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Background nvention The Ras famly of proteins are inportant in the
5 signal ‘&%s’h@@ﬁ'on pat hway nodul ating cell growth. The prg‘tt‘)'ﬁ’pﬁ"i’@“-"

pr oduced |n the ri bosone, released into the cytosol, and post-
translationally nodified. The first step yn.the series of
post-translational nodifications is the alkylation of Cys[err] wth
farnesyl or geranyl geranyl 10 pyrophosphate in a reaction catal yzed by
prenyl transferase enzynes_,_AJ,.sy ANBPRRASE' § pgpgnd ger anyl ger anyl
transferase (Hancock, JF, et a ; 9)). Subsequently,
thé three C-terminal amno aC|ds are cleaved (Ghtlerrez L., et al., EMBO
J. 15 8:1093-1098 (1989)) : . epomerted to a net hyl

cster (Clark S, olgth nolr kbl Cp AERToSE! pel UNLAARUTIRT
resi dues i Amsfignad transduction (patdusy madulating mlbtgmwthl\/bl'rhé:el | .

:Birlglréagg ?héiﬁ-oﬁﬁjﬁ? odﬂ(%e ﬁielpémterm I’IJ%EQI on%a cau3| ng it to

| ocal i ze at tqi'«?"ﬁ?]frac?é’%fp‘ﬁ%' c*'éﬁn Rodified o The [Birst t he
cel | nenbrangtdap rfar ainnsedids soﬂrwsﬁ-rtnmikmumu modifications is

the alkylation of Cysl6® with farnesyl or geranylgeranyl

10 pyrophosphate in a reaction catalyzed'by prenyl
transferase enzymes such as farnesyl tranferase and
geranylgeranyl transferase (Hancock, JF, et al., Cell
57:1167-1177 (1989)). 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
reversibly palmitoylated on cysteine residues immediately
‘N~terminal to Cys168 (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

3c (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 has the "CAAX" motif (wherein C is

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




25 (WIlunmsen, BM et al., Science 310:583-586 (1984)). Oncogenic forns of
Ras are observed in a relatively | arge nunber of cancers including over 50
percent o g cancers and over 90 percent of pancreatigcgas@Rbas( BoS.
JL, Cancer Research 49:4682-4689 30 (1989)). These observations suggest
that intervention in the function of Ras nedi ated signal transduction may

be useful Amifddicadi®p! MOPéted idss ﬂaemgusﬂws strbéeuiae% gown that -
the C-term nal tetrap tide % . i %é\,/hereln Cis 35
cyst ei ne, heew shp a‘??ci %?CP erage®s/ 00411

PCT/ US97/ O%ﬂss,Z-eﬁrahD, amem SzalﬁlepHM) haw ngot Fpotencylcoﬂr e have

D500 b S, A idnfl. B et L D EEOLE DAY nfimilan
i nhi bi t 8r §:hﬂsﬁqmmiptw &Qﬁé@éﬂ?&@?@rwh@/ mmbfawsameh rmre f avor abl e
phar macokigigd it i iEné1c (ﬂétmioﬁ-(aﬁeal cnﬁ%@@f.?%ﬂ&%éelﬁm (1993);
Kohl', NE o dlgi7 1dhs f\iaégi) Cx?&u, NE, et al., Proc. Nat’l Acad.
Sci. USA 91: 9141-9145 (1994), deSolms, SJ, et al., J.
Med. Chem. 38: 3967-3971 (1995), Nagasu, T, et al., Cancer
10 Research 55: 5310—5314 (1995), Lerner, EC, et al., J.
Biol. Chem. 270: 26802-26806 (1995), Lerner, EC, et al.,
J. Biol. Chemn. 270 26770 (1995), and Jamas, 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 (Kbhl, NE, et al., Proc. Nat'l Acad.
Sci. USA 91: 9141-9145 (1994)) In 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-transfomed epithelial cells
(Sepp~Lorenzino, I, et al., Cancer Research, 55:5302-5309

(1995)).
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15 transferase inhibitor can Foccresd mit=lgerfddent tunors in nude

mece (Kohl, NE, at alIn, oB@O&spN&t |tﬁ%adnvﬁﬁt1ddsﬁe%h&%1"aq%§nﬂ&ﬂ?f

In addltlon Lt]ﬁﬁ 70 percent of a |arge sanpling of
tunor cell I |6nées are 1 nh \é%"wﬁtp?gm transferase inhibitors 20 with
sefectivity over non- transf ornmed epithelial cells (Sepp-Lorenzino, I, et
al ., Cancer Research, 55:5302-5309 (1995)). W98/ 00411

PCT/ US97/ 09413 3- um‘rar% of the Invention In one aspect, the invention
features a corrpapJn‘dn_, rRH-g—tgor formula || _

Al

y |
)\%,Nﬁ/ns\(n.g
R R

Formula I o : - Formula IIX
wherein _
' 'Ry is N(Ryq) (Ry4);

R, is thio lower alkyl;
0 - each of Ry and Rg, independently, is CH, or- C(O),

R, is substituted or unsubstituted thio lower -
alkyl, wherein said substituent is CH,NHC(O)R,, and said
substituent is attached to said thio group;

Rg is a residue of a natural or synthetic a-amino

1s acid;

R, is a residue of a natural or synthetic a-amino

acida; ' .

Rg is OH or lower alkoxy, or, together with Ry,
forms homoserinelactone;

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

R,;, is suhstituted or unsubstituted cycloalkyl,
cycloalkyl lower alkyl, aryl, aryl lower alkyl,
heterocycle, or heterocycle lower alkyl, wherein said

25 substituent is lower alkyl, aryl, halo, lower alkoxy, or
C(0)-R,-Rg;



5 [err] Formula | Formula Il wherein R err]
N(R[err]) (Rlerr]); R2is thio lower alkyl; 10 each of Rlerr]

Rierr], ivageggsagently, is CHerr] or C(O; R4 is substit upegdnieriessis
unsubstituted thio |ower alkyl, wherein,said substituent is

CHerr]NHC(O R err] and said substituent is attached to said thio group;
Is a residue of a

a natur al

t oget her wiBhBROT

th‘(i lirsalldefexswmm,l cadzf_s,-Ja,R[mdto ﬁm&&eﬁf1@n Fﬁgi due of
Qr Syn rr acl IS or ower al KOXYy,
%?&ﬂh&m?&ﬁ@ %2 each of Rerr],
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Rl err] andpkbeided dlﬂdmemdeunb;ubstituted khior lahh;tl alR¢?,i theubstituted
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salt thereof.

In one embodiment, the compound is of formula I
where Rg is =-N(R;4)CH(R;5)C(0)~ where R,, is H or lower
alkyl, and R,z is substituted or unsubstituted lower
alkyl, aryl, aryl lower alkyl, heterocycle, or
heterocycle lower alkyl where said substituent is lower
alkyl, halo, or lower alkoxy, or where R,g, together'with
NR,,C attached thereto, form heterocycle; and R, is -
N(R,¢)CH(R;7)C(0)- where R;¢ is H or lower alkyl, and R,,
is (CH;),S(0),CH; or substituted or unsubstituted lower
alkyl, thio lower alkyl, where said substituent is
C(O)N(Ryq) (Ry;), m is 1-6, n is 0-2, and Ry is OH or lower
alkoxy. In this embodiment, R, can be CH,SH; R, can be
C(CH3),SH or CH,SH wherein the free thio group of R, and
the free thio group of R, form a disulfide bond; R,g,
together with NRy,C ‘attached thereto, can form
heterocycle; R,g can be H; and R;; can be (CHj;),8(0),CH;;
furthermore, R, can be NH,; R; can be CH;; Rs; can be CO;

~and Rg can be OH or OCH;. In the same embodiment, R, can

be (CH,)SH; R, can be C(CHj),SCH,NHCOCH; or CH,SCH,NHCOCH;;
Ry5, together with NR,;,C attached thereto, can form
heterocycle; R, can be H, and R;; can be (CH;),S(0),CHjy;
furhtermore, R, is NH;; Ry is CH,; Rs is C(0); and Ry is
OH or OCHj;.

In another embodiment, the compound is of formula
II, wherein R, is CH,SH; R, is C(CH;3),SH or CH,SH wherein
the free thio group of R, and the free thio group of R,
form a disulfide bond; R,, is substituted or unsubstituted
aryl or aryl lower alkyl, and R;g is H. In this
embodiment, R; can be NH,; R; can be CH,; Rg can be C(0);
Ry can be H; and R,, can be substituted or unsubstituted
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IS | owner aIIP%I), aryl, or aryl- lower alkyl; RI8 is Hor, together with
Rlerr], for Wéi/lr]CH[err] provided if R4 is unsubstltuted’(ﬂVHSSmmm

alkyl , the free thio group: of Rlerr] andsthe free thio group of Rlerr] may
5 forma disulfide bond; or"a pharnmaceutically acceptable salt thereof. In
one enbodi nerphenyib @nmleml; swherednngaid| syhstitpents is lower alkyl
-N(Rlerr]) CH(&E epal1e S(O - where Rlerr]-is H or Iovver al kyl, and R15 is

het or ocycl e, "o “RZ?Z“ P e diafiee, %24 B B e
alhlé%/let oha:c 0, CHLNHCOCH Wbt €HZE eﬂr‘.}mfocg ¢ handvwr gr iEQl4Ce?tet ached
Rerr] is B %@%ﬁiﬁ%ﬁéwr a@ﬁ%'%tmt%%ﬂch?“ Ptk eerr or

substituted oInutisissenbodinentueR, ataylbetNilg; | Rywcam| ey | CH

substituent i R Ie )Jp. M R[err] |sO—|
or | ower al kol%‘/céei '\&? (lgésﬂe @ﬁ‘%ﬁl& R@ dcag"n]k?6 C‘E’Le‘?jf tE’i’d%ican be
unsubstituted phenyl or benzyl, wherein said substituent

is lower alkyl or halo.
10 Examples of the present invention include the

following:

o Compound 1;

o Compound 2;

o
zZ
—
i
A



C(CH3) 2SH or CH2SH wherein the free thio group of R2 and 20 the free thio
group of R4 forma disulfide bond; R err], together with NR14C attached

t her et o, wipékifo@{ym heterocycle; R16 can be H, and Rlerr] cg&.
(CHerr])25(QnCHerr]; furthernore, R.err] can be NH2; can976°34181—|2; R5
can be CO and Rerr] can be OH or Odg%err]. In the sanme enbodi nent, R2 can

25 be (CHerr]) SH R4 can be C (CHerr]) ZSC'_'ZNHCOCFé“gE’“n 3
CH err] SCH2ZNHCOCH err]; R err], 'tog her with NR[ err ttaghed t heret o,

can form het erocyghe; R[ert%fa\m , and Rlerr] can be
C))n(:l—lmjﬁl r ht rrmrQe Rlerr] is NH2; Rerr] is CHerr];
er
d |

(CHerr])[err]

Rlerr] is (O Xand \q i [err].,30_ : I n anot her
enbodi nment , SNOf la Il, wherein R is CHerr]SH, R4 is
C(CH[err])[err]SH or (§—IZSH wherln e free thio group of R2 and the free
thio group of R[err] 2 esbond; Rferr] is substituted or
unsubstituted aryl gr aryl I IkyI, and Rlerr] is H In this 35
enbodi ment, R err an be NH[ S , R3 can be CH2; R err] can be C(O;
Rlerr] can be H, "gnd R err] can be substituted or unsubstituted WO
98/ 00411 PCT/ US97/ 09413 - 5-

a

Compound 4;

_SH

o Compound 5;



phenyl or benzyl, wherein said substituent is |ower alkyl or halo. In a
still further enbodinent, R2 is (CH2)SH R4 is

C(CH err]) [ WO 98808}1er r | NHCOCH[ err] or CH[ err] SCH2ZNHCOCH] er r | PCAFOREMS s 5
substituted or unsubstituted aryl or ary+ Aewer alkyl. In this enbodi nent,
Rlerr] can be NH2; R3 can be CH2; Rerr] can be CO R err] can be H and
Rlerr] can be substituted or unsubstitutgd phenyl or berZ$PPOURAr&in said
substituent is lower alkyl or halo. 10 Exanpl es of the present

i nvention incl ude f ol | oy 98/ 00411
PCT/ US97/ 09413 -6 [Skr] %%[) S i &Q
PCT/ US97/ 09413 - 7: NH : =
HN \ H \
> S
- ~
o Compound 7;

o Compound 8;
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PCT/ US97/ 09413 11 - [err]

KN
J

PCT/US97/09413

Compound 9;

Compound 10;

Compound 11;
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[err] ?ﬁ#ﬁ%ﬁ%§hp PCT/ US97/ 09413
- 13 - [err ounds of the present invention may have &EVH%MW%%
centers and occur as racemates, raceni c m%tures, and as individual

di astereonmers, with all 5 p055|ble i soners, |nclud|ng optlcal i soners,

being included in t resent invention. For si npli ci ty, Comeeungd 1 §peC|f|c
configuration is d@picted i the structural fornulae, it is understood that
all enantionetric r nrengnd es Ahereof are represented. 10 As

used herein, "lkNer arkyl™is Nﬁte d’dl 0 include saturated aliphatic
hydy ocar bon groups haV|ngT&\6 car bap_at’bns. Exanpl es of |ower al kyl groups

i ncl ude a
HV/T a

Compound 13;

Compound 14;

s | 0 chﬁr’Ni»/JL\

e
/_/.....



met hyl , ethyl, propyl, isopropyl, butyl, isobutyl, sec- butyl, t-butyl, and
the like. "Lower al koxy" groups 15 include those groups having 1-6

car bons. v ssmga4ers of | ower al koxy groups include nethoxy, P%trh%w/amﬁa' opoxy,

i sopropoxy, and the like. Al alkyl ang,yal koxy groups may be branched or
strai ght chained, but are noncyclic. The term "cycl oal kyl" neans a 3-7
carbon ring. Exanples 20 of cycloal&yl groups i ncl ude uxucxgu

cycl obutyl, cyclopentyl, cycl ohexyl fjf and cycl oseptyl. he term™hal 0"
means chloro br : |odo NQ%LJL\The terns "heterocycle | ower alkyl,
“thio lower al k§l,y "cyc oalkyl | kyl ", and "aryl 1ower alkyl," are -
25 substituted | y AW t R one''to three heterocycle, thio,

cycl oal kyl , Hd ary|\ g - WO 98/ 00411

PCT/ US97/ 09413 - 14 % _usdd hekein | "aryl" is intended to include any

stabl e nonocyclic, &cycC
in each ring, wherein at
groups i ncl ude '

icyNic carbon ring(s) of up to 7 nenbers
¢ ring is aromatic. Exanples of aryl

0 Compound 16;

e
Nes
fass:

Compound 17;
R o\\_/N"k/ﬁ\o/ |

>



5 phenyl:, naphthyl, anthracenyl, biphenyl, tetrahydronaphthyl, indanyl,
phenanthrengg and the |like. The term heterocycle, as used herein,
represents 098 5. (o 7-nember ed monocyclic or stable 8- PEHUSY09413
menbered bicyclic or stable 11 to 15-nesbdred tricyclic 10 heterocyclic
ring which is either saturated or unsaturated, and which consists of carbon
atoms and fromone to four heteroatons gel ected from t hERMRMWNE A st i ng
of:N, 0, and S. and i ncluding. _any bicycllic group in which any of the

above- defined het epotyclic 150ypedt to a benzene ring. The
heterocyclic ringfnmay be atgachesl at any eroatom or carbon atom which
ti of
ude

results in the cr NH stak| e ructure. Exanples of such
N butyare Yot limted to, azepinyl,

heterocyclic &MmentsSyint
benzi m dazol yl , benzi sox&zol yl
benzot hi opyranyl, benzg#lryl, Y
chronanyl, cinnolinyl, dihydrobe Fyl, di hydrobenzot hi enyl

di hydr obenzot hi opyranyl, di hydr os®nzet hi o- pyranyl sul fone, furyl,

i mdazolidinyl, 25 imdazolinyl, imdazolyl, indolinyl, indolyl,

i sochromanyl, isoindolinyl, isoquinolinyl, isothiazolidinyl, isothiazolyl,
i sot hi azolidinyl,

20 |benz¢f urazanyl, benzopyranyl,
ot\Rj azol yl , benzot hi enyl, benzoxazolyl,

0 - Compound 19;

0 _ Compound 20;

o
Pa



nmor phol i nyl, napht hyridi nyl, oxadi azolyl, 2-oxoazepinyl, 2-oxopiperazinyl,
2- oxopi peridi nyl, 2-oxopyrrolidinyl, 30 piperidyl, piperazinyl, pyridyl,
pyri dylwblegmeade, qui noxalinyl, tetrahydrofuryl, tetrahydicqisQageda i ny! .

t et rahydro-qui nol i nyl, thianorpholinyl, _thianmorpholinyl sulfoxide,

t hi azolyl, thiazolinyl, thiazolidinyl, thienofuryl, thienothienyl, thienyl,
and the like. 35 en a group is substitutedcompotiBid Bg;substituted
one to four tines. The vanf ous substituents may be 98/ 00411 )
PCT/ US97/ 09413 &t ac )l carpbQn atonms or to heteroatons (e.g., S, N or
0). As used 1 due of an [err]-am no acid" stands for an
[err]-am no afid\rgsidu either 5 a natural - [err]-am no acid whie€h

is found gﬁ‘ yl, nmethionyl, phenylalaninyl, |eucinyl,
etc.) or synthe\; 2 aldr d which is not found in nature (e.qg.
neur | eucyl or the g8l due'Q 72,3, 4- tetrahydroi soqui noline-3-carboxylic

acid or 10 penicil¥anine, ett.).

0 - Compound 22;

Compound 23;

and



The conpounds of this invention can be provided in the form of

phar maceutical ly acceptable salts. Acceptable salts include, but are not
limited to MPW™&Mition salts of inorganic acids such as acBCESI79313

mal eate, fumarate, tartrate, ‘succinate, =ch3rate, l|actate, nethanesulfonate,
p-tol uenesul fonate, panpate, salicylate, oxalate, and stearate. Al so
within the scope of the present inventi @, where applicoRpound 24its
formed from bases SUS{ as sodkgg;gﬂ*pot ssi um hydroxi de. 20 For further
exanpl es of pharna i cal | @ aceept e lts see, "Pharmaceutical Salts,"”
(

J. Pharm Sci. 66: 977) . {lIn ahot hey ect, the invention features a
(e.g., farnesyl transferase or

met hod of i nhi gy {+n sker as
geranyl geranyl fransfelasg) irf a spbject, 25 e.g., a manmal such as a
human, by adm nisterin JTbihe t a therapeutically effective anount

of a compound of formul™a | or fo [1. In particular, the present

I nvention al so covers a nethod o ating restenosis or tissue
proliferative diseases (i.e., tunor) in a subject 30 by adm nistering to
the subject a therapeutically effective anount of a conpound or its salt.
Exanples of a tissue proliferative disease include both those associ ated
with benign (e.g., non-malignant) cel

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

5 possible isomers, including optical isomers, being
included in the present invention. For simplicity, where
no specific configuration is depicted in the structural
formulae, it is understood that all enantiometric forms
and mixtures thereof are represented.

10 As used herein, "lower 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, séc-,
butyl, t-butyl, and the like. "Lower alkoxy" groups

15 include those groups having 1-6 carbons. Examples of
lower alkoxy groups include methoxy, ethoxy, propoxy,
isopropoxy, and the like. All alkyl and alkoxy groups
may be branched or straight chained, but are noncyclic.
The term "cycloalkyl" means a 3-7 carbon ring. Examples

20 of cycloalkyl groups include cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, and cycloseptyl. The term
"halo” means chloro, bromo, iodo, or fluoro. The terms

. "heterocycle lower alkyl," "thio lower alkyl,"®
ncycloalkyl lower alkyl", and “"aryl lower alkyl," are

2s substituted, respectively, with one to three heterocycile,
thio, cycloalkyl, and aryl groups.. -



proliferation such as fibrosis, benign prostatic 35 hyperpl asi a,
at heroscl erosis, and restenosis, and those associated wth malignant cel

proliferwossmo4nuch as cancer (e.g., ras-mutant tunors). pEpERIR94Rf
treatable WD 98/ 00411 -
PCT/ US97/ 09413 - 16 - tunDrs |nclude breast col on, pancreas prostate

l ung, ovarian, eppdefy enn melisC e e o,

al ., Cancer sea?%h g%h5 02 95%§?q ibe}ﬁéﬁﬁﬁbgaﬁg 1k egklgé anDunt of
a corrpouncﬁ@ € (PRoG @Fﬁi{ pHRY G- I%Pé?,‘t'ep‘c' ingeskarrier
subst ance dqf.up tmﬁgrmh&m-sahbcnﬁme rime cdserein at hedstolome d with which
the thera an I a2 pharmaceuti cal-
conpositi %ﬁﬁfde%ggqm%& % ca sutle Ale%l | d)j"%i‘?r%? adm ni stration
(e.g., Br mh%DYlmtanI wntmmlmlhl,phmybubcut aneousl| y) to a

subj ect |rtéﬁ¥yh 5 Uﬂﬂmd ﬂengﬁﬂﬂfgn 4&5) Ak be coated

% on ontthe ga

wth a substance capabl rotect ng the conposi 'stric
aci d or intestinafentprashe eFﬁ€Y°13' as used herein, represents a

stable 5~ to 7-membered monocyclic or stable 8- to 11-
membered bicyclic or stable 11 to 15-membered tricyclic

10 heterocyclic ring which is either saturated or '
unsaturated, and which consists of carbon atoms and from
one to four heterocatoms selected from the group
consisting of N, O, and §, and including any bicyclic
group in which any of the above~defined heterocyclic

15 rings is fused to a benzene ring. The heterocyclic ring
may be attached at any heterocatom or carbon atom which
results in the creation of a stable structure. Examples
of such heterocyclic elements include, but are not
limited to, azepinyl, benzimidazolyl, benzisoxazolyl,

20 benzofurazanyl, benzopyranyl, benzothiopyranyl, |
benzofuryl, benzothiazolyl, benzothienyl, benzoxazolyl
chromanyl, cinnolinyl, dihydrobenzofuryl,
dihydrobenzothienyl, dihydrobenzothiopyranyl,
dihydrobenzothio-pyranyl sulfone, furyl, imidazolidinyl,

25 imidazolinyl, imidazolyl, indolinyl, indolyl,
isochromanyl, isoindolinyl, isoguinolinyl,
isothiazolidinyl, isothiazolyl, isothiazolidinyl,
morpholinyl, naphthyridinyl, oxadiazolyl, 2-oxoazepinyl,
2-oxopiperazinyl, 2-oxopiperidinyl, 2~-oxopyrrolidinyl,

30 piperidyl, piperazinyl, pyridyl, pyridyl N-oxide,
quinoxalinyl, tetrahydrofuryl, tetrahydroisoquinolinyl,
tetrahydro-quinolinyl, thiamorpholinyl, thiamorpholinyl
sulfoxide, thiazolyl, thiazolinyl, thiazolidinyl,
thienofuryl, thienothienyl, thienyl, and the like.

35 When a group is substituted, it may be substituted
one to four times. The various substituents may be



15 subject's stomach for a period of tinme sufficient to allow the

conpositionﬁh83§&%i undi gested into the subject's snmall intestine. The dose
of a conpou 1 present invention for treating the abovecPGCRUSI7HAHS

di seases or disorders 20 varies dependi,ng 1spen t he“manner of

adm ni stration, the age and:the body wei ght of the *subject, and the
condition of PBttachsfdete canhon atoms ox; ke hatennatans (¢.de, dbcilied by
the attendi ngoghpgi.ci an or veterinarian. Such an anount of the conpound as

determ ned by the attending,25 physicjan or veterinarian_is referred to
herein as a "therape d%f$§%@?£%¥?fvtgﬁngﬁﬁP. TREigue AfeAp &raBine: hin
the scope of akédMnetandsn forean weamdho facide s idned hiehmis rsistindr
2 e RNk ahl g BN 60 2cifd Y AL 50 555, T
present i nvenc¥gkednyl,bmesbionyd, Phenyledandmytl cdeabasinyy ietcdf dahe
invention andaf gpfithBeie/ @-8hino acid which is not found in nature
(e.g., neurleucyl or the residue of 1,2,3,4~
tetrahydroisoquinoline-3-carboxylic acid or
10 penicillamine, etc.). , _
o The compounds of this invention can be provided in
'~ the form of pharmaceutiéally acceptable salts.
Acceptable salts include, but are not limited to acid
addition salts of inorganic acids such as acetate,

15 maleate, fumarate, tartrate, succinate, citrate, lactate,
methanesulfonate, p-toluenesulfonate, pamoate, ;
salicylate, oxalate, and stearate. Also within the scope

- of the present invention, where applicable, are salts
formed from bases such as sodium or potassium hydroxide.

20 For further examples of pharmaceutically acceptable salts
see, "Pharmaceutical Salts," J. Pharm. Sci. 66:1 (1977).

In another aspect, the invention features a method
of inhibiting prenyl transferases (e.g., farnesyl -
transferase or geranylgeranyl transferase) in a subject,

25 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
tissue proliferative diseases ji.e., tumor) in a subject

30 by administering to the subject a therapeutically
effective amount of a compound or its salt. Examples of
a tissue proliferative disease include both those |
associated with benign (e.g., non-malignant) cell
proliferation such as fibrosis, benign prostatic

35 hyperplasia, atherosclerosis, and restenosis, and those
associated with malignant cell proliferation, such as
cancer (e.g., ras-mutant tumors). Examples of treatable
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to its fullest ‘extent. The follow ng specific 5 enbodi nents are, erefore,
to be construed as nerely illustrative® &nd not linmitative of the remainder
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comonl y eNRrianodepidermab; m@.hmtm ietic eancers ($epPtrch this

i nvention ﬁ&é&moNﬁo,e@ulput&aﬁ@& qeaseaa&erssﬁm’az ceio98F) . patents,
and ot her references nentlo Hg | |ncor H% by : refere ce. The
ufdcaldy; steReE

following is a de®ctRSE fye oFm ofh§ompound ong 9.
O her cgrrmﬂrﬂsi.@fixwmttmerunwramtmcpemmyracceptmbbgous manner by

o tpar o QPR bdtings [bid Mdon %W@“@f Bt M e 20

i n G eenstaiphospholipidiwith twhyich th% therapentin cqmgunq canJ. Wl ey,
New Yor k (€5¥HJ31meEhf4)[¥555ER&W form a pharmaceutical
composition (e. g., a pill, tablet, capsule, or liquid)

10 for administration (e.g., orally, intravenously,
transdermally, or subcutaneously) to a subject 'in need of
the compound. The pill, tablet, or capsule can be coated
with a substance capable of protecting the composition
from the gastric acid or intestinal’enﬁymes in the

15 subject’s stomach for a period of time sufficient to
allow the composition to pass undigested into the
subject’s small intestine.

The dose of a compound of the present invention
for treating the above-mentioned diSeases or disorders

20 varies depending upon ‘the manner of administration, the
age and the body weight of the subject, and the condition.
of the subject 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

25 physician or veterinarian is referred to herein as a
“"therapeutically effective amount."

Also contemplated within the scope of the
invention are a method of preparing the compounds of
formula I or formula II and the novel chemical

30 1ntermediates used in these syntheses as described
herein. ' '

'~ Other features and advantages of the present
invention will be apparent from the detailed description
of the invention and from the claims.



et al.., The Practice of Peptide Synthesis (Springer- Verlag, 1984)). The
condensation reactions were carried out in an inert organic solvent, e.g.,
di met hyl f or WQ8/004t1 §j ch| or onet hane, tetrahydrofuran, benzendGRUSI7/09413
acetonitrile, using a suitable mld condensi«ag agent, e.g.,
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Unless defined otherwise, all technical and
scientific terms used herein have the same meaning as
10 commonly understood by one of ordinary skill in the art
to which this invention belongs. Also, all publications,
patent applications, patents, and other references

mentioned herein are incorporated by reference.

The following is a description of the synthesis of

15 compounds 1, 4, and 9. Other compounds of the invention
can be prepared in an analogous manner by a person of
‘ordinary skill in the art.

The compounds. of the invention were prepared using
standard solution phaso.mothodologies, e.g., as described

20 in Greenstein, et al., Chemistry of the Amino Acids,
Vols. 1-3 (J. Wiley, New York (1961)); and M. Bodanszky,
et al.., The Practice of Peptide Synthesis (Springer-
Verlag, 1984)). The condensation reactions were carriead
out in an inert organic solvent, e.g., dimethylformide,

25 dichloromethane, tetrahydrofuran, benzene or
acetonitrile, using a suitable mild condensing agent,
e.g., 1-(3-dimethy1aminopropy1)-3-ethy1carbodiimide-ﬁdl
(EDC, o-henzotriazol-14y1-n,N;N',N'-tetramethjluronium
hexafluorophosphate (HBTU), and optionally a ootalyst,

30 e.q., 1-hydroxybenzotriazo1e_(HOBT). The reaction
temporature was maintained below room temperature (-152C
to room temperature) in order to minimize side reactions.
cyclic disulfide formation was carried out under high
dilute condition using iodine in various solvents (e.g.,

35 methanol, totrahydroturan (THF), acetic acid, water,
etc.). B. Kamber, et al., Helv. Chim. Acta, 63(96):899



with Rerr], forms CHerr]CH err] can be nmade according to the nethods'S of
Wllianms, et al., J. Med. Chem 39(7):1346 (1996), e.g., by starting with

pr ot ect eWomsmb@iane. Exanmple |: N[2-(R)- anino-S-nercaptqqﬁgﬂﬁh -
car ony%mﬁgthionine

penicillamnyl -1, 2,3, 4-tetrahydro-3 (g)_- 1soquinoline
met hyl ester 10 cyclic dISU|fIde (Cbnpound 1) a)
N-t - but ox qmlac)nyl The! Hntérneddstecand tine) Prddiudt2eie T0 an ice-cool ed

N0 d ot AFOLREPEL pRa FRELESer), b, SaoReze @.‘; . 8- Ol hy | f or i de

was addedchrbmetographylo;auvnhospnnnpbandndwhéré dtbgeghgpylethylan1ne
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to roomte re overni

20 drynes®f Eﬁ&lﬂﬁEswegﬁdeE wag;pHPﬁrtFBRUd gﬁﬂﬂdéﬂ3éﬁhxﬂ39603te and wat er .

Et hyl acet al g.l, a9’ stagtinghedty pPotaeteds chaEedhe’,/1, water, and dried
(MgSd err]). Sol vent was evaporated in vacuo to dryness, and the residue

was chromat ographed on silica gel (165 g) using CHC [err] as an 25 el uant.

Appr opr i aExahplet Tons Nef2s- (R)c+ainowB-natodptopPspyEj@vLed i n vacuo to
dryness. Wite foam eificillsminyl-1,2,3;,4-tetrahydro-3(s)-
_ isoquinoline oarbonyl methionine methylester
10 ~ cyclic disulfide (Compound 1)

a) N-t-hutoxycarbonyl-s—trityl-L-cysteinyl-N o~
dimethylamide

To an ice-cooled solution of N-t-butoxycarbonyl—L-

cysteine (8.0 g) and N,O0-dimethylhydroxylamine :

15 hydrochloride (7.1 g) in 80 ml dimethylformide was added
4.2 ml diethylcyanophosphonate and 14.7 ml
diisopropylethyiamine, and after stirring at 02C for 1
hr, the reaction mixture was allowed to room temperature
overnight. Volatile substances were removed in vacuo to

20 dryness, and the residue was partitioned between
ethylacetate and water. ‘Ethylacetate layer was washed
with agqueous NaHCO3, vater, and dried (MgS0,). Solvent
was evaporated in vacuo to dryness, and the residue was
chromatographed on silica gel (165 g) using CHCl, as an

25 eluant. Appropriate fractions were pooled, and solvent
was removed in vacuo to dryness. White foam 8.08 g TLC
(silica gel: CHClj/acetone = 9:1 R, = 0.58).

b) 2 (R) ~t~-Butoxycarbonylamino-3-
triphenylmethylmercapto—propanal

30 To an ice-cooled solution of N—t-Butoxyearbonyl -
trityl-L-cysteinyl—N o-dimethylamide (0.85 g) in 20 m1
tetrahydrofuran (THF) vas added dropvise 3 ml 1.0 M LiH,
in THF under nitrogen atmosphere. After the mixture was
stirred for 30 min. at 0eC, 1M KHSO4 was slowly added,

35 and the resulting emulsion was filtered through celite
pad and further washed with ethylacetate.' After drying
over anhydrous ugso4, the solvent was removed in vacuo to



(silica gel: CHOJ[err]/acetone - 9:1 R{ g FB) b) | 30 T
2(R)-t-Buto | am no- 3- tri phenyl net hyl mer capt o- pr opana 0]
ag ?ce-cooléﬁﬁggpﬁgfon of N-t-Butoxycarbonyl s- PCT/US97/09413
trityl-L-cysteinyl-N, C)dinethylanide (0.839gy in 20 m tetrahydrofuran
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KHSO err] was raicowed 1dd@e gel35 oned vheeteml & gg19mMulesioip ey filtered
through celite pad a é:ghfer e ed h ethylacetate After dryi ng over

ROE e

conmpound TLC (sili caig ace one L
N-t - but oxycar bonyl %c@@ p@nlvetimnvﬁyu-t-butoxncanboawdm- 5
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- L- - 77 d
Ef Nt butoxycagggokkng methy estgg;hyggoéglégihé %%QUIn I?? ( 9) an

hydroxybenzotriazole (HOBT) (1.37 g) and O-Benzotriazol-

10 1-yl-N,N,N’,N’-tetramethyluronium hexafluorophosphate
(HBTU) (3.87 g) in 30 ml dimethylformide was added 4.9 ml
diisopropylethylamine (DIEA). After stirring at 0°C for
30 min, the reaction mixture was allowed to room
temperature overnight. Volatile substances were

15 evaporated in vacuo _
to dryness, and the residue was partitioned between EtOAc
and water. EtOAc layer was'waéhed with aquéous NaHCO,,
water, and dried (MgsSO,). Solvent was evaporated in
vacuo to dryness. It was treated with S0% trifluoracetic

20 acid in chloroform (40 ml) containing 4.8 ml )
triethylsilane for 1 hour, and volatile substancésJﬁére
removed in vacuo to dryness. Trace of trifluoroacetic
acid (TFA) was further evaporated with toluene. To the
above L-1,2,3,4~-tetrahydro-3(8)-isoguinolinecarbonyl

25 methionine methylester TFA salt (2.2 g) in |
dichloromethane (20 ml) cooled to 0eC was added 1.2 ml
DIEA followed by a solution of HOBT (0.7 g), N=t-.
hutoxycarbonyl-s-acetamidomethyl penicillin (1.6 g) in
DMF (3 ml), and EDC (1.2 g). The mixture was stirred at

30 02C for 30 min and then allowed to room temperature
overnight. Volatile substances were removed in vacuo to
dryness. The residue was partitioned between EtOAc and
water. Ethylacetate layer was washed with aqueous
NaHCO,, water, and then dried (xgso4). Solvent was

3s evaporated in vacuo to dryness to yield 3.3 g orange
solid.

d) _ L-[s-acetamldomethylpenicil1aminy1-1 2,3,4-
tetrahydro-3[{8]-isoquinolinecarbonyl methionine
methylester and its TFA salt



met hi oni ne nmet hyl ester hydrochloride (2.0 g), 1- hydroxybenzotriazol e
(HOBT) (1.37 g) and O Benzotriazol- 10 I-yl-N, N, N ,N -tetranethyl uroni um
hexaf | uonppbsgriat e (HBTU) (3.87 g) in 30 m di met hyl f or mpgemsefigeagided 4.9
m diisopropylethylamne (DI EA). Afterp,gtirring at 0C for 30 mn, the
reaction mxture was allowed to room tenperature overnight. Vol atil e

substances were 15 evappiaifirtdiycsrbohyB-shadetdmideietiir< esi due was -
partitioned bet c.apd Cﬁc I was washed with aqueous

hbHCD[err]peﬂg?gffaﬁﬁhgﬁ }eg ?:@Eﬁfsrg¥ sxgir was evaporated in vacuo
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to roomt
10 solvent was evaporated in vacuo to give free base.

e) N-[2 (R) - (t~-butoxycarbonyl)amino-3-
triphenylmethylmercapto-propyl]-L~[S-
acetamidomethyl-penicillaminylj}-1,2,3,4-
tetrahydro-s(S)-zsoquinolinecarbonyl meth1onine

15 methylester

To a solution of 2(R)-t-butoxycarbonylam1no-3-

' triphenylnethyl-mercapto-propanal (0.7 g) and L-[S~-
acetamidomethylpenici11aminy1-1 2,3 4-tetrahydro-3(s)—
isoquinolinecarbonyl methionine methylester (0.43 g) in

20 CH,Cl; (20 ml) containing 1% acetic acid was added.

' triacetoxysodiumhorohydr1de Na(OAc)3BH (360 mg) in one
portion. After stirring for 2 hours, the mixture was
washed with water, 5% agueous NaHCO;, water, and then
dried (Mgs0,). The'solvEnt-was evaporated in vacuo to

25 dryness, and the residue was chromatographed on silica
gel (50 g) using ch;3/acetone (19:1'to'9:1) as eluants.
Appropriate fractions were pooled and solvents were
removed in vacuo to dryness résulting in a white foam
(390 mg) of the above title compound. TLC (silica gel;

30 CHClj/acetone = 4: 1, Rf = 0.4).

£) N~-[2(R)~- (t—butoxycarbonyl)amino-a-mercaptopropyl]-
" Lepenicillaminyl)})-1,2,3,4-tetrahydro-3(8)-
isoquinoline carbonyl methionine methylester
cyclic disulfide

35 To a solution of N-[z(R)—(t;butoxycarbonyl)amino-
3-triphenylmethylmercaptopfopYI]-L-[s-acetanidomethylf
penicillaminyl]—l,z,3,4-tetrahydfo-3(8)éisoquinoline
carbonyl methionine methylester (500 mg) in 50 ml 90%
agqueous MeOH was added dropwise a solution of iodine

20 (250 mg) in methanol (MeOH) (10 ml). After stirring for



overni ght. Vol atile substances were:.:reppved in vacuo to dryness. The

resi due was \g rg i i ioned between EtOAc and water. Ethylacetate |ayer was
washed with §3 ! NaHCO err], water, and then dried (MgSO4)® K703\ s
35 evaporated in vacuo to dryness to yiel@83:3 g orange solid. d)

L-]S- t i d t hyl icill i l-1.2,3, 4-
Fatsansar o3 BbBE LRRBE RELBPEBADDL WAk SRRAYede iR VasuS: taya mALEA

salt W98/ 981thhe, diluted with water, and extracted wiRhl/ US97/09413 -

50 - N-t-but tuted, wit] A enieil i anioyl <1
2.3, 4.t et r ahy BT IREREAES,C (FRETLARTIRRK " Sitrack Wl aned with; 5
was treated wwakesponagreons Nap8;04 Cvateln, (@wd thenoiwiedi (Mgsog) . 5
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dryness. Trac was I enov ytgg-evaBoratlon W t ol uene sev

of TFA
tines. The TFSPS&PP Rmasof; the sbaventekde ePPPOUBd.ni ), treated with excess

triethyl am neg)washedi+j 3+(RyaaiinoH3-aserddptdmrapyl ] <W<penicillaninyl-
1,2,3,4-tetrahydro-3(S)~isoquinoline carbonyl
methionine methylester cyclic disulfide

10 Crude N-[2(R)-~(t-butoxycarbonyl)amino-3-
mercaptopropyl]-L-penicillaminylj-1,2,3,4~tetrahydro-
3(8)-isoquinoline carbonyl methionine methylester cyclic
disulfide (400 mg) was treated with 90% trifluoroacetic
acid (TFA) in water TFA/H,0 (9:1) (10 ml) for 30 min.

15 Volatile substances were removed in vacuo to dryness, and
a trace of TFA was evaporated with toluene several times
and triturated with hexane, decanted, and then dried.
Crude product was subjected to preparative high
performance liquid@ chromatography (HPLC) using Cyg column

20 and 0.1% TFA and CH;CN as mobile phase. Appropriate -
fractions were pooled, and solvents were removed giving
the above title compound as a white solid (78 mg). M/e =
541.1. ' '

Example 2: N-[2-(R)-amino-3-mercaptopropyl)-L-{s-
25 acetamidomethyl-penicillaminylj-1,2,3,4-
tetrahydro-3(8)~isoguinoline carbonyl
methionine (Compound 4)

To -a solution of N-[2(R)-(t-butoxycarbonyl)-
amino-3-triphenylmethylmercaptopropyl]~L-[s-

30 acetamidomethyl penicillaminyl]-1,2,3,4~tetrahydro-3(s)-
isoquinolinecarbonyl methionine methylester (Example I
e)) (500 mg) in 10 MeOH (50 ml) was added 2 ml 2 N-NaOH.
After 30 min., most of MeOH was removed in vacuo to a
small volume, diluted with water, acidified with 5%

35 aqueous citric acid, and extracted ﬁith ethylacetate.
The ethylacetate extract was then dried (MgSO,). " Solvent
was evaporated in7vacuo'to dryness. The residue was
treated with 50% TFA in CH,Cl, containing triethylsilane



10 sol vent was evaporated in vacuo to give free base. e)

N-[2(R) - (t-butoxycarbonyl)am no-3- triphenyl net hyl mercapt o-propyl]-L-[S-
acet am devedgpoarpenicil lam nyl ] -1, 2, 3, 4- PCT/US97/09413

t et rahydro- 3(S)-i soqui nol i necar bonyl _ngjhioni ne 15 nmet hy ester To a
solution of 2(R)-t-butoxycarbonyl am no-3- triphenyl nethyl - mer capt o- pr opanal

(0.7 g) angek;$) a @tsrmﬂpnzébyhaeﬁtﬁtl Im&uh& 3u§st4né6&r ydr o- 3(s) -
|squ|noI|necarb ny ni-ne ster (&F é in 20 err]CI[erM
(50 ) CcobBaPFER oL AEYEERRs 8P o ETATRCRT, FFA HER, FERRPEREBRONY dr | de
Na(OAc)BBHH#GBOtay?ena and phenudriedAfterudelprodgctowaﬁ panigietthe

m xture a S t a then dried
(MgSq err] ;!m§€%ﬁ vent megﬁgvgg%rgpsgglEE§£§§EE§%£3gx§ g%ggsﬂgénd t he
reS|duesmeﬁsc%r%h%EGgﬁa%ﬁ@d oH/§|?|§9°g3I (50 g) using CHO [err]/acetone
(19:1 to 9: 1) as eluants. Appropriate fractions were pool ed and sol vents

were renoy. v 18SS resultln in.a. white foan1(390 ng) of the
above t|t|€"%‘3§bp 3% 5‘CI)"L[ -_I|. 3 o one _4:1, Rf =

0.4). f) N-[2(R) - (B {maths yqlic
L-penicillamnyl -1,2,
a) [N-t-Butoxycarhonyl-s- e
10 acetamidomethyl]penicillaminyl-z 3—dinethy1anilide

_ - To an jce-cooled solution of N-[t-butoxycarbonyl)-
s-acetamidomethyl penicillamine (Bachem California,
Torrance, CA) (0.64 ¢q), 2,3-dimethy1an11;ne (0.25 g),
hydrqubenzotriazgle_(0.41 g) in dimethylformide

15 (DMF)/CH,Cl, (1:1, 20 ml) was added 1-(3-. |
dimethylaminopropyl)-3-ethylcarbodiinmide (EDC) (0.57 g).
The mixture was stirred at 0-52C for 30 min. and then the
temperature was slowly allowed to room temperature
overnight. After evaporation of the solvents, the

20 residue was partitioned between ethyl acetate (EtOAc):and
water. EtOAc extract was washed with aqueous NaHCO;, -
water, and then dried (MgsSO;). The solvent was
evaporated in vacuo to dryness. The :eeidue was
chromatographed on silica gel (40 g) ﬁsingaCHc13/acetone

25 = 19:1 as eluante;-appropriate fractions were pooled, and
solvents were removed in vacuo to dryness giving 350 mg
of the above titled~compound. TLC (silica gel:
CHCl,/acetone = 4:1, Rf - 0.77).

b) L-[S-acetamidomethylpenicillaminyl~-2,3-dimethyl
30 - anilide TFA salt

[N—t-hutoxycarhonyl-s—acetamidomethyl]-
penicillaminyl-2,3-dimethylanilide was treated with 50%
TFA in CH,Cl, (20 ml) for 30 min. Volatile substances
‘were removed in vacuo to dryness. Trace of TFA was

35 removed by co-evaporation with toluene several times.
The TFA salt was dissolved in CHCl; (30 ml), treated with
excess triethylamine, washed with water, dried (Mgso0,),
and solvent was evaporated in vacuo to give free base.



i soqui nol i ne carbonyl nethionine nethyl'eéster cyclic disulfide 35 To
a solution of N-J[2(R)-(t-butoxycarbonyl)am no-

3-triphenyl @ captopropyl]-L-[S—acétanidonethyl- PCT/US97/09413
penicillam nyl]- 3 4- tetrahydro 3( Sy-2:equi nol izne car bonyl nethi oni ne
met hyl est er (500 in 50 9096aqueous MeOH was added dropw se a
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f or WO 98/ 00411 triphenylmethylmercapto propyl)-L-[S8-pCT/ USO7/ 09413 -
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resulting in ¢@® rgy Exakplebtr and | B=-f%mpound. g) N [2- (R)

- anj no- 3- ner =2, 3=~
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di sul fide 108 2P AGetiai agid. (HOAc)

(10 ml) was added portionwise NaCNBH3; (100 mg). The

10 mixture was stirred at room temperature overnight. Most
of the solvent was evaporated in vacuo to a small volume,
which was partitioned between EtOAc and water. EtOAc
layer was further washed with agqueous NaHCO3, water, and
then dried (MgSO,;). After evaporation of solvent, the

1s residue was chromatographed on silica gel (30 g) using
CHClj-acetone (19:1 to 9:1) as eluants. Appropriate
fractions were pooled, and solvents were evaporated in
vacuo to dryness giving 360 mg of the above titled
compound. TLC (silica gel: CHClj/acetone = 9:1, Rf =

20 0.13.
d) N-[2- (R)-am1no-3-mercaptopropyl]-L—
penicillaminyl]-2, 3-d1methy1am111de cyclic
disulfide

- To a stirred solution of N-[2(R)-(t~-

25 butoxycarbonyl) amino-3-triphenylmethylmercaptopropyl]-L~
[S-acetamidomethyl penicillaminyl]-2,3-~dimethylamilide
(350 mg) in 50 ml 90% MeOH in water was added a solution
of iodine (250 mg) in MeOH (5 ml). After 1 hour, most of
the solvent was evaporated in vacuo to a small volume,

30 diluted with water, extracted with EtOAc. EtoAc layer
was washed with aqueous Na,S8,0,, water, then dried
(MgsO,). Solvent was removed in vacuo to dryness (220
mg), treated with 90% aqueous TFA (ml) for 30 min, and
volatile substances were removed in vacuo to dryness.

35 Crude product was purified by preparative HPLC giving 62
mg of the above titled compound as a white solid. M/e =
340.2. :



mer capt opropyl ] -L-penicillamnyl]-1,2,3, 4-tetrahydro- 3(S)-isoquinoline
carbonyl nethionine nethylester cyclic disulfide (400 ng) was treated with
90% trifiyepssppgAti ¢ acid (TFA) in water TFA/Herr]0 (9: 1)‘&%%3@ 30
mn. 15 Vol atile substances were rem)v%d in vacuo to dryness, and a trace
of TFA was evaporated with tol uene se\feral times and triturated with
hexane, decanted, and then drigghe de~Ri4 L vvas subjected to
preparative high perfornance | T=0UT o Cnr onat oar « HPLC) using Cerr]
colum 20 and 0. 134TiR sedbe-pnderskogd hbpt| Uhfbﬂtas hepgpveptione fractions
Vere pool gfas duers ULt o n I ﬂdﬁ ALl b etditde conpound as a

VI\\J-/m[ tze( SR ;3| !‘j’fdﬁﬂﬁﬁ}'%?%b’gﬂ L. é‘i néD %‘)regoing description is

acet ami slormt@idqnbmo:lilhxst:;dﬂe hﬁd Fot limitathe ek -ofdche nol i ne
car bonyl qg{a,tgrm} I
N-[2(R) - (t - but oxycdr W%n@r\f& -tri pf#(ﬁ%/%bﬁ]ylonférthaept c?%%?/ -L-[s- 30

acet am dod@ims.peQther anpegys, rdvantages: and madifigations "are

i soqui nol l‘,ﬁmxpgﬁg cHRlinepNi ne net hyl ester. (Exarrpl el.e))(500 nmg) in 10
MeOH (50 m) was added 2 ml 2 N-NaOH. After 30 nmin., nost of MeOH was
renoved in vacuo to a ' : -




smal|l volune, diluted wwth water, acidified wwth 5% 35 aqueous citric acid,
and extracted with ethylacetate. The ethyl acetate extract was then dried
(MgSO err]) WOEHMEH: \was evaporated in vacuo to dryness. Thmmlwas
treated with 50% TFA in CHerr]C[err] eoR$a ning trietnytsitane

?E{ ggﬁla)l (0.5 m) foWha¥ dish cladmed |j€,s°SUbStanCzSCT<I\ALEJB 'ﬁmmﬂ”mm"ness
en dri

and a trace of TFA was evaporated with tol uene and -t
product was purified by prep HPLC Bga%tt@atiovgrtétled con:Pound (100

my) 5 as a white sol itd ormul

N-[2-(R) -am no- ,§ rrercapt opropyl ]- L peni cill am nyl d| nmet hyl ani | i de
cyclic disulfidf ( und 9) a) [ N-t - But oxy bony -S- 10

acet ani dormret h{f ] 1%ni Yl rrytRe 2, 3- di net hyl ani | |'ﬁj\1 -8R g :ed

sol ytion of N-[t-but®xycarbonyl )- .S-acet am donet'hyl &ni I 1| afn ne (Bachem

California, Torrance, CA) (0.64 g), 2,3-dinethylaniline @.25Rg),

Formula I . Formula II

5 wherein
R; is N(Ryp) (Ry,);
R, is thio lower alkyl;
each of R; and R;, independently, is CH, or C(0);
R; is substituted or unsubstituted thioc lower

10 alkyl, wherein the substituent is CH,NHC(O)R,; and

attached to the thio group; _

_ Rg is a residue of a natural or synthetic a-amino
acid; _

R, is a residue of a natural or synthetic a-amino

15 acid; -

Ry is OH or lower alkoxy, or, together with R,,
forms homoserinelactone;

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

20 Ry, is a substituted or unsubstituted moiety
selected from cycloalkyl, cycloalkyl lower alkyl, aryl,
aryl lower alkyl, heterocycle, and heterocycle lower
alkyl, wherein the substituent is lower alkyl, aryl,
halo, lower alkoxy, or C(O)-R,-Rg;

25 Ry3 is lower alkyl, aryl, or aryl lower alkyl;

. . Ryg is H or, together with Ry, forms -CH,CH,-;
provided that if R, is unsubstituted thio lower alkyl,
the free thio groups of R, and R, can form a disulfide.
bond;

30 or a pharmaceutically acceptable salt thereof.



hydr oxybenzotriazole (0.41 g) in di )/CH[err]CI [err]
(1:1, 20 mM) was added 1-(3- di rrethyl , i yl carbodi i m de (EDC)
[er

(0. 57 Oxwoddibafi Xture was stirred at t he
tenperature was slowy allowed to room terrper ature over ni gﬁ-{/"i’]@w*g?g‘
evaporation of the solvents, the 20 T Que was partitioned between ethyl

acetate (Et OAc) agd wa exler q HCJ err.],
wat er, and then dral ed %NE%@’%BF 6ET%gE§igﬁ\§/'é\rll\?ﬁ%gglgv§Q3?a#%§ [ nu\aacuo to
dryness. ifheoff Eqmmylads; G#MW#FP |Q%FQ;E‘F3¥1R) g8l%si ng

CHC [err] /afetenye. 25 = 19:1 as eluants, appropriate fractions were pool ed,
and solvents were renoved in vacuo to dryness giving 350 ng of the above
titled compound. TLC (silica gel: CHC [err]/acetone = 4:1, Rf - 0.77). b)
L- [ S-acet ami donet 8y| peAi compeundybf2¢cladinnt| hyvhef@in said cbnpbuﬁa TFA sal t

was' - ost A 4 PR 47 B i ae AL G o G 1 1

subst ance¥hexreof.enpved in vacuo to dryness. Trace of TFA was 35 renoved
by co-evaporation with toluene several tinmes. The TFA salt was dissolved in

CHCl [err] (30 M)h-treated i/)\/lmtnf‘ld of clainm 2, wherein

Rg i3 =N(R;4)CH(R;5)C(O)- where Ru is H or lower

alkyl, and R,5; is a substituted or unsubstituted moiety

10 selected from lower alkyl, aryl, aryl lower alkyl,
heterocycle, and heterocycle lower alkyl, in which said
substituent is lower alkyl, halo, or lower alkoxy, or R,
together with N(Ru)c attached thereto, form a
heterocycle; e

15 R, is -N(R15)CH(R1-,)C(O)- where: R15 is H or lower
alkyl; and R,, is (CHZ)NS(O) nCH3 where m is 1-6 and n is
0-2, or is a substituted or unsubstituted moiety selected
from lower alkyl and thio lower alkyl, where said 3
substituent is C(O)N(R,g) (R;,); and

20 Rg is OH or lower alkoxy;
or a pharmaceutically acceptable salt thereof.

5. A compound of claim 4, wherein
R, is CH,SH; and
R, is C(CH3),SH or CH,SH; |
25 in which the free thio groups of R, and R4 form a
disulfide bond; or a pharmaceutically acceptable salt
thereof.

6. A compound of claim 5, wherein R,;, together
with N(R,,)C attached hereto, form a heterocycle; R, is
30 H; and Ry, is (CH;),8(0),CH3; or a pharmaceutically
acceptable salt thereof.

7. A compound of claim 6, wherein



excess triethylanm ne, washed with water, dried (MgSOerr]), and sol vent was
evaporated in vacuo to give free base. WD 98/ 00411

PCT/ US97/ 09XR98/0048 _ () N [ 2(R - (t-butoxycarbonyl)amq*rwswmm

tri phenyl nmet hyl nercapto propyl]-L-[s- aee2mm donet hyl peni cillam nyl -
3-dinethylamlide To a stirred solution of 2(R)-t- s

but oxycar bonyl am no- Sitiﬁpﬂgnylnethylnercaptopropanal Ie 1b)

and L-[S- acetam dongtahy;gpgﬂ i |l am nyl -2, 3-di met:hyl an?ﬂﬂw ‘MHLS :
g) in MeOH contalnln% f)aﬁg hg aci_d (FKﬁm) (10 M) was .
NaCNBH[ err] (100 ng) ™sTHE x?ﬂpe was stirred at room tenperature

over ni ght . I\/bst of tRg isl GHnbrweeHgyaporated in vacuo to a small vol une,
whi ch was partjt was further
washed wit a&qffje%%%‘%@fﬁ:ﬂ%t%ggg%%f%eﬁg%%?%@éo[err]). Af ter
evaporation of solvent, the 15 residue was chromatographed on silica gel
(30 g) using CHO [ er gl- aackRRpobhd bet @1%ih 435 wilerdds: APPropriate

R, is CH,SH; and

R4 is C(CH3)2SCI'12NHC(O)CHS or CHzSCHz“HC(O) CH3'

or a pharmaceutically acceptable salt thereof.

10 9. A compound of claim 8, wherein R;g;, together
with N(R,,)C attached thereto, form a heterocycle; Ryg is
H; and R,, is (CH,;),8(0),CH;; or a pharmaceutically
acceptable salt thereof.

10. A compound of claim 9, wherein
15 R, is NH,;
Ry is CHy;
Ry is €(0); and
Rg is OH or OCH;;
or a pharmaceutically acceptable salt thereof.

20 11. A compound of claim 3, vherein
R, is CH,SH; and
- R4 is C(CH3),SH or CH,SH;
in which the free thio groups of R, and R, form a
disulfide bond; or a pharmaceutically acceptable salt
25 thereof.

12. 2a compouhd of claim 11, wherein R,, is
substituted or unsubstituted aryl, or substituted or
. unsubstituted aryl lower alkyl, and Rig is H; or a
pharmaceutically acce’pi’:a_bie salt thereof.

30 13. A compound of claim 12, wherein



fractions were pool ed, and solvents were evaporated in vacuo to dryness
giving 360 ng of the above titled conpound. TLC (silica gel:

CHC [ er rewbdgbfine = 9:1, Rf = 20 O 13. d) 413

N-[ 2- (R) - am no- 3- nmer capt opr opyl ] - §BICIllanln¥Ll;g“§Bé§ﬁggE¥tg£LL|de
cyclic disulfide To a stirred SO|UtIO of N-[2(R-(t- nyl)

am no-3-tri phenylﬁret tyléﬁar.capt opropyl]-L- (S ace m -
penicil |l am nyl ] 3-di | am | i de (350 ny) n wat er .
was added a solutsm4§ﬁcGngne (250 my) in NbCH (5 M) .t Amtes 1* our, nost
of the sol vent wag, ey amdl in vacuo to a small volume, 30 diluted with

wat or ?ﬁéﬁaﬁﬁ.eg&*“wg?o%@% 1 o e MBS BRAR DB hoss (220
my), treabetiz¥de hwhemaqaédusubmi@:mptf s iowmglm woxl Hallog subst ances
wer e remafdﬁpggxmeeheggamﬁs?magtﬁgu smd rdoF purified by

preparative gl ving t|t| conpound as a white
solid. Me = 340. 2.
14. A compound of clalm 3, wherein

Rz is (CH:)SH, and , : :
R, is C(CHj),SCH,NHC(O)CH; or CH,SCH,NHC(O)CHj;
10 or a pharmaceutically acceptable salt thereof.

15. A compound of claim 14, wherein Ryp is
substituted or unsubstituted aryl or aryl lower alkyl; or
a pharmaceutically acceptable _salt thereof.

16. A compound of claim 15, wherein
15 R; is NH,;
Ry is CH,;
Ry is C€(0);
Rg is H; and :
R;, is substituted or unsubstituted phenyl or
20 benzyl, where s@id substituent is lower alkyl or halo;
or a phamaceutiéally acceptable salt thereof.

17. A compound of claim 1, said compound of the
formula ' B ' '



WD 98/ 00411 ' PCT/ US97/ 09413 - 24 - O her:
Enbodi ments It is to be understood that while the invention has been

descri bed i W@8HPMAtti on with the detailed description ther edGT/USHIO9413e
foregoing description is 5 intended to i4Rastrate and not limt the scope

of the invention, which is defined by the scope of the appended clains.

O her aspects, advantages, and nodi fi cations are w tghin th m
98/ 00411 USQ?P ﬁmmu““

is clained is: 1. Acorrpound or mul g IOW =er ] Fortul%a I*
Formula Il 5 wherein Rlerr] is W(R\err]) (R[e@rr]);é_ R2 1's thio | ower alkyl;

* QO WY

&



each of Rlerr] and R err], independently, is CH2 or C(O; R4 is substituted
or unsubstituted thio |ower 10 al kyl, wherein the substituent is

CH err ] Njglogholis§' r] and attached to the thio group; R errgefdsdnbfisi due of
a natural or synthetic [err]-am no amg R7 is a residue o a natural or
synthetic [err]-am no 15 acid; R[err'] I's OH or |ower al koxy, or, together
with R7, forns honoserinel actone; each of R[err] R[er
independently, is Hor lower alkyl; 20 is a substituted or

unsubstitut ed moiety sel ected $rom Cycl N-I IoaI nm““muﬁ‘lmm
aryl, aryl lower alkyl, he r&(cycle _h e|n
the substituent is |ower ﬁm%n:%?”\hal R, | r Ikoxy or
C(O-Rerr]-Rerr]; 25 H 3 8 | al ky aryl, or aryl | ower
alkyl; Rlerr] is Hor, together \wi €h R for -CH[err]CH[err]-'
provided that if R4is unsubstitgted thidy r @aNkyl, the free thio groups

of R2 and R4 can forma disulfide bond; 3¢ a pharnmaceutically acceptable
salt thereof.




WD 98/ 00411 | 'PCT/ US97/ 09413 - 26 - 2. A
conpound of claim1, wherein said conpound is of formula |I; of.

phar maceut iw@9Bgo4tcept abl e salt thereof. 3. A conpound ofP%T’@FWI‘,“s
wherein said conpound 5 is of fornmula H32or a pharmaceutically acceptable

salt thereof. 4. A conpound of claim 2, V\,her ein R6 is

-N(R14)CH(R err])C(o)- where Rerr] is Hor ower kyI and RIS 1s a
substituted or unsubstituted.noigfy 10 sel ct fr

aryl |lower alkyl, heterocycle, £ het eboc Il“FIlWlml‘““m“I
substituent is |lower alkyl, ha o, or | ofler x € or R er¥ t ogeth h

_ R7 is

Iovve al kyl; and Rerr] is
NS B<2, or is a substituted
and thio | oner alkyl,

N(R[err])C attached thereta}h
“NCR[err])CH(R[ err]) (O - @reR[er
(CHerr])nferr](O CHerr] where mis 1-6 a
or unsubstituted noiety selected frpmlower p
whére sai d




substituent is CCONRerr])(Rerr]); and 20 Rlerr] is OH or |ower
al koxy; or a pharmaceutically acceptable salt thereof. 5. A conpound of
claim4, wehwiopssi R2 is CHerr]SH and R4 is C(CH3)[ err] Shh@fnédtlsissl SH: 25
in which the free thio groups of R2 ang R4 forma disulfide bond; or a
pharmaceutical |y acceptable salt there 6. A conpound of claimb5,
wherein Rlerr], together with N R[err])C attached hereto, forma

heterocycle; R16 is 30 H, and rr] ig (C O%SLLHHI.HIIIHHWIHMH ein

phar maceutically acceptable s I't thereff. @
WO 98/ 00411 PCT/ US977 09413 - *27"-

Rlerr] is NHerr]; Rerr] HeN CH[err]_i, R[(Wr] s C(O; and Rerr] is OH or
OCH err];

%x%

&
Ve
)



 COoRpou

5 or a pharmaceutically acceptable salt ‘thereof. 8. A conpound of claim 4,
wherein R e [err]SH;, and R4 is C(CH err])[err] SCH err] NH CH err]
or CH[err]S%e*r’ﬂ‘mC(O)CH[err] or a pharmaceutically acceptlJ q’?’é?‘b[’
thereUfr~;0\\\\\ﬁ\d8%heﬁéconpound of clai#¥8& wherein R15, together with
N( R gn C attache to, forma heterocycle; Rerr] is H and R17 is
(CHZ)m har maceuti cal | y accept abI e sal thereof. 10. A
M”ﬁm R[err] NH[ rr]; R3is CH2; Rierr]
is C(O: and F{ersr
salt thereof.

c?_gl | y acceptabl e
f Clalm% whetein R2 is CH2SH,
and R4 is C(CN3)28H or CHZSH' '

forma disul fide bond; or har mageuti cal ac epta |l e salt 25 thereof.

groups of R2 and R4
12. A conpound of claim 11, wherei n/ElZ i 4§ _subgtituged or unsubstituted
aryl, or substituted or

erein 15
O—I or

2:
jos
el




unsubstituted aryl lower alkyl, and Rierr] is H, or a pharnmaceutically
acceptabl e salt thereof. 30 13. A conpound of claim 12, wherein

Rl err] i svolbieos] ; WD 98/ 00411 PCT/US97/09413
PCT/US97/ 09413 - 28 - Rlerr] is C(O. fJerr] is H and Rerr] is
substituted or unsubstituted phenyl or 5 benzyl, where said substituent IS
| oner al kyl or halo; or a pharnaceutically accepfable salt thereof. A
conmpound of claim3, wherein R is (CH err])SH, gnd R4—4—s\

C(CH err])[err] SCH err] NHC( )g:H[err] 00~ CHLNHT ]

C%r o)CH err]; 10 or
a pharnmaceutical |y accept e\sal ere %7 A ’ ummmu
wherein R err] is substitu ed olg_'un bstl'tuteé‘-_ aryl ’ or«
a pharmaceutically acc@ om™N 16. corrpound of cMai fn 15,
wherein 15 Rert] is h&([eg_r],
7

5

y
y

&
_<



R3 is CHerr]; RS is C(O,; Rerr] is H and R12 is substituted or
unsubstituted phenyl or 20 benzyl, -where said substituent is |ower alkyl or
hal o; or a HHQP htically acceptable salt thereof. 17. Ac

claim1l, said conpound of the fornmula [erdp = WD 98/00411

PCT/ US97/ 09413 - 29 - [err] WO 98/00411

e st ooars - 30 - ferr] L
CH

?ﬁ
.

£
=

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

19. A method of claim 18, wherein said compound
or salt is that of claim 17. :

20. A pharmaceutical composition comprising a
compound of claim 1.
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21.

A compound of the formula

A

N

H,N N
P g

H,N N

B R Shdeat

- i
N e LR Lot e o
Yier ) bRt




WD 98/ 00411 PCT/ US97/ 09413 -35- [err]
18. A nethod of treating tunors or restenosis in a|sub} et iH-Nesd-Af said
NG T

treatnment, which co i W jistering to said sy pettical ly
effective 5 amum“!ﬁﬁm‘ﬁm \‘ d or salt of claim1. 19. A nethog of
claim 18, wherei nisax ound *or salt_is that of jcliai M71¥rc 2699 A

phar maceuti cal conposition conprising conpound off ¢l aim 1. 21 A

conpound of the fornmula or a pharnaceutically acceptabl'é sart—thereof.

37 22. 3 phat oMkl Skt SO ASdrd S CUR dHPKE A APDURRng oF |

claim 21 and a pharmaceutically acceptable carrier.




claim 21 and a phar miceut i cal | y acceptable carrier.
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