obﬁ
rr{) and Hozc (13'33 sQiutiopn, ‘f%ﬁ %eﬁd‘é{ﬁ? ﬂ’éﬂ? goﬂﬁ%hsag d\'ﬁﬁpelvg Wit sy
cyanobor ohydriném . X238 tg;ne&)52 Stolitrdeeacid (P etrinets Jof aﬁﬁﬁrbrﬂ.hes(z The

m Xture was s at atur at ed
NaHCOB was addre: e% %&%&X @rmved; }yva‘ﬁ' gﬂt]ﬁ) t%&e res of the
sol ution 20 mmmmra&e@\euamm-ur nesitue wasperified byyeplumy

separat ed 3pd JRRE YrdpiAl WRItahd\AHWE Hexdnd@IEEOAC (2:1) and
hexanes:EtOAc (1:1). 0.63 g of the title compound was
obtained (Yield: 30%). IH NMR (300 MHz, CDCl;) & 6.48 (d,
1H), 5.25 (d, 1H), 5.12 (d, 1H), 4.95-4.62 (m, 2H), 4.43-
4.30 (m, 2H), 3.77 (s, 3H), 2.58 (m, 2H), 2.21, (m, 1H),
20 2.11 (s, 3H), 2.04 (m, 1H), 1.55-1.33 (m,12H), 1.12-0.94 (m,
12H).

(b) N-[N’-[N*~(2(R)~(tert-Butoxycarbonylanino)-3-
tr1phenylmethy1-mercaptopropy1)-tert—leuc;ne]-L-s 5=
dimethylthiazolidine-4-carboxyl]-methionine methyl

25 ester

0.6 g (1.15 mmol) of N-[N’-[tert-butoxycarbonyl)-
tert-leucine]~L~5,5-dimethylthiazolidine~4~carboxyl}~
methionine methyl ester was dissolved in a mixture of TFA (5
nL), DCM (5 mL) and triethylsilane (Et,SiH) (1 mL) and

30 stirred at room temperature for 30 minutes. The solution
was concentrated in vacuo. The residue was dissolved in
toluene, and the solution was condensed to dryness. This
procedure was repeated until a white foam was obtained (4
times). This foam and 0.5 g (1.12 mmol) of N-a-{tert-

35 butoxycarbonyl)~S-(triphenylmethyl)-L~cysteinal (Example
1(f)) were dissolved in 4 mL of methanol and 0.2 mL of

3.75 (s, 3H), 3.42 (s,
2H), 2.22 (m2H), 2.13



brine (2 times), dried over anhydrous MgSO4, and filtered. Concent r-ati o

I n vacuo gave the title conmpound, which was used directly in the next
step with . er purification. 25 M5(ES): 836.5, Calc. MA836. 8. (h)
N[N - Z(QB?WAM no- 3- mer capt opr opy! ani ne) - 3(S) - PCT/US97/07711

met hyl pentyl ]-L-5, 5-di met hyl t hi azol i di ne- 4- car boxyl ] - met hi oni ne
N[N -[2(S)-(2(R-(tert-Butoxycarbonyl amge)- 30 a
3-triphenyl met hyl mer capt opr opyl am ne) - 3(S) - net hyl pentyl]-L-

5, 5-di net hylad:&‘ta:'m)la'@lidle @matmym;xhueimnmmmaanmr(vz 1&@ 50 g,

0.42 mmol ,ﬁf&ive and_5 NaCH (4
m.) at O[Zarr an t r(rj%ﬁ forr% g%?"ﬁe% %%fufnlg%g%s ﬂéﬁt?al | ze((:I to
pH 7 by addi ]'r-é‘r?d!m 1R Nz~ (kert nhuatoxyearkonyl ) a8no and Et OAc vvas
added. The rroeﬁwmanylm ﬁ@b&@t@iﬁl]fnaw hd ©( RALE Mo} PYEE

acidified_t 2 i.c | ayer was. se arated and
WO 98/ 004699“"’333% . “Mid reddiicH Xt %%/Qﬁmpd for 30
- 22 - m:ltrmt-,emeo&.S ayeflut mmolpncof dNva+ (tdtE¥butdkecaFBeRYT) -S-

VoSos, and feTraep OB e w72 e “CortS pn, B MRRSER Lo

was " di ssol vatexen then added dfollovwed fhy aaddition ofial. { Tl of ateti®CM (6
), and  adid.et ife 'é@ﬂﬁ:i& Ged ) st i Ced %ﬁfﬁbﬂ@salié 'ééﬁgeﬁ{ré'g%? o

tenperature for 40 m nutes. Th g.residue_after concentratl on

was part APi dfe VA enthR eS1ARe (as, dissalyed in Et0%|m¢msm
aqueous | ayafi i sprted Nareo f(2cites) Hhd e o v d_é}g\f%&n’&nce
u

and- | yophi | (A MR “PL?ﬁweﬁ%t'%‘%#iﬁﬁ o TFAsé “a%}'?grawﬁ The '
-MM480. 8 resigtd/RiEs urified l@)&(lﬁi»@@(&)hﬂm nEhXoti®t Squbd eIy Opy | am ne) -
B (silica), eluting with EtOAc:hexanes (1:2) and EtOAc: hexanes
15 (1:1). 930 mg (Yield: 95%) of the title compound, as a

white sol;d was obtained. MS(ES): 850.5 Calc. MW = 850.8

(c) N-[N’/-[N"(2(R) —Amino-a—mercaptopropyl) ~tert-
leucine]-L-5,5-dimethylthiazolidine~4-carboxyl ]~
methionine

20 1230 mg (0.27 mmol) of N-[N’-[N%-(2(R)-(tert-
butoxycarbonylamino)-3~triphenylmethyl~-mercaptopropyl)~tert-
leucine}~L~5,5-dimethylthiazolidine-4~carboxyl]-methionine
methyl ester was dissolved in 2 mL of methanol at 0°'C. To
it was added 0.4 nL of 1 N KOH solution. The white

25 precipitate was dissolved by addition of 0.8 mL of THF. The
nmixture was warmed to room temperature and stirred for 1.5 |
hours. To the solution was added 2 N HCl1l at 0°C until the
pH was about 2. The solution was diluted to 25 mL by
addition of EtOAc and then 10 mL of brine was added. The

30 organic layer was separated, dried over anhydrous Mgso,,
filtered, and concentrated ir vacuo to give a white solid
(220 mg). The white solid was dissolved in a mixture of
5 ml, of DCM and 1 mL of triethylsaline (Et,;SiH). To it was

- added 5 mL of TFA, and the solution was stirred for 40

35 minutes. The solution was concentrated in vacuo. The white
solid was triturated with hexanes and then dissolved in 0.1



3(S)-'nmet hyl pentyl]-L-5, 5-di nethylthiazolidine- 15
4: car boxyl ] - met hi oni ne nethyl ester (Conpound 2)

N-[ N--[ 2(S) wiclégdoadst €r t - But oxycar bonyl am no) - PCT/US97/07T11

3-triphenyl met hyl mer capt opr opyl am ne) - 3(S) - net hyl pentyl] -L--

5, 5-di met hyl t hi azol i di ne- 4- car boxyl ] - net hi oni ne nmethyl ester 20 (0.60 g,

0.718 mol ; Exanple 1(g)) was dissol ved Fre%a=~ m xture of TFA (10 nl),
Lon_ m xtyre wa

oM A B ot s aneien S 1 nd ButFELeh ol biafat SRive
stirred at ro t 30 M : | Ot

concentrated pprd rantRlifopHitizatsichicgaws tiee ttitbaedobpounan (4% ®GA 25
by FPLC, “and SO iShdes ol AU WEy By SUUE G Y 4562
Y F , an | gl e | e comrmpound. . .9,
Cal c. MA=494. §d, 1H), BXAWPLE3:1HN. 4066 - (pN'1H)Y 2 4753 (s, 1H), 4.47 (m,

- Ami no- 3- me[ cap§,opr. ) rd €7 . , , 2. ,
| euci neJ - L- 8, é%t)l 'rre#)?%yy(# tg{"azéolpl dide . By pH) « 2.58 (m c%?%oxgl ?:-lrrgt“ﬁi & ke
ne

(Conmpound 3) 2.0 afm, 4H){ N-{83 ef®: BtHbxY 34 bbFiyI 38 erl:-38uE H),51503
di met hyl t hi azql ifligee- Gn S ANOXY INSELES PN 484 12} hgdlc. MW=494.7ester

N-[ (tert-Butoxycarbonyl)-L-5,5-di nethylthiazolidine- 35 _

4- carboxyl ] - net hi oni ne nethyl ester (1.63 g; 4.01 mol; Exanpl e 1(b))
was di ssol ved RYXAMPLE ¥4 ur eNeff NTFANIS (RI(R) xdthino-3-nmepceptoprepyl) ~tert-
PCT/ US97/ 07711 _ leucine]~-L-5,5-dimethy2thiazoligdme~2-nl) and
stirred at 1poom t enper at ur earboxgd Jrmethdonine methyd ester (Qompound 4)
concentrated in vacuo h i | L erld the
sol uti on was condensegalanﬁgl_’ q\?égzg. \Ei%ils) drilog‘:gllﬁl\rigqvl\’as (ﬁzglgg:{’(?d thre<§ times
and a white utswyeaEbeRybramino) -3-triphenyingthy{smerpaptopropyl) -

N-a- (tert-but pecplhaiyinej<rts | segiméthylthiazplidine—-4-carboxyl]-

methionine methyl ester (Example 3(b)) was dissolved in a '

15 mixture of DCM (5 mL) and Et,;SiH (1 mL). To it was added
5 mI, of TFA. The mixture was stirred at room temperature
for 0.5 hours. The solution was concentrated in vacuo. The
residue was triturated with hexanes and then dissolved in
0.1 & TFA agueous solution. It was purified by a

20 preparative HPLC, eluting with a gradient (buffer A: 0.1 %
TFA in H,0, buffer B: 0.1 $ TFA in CH,CN). Lyophilization
gave the title compound as a white solid (310 mg; Yield:
78%). Ms (ES): 508.3, Calc. MW = 508.8.

EXAMPLE 5: N~[N’~[N"-(2(R)-Anino-3-mercaptopropyl)-texrt-
25 leucine]~L~-5,5-dimethylthiazolidine~4-
carboxyl]-leucine (Compound 5)

The title compound was synthesized by using an
analogus procedure described in the synthesis of Example 3.
MS(ES): 476.2, Calc. MW = 476.3.

30 EXAMPLE 6: N~[N’=[N"~(2(R)-Amino-3-mercaptopropyl)-tert-
. leucine]-1-5,5~dimethylthiazolidine-4~
carboxyl]-leucine-methyl ester



(1.0 g, 4.01 nmmol), EDC (0.769 g, 4.01 nmol), HOBt (0.650 g, 4.81 nol),
and DIEA (0.570 g, 4.41 mol) in DCM (15 nlL) was stirred at room

t enper at ugR, O mnutes. To it was added 10 the above te foam The
m xt ure was %???%ed over ni ght . The solution was diluted Fﬁ’ﬁﬁﬂ4 Y15 m)
~and washed with 5% NaHCOB (2 tifmes), 5%citric acid (2 times), and brine
(2- times), dried over anhydrous MySO2s $iltered, and concentrated in

vacuo. The residue was purified by colum 15 chromat ography, eluting with
hexanes: Et OAc (2: 1)Theactitleccompewri gms (synthesdzéd hyoasihg antl e

d d H;l 6, 48
?grrpounmwaanaloabhal ?eec@mg de&@ﬁb,ehél g#g/%h@ ﬂ\éﬂéfﬁ)@%f @Lﬂgiﬁ
(m 2H), 3 MS(ES): éﬁ?-32 £31gm H)='4?°2i’ (m 1H), 20 2.11 (s, 3H), 2.04
(m 1H), 1 55-1. 33 (n112FD 1. 12 0 94 (m 12H) . (b) .

N-[N-[N'-( ent, - B £ t 1y-
tri phenyl éﬁgppﬁg apt - ;%%% ngggzggzgéggpxyl]—

dlnethylt i azol i di ne- 4-
0.6 g (1. 15 mol ) of N— ert xycar bn yl) tert-1eucine]-L-5,

5- d|nethylthlazol|dﬂh%'ﬂitlﬂtnmqnqund 3;$m§?mthma§zeéthylusingranas
di ssol ved i Hnﬂ;gbéhbr grBEeaﬁée( describka PrMthe @g)nf é'g ri%él
ré tor m nu

(Et3SiH) (1 ni stirred Hmmtmmaauj
solution MRAESSnEERr Rat E81Fn ngﬁo 6?1 *r esi due was di ssol ved |n

tol uene, and the solution was condensed to dryness. This procedure was

repeatﬁﬂﬂfnkgknﬁp ?Le f *¥£Hﬁ§“¥$fno-alm£P§ ptogyés ioan1and 0.54¢
gaiéiycarbényl) S??tnlajz¥gtgggi %Pi;dlgith¥%ﬁoig%§é‘ n:;;g??f?°§¥?é" |

di ssolved in 4 nL of net
PCT/ US97/ 07711 The txtle compound was synthesipzed by using an

analogous procedure described in the synthesis of Example 4.
‘15 MS(ES): 476.3, Calc. MW = 476.7.

EXAMPLE 9: N-[N'—[N"-(Z(R)-Amino-3-mercaptopropyl)-
-valine]~L-5,5~dimethylthiazolidine-4~carboxyl]-
methionine (Compound 9)

The title compound was synthesized by using an
20 analogous procedure described in the synthesis of Example 3.
MS(ES): 480.3, Calc. MW = 480.7.

EXAMPLE 10: N-[N/-[N"-(2(R)-Amino-3-mercaptopropyl)-
valine]-L-5,5-dimethylthiazolidine~4~carboxyl}-
methionine-methyl ester (Compound 10)

25 The title compound was synthesizgd by using an
analogous procedure described in the synthesis of Example 4.
MS(ES): 454.3, Calc. MW = 494.8.

EXAMPLE 11: [N-(2(R)-Amino-3-mercaptopropyl)-L~5,5-
. dimethylthiazolidine-4~carboxyl}]-2,3-
30 dichlorobenzamide (Compound 11)

(a) [ (tert-Butoxycarbonyl) -L-5, 5-dimethylthlazolldlne-4-
carboxyl]-2,3-dichlorcbenzamide

A solution of N-a-(tert-butoxycarbonyl)-L-5,5~
dimethylthiazolidine-4-carboxylic acid (0.65 g, 2.50 mmol;



acetic acid. To this m xture was -added NaBH3CN - (72 ng, 1.15 nmmol ), and
It was stirred for 30 mnutes. 0.5 g (1.12 mmol ) of

N-[err] - (tspdeoketsoxycar bonyl)-S- (triphenyl met hyl) - L- cystRCTES$97400T172 Ny
.(1.15 mmol) of 5 NaBH3CN were added. The reaction mxture was stirred for
-30  mnutes. 0.5 g (1.12 mol) of NJ[err]-(tert-butoxycarbonyl)-s-
(triphenyl methyl)-L-cysteinal and 72 ng (4 T5 nmi) of NaBH3CN were then

added follo cebi d. e uteihO S
stirred ove?ﬁgﬁﬂg:Q%giioﬁgbq%ag?e at%eéneva%ugo mﬁgi?es?ﬁﬁenagg %é?o‘eed
in Et OAc and Jisimel) imi BMF s62%mEkJWAEHEEArYed: pheEPoRRepperatyre folks) |
dried overy mﬁé%s Mt dastsagda zpdacamdnm&edbenz damdne The

I ed

d | h t
e s g LS YA e gk pebdnafh 10
Oflthehb¢tke;§ﬂgnﬂﬂﬂﬂhn@5w§s renbvéd jﬁlbﬁcun@sanattheeﬂesmﬂﬁssyaSBSO 5
Cal c a tget -
| euci nej - L!5@???9&Ré§l%ﬂl§€%*?dlﬁgaéﬁé B@gbl$% wdfcd pk?p{fﬁ%h}bnsﬁe 20
230 g (0.27 ¢giptic cdcid|[ (2 -EhliesP( Randt brine (2 times), dried over
but b h
Pouct oy Lo o SRR dgs8ys WiTEa, TRpd PebReentyatea th vacuo, | The
- was di ssol vedeitie m@mpmun@than6$ af YieddpCc79%) was; pbfaingd adters i of
1 N KCH sql, “téz%om H&gﬁ%ﬁy gsipies) pwiehemmdh&s:ahéed Ry :29di t Pannei 0. 8
mL of THF. m xTure _was

1.5 hour s. (3QQ)¥ﬂ%rs§PG%3bnm€é£Egﬁdgﬂ C?piéa Féf}?gﬁuﬁfbﬁr?g for

was about 2. Tﬂa)e spl esi m,m)dunused (19 za)r;ubm (saddHp)i,on .58 E(usmcsmnd
then 10 niL of ne maslgg? The 30 organic |ayer was separated, dried
over anhydrou% %@sc& ’ rtered and concentrated in vacuo to ve a
white solid (b)220 mmk(ZWRéWﬂnxnp1iﬁmQrQﬁE$QP¥QEN1&ﬂPT$h%rﬁﬁmﬁghﬁlbf
nL of DCMmsnd 1 niL ofthimzaliding-4ncahoxyl)-2, ndi¢higrobenzamides of

TFA, and the sol Ut'Ogt &%?rtslﬂﬂ éaﬁi‘b&i&ﬁﬁ-ﬁnws-&ﬁﬁ Behihzeliatfie-4-

concentrated in vacu The white solid s triturated_with exanes and
t hen di ssol veerhoxyil-2, 3-dischlorobenzamide (0.419 g 1 mm 13

dissolved in 10 mL of 50 % TFA in DCM. The mixture was
stirred at room temperature for 0.5 hours. TFA and the
20 solvent were removed in vacuo. The residue and N-a-(tert-
butoxycarbonyl)-s-(triphénylmethyl)-L-cysteinal (2 mmol;
Example 1(f)) were dissolved in MeOH (10 mL) and HOAc
(0.2 mL). To it was added in portions sodium
cyanoborohydride (94 mg, 1.5 mmol). The mixture was stirred
25 at room temperature overnight. The solvents were removed in
vacuo, and the residue was dissolved in EtOAc. The solution
was washed with 5% NaHCO; (2 times), 5% citric acid (2
times) and brine (2 times), dried over anhydrous MgSO,,
filtered, and concentrated in vacuo. The residue was
30 dissolved in 15 mL of DCM and 2 mL of triisopropylsilane.
To the solution was added 10 mL of TFA. The reaction
mixture was stirred at room temperature for 0.5 hours. The
solution was condensed in vacuo, and the resulting residue
was partitioned between 0.1% TFA agueous solution and EtOAc.
35 The organic layer was concentrated in vacuo. The residue
was triturated with hexanes and then purified by HPLC.



WO 98/ 00409 | PCT/ US97/ 07711

-°25 - %TFA aqueous solution. It was purified on a preparative HPLC
and |} yoph gave the title conpound (47 ny; Yi el g, TO@ H NWVR
(300 Mz, wg [err] 8.28 (d, 1H), 5.02  (d, 1H), 4.74(}(’5,’th ""“411 66
(m 1H), 4.53 (s, 1H), 4.47 (m 5 1H), 3.30 (m 2H), 2.77 (m, 2H), 2.58
(m 1H, 2.51 (m 4H), 2.03 (m 4H- 28.82 (m 1H 1.54 (s, 2H), 1.38 (s,
3H), 1.03 - 0.88 (m 12H); MS (ES): 494.2, Calc. MM494.7 EXAMPLE

4: "N [N Lyophilizagiomgawse the tdtdesompound (332 mg; -Yield: 83%).

e R it s e o) i
NN [N - (2 (ﬁ)z(qtpe(.qs iy, 7.61 &0 4.%1 fadi™iny 2727 (aa, 1m),

but ox?/car bomy.l1eaniady) -ﬁl—)tl‘l{ﬂﬁﬁ’l)/ﬂd;:stzm| -mrtt:ap(cd),prnpw )3.88, (4, 1H),
tert-Ileucing]-l-5.5-di p - 4 0

ester (Ex%ng‘glaii?‘ﬁ)’) g’ysztzgl% 11ﬂ 1?51"‘f’n1a(<u¥)u)r(z%aiU ?Dd\#eép é‘ﬁghd %g&
(1 m). To (Ms,vva‘lé!)avdde&? (s5 @AH)af II'-F?ﬁ (Bhve 3t ure was stirred at room
tenperature for 0.5 hours. The solution was concentrated in vacuo. The
residue was triturated with hexanes and then di ssolved_in 0.1 % TFA
aqueous sol BXAMPLE %2:5ENp &?KR)gﬁmb 5 PBBSPmlmPEC5:§I‘Ut| ng wWith a
gradient (buffer A: 0.1 %.met hyhthia g‘ cBrbeYW'FPRmYéFG%W "

Lyophi | i zati on gave tRABige K8°EB%B s a white solid (310 ng; Yield:
78% . MB1GES): 508.PheCtlitleMidmpbifidSwas synEMASREEASDLY MsliNg [N -

(2(R) - Am no-

| euci ne]-- L- & r%qieq{% %ﬁlﬁne- - ple 1. MS(ES)' 38%ox I‘]"a}eum ne

(Compound 5 389.6 “H Nm'e (300 émzomwm@)ww SylShdd,z dd)hy wmg(mm

anal ogus pr ur. S | Ry t hgsi I VS,

476. 2g Calp %@w 79# g‘i %90' E’xfw%ﬁﬁyﬁ ) sy, AP fad; 1 MATEN

N[N - [N - ( X8, Adno-8-3r GptBDro3A 38 1 3y -1H) , 3.24 (s, 1H), 2.97 (m,

15 2H), 2.76 (m, 1H), 2.48 (m, 2H), 1.57 (s, 3H), 1.40 (s, 3H),
1.28 (m, 1H).

Other Embodiments
It is to be understood that while the invention has
been described in conjunction with the detailed description
20 thereof, that the foregoing description is intended to
illustrate and not limit the scope of the invention, which
is defined by the scope of the appended claims. Other
aspects, advantages, and modifications are within the
claims. '



| euct ne] -'L- 5, 5-di net hyl t hi azol i di ne- 4-

car boxyl ] -1l euci ne-net hyl ester ”mm ”\ﬂ _

PCT/ US97/ 0%¥é d8/00409 "u l ,rﬁﬂm 26 - PCT/USTINEr7ii t e
compound was synt hesi zed by ‘usiig &n L anal ogous procedure described in
the synthesis of Exanple 4. MS( ES) : 490. 3, Calc MV = 490. 7. - EXAMPLE
7: N[N -[N'-(2(R) - Ani no- 3- mer capt opr opy?3 -~ '

val i ne}-L-5, 5- dlnexhylihiaaglidlne 4- carboxyl] | euci ne
(Conpound 7) What is°cla %t e conpound was synthesized by using an

anal ogous procedure described in the synthesis of Exanple 3. M5( ES) :

462.4, Calc. MWV = 462.7. o aVR l1a T or formula IT -
N[N -[N-(2(R)-Am né‘ °3- merc%ptopropylé‘:s’rmt azo

val i ne] -L-5, 5- dlnethylthlqgolldlne - car boxyl ] -

| euci ne-met hyl ester @ﬁb The t|§% anpound was
synt hesi zed by u5|nggg*~ ﬁ@ procedure ?f%\ on nEe synt hesi s

of Exanple 4R, 1 . MN = 476.7

N[N - [N - (2(RY Am o3'¥rer topr e

val i ne] - L-5, 5- | t hi azZoRi/TRE- 4- %arboxyl]- Ri3 ’Rﬂnethionine
(Conmpound 9) The tDtIengpnpound was synt hesi z bw using an 20

anal ogous procedure described in the synthesis of Exanple 3. Ris VS( ES) :
480.3, Calc. MWV = 480 7.

formula I . : formula II

5 wherein
' Ry is H or NRygRp3;

_ R, is (CHy),SRyy, (CH),SSR;,, substituted or
unsubstituted heterocycle, or substituted or unsubstituted
heterocycle lower alkyl, vhere m is 1-6 and said substituent

10 is lower alkyl, lower alkenyl, aryl, or aryl lower alkyl;

‘each of R; and R,, independently, is CH; or C(0);

each of R,.and R;;, independently, is H or lower
alkyl;

each of R; and R,q, independently, isHor a

15 substituted or unsubstituted moiety selected from lower
alkyl, thio lower alkyl, lower alkenyl, thio lower alkenyl,
cycloalkyl, cycloalkyl lower alkyl, aryl, and aryl lower
alkyl, where said substituent is lower alkyl, hydroxy, halo,
C(O)NR,3R,,, Or COOH;

20 each of Rg, Rg, Rg; Ry, Ryzs Ry3, and Ry,,
independently, is H or a substituted or unsubstituted moiety
selected ftom lower alkyl, lower alkenyl, thio lower alkyl,
cycloalkyl, aryl, and aryl lower alkyl, where said
substituent is lower alkyl, halo, hydroxy, C(O)NR,gR,¢, OF

25 COOH;



EXAMPLE 10: N-[N -[N'- (2(R) - Amimio=3-Tercapt opropyl ) - o

vdl i ne] - L-5, 5-di met hyl t hi azol i dih&- ds :
met hi oni n%gggw&s’ ester (Conpo m l@l ‘ Il The title conpound was
synt hesi z€ I ng an ana edure described i PGIAESIIPRTResi s

of Exanple 4. MS(ES): 494.3, Calc. MN= 494.8. EXAMPLE 11:
IN-(2(R) - Am no- 3- ner capt opropyl )-L-5, 5-3p -

di met hyl t hi azol i di ne- 4- car boxyl ]-2,3- 30 di chl or obenzam de
(Conpound 11) (Ryg i¢ s, so, or S0,; .

(tert-Butoxycarbonyf)-L; 5, Gaél ”.th}é'lémﬁﬁgsﬁ'ggfaﬁ okogether with Ryq,

car boxyl ] - 2, 3- di chl o*®benzam :

N-[ err] - (t erficxmg oGRAFHEFHI).- L- 5, 5- di met hyl t hi azol i di ne- 4- car boxylic _
acid (0.65 g, 2.50 | 4 MO 088469 b . .
PCT/ US97/ 07711 Riy'is a su unsubstituted moiety 1f5}§,°tﬁ§TU
(0. 948 g, 52 W iaver Atk eAquer glkenyd, A%y,  and\arydsleveryaikyl,
stirred at wipe el atubsst ftuent s Towes. allkyl] N&¥opddedafroxy; and
3-di chl or obenzyl am Pg ' 89_. é4 O,g2. SCh mmg) Tﬂe rril%<tur was_stirred °
overnight. 5 The so Ieh Ofaf20 erBrrd a2’y Beao, Reavd Rase Rasr dBer ncRes:

di ssol ved i arg @g, independsntiysdisaHCCE (Adwermelky 1% citric acid (2
times), and ' | ri I o] filteced,. and
concentr at eﬁéﬁﬁoﬁﬁéﬁﬁ%f 1@2 tjiesgl @‘f’&wggu%@ﬁ{%sgggm%?&?’eﬁ

obt ai ned1@f E@id Fres JHEtQ FEOHRS (@f IRz And\iRh Ao disylifide 1H NWVR
(300 MHz, Cl¥and); (o 'd phatthddeutidally la&cddptdibi ‘%’8& JAH), 4.65
(m 3H), 4.52 (m 1H), I511?07 (s,ulH)a, T 58 é‘j’ 3H)? &ﬁg , ?‘r’ﬁf 12H) .

(b) [ N-(2(R) - Am no- 3- mer capt opropyl ) - L- 5, 5-di met hyl - 15

t hi azol i di ne- 4- car bexyh] compodndhbér eleimani,d¥herein said compound has

[ (t gr t- But ORGaRRY Y ) “dr &Mgéf&fﬁp ! Acgéék?félﬁle salt thereof.

3. A compound of claim 1, wherein said compound has
:' 15 formula II; or a pharmaceut;lcally acceptable salt thereof.

4. A compound of claim 2, wherein R, is (CHy) 4SRs5,
heterocycle, or heterocycle lower alkyl; each of R; and R,5,
independently, is H; R; is lower alkyl; Rg is H; each of Rg,
Ry, Ryy, and R;,, independently, is H or lower alkyl; Ry is

20 S; Ryy is H; R;g is lower alkyl or substituted thio lower
alkyl wherein said substituent is lower alkyl; and R;; is H;
or a pharmaceutically acceptable salt thereof.

5. A compound of claim 4, wherein R, is NR,gR,; and
R, is (CH,)SR,,; Or a pharmaceutically acceptable salt
25 thereof.

6. A compound of claim 5, wherein R; is CH,; each of
Rg and Ry, independently, is H; and R,g is COOR,,; or a
pharmaceutically acceptable salt thereof.



carboxyl ]2, 3-di schl or obenzami de (0.419 g, 1 mol) was di ssolved in 10
m. of 50 % TFA in DCM The m xtug ' at roomtenperature for
0.5 hours. Wo\sswedoa he 20 sol ven{ummmmwmﬂ vacuo. The yvEsushipraRd
N-[err]-(tert- but oxycar bonyl ) *S- £t r't pHenyl mét hyl ) - L-cysteinal (2 mmol ;

Exanple 1(f)) were dissolved in MeOH (10 nlL) -and HOAc (0.2 m). To it
was added in portions sodium cyanoborofdride (94 ng, 1.5 nmol). The

m xture was stirred a oyerpight . The sol yents_wege
removed in vacuo, Zghgitégﬁgééﬁgﬁékmégégysébl ggggle%nE?@)A 8 ¥Ha?sBrutfon
was washed wi CH,8Hs NREICDS CH(CHykE(GH,CHglei tCH (CHigiad (@ C(CQHyinS) each lyff ne
(2 tinmes), drged rRan’hyg;&gﬁT , idichereg,  and e ted in
vaceo. The reis!FﬁugxﬁlasnsO di ssol ve |JF1Y151m_ of 6aind gﬁprﬂ_zo 3r
triisopropyl si{CHaé3CHz, TOF { FG(CHi)ai DG RidedS16OPH o BORCHEHe oxedct i on
m xture wass Sphairfdceutieamie eeptamid @alt THuueE, The sol ution was
condensed in vacuo, and the resulting residue was partitioned between

0. 1% TFA aqueous sol ution and Et OAc. 35 The organic | ayer was concentrated
in vacuo. The residues. Avesmpoundrafedlaikh4pewhereinngi,tbenHpuandi gg b
HPLC. .
PCT/ US97/ 077\]{?e%§4.’g%9:9.¢:3 or heterocycle lower _a]ﬂcérl_, or iyophi li zation
gave the tit|pharsnpeenticaidyngoecepiaplegmalt theyeqfs): 407.0, Calc. MW=
407. 4. 1H NWVR (300 MHz, CDCl 3) [err] 8.21 (bs, 2H), 7.61 (t, 1H), 7.41
(dd, 1H), 7.27 (dd, 1H), 7.19 (dd, 1H), 4.55 (d, 2H), 4,43 (d, 1H),

3.88, (d, 1H), 5 3.28( q.?ﬂl?o@é?%n?{%w,s&‘féefﬁf‘nZPb,12. 2{ ngachy) of
1.73 (b2 RL)and. 8, (snadpbnaénSly(sis3}. ana RyDEOSPEGORZ,; b2

(R) - Ani no- 3- nef capt opf opyl k=L-5 _ 5- - met hyl Thi azol i di ne- 4
- car boxy! ] - naB Fﬁ?ﬁ%?%&%a)uy acceptable s&r}itdgh(eﬁﬁ?&dund 12)

10. A compound of claim 9, wherein R, is imidazolyl

or imidazolyl lower alkyl; Ry is CH(CHj) (CH,CH;), CH(CH;) Y

or C(CH3)3;; each of Ry; and R;,, independently, is CH;; Ry¢

15 is (CHp),SCH;, (CHp)3CH3, or CH,CH(CH3),; and R,q is COOH or
COOCH3; or a pharmaceutically acceptable salt thereof.

11. A compound of claim 3, wherein R, is (CH,),SR,q,
heterocycle, or heterocycle lower alkyl; each of Rg, Ry,
R;;, and Ry,, independently, is H or lower alkyl; R,, is S;

20 R;3 is H; and R,g is H; or a pharmaceutically acceptable
salt thereof.

12. A compound of claim 11, wherein R; is NR,oR,,;
and R, is (CHy),SRy;3; Or a pharmaceutically acceptable salt
thereof.

25 13. A compound of claim 12, wherein R; is CH,; Ry and
Ry are H; and R;9 is substituted or unsubstituted aryl lower
alkyl where said substituent is halo or lower alkyl; or a
pharmaceutically acceptable salt thereof.



10 The title conpound Wﬁﬁsi ng an anal ogous

procedure to Exanple 11. MS(E ! MV = 389.6 1H NWR (300

MHz, - [err] 8.15 (d, 1 't mmmm H, 7.82 M 7.61-7.41
- (m 5@% M9 (dd, 1H), 4.63 (9d,t 1M, s4.89 (d, 1H)?é'g’."§ T 1), 324
(s, 1H), 2.97 (m 15 2H), 2.76 (m~ 3~ 2.48 (m 2H), 1.57 (s, 3H), 1.40
(s, 3H), 1.28 ( 1H) . . Q her, Enbadi nent s
It is to be un&ér's{gocﬁflﬂ%‘fn%?# ecJIWiJh:\’/’enY}f%ﬁe%%sRl ﬁso@&ﬁ'dgg’cﬁsoed in
conj unctlgSH v édch hef dR{ pidndl Rigscindependentiliysr def CHyjaandh®;5oiegoi ng
descripfiQnqks, i 0 L not,J imit the scope of the
I nventi h? aﬁgg%QLSngﬂgngﬁe pgggpﬁé§g§gégggf Pﬁgaappended clainms. O her
aspect spharwaceugdcalindasseptabde sadtataerecki-n t he cl ai ms. .
- 29 - VWhat is clainmed is: - 1. A conpound of fornula | or
formula I [err] . . . .

5 15. A compound of claim 11, wherein R; is H and R, is
heterocycle or heterocycle lower alkyl; or a

pharmaceutically acceptable salt thereof.

16. A compound of claim 15, wherein R; is CH,; each
of Rg and Ry, independently, is H; and R;g is substituted or
- 10 unsubstituted aryl lower alkyl where said substituent is
hale or lower alkyl; or a pharmaceutically acceptable salt

thereof.
17. A compound of claim 16, wherein R, is
imidazolyl or imidazolyl lower alkyl; each of R;; and R,,,
15 independently, is CH3; and R;g is 2,3-dichlorobenzyl or 1~

napthylmethyl; or a pharmaceutically acceptable salt
thereof. -

18. A compound of claim 1, said compound being of

LG -
A oijj?m

the formula:

20




formul a | ////fc?r’arrulall 5 wherein -R1

is Hol NROR21; ) nBR22, (CH2) nSSR22, ?H’Pﬁlﬁ fd or
unsubsti tuted het eralm\g uted or unsubstituted et erocycl e

| ower al _kbis 8 aﬁd sal d sufstd tuent 10 is | awer al kyl, l[ower
al kenyl, aryl, or aryl |ower alkyl; each of R3 and R7, '
I nd_ependently, is CH2 or C(O; each of R4 and R15,

i ndependently, is Hor |ower _SHalkyl; each of R5 and RI16,

i ndependently, is Hor a 15 Rubstitut ed o /un&§ubstituted noiety sel ected
from | owner al kyl, thio | dyer aHky , r ken thio | ower al kenyl,

cycl oal kyl, cycl oal kyl | a yI aryl I ovver “al kyl, where
said substituent is | ower al kyl, oxy, al C( O NR23R24, or COOH;
20 each of R6, R8, R9, Rll d R17, i ndependent |y,
is Hor a substituted or unsubstlt ted rml et ected from | ower
al kyl, lower al kenyl, thio |ower alkyl, Iky\, aryl, and aryl
| ower al kyl, where said substituent is |owerQal kyl, hal o, hydroxy,
C(O NR25R26, or 25 COOH;
R10 is S, SO or SO2; R18 is COOR27 or C(O NR28R29, or, together
wi th R16, forns - COOCH2CH2 .

Hz 5

5/



R19 is a substituted or unsubstituted noiety selected 5 from/| ower alkyl,
| oner al kenyl, aryl, and ﬂu uﬁu| where said substituent is
| over al kyl, hal o, or u“" "mmm each of R2PCTUSPTORID R23,

R27, and* _*independently, is Hor lower alkyl;
prOV|§§§ %Eat if R2 |s (CHZ)HBH and3h5'|s thio |ower alkyl, 10 said free

thio groups of R2 and R5 can form a disulfide bond; or a
pharmaceutically acceptabl e.sstalt thereof. 2. -A conpound of

claim1l1l, wherein said co und has yorgula |; or a pharnaceutically
acceptabl e salt thereof. N 3. AjelOnp und of claim1l1, wherein sald
conpound has 15 fornula% r a.pharna :

|y acceptabl e salt thereof.
4. A conpound of cl ai wher ei & R2 | 2, het er ocycl e, or
het erocycl e | ower al kyl; each i ndependently, is H R5 is
| ower al kyl; R6 is H each of R8, R9,

#d R12, independently, is H
or lower alkyl; RIOis 20 S; R13 is H R16 i& | ower al kyl or substituted

thio | oner aIkyI wherein said substituent~is lower alkyl; and R17 is H
or a pharmaceutically acceptable salt thereof. 5. A conmpound of
claim4, wherein Rl is NR2OR21 and R2 is (CH2)nBR22; or a
phar maceutically acceptable salt 25 thereof. 6. A conpound of
cllaim5, wherein R3 is CH2; each of R8 and R9, independently, is H, and
R18 is COOR27;, or a pharmaceutical|ly acceptable salt thereof.

"& 5

SH

| S~
NH N
H ﬁ
Ao
: H

c



WO 98/ 00409 PCT/ US97/ 07711

- 31- 7. A conpound of claim®6, wherein RLis NH2; R2 is
CH2SH, R5 Lﬁ, d9didedied) (CH2CH3), CH(CH3) 2, or C(CH3) 3; each of porhishbrafd R12
.independently, 1s CH3; R16 is (CH2)2SCH3, , (CH2) 3CH3, or CH2CH(CH3)2; and

R18 is COOH or COOCH3; or a. 5 pharnaceutlcally acceptabl e salt thereof.

- 8. A conpound of claim4, wherelgﬁﬁﬂ is H and R2 is heLUIUbyLIe or

het erocycl e | ower al kyl; or a . ar eutically accept
i S\CH2; /Tagh of 10 |ﬂgi Jl
Ny ceut

9. A ctonpound of claim8, wher

i ndependently, is H and R18 |

salt thereof. npdund of Iim9/ wherein R2

i m dazol yl or im dazolyl | ower al kg ; ) (CH2CH3) , CH(CH3)2,
or C(CH3)3; each of R11 and R12, |ndéﬁbn . R16 15 is .

(CH2) 2SCH3, (CH2) 3CH3, or'CHZCH(CH3)2; and R1 or COOCH3; or a
pharmaceutical ly acceptable salt thereof. 11. A conpound of

claim3;, wherein R2 is (CH2)nSR20, heterocycleo or heterocycle | ower

al kyl ; each of R3, R9, R11, and R12, independently, is H or |ower alkyl;
R1I0 is S; 20 RI3 is H, and R15 is H, or a pharnmaceutically acceptable

salt thereof. 12. A conmpound of claim1ll, wherein Rl is
NR20R21; and R2 is (CH2)nBR22; or a pharmaceutically acceptable salt

t her eof . 25 - 13. A conpound of claim 12, wherein R3 is CH2; R8 and

SH
j_ /=5
NH N s
HN H
/=\ Oij:g
0\



RO are H, and R19 is substituted or unsubstituted aryl |ower al kyl “wher é
said substituent is halo or lower alkyl; or a phar maceutical |y

accept abl her eof . WO 98/ 00409
PCT/ US97/v89§%&l&40£ .32 - PQLUSHATI Y ound

of claim 13, wherein RLis NH2; R2 is CH2SH;, each of R11 and R12,
i ndependently, is CH3; and R19 is 2-36d+chlorobenzyl or
or a pharmaceutical |y acceptable salt thereof.

of tlaim 11, wherein Rl is H : ac?gplt ;bl ehggle[ Otcﬁglrgo?r hﬁl“lﬂﬂ“ﬂl u’iﬁ/‘ﬁlll

al kyl; or a phar maceut i cal
conpound of claim15, wherei A_R3 i g~ €Q2; each of R8 and” RS
i i 10 unsubstit ut ed aryl | ower

i ndependently, is H, and
al kyl where said substituent-is or lower alkyl; or a
17. A conpound of

pharmaceutically acceptable salt

claim16, wherein R2 is imd azolyl |ower alkyl; each of
R11 and R12, 15 independently, 3, apd-R19 is 2, 3-dichlorobenzyl or 1-
napthylnethyl or a pharmaceutically ac-ept elsal t t her eof .

18. A conpound of claim1, said conpound\bei/hg of the formula: [err] 20



PCT/ YS97/ 07711 WO 98/ 00409 -33- [err]
WO 98/ 00409 - 34 - PCT/ US97/ 07711 [err]
PeErhfsdneaT1r 1l

WO 98/ 0040%v0 9800409
- 35 - Jerr] WO 98/ 00409

PCT/ US97/ 07711 4y - 36 -
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[err] WD 98/ 00409 y

e mmmmumﬂimfgg o o0 0040

conmpound consisting of a first moiety®ant a# nd noi eF§"ﬂﬁﬂéﬁ%ﬂh each
of said first and second noi eti es, independently,.is of fornmula | or
formula Il of claim1l except that cad® R2 of said first noiety and R2 of

5 said second noiety, i.ndependeni | CH2) n5-_and forma dISU|fIde
bond: or a pharmacédti cdt Mﬁa%‘?%sai%’trg %H’er%’cﬁs't molety and 3 A
conpound ofsetant méieby; ewhereind éacht ofindaid fdrstdamii eecemdar e

i denti cal ; -gtgggr 8&#&.{&&5{1&1&0 JECER! #BIGLIAl & EQ'eE%%&lai IT of ¢

21. A netho reatin unors restenosis 1n a
sai d treat nehaimwhi excep#pthgtseachaam ﬂfsséiﬁnélrstsuodetybpadt Ry of

therapeuts' Cé%ia §£I:6ﬁ&' ﬁSle%a@HaEthdEﬁelirO”B%nd e&zza#x. ctg#p% 15
a|n1 erein _said conpound t o
cIa|n118 dlsulf de bond; or a pharmaceutically acceptable salt

thereof.

20. A compound of claim 19 wherein said first and
second moieties are identical; or a pharmaceutically
10 acceptable salt thereof.

21. A method of treating tumors or restenosis in a
-subject in need of said treatment, which comprises
administering to said subject a therapeutically effective
amount of the compound or salt of claim 1.

15 22. A method of claim 21, wherein said compound or
salt is that of claim 18.

23. A method of claim 22, wherein said compound or
salt is that of claim 19. '



23, A
19.

method of claim 22 wherein sai d conpound or salt is 7,3
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