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Bac1tqrgund pf the Xnyention 
The Ras f aaily of proteins are important in the 

s signal transduction pathway modulating cell growth. The 
protein is produced in the ribosome, released into the 
cytosol, and post- translationally modified. The first 
step in the series of post-translational modifications is 
the alkylation of eys168 with farnesyl or geranylgeranyl 

10 pyrophosphate in a reaction catalyzed by prenyl 
transferase enzyaes such as f arnesyl tranferase and 
geranylgeranyl transferase (Hancock, JF, et al., Cell 
57:1167-1177 (1989)) _. SUDsequently, the three c-terminal 
amino acids are cleaved (Gutierrez, L., et al.., EMBO J. 

1s 8:1093-1098 (1989)), and the terminal Cys is c.onverted 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 ilDJllediately 
N-terminal ta cys168 (Bu~s, JE, et al., Mal.. 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 (Wil.lwasen, BM, et al., Science 310:583-586 (1984)). 

Oncogenic f or11s 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 has the "CAAX" motif (wherein c is 

35 cysteine, A is an aliphatic amino acid, and x is any 
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amino acid). Tetrapeptides having this structure bave 
been shown to be inhibitors of prenyl transferases 
(Reiss, et al., cell 62:81 .. 88 (1990)). Poor potency of 
these early farnfa8Yl transferase inhibitors bas prompted 

5 the search for new inhibitors with more favorable 
pharmacokinetic behavior (Ja'iles, GL, et al·., Science 
260:1937-1942 (199j)1 Kohl, HE, et ·al., Proc. Nat'l Acad. 
Sci. USA 91:9141'"".'914.5 (1994) 1 deSolms,· SJ, et al., J. 

Med. Chem. 38:3967-39.71 (1995) 1 Naqasu, T, et al., cancer 
10 Research 55:5310-5314 (1995)1 Lerner, EC, et al., J. 

Biol. Che11. 270:26802-26806 (1995)1 Lerner, EC, et al., 
J. Biol. Chem. 270:26,770 (1995); and James, at al. I Proc. ' 
Natl. Acad. Sci. USA 93:4454 (1996)). 

Recently, it has bean Shown that a prenyl 
1s transferase inhibitor ·can block growtl) of Ras-dependent 

tumors in nude mice (Kohl, NE, et· al., Proc. Nat'l Acad. 
Sci. USA 91:9141-9145 (19.94)). 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-transformed.epithelial cells 

(Sepp-Lorenzino, I, et al., Cancer Research, 55:5302-5309 

(1995)). 



W098/0041l PCT/US97/09413 

5 

. - 3 -

sugary of the Inyention 
In one aspect, the invention features a compound 

of formula I or formula II 

Formula I 

wherein 
· R1 is N(R10>· (R11) i 
R2 is thio lower alkyl; 

Formula II 

10 each of R3 and R5, independently, is CB2 or ¢(0) 1. 

15 

R4 is substituted or unsubstituted thio lower 
alkyl, wherein said substituent is CH2NHC(O)R13 and said 
substituent is attached to said tbio group; 

~ is a residue of a natural or synthetic a-amino 
acid; 

R1 is a residue of a .natural or synthetic er-amino 
acid; 

Ra is OH or lower alkoxy, or, toqether with R7 , 

forms homoserinelactone; 
20 each of Rg, R10 and R11 , independently, is H or 

lower alkyl; 
·R12 is substituted or unsUbstituted cycloalkyl, 

cycloalkyl lower alkyl, aryl, aryl lower alkyl, 
heterocycle, or heterocycle lower alltyl, wherein said 

2s subs ti tuent is lower ·alkyl, aryl, halo, lower alkoxy, or 
C(O)-R7-Ra; 
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R13 is lower alkyl, aryl, or aryl 1e>Wer alkyl; R18 

is H or, together with Rg, forms CB2CH2; 

provided if R4 is unsubstituted thio lower alkyl, the 
free thio group of R2 and the free thio group of R4 may 

s form a disulfide bond; or a pharmaceutically acceptable 
salt thereof. 

In one embodi•ent, the compound is of formula I 
where ~ is -N(R14)CR(R1s)C(O)- where a14 is H or lower 
alkyl, and R1s is substituted or unsubstituted lower 

io alkyl, aryl, aryl lower alkyl, heterocycle, or 
heterocycle lower alkyl where said substituent is lower 
alkyl, halo, or lower alkoxy, or where R1s, together with 
NR14c attached thereto, form heterocycle; and R7 is -
N(R16)CH(R17)C(O)- where R16 is H or lower alkyl, and R17 

1s is (CH2 )mS(0) 0 CH3 or substituted or unsubstituted lower 
alkyl, thio lower alkyl, where said substituent is 
C(O)N(R10)(R11), mis 1-6, n is 0-2, and Ra is OH or lower 
alkoxy. J:n this embodiment, R2 can be CH2SB; R4 can be 
C(CR3 ) 2SH or CH2SH wherein the freethio group of R2 and 

20 the free thio group of R4 form a disulfide bond; R15 , 

together with NR14c attached thereto, can form 
heterocycle; R16 can be H; and R17 can be (CH2) 2S(O)nCH3; 

furthermore, R1 can be NH2 ; R3 can be CH2 ; Rs can be co; 
.and Ra can be OH or OCB3 • In the same embodiment, . R2 can 

25 be (CH2)SH; R4 can be C(CH2)2SCH2RRCOCH3 or CB2SCHaNBCOCH3; 

R1s, together with NR14c attached thereto, can form 
heterocycle; R16 can be H, and R17 can be (CH2 ) 2S(O)nCH3 ; 

furhtermore, R1 is NH2 ; R3 is CH2 ; Rs is C(O) ·; and Ra is 
OH or OCH3 • 

30 In another embodiment, th• ·compound is of formula 
J:I, wherein ~ is CH2SH; R4 is C(CH3) 2SH or CH2SH wherein 
the free thio group ·of R2 and the free.thio group of R4 
form a disulfide bond; R12 is substituted or unsubstituted 
aryl or aryl lower alkyl, and R18 ·is H. In this 

35 embodiment, R1 can be NH2 ; R3 can be CH2 ; Rs can be C(O); 
Rg can be H; and R12 can be substituted or unsubstituted 
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phenyl or benzyl, wherein said substituent is lower alkyl 
or halo. 

In a still further embodiment, R2 is (CH2JsH; R4 
is C(CH2)2SCH2NHCOCH3 or CH2SCH2NHCOCH3; and R12 is 

s substituted or unsubstituted aryl or aryl lower alkyl. 

10 

In this embodiment, R1 can be NH2; R3 can be CH2; Rs can 
be co; Rg can be H; and R12 can be substituted or 
unsubstituted phenyl or benzyl, wherein said substituent 
is lower alkyl or balo. 

Examples of the present invention include tbe 
following: 

Compound 1; 

Compound 2; 
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Compound 3 .• I 

Compound 4 • . , 

Com.pound 5• , 



W0'8/00411 

- 7 -

PCT/US97/0!Ml3 

Compound 6• , 

compound 7• , 

Compound a• I 
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Compound 9; 

Compound 10; 

Compound 11• . , 
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compound 12· , 

COJDpOund 13• , 

Compound 14· , 
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Compound 15; 

Compound 16• I 

Cmapound 17• I 
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Compound 18; 

Compound 19; 

c ompound 20• I 
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Compound 21 • , 
s 

~)}0 
\) 
s 

Compound 22· , 
s 

~o 
\ i 
s-1" 

Compound 23• , 

and 
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compound 24. 

The compounds of the present invention may have 
asymmetric centers and occur as racemates, racemic 
mixtures, and as in~ividual diastereomars, with all 

s possible isOllers, including optical isomers, being 
included in tbe 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, sec-. 
butyl, t-butyl, and the like. "Lower alkoxy" groups 

is include those groups having 1-6 carbons. Examples of 
lower alkoxy groups include aethoxy, ethoxy, propoxy, 
isopropoxy, and the like. All alkyl and alkoxy groups 
may be branched or straight chained, but are noncyclic. 
The term 11cycloalkyl" 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," 
"cycloalkyl lower alkyl", and "aryl lower alkyl," :are 

2s substituted, respectively, with one to three heterocycle, 
thio, cycloalkyl, and aryl groups •. 
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As used herein, "aryl" is intended to include any 
stable monocyclic, bicyclic, or tricyclic carbon rinq(s) 
of up to 7 members in each rinq, wherein at least one 
rinq is aromatic. ~xamples of aryl qroups include 

s phenyl, naphthyl, anthracenyl, biphanyl, 
tetrahydronaphthyl, indanyl, phenanthrenyl, and the like. 

The term heterocycle, as used herein, represents a 
stable s- to 7-membered monocyclic or stable a- to 11-
membered bicyclic or stable 11 to 15-membered tricyclic 

10 heterocyclic rinq which is either saturated or 
unsaturated, and which consists of carbon atoms and from 
one to four heteroatoms selected from t~e qroup 
consistinq of N, o, and S, and includinq 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 heteroatom or carbon atom which 
results in the creation of a stable stricture. Exam.plea 
of such beterocyclic elements include, but are not 
limited to, azepinyl1 ·benzimidazolyl, benzisoxazolyl, 

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

25 im.idazolinyl, imidazolyl, indolinyl, indolyl, 
isochromanyl, isoindolinyl, isoquinolinyl, 
isothiazolidinyl, isothiazolyl, isothiazolidinyl, 
morpholinyl, naphthyridinyl, oxadiazolyl, 2-oxoazepinyl, 
2-oxopiperazinyl, 2-oxopiperidinyl, 2-oxopyrrolidinyl, 

30 piperidyl, piperazinyl, pyridyl, pyridyl H-oxide, 
quinoxalinyl, tetrahydrofuryl 1 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 
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attached to ca~bon atoms or to heteroatoms (e.g., s, N, 
or o). 

As used herein, the term "residue of an a-amino 
acid" stands for an a-amino acid residue which is either 

s a natural a-amino acid which is found in nature (e.g. , 
cysteinyl, methionyl, phenylalaninyl, leucinyl, etc.) or 
a synthetic a-amino 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.). 
The compounds of this invention can be provided in 

the form of pharmaceutically acceptable salts. 
Acceptable salts include,. but are not limited to acid 
addition salts of inorganic acids such as acetate, 

15 maleate, fWDarate, 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 geranylqeranyl transferase) in a subject, 

25 e.g., a ma-al such as a human, by administering to the 
subject a therapeutically effective amount of a compound 
of formula :t or formula XI:. l:n particular, the present 
invention also covers a method of treating restenosis or 
tissue proliferative diseases (i.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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tumors include breast, colon, pancreas, prostate, lung, 
ovarian, epidermal, and hematopoietic cancers (Sepp­
Lorenzino·, I, et · ai~ , cancer Research 55: 5302 ( 1995) ) • 

A therapeutically effective uiolint of a compound 
s of this invention and a pharmaceutically acceptable 

carrier substance (e.g., magnesium carbOnate, lactose, or 
a phospholipid witli ·which the therapeutic compound can 
form a micelle) together form a pharmaceutical 
composition (e.g., a pill, tablet,·capsule, or liquid) 

10 for administration (e.g., orally, intravenously, 
transdermally, or sUbcutaneously) t:.o·a·s'llbject.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 intestina1·enzY1Des in the 

15 subject, s StOlla.ch for a period of time ilUff icient to 
allow the composi·tion 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: admin"istration, the 
age and the body weight of the subject, and the condition 
of the subject to be treated, and ultiJilately will be 

decided by the attending physician or veterinarian. Such 
an amount of the compound as determined by the attending 

2s 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 coapounds of 
formula I or formula II and the novel chemical 

30 .intermediates 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. 
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Detailed Description of the Inyentign 
It is believed that one skilled in the art can, 

based on the description herein, utilize the present 
invention to its fullest extent. The following specific 

s eJDbodiments are, therefore, to be construed as merely 
illustrative, and not limitative of the remainder of the 
disclosure in any way whatsoever. 

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 
1s compounds l, 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 phase.methodologies, 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 carried 
out in an inert organic solvent1 e.g., dimethylformide, 

25 dichloromethane, tetrahydrofuran, benzene or 
acetonitrile, using a suitable mild condensing agent, 
e.g., 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide-HCl 
(EDC, O-benzotriazol-1-yl-N,N,N',N'-tetramethyluronium 
hexafluorophosphate (HBTU), and optionally a catalyst, 

30 e.g., 1-hydroxybenzotriazole (ROBT). The reaction 
temperature was maintained below room temperature (-1sac 
to room t~ature) in order to minimize side reactions. 
Cyclic disulfide formation was carried out under high 
dilute condition usinq iodine in various solvents (e.g •. , 

35 methanol, tetrahydrofuran (TJU') , acetic acid, water, 
etc.). B. Kamber, et al., Helv. Chim. Acta, 63(96):899 
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(1980). The intermediate arid final products were 
isolated and purified by standard methods, e.g., column 
chromatoqraphy or BPLC. Compounds where Ra, together 
with Rg, forms CH2CH2 can be made according to the methods 

s of Williams, et al., J. Mad. Cham. 39(7):1346 (1996), 
e.g., by starting with protected cysteine. 

Example I: N- [2- (R) -amino-3-mercaptopropy~ ]-L­
J>$Dicillaminyl-1, 2, 314-te~any~3 (s) -
isoquinoline carbony1 meth~e>:nine methylester 

lo cyclic disulfide· (CODpouna· 1) · · 
a) H-t-butoxycarbonyl-S-trityl-L-cysteinyl-N,o-

dimethylamide . ..· . . 
To an ice-cooled solution of N-t-~utoxycarbonyl-L­

cysteine (8.0 g) and N,O-dimetbylbydroxylamine 
15 hydrochloride (7 .1 g) .. in 80 ml dimethyl~oniide was added 

4.2 ml diethylcy•nophosphonate and 14.7 ml 
diisopropyletby~ami,ne, and after stirrin9 at oac 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 aqueous NaHC03 , water, and dried (McJS04). Solvent 
was .evaporated in vacuo to dryness, and the residue was 
chromatographed on silica gel (165 CJ) using CHC13 as an 

25 eluant. Appropriate fractions were pooled, and solvent 
was removed in vacuo to dryness. White foam 8. 08 g TLC 
(silica gel: CllC13 /acetone = 9: 1 Rf • o. 58) • 
b) 2 (R)-t-Butoxycarbonylamino-~­

triphenylmethylmercapto-propanal 
30 To an ice-c~oled solution of N-t~Butoxycarbonyl s-

trityl-L-cysteinyl-N, O-dimethylamide (0.85 q). in 20 ml 
tetrahydrofuran (THF) was added dropwise 3 ml 1.0 M LiAH4 
in THF under nitrogen. atmosphere. After the mixture was 
stirred for 30 min. at oac, lM KHS04 was sloWly added, 

35 and the resultinq emulsion was filtered through celite 
pad and further washed with ethylacetate. · After dryinq 
over anhydrous MgS04 , the solvent was removed in vacuo to 
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dryness resulting in o.7 g of the abOve-titled compound 
TLC (silica gel; CHC13/aceto~e = 4:1; Rf= 0.88). 
c) N-t-butoxycarbonyl-s­

acetamidomethylpenicillaminyl-1, 2, 3, 4-tetrahydro-
s 3(S)-isoquinolinecarbonyl-aethionine methylester 

To an ice-cooled solution of N-t-butoxycarbonyl-L-
1, 2, 3, 4-tetrahydro-3 (S)-isoquinoline (2.77 q) and L­
methionine methylester hydrochloride (2.0 g), 1-
hydroxybenzotriazole (ROBT) (1.37 q) and O-Benzotriazol-

. io 1-yl-N,N,N' ,N'-tetramethyluronium hexafluorophosphate 
(HBTU) (3.87 g) in 30 ml diaethyl:formide was added 4.9 ml 
diisopropylethylamine (DIEA). After stirring at o•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 washed with aqueous NaHC03 , 

water, and dried (MgS04). Solvent was evaporated in 
vacuo to dryness. It was treated with sot trifluoracetic 

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

25 methionine methylester TFA salt (2.2 g) in 
dichloromethane (20 ml) cooled to ORC was added 1.2 ml 
DIEA folloWed by a solution of ROBT (0.7 q), N-t­
butoxycarbonyl-s-acetamidomethyl penicillin (1.6 g) in 
DMF (3 ml), and BDC ·c1.2 g). The mixture was stirred at 

30 oac 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 
NaBC03 , water, and then dried (HgS04). Solvent was 

35 evaporated in vacuo to dryness to yield 3.3 q orange 
solid. 
d) L-[s-acetamidometbylpenicillaminyl-1,2,3,4-

tetrahydro-3 [·S]-isoquinolinecarbonyl methionine 
methylester and its TFA salt 
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N-t•bUtoxycarbonyl-S-acetamidom.etbyl-· 
penicillaminyl•i,2,3,4-tetrabydro-3[S).:. 

· isoquinolinecarbonyl methionine methylester (3.3 g) was 
treated with sot TFA in CH2Cl2 (20 ml) containing 1 ml 

s trietbylsilane for 30 min. · Volatil• substances were 
removed in vacuo to dryness. Trace .of TPA was removed by 
co-evaporation with toluene several times. The TPA salt 
was dissolved in CHC13 (30 ml), treated with excess 
trietbylamine, washed with water, dried (MCJS04), and 

10 solvent was evaporated in vacuo to give free base. 
e) N-[2(R)-(t-bqtoxycarbonyl)amino~3-

triphenylmet~ylmercapto-propyl]-L-[S­
acetamidomethyl-penicillaminyl]-1,2,3,4-
tetrahydro-3(S)-isoquinolinecarbonyl methionine 

1s methylester 
To a solution of 2(R)-t-butoxycarbonylamino-3-

tripbenylmethyl-mercapto-propanal ·co.7 g) and L-[S-
. . . . 

acetamidometbylpenicillaminyl-1,2,l,4-tetrahydro-3(s)-
isoquinolinecarbony1: methionine m.ethylester (0.43 g) in 

20 CH2Cl2 · (20 ml) containing lt acetic acid was added, .. 
triacetoxysodiWlborohydride Na(OAc) 3BH (360 mg) in 011e 
portion. After stirring for 2 hours, the mixture was 
washed with water, si aqueous NaHC03, water, and then 
dried (MgS04 ). The solvent was evaporated in vacuo to 

25 dryness, and the residue was cbromatograpbed on silica 
gel (50 g) using CHC13 /acetone (19:1 to 9:1) as eluants. 
Appropriate fractions were pooled and solvents were 
rem.oved in vacuo to dryness resulting in a white foam 
(390 mg) of the above title compound •. TLC (silica gel; 

30 CHC13/acetone = 4:1; Rf = 0.4). . . 

35 

f) N-[2(R)-(t-butoxycarbonyl)amino-3-mercaptopropyl)­
L-penicil.l.aminyl]-1,2,3,4-tetrahydro-3(S)­
isoquinoline carbonyl methionine methylester 
cyclic disulfide 
To a solutio~ of N-[2(R)-(t-butoxycarbonyl)amino-

3-triphenylmetbylmercaptopropyl]-L-[S-acetamidomethyl­
penicillam.inyl]-1,2,3,4-tetrahydro-3(S)-isoquinoline 
carbonyl methionine ~ethylester (500 mg) in 50 ml 90t 
aqueous MeOH was added dropwise a solution of iodine 

40 (250 mg) in methanol (MeOH) (10 ml)• After stirring for 
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1 hour, most of methanol was removed in vacuo to a small 
volume, dilut~:with water, and extr•c::~ed with 

·:··.:·! . . .·· ·:: 

ethylacetate. The ethylacetate extract was washed with 
water, aqueous Na2s2o3 , water, and then dried (Mqso4). 

s The solvent was evaporated in vacuo to dryness resulting 
in 400 mg of the above title compound. 
g) N-[2-(R)-amino-3-mercaptopropyl]-L-penicillaminyl-

1,2,3,4-tetraJlhydro-3(S)-isoquinoline carbonyl 
methionine metbylester cyclic disulfide 

10 crude N-[2(R)-(t-butoxycarbonyl)amino-3-
mercaptopropyl]-L-penicillaminyl]-1,2,3,4-tetrabydro-
3(S)-isoquinoline carbonyl methionine methylester cyclic 
disulfide (400 mg) was treated with 90t trifluoroacetic 
acid (TFA) in water TFA/R2o (9:1)(10 ml) for 30 min. 

1s Volatile substances were removed in vacuo to dryness, and 
a trace of 'l'FA was evaporated with toluene several times 
and triturated with hexane, decanted, and then dried. 
Crude product was subjected to preparative hiqh 
performance liquid chromatography (HPLC) using c18 colilmn 

20 and o. li TPA and CH3CN 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-penicillaminyl]-l,2,3,4-

tetrahyclro-3(S)-isoquinoline carbonyl 
methionine (Compound 4) 
To-a solution of N-[2(R)-(t-butoxycarbonyl)­

amino-3-triphenylmetbylmercaptopropyl]-L-[s-
30 acetamidomethyl penicillaminyl]-1, 2, 3, 4-tetrahydro-3 (S) -

isoquinolinecarbonyl methionine metbylester (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 v.olume, diluted with water, acidified with 5% 

35 aqueous citric acid, and extracted with ethylacetate. 
The ethylacetate extract was then dried (MgS04). Solvent 
was evaporated in vacuo to dryness. The residue was 
treated with 50% TF~ in CH2C12 containinq triethylsilane 
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(Et3SiH) (0.5 ml) for·4o min. Volatile substances were 
removed in dryness, arid a trace of 'l'FA was evaporated. 
with toluene and then dried. Crude prdduct was purified 
by prep. BPLC giving tbe above titled compound (100 mg) 

s as a white solid. H/e = 600.2 

10 

Example 3: N-[2-(R)-•ino-3-mercaptopX"bpylJ-L­
penlolll•inyl]-2,3.;..dimathyl.anilide cyclic 
diril:tlda· '(Compound 9) ·· · 

a) CN-t-Butoxj'carbony1-s-
acetamidQJMtthyl Jpenici11aminy1-2, 3-c11methy1ani11c1e 
To an ice-coQled solution of N-[~-butoxycarbonyl)­

s-acetamidomethyl penicillamine (Bllchem California, 
Torrance, CA) (0.64 ·g), 2,3-dim~tbylanil~ne (0.25 g), 
hydroxybenzotriaz~le ·co.41 g) indimethylforaide 

15 (DMF) /CB2Cl2 (1:~; 20.:ml) was acJded 1-(3-: 
dimethylaminopropyl)-3-ethylcarbodiimide (EDC) (0.57 g). 
The mixture was stirred at.O-SRC 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 ac:etate (BtOAcJ.-; and 
water. EtOAc extrllct was washed with aqueous NaHC03 , 

water, and then dried (MgS04). The solvent was 
evaporated in vacuo to dryness. The residua was 
chromatographed on.eilica gel (40 g) usingCHC13/acetone 

2s = 19:1 as eluants; appropriate fractions were pooled, and 
solvents were removed in vacuo to drynes~ giving 350 mg 
of the above titled compound. TLC (silica gel: 
CHC13 /acetone = 4:1, Rf - 0 •. 77). 
b) L-[S-acetuaidomethylpenicillaminyl-2,3-di•ethyl 

30 anilide TPA salt 
' ' 

[N-t..;butoxycarJ>onyl-s-acetamidomethyl]-
penicillam.inyl-2, 3~dimethylanilide was treated with 50% 
TFA in CB2c12 (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 CHC13 (30 ml), treated with 
excess triethylam~ne, washed with water, dried (MgS04), 
and solvent was e~aporated in vacuo to give free base. 
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c) H-[2{R)-(t-butoxycarbonyl)amino-3-
tripheJ.ly~methylmercapto propy~]-L-[S­
acetamiddme~ylpenicillaminyl~2 ,'3-dimethylamilide 
To a stirred solution of 2(R)-t-

s butoxycarbonylamino-3-tripbenylmethylmercaptopropanal 
(0.5 g; Example lb) and L-[S­
acetamidomethylpenicillaminyl-2, 3-dimethylanilide 'l'FA 
salt (0.3 g) in xeoH containing lt acetic acid (HOAc) 
(10 ml) was added portionwise NaCHBB3 (100 mg). 'l'he 

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 aqueous NaHC03 , water, and 
then dried {MgS04). After evaporation of solvent, the 

15 residue was chromatoqraphed on silica gel (30 g) using 
CHC13-acetone (19:1 to 9:1) as eluants. Appropriate 
fractions were pooled, and solvents were evaporated in 
vacuo to dryness giv.ing 360 mq of the above titled 
compound. TLC (silica gel: CHC13 /acetone = 9:1, Rf = 

20 0.13. 

d) H-[2-(R)-amino-3-aercaptopropyl]-L­
penicillaminyl]-2,3-dimethylamil.ide cyclic 
disulfide 
To a stirred solution of N-[2(R)-(t-

2s butoxycarbonyl) amino-3-triphenyl.methylmercaptopropyl J-L­
[ S-acetamidomethyl penicillaminyl]-2,3-dimethylamilide 
(350 :mg) in 50 ml 9oi MeoH in water was added a solution 
of iodine (250 mg) in MeOH (5 al). 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 Ha2s2o3, water, then dried 
(MgS04). Solvent was removed in vacuo to dryness (220 
mg), treated with 90'l 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. 
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ot.n@r Eplbc)4iments· 
It is to· be understood that while the invention 

has been described in conjunction with the deta11ed 
description thereof i that the foregoing· description is 

s 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 •odifications are 
within the claims. 
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What is claimed is: 
I 1111111111111 11111 1111111 1111 

* C L M S * 

1. A compound of formula I or formula II 

Formula I Formula II 

R1 is N (Rio> (R11> ; 

~ is thio lower alkyl; 
each of R3 and R5 , independently, is CH2 or C(O); 
R4 is substituted or unsubstituted thio lower 

10 alkyl, wherein the substituent is CH2NHC (O) R13 and 
attached to the thio group; 

R6 is a residue of a natural or-synthetic a-amino 
acid; 

R7 is a residue of a natural or synthetic a-amino 
15 acid; 

R8 is OH or lower alkoxy, or, toqether with R7 , 

forms homoserinelactone; 
each- of Rg, R10 and R11 , independently, is B or 

lower alkyl; 
20 R12 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,-Ra; 

25 R13 is lower alkyl, aryl, or aryl. lower alkyl; 
R18 is H or, ·together with R,, forms -CH2CH2-; 

provided that if R.t is unsubstituted thio lower alkyl, 
the free thio qroups of R2 and R4 can .form a disulfide 
bond; 

30 or a pharmaceutically acceptable salt thereof. 
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2. A compound of claim 1, wherein said compound 
is of formula z; or .a pharmaceutically acceptable salt 
thereof. 

3. A compound of claim 1, wherein said compound 

s is of formula II; or a pharmaceutically acceptable salt 

thereof. 

4. A compouncl of claim·2, wherein 
R6 is -H(R14)CH(R15)C(O)- where Ru, is H or iower 

alkyl, and R15 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 lo11fer alkoxy, or R15 , 

together with H(Ri4)c attaChed thereto, form a 
heterocycle; 

is R7 is -N(R16)·CH(R17)C(O)- where R.:i,6 is B or lower 
alkyl; and R17 is (CH2).s(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 
substituent is C(O)H(R10)(R11); and 

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

s. A compound of claim 4, wherein 
R2 is CB2SH; and 
R4 is C(CH3)2SH or ~SH; 

2s in which the free tbio groups of R2 and R4 form a 
disulfide bond; or a pharmaceutically acceptable salt 
thereof. 

6. A compound of claim 5, wherein R15 , toqether 
with N(R14)c attached hereto, torm a heterocycle; R16 is 

30 H; and R17 is (CH2) 2S(O)nCH3; or a pharmaceutically 
acceptable salt thereof. 

7. A compo"Und of claim 6, wherein 
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s or a pharmaceutically acceptable salt thereof. 

a. A compound of claim 4, wherein 
R2 is ~SB; and 
R4 is C(CH3)2SCB2NHC(O)CH3 or CH2SCH2NHC(O)CH3; 

or a pharmaceutically acceptable salt thereof. 

10 9. A compound of claim 8, wherein R15 , together 
with N(R14)c attached thereto, form a heterocycle; R16 is 
B; and R17 is (CB2) 2S(O)nCH3 ; or a pharmaceutically 
acceptable salt thereof. 

10. A compound of claim 9, wherein. 
15 R1 is NH2 ; 

R3 is.CH2i 
R5 is C(O); and 
Ra is OH or OCB3; 

or a pharmaceutically acceptable salt thereof. 

20 11. A compound of claim 3, wherein 
R2 is CH2SB; and 
R4 is C(CH3)2SH or CB2SBi 

in which the free thio groups of R2 and R4 form a 
disulfide bond; or a pharmaceutically acceptable salt 

25 thereof. 

30 

12. A compound of claim 11, wherein R12 is 
substituted or unsubstituted aryl, or substituted or 
unsubstituted aryl lower alkyl, and R18 is H; or a 
pharmaceutically acceptable salt thereof. 

13. A compound of claim 12, wherein 
R1 is NB2i 
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R12 'is substituted or unsubstituted phenyl or 
s benzyl, where said substituent is lower alkyl or halo; 

or a pharmaceutically acceptable salt thereof. 

14. A com.pound of claim 3, wherein 
. R2 is (CH2)SB; and 

R4 is C(CB3) 2SCBzHBC(O) CH3 or CH2ScB2RHC(O) Cll3; 

io or a pharmaceutically acceptable salt thereof. 

15 

15. A compound of claim. 14, where.in R12 is 
substituted or unsubstituted aryl or aryl lower alkyl; or 
a pharmaceutically acceptable salt thereof. 

16. A com.pound of claim 15, wherein 
R1 is HH2; 
R3 is CH2; 

Rs is C(O); 

Rg is H; and 
R12 is substituted or unsubstituted phenyl or 

20 henzyl, where said subatituent is lower alkyl or halo; 
or a pharaaceutically acceptable salt thereof. 

17. A com.pound of claim. 1, said com.pound of the 
formula 
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18. A :method of treatinq tumors or restenosis in 
a subject in need of said treatment, which comprises 
adainistering to said subject a therapeutically effective 

s 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. 


