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1. A tripeptide derivative represented by the
following formula

t£

14CH04——NH_, 2 m 2

ch2 coor2
r -ii-CO-NH-CH-CO-NH-CH^CHo4-x—C0-R_

z Z j ( I )

wherein R^ represents a C1_1Q alkyl group, a 
C4-7 cycloalkyl or G5_7 cycloalkyl-lower alkyl 
group, a phenyl or phenyl-lower alkyl group in 
which the benzene ring may optionally be sub­
stituted by a substituent selected from halogen, 
lower alkyl, lower alkoxy, phenyl, methylenedi- 
oxy, ethyienedioxy, amino, di(lower alkyl)amino 
and hydroxy, a naphthyl or naphthyl-lower alkyl 
group in which the naphthalene ring may option­
ally be substituted by a substituent selected
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from halogen, lower alkyl, lower alkoxy and 
hydroxy, a heterocyclic or heterocyclic-lower 
alkyl group in which the heterocycle is a 
saturated or unsaturated 5- or 6-membered ring 
containing a nitrogen, oxygen or sulfur atom as 
the hetero atom, and may optionally be substi­
tuted by a substituent selected from halogen, 
lower alkyl, lower alkoxy, amino, di(lower 
alkyl)amino, hydroxy, oxo and saturated 5- or 
6-membered nitrogen-containing heterocyclic 
group, and further may optionally be fused to a 
benzene ring, or an imidazolyivinyl group; R2 
represents a hydrogen atom, a Cj_10 alkyl group 
or a benzyl group; R^ represents a group of the 
formula

«Γ^’ρ (iTH2>q
X Y

or -N-CH-COOR4

-N- -CH-COOR,

(a) (b)

in which represents a benzene, cyclo­

pentane or cyclohexane ring, R4 represents 
a hydrogen atom, a C1_1Q alkyl group or a 
benzyl group, p is 0 or 1, q is 1, 2, or 
3, and X represents a phenyl group which 
may optionally be substituted by a substi­
tuent selected from halogen, lower alkoxy 
and hydroxy, a Ο4_θ cycloalkyl group, or a 
C5 7 cycloalkyl group which is fused to a 
benzene, and Y represents a hydrogen atom 
or a lower alkyl group, or X and Y, to­
gether with the nitrogen and carbon atoms 
to which they are bonded, forms a 5- or 
6-membered heterocycle which may contain a 
nitrogen, oxygen or sulfur atom,

W represents a single bond, -0- or -NH-, T



(11) AU-B-72416/87 
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-3-

represents a single bond, -S- or -S-, and m is 
0

2 or 3, 
or salts thereof.

18. A method of treating hypertension of a patient, which 
comprises administering an antihypersensitively effective 
amount of a tripeptide derivative of formula (I) or its 
pharmaceutically acceptable salt to the patient.
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This invention relates to tripeptide deriv­
atives, and more specifically, to tripeptide derivatives 
represented by the following formula

T-(CHO4——NH„
, 2 m 2

ch2 coor2
R1-W-CO-NH-CH-CO-NH-CH-(-CH2i^-CO-R3 (χ}
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wherein R^ represents a cj_jq alkyl group, a 
C4_7 cycloalkyl or C5_7 cycloalkyl-lower alkyl 
group, a phenyl or phenyl-lower alkyl group in 
which the benzene ring may optionally be sub­
stituted by a substituent selected from halogen, 
lower alkyl, lower alkoxy, phenyl, methylenedi- 
oxy, ethylenedioxy, amino, di(lower alkyl)amino 
and hydroxy, a naphthyl or naphthyl-lower alkyl 
group in which the naphthalene ring may option­
ally be substituted by a substituent selected 
from halogen, lower alkyl, lower alkoxy and 
hydroxy, a heterocyclic or heterocyclic-lower 
alkyl group in which the heterocycle is a 
saturated or unsaturated 5- or 6-membered ring 
containing a nitrogen, oxygen or sulfur atom as 
the hetero atom, and may optionally be substi­
tuted by a substituent selected from halogen, 
lower alkyl, lower alkoxy, amino, di(lower 
alkyl)amino, hydroxy, oxo and saturated 5- or 
6-membered nitrogen-containing heterocyclic 
group, and further may optionally be fused to a 
benzene ring, or an imidazolylvinyl group; R2 
represents a hydrogen atom, a alkyl group
or a benzyl group; represents a group of the 
formula

25
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X Y
or -N-CH-COOR.4
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pentane or cyclohexane ring, represents 
a hydrogen atom, a alkyl group or a

5 benzyl group, p is 0 or 1, q is 1, 2, or
3, and X represents a phenyl group which 
may optionally be substituted by a substi­
tuent selected from halogen, lower alkoxy 
and hydroxy, a C4_g cycloalkyl group, or a

10 C5-7 cycloalkyl group which is fused to a
benzene, and Y represents a hydrogen atom 
or a lower alkyl group, or X and Y, to­
gether with the nitrogen and carbon atoms 
to which they are bonded, forms a 5- or

15 6-membered heterocycle which may contain a
nitrogen, oxygen or sulfur atom,

W represents a single bond, -0- or -NH-, T 
represents a single bond, -S- or -S-, and m is

o
2 or 3,

20 or salts thereof; processes for production thereof; and 
the use thereof as a medicine, particularly an anti­
hypertensive agent.

As compounds structurally similar to the tri­
peptide derivatives of formula (I) above, G. M. Ksander

25 et al. discloses 1-(L-lysyl-gamma-D-glutamyl)indoline- 
2(S)—carboxylic acid and l—(N2,N^-diben2yloxycarbonyl— 
L-lysyl-gamma-D-glutamyl)indoline-2(S)-carboxylic acid as 
angiotensin converting enzyme (ACE) inhibitors (Journal
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of Medicinal Chemistry, 1985, vol. 28, No. 11, pages 
1606-1611). This publication states that these known 
compounds show in vitro inhibition of ACE. Our investi­
gations have shown however that in an in vivo test with

5 rats, these known compounds do not show any significant 
antihypertensive action after oral administration.

The tripeptide derivatives of formula (I) pro­
vided by this invention are novel compounds which are 
structurally different from the above known compounds in

IQ that the amino group at the N -position of the basic amino 
acid moiety is mono-substituted by a specific substituent 
and the amino group at the N -position is unsubstituted. 
Furthermore, it is quite unexpected from the above known 
compounds that the tripeptide derivatives of formula (I)

15 or salts thereof provided by this invention have not only 
ACE inhibiting activity but also excellent antihyperten­
sive activity in oral administration unlike the known 
compounds. Accordingly, the tripeptide derivatives of 
formula (I) and salts thereof in accordance with this

20 invention can be used as medicines, particularly anti­
hypertensive agents.

The term "lower", used in the present specifi­
cation and the appended claims to qualify a group or a 
compound, means that the group or compound so qualified

25 has not more than 5, preferably not more than 3, carbon 
atoms.

The alkyl group may be linear or branched. The 
"Cl-10 group" includes methyl, ethyl, n-propyl,
isopropyl, n-butyl, sec-butyl, tert-butyl, isobutyl,

30 n-hexyl, n-octyl and n-decyl. Methyl and ethyl are
preferred as the "lower alkyl group". Examples of the 
"lower alkoxy group" include methoxy, ethoxy, tert-butoxy 
and n-pentyloxy.

The cycloalkyl group" includes cyclobutyl,
35 cyclopentyl, cyclohexyl and cycloheptyl. Examples of the

"Cg cycloalkyl-lower alkyl group" are cyclopentylmethyl,
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cyclohexylmethyl, cyclohexylethyl and cycloheptylraethyl. 

The "halogen" includes fluorine, chlorine,
bromine and iodine, and chlorine and fluorine are pre­
ferred. Specific examples of the "di(lower alkyl)amino"

5 are dimethylamino, diethylamino and methylethylamino.
Examples of the "phenyl-lower alkyl group" are

benzyl and phenethyl. The benzene ring in the "phenyl" 
and "phenyl-lower alkyl" groups may optionally be substi­
tuted by 1 to 4, preferably 1 to 3, substituents selected

IQ from halogen, lower alkyl, lower alkoxy, phenyl, methyl- 
enedioxy, ethylenedioxy, amino, di(lower alkyl)amino and 
hydroxy. Examples of substituted phenyl and phenyl-lower 
alkyl groups include 4-chlorophenyl, 4-fluorophenyl, 
4-methylphenyl, 2-methylphenyl, 4-isopropylphenyl, 2-

15 methyl-6-hydroxyphenyl, 2-methoxyphenyl, 4-methoxyphenyl,
3- methoxy-4-hydroxyphenyl, 3,5-dimethoxy-4-hydroxyphenyl,
4- phenylphenyl, 3,4-ethylenedioxyphenyl, 3-amino-4- 
hydroxyphenyl, 4-dimethylaminophenyl, 4-hydroxyphenyl,
2- hydroxyphenyl, 4-chlorobenzyl, 2-fluorobenzyl, 2-

20 chlorobenzyl, 4-methylbenzyl, 2-methylbenzyl, 4-methoxy- 
phenethyl, 4-phenylbenzyl, 3,4-methylenedioxybenzyl, and 
4-hydroxyphenethyl.

Examples of the "naphthyl-lower alkyl group" are 
alpha-naphthylmethyl and alpha-naphthylethyl, and the

25 naphthalene ring in the "naphthyl group" and "naphthyl- 
lower alkyl group" may optionally be substituted by 1 to 
3, preferably 1 or 2, substituents selected from halogen, 
lower alkyl, lower alkoxy and hydroxy. Examples of the 
substituted "naphthyl" and "naphthyl-lower alkyl" groups

30 are 3-hydroxynaphthalen-2-yl, 6-hydroxynaphthalen-2-yl,
3- methylnaphthalen-l-yl methyl, and 6-methoxynaphthalen- 
1-yl ethyl.

The "saturated or unsaturated 5- or 6-membered 
heterocyclic group containing a nitrogen, oxygen or sulfur

35 atom as the hetero atom" may include 1 to 3 such hetero
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atoms, and specific examples include 2-furyl, 2-pyrroli- 
dinyl, 3-pyridyl, 2-pyridyl, 4-pyridyl, 2-thienyl and 
2-pyrazinyl. Examples of the "heterocyclic-lower alkyl 
group" include 2-pyridylethyl, 3-pyridylmethyl and

5 morpholinoethyl.
The heterocycle in these "heterocyclic" and 

"heterocyclic-lower alkyl" groups may optionally be sub­
stituted by 1 to 3, preferably 1 or 2, substituents 
selected from halogen, lower alkyl, lower alkoxy, amino, 
di(lower alkyl)amino, hydroxy, oxo and saturated 5- or 
6-membered nitrogen-containing heterocyclic group 
(examples of this nitrogen-containing heterocyclic group 
are 1-pyrrolidinyl and morpholino). Examples of such 
substituted heterocyclic or heterocyclic-lower alkyl

15 groups include 2-chloropyridin-5-yl, 2-chloropyridin-3-yl, 
2-methylpyridin-5-yl, 2-methoxypyridin-5-yl, 2-ethoxy- 
pyridin-5-yl, 2-n-propyloxypyridin-5-yl, 2-isopropoxy- 
pyridin-5-yl, 2-aminopyridin-5-yl, 2-dimethylaminopyridin- 
5-yl, 2-hydroxypyridin-5-yl, 2-pyrrolidon-5-yl, 2-pyr-

2q rolidinylpyridin-5-yl, 2-morpholinopyridin-5-yl, 3-
hydroxypyridin-2-ylmethyl, 3-methoxypyridin-2-ylmethyl, 
2-chloropyridin-6-ylmethyl and 2-methylpyridin-6-ylmethyl. 
A benzene ring may optionally be fused to the above 
heterocycle. Examples of such a fused ring are qunolin-

25 3-yl, indolin-2-yl, thianaphthen-2-yl, quinoxalin-2-yl,
and isoquinolin-2-yl.

Specific examples of the group of formula (a) as 
the group in formula (I) include 2(S)-carboxyindolinyl, 
2-carboxy(2S,3aS,7aS)octahydro-indolyl, 1,2,3,4-tetra-

30 hydroisoquinolin-3-carboxylic acid-2-yl and cis, endo-2- 
azabicyclo[3.3.0]octan-3-carboxylie acid-2-yl.

Specific examples of the group of formula (b) as 
the group R3 include N-(4-methoxyphenyl)alanino, L-prolino 
N-cyclooctylglycino, N-cyclopentylglycino, and thiazolidin

35 4-carboxylic acid-3-yl.
In general formula (I), W preferably represents
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6
a single bond or -0-, and T preferably represents a single 
bond. Generally, both R2 and R4 are preferably hydrogen 
atoms. Preferably, R^ represents the group of formula (a) 
in which xA\ is a benzene or cyclohexane ring, p is 0,

and q is 1.
A preferred group of the tripeptride derivatives 

(I) provided by this invention are represented by the 
following formula
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2525

Rll-W' -CO“NH-CH-CO_NH"CH'{CH2'^-CO''R31 (I_1)

wherein R^-W- represents a C4_7 cycloalkyl, 
C4_7 cycloalkyloxy, cyclohexylmethyloxy or 
cyclohexylethyloxy group, a phenyl group which 
may optionally be substituted by 1 to 4 substi­
tuents (preferably 1 substituent) selected from 
lower alkoxy, halogen and hydroxy, a benzyloxy 
or phenethyloxy group in which the benzene ring 
may optionally be substituted by 1 to 4 substi­
tuents (preferably 1 substituent) selected from 
lower alkoxy, methylenedioxy and hydroxy, a 
pyridyl group which may optionally be substi­
tuted, preferably at the 2-or 6-position, by a 
substituent selected from halogen, lower alkoxy, 
methyl and dimethylamino, a pyridylmethyloxy or 
pyridylethyloxy group in which the pyridine ring 
may optionally be substituted, preferably at the 
3- or 6-position, by a substituent selected from 
methoxy and hydroxy, a 2-indolinyl, 2-pyrroli- 
dinyl, 2-pyrazinyl, 2-furyl, 2-thienyl or 3- 
quinolyl group, or a 4-imidazolylvinyl group;
R31 represents a 2(S)-carboxyindolinyl or 2- 
carboxy(2S,3aS,7aS)octahydro-indoiyl group; and 
m is 2 or 3.
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A more preferred group of the tripeptide deriv­
atives of formula (I) provided by this invention are
tripeptide derivatives represented by the following
formula

(CH2^3-NH2 
ch2 cook

5 R12-W"-CO-NH-CH-CO-NH-CH^CH2^2-CO-R31 (1-2)

wherein Ri2-W"“ represents a cyclobutyl, cyclo­
pentyl, cyclobutyloxy or cyclopentyloxy group, 
a phenyl group which may optionally be substi­
tuted, at the 2- or 4-position, by a substituent

10 selected from lower alkoxy (particularly methoxy)
and hydroxy, a phenethyloxy group which may 
optionally be substituted by hydroxy at the
4-position of the benzene ring, or a pyridyl 
group which may optionally be substituted,

15 preferably at the 2- c»r 6-position, by halogen
(preferably, chlorine) or lower alkoxy; and R31 
represents a 2(S)-carboxyindolinyl or 2-carboxy- 
(2S,3aS,7aS)octahydro-indolyl group,

and salts thereof.
20 The tripeptide derivatives (I) of the invention

have an amino group, and when R2 and/or R^ are hydrogen, 
a carboxyl group (or groups) as well. Hence, they form 
salts with various acids, for example inorganic acids such 
as hydrochloric acid and sulfuric acid, and organic acids

25 such as trifluoroacetic acid and acetic acid, or can exist 
in the form of salts such as sodium, potassium, calcium 
and ammonium salts or basic amino acid salts. Pharma­
ceutically acceptable salts are preferred.

The tripeptide derivatives (I) of the invention
30 can also exist in the form of hydrates or solvates such as 

a solvate with dioxane, and it should be understood that 
the tripeptide derivatives of this invention also include 
such hydrates and solvates.
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The tripeptide derivatives (I) have at least two 

asymmetric carbon atoms, i.e. the carbon atom at the 
alpha-position of the basic amino acid moiety and the 
carbon atoms at the alpha-position of the glutamic acid

5 moiety. Accordingly, the tripeptide derivatives (I) of 
this invention exist as a streoisomer or a steroisomeric 
mixture which are also included within this invention. 
Preferably, the configuration of the alpha-carbon of the 
basic amino acid moiety is L, and the alpha-carbon of the

IQ glutamic acid moiety is D. When the carbon atom to which 
-COOR^ is bonded in R^ is asymmetric, its configuration is 
preferably similar to that of L-type amino acid.

Typical examples of the tripeptide derivatives 
of formula (I) provided by this invention are given below.

215 1-iN -cyclobutylcarbonyl-L-lysyl-gamma-D-glutamyl]-
indoline-2(S)-carboxylic acid,

(2S,3aS,7aS)-l-[N2-cyclobutylcarbonyl-L-lysyl-
gamma-D-glutamyl]octahydro-lH-indole-2-carboxylie acid,2(2S,3aS,7aS)-1-[N -cyclopentylcarbonyl-L-lysyl-

20 gamma-D-glutamyl]octahydro-lH-indole-2-carboxylic acid,
21-[N -cyclohexylcarbonyl-L-lysyl-gamma-D-

glutamyl]indoline-2(S)-carboxylic acid,
21-[N -cyclobutyloxycarbonyl-L-lysyl-gamma-D-

glutamyl]indoline-2(S)-carboxylic acid,
225 (2S,3aS,7aS)-l-[N -cyclobutyloxycarbonyl-L-lysyl-

gamma-D-glutamyl]octahydro-lH-indole-2-carboxylic acid,
(2S,3aS,7aS)-1-[N2-cyclopentyloxycarbonyl-L-lysyl-

gamma-D-glutamyl]octahydro-lH-indole-2-carboxylie acid,
2 "1-[N -cyclopentyloxycarbonyl-L-lysyl-gamma-D-

30 glutamyl]indoline-2(S)-carboxylic acid,
21-IN -cyclohexyloxycarbonyl-L-lysyl-gamma-D-

glutamyl]indoline-2(S)-carboxylic acid,
2(2S,3aS,7aS)-1-IN -cyclohexyloxycarbonyl-L-lysyl-

gamma-D-glutamyl]octahydro-lH-indole-2-carboxylic acid,
935 1-IN -cyclohexylmethoxycarbonyl-L-lysyl-gamma-D-

glutamyl]indoline-2(S)-carboxylic acid,
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1-[N -cyclohexylethoxycarbony1-L-lysyl-gamma-D-
glutamyl]indoline-2(S)-carboxylic acid,

91-[N -benzoyl-L-lysyl-gamma-D-glutamyl]indoline- 
2(S)-carboxylic acid,

5 (2S,3aS,7aS)-l-[N2-benzoyl-L-lysyl-gamma-D-
glutamyl]octahydro-lH-indole-2-carboxylic acid,

(2S,3aS,7aS)-l-[N2-(2-methoxybenzoyl)-L-lysyl- 
gamma-D-glutamyl]octahydro-ΙΗ-indole-2-carboxylie acid,

(2S,3aS,7aS)-l-[N2-(4-chlorobenzoyl)-L-lysyl- 
1Q gamma-D-glutamyl]octahydro-lH-indole-2-carboxylic acid,

(2S,3aS,7aS)-l-[N2- (4-hydroxybenzoyl) -L-lysyl·- 
gamma-D-glutamyl]octahydro-ΙΗ-indole-2-carboxylie acid,

(2S,3aS,7aS)-1-[N2-(2-hydroxy-5-methoxybenzoyl)-L- 
lysyl-gamma-D-glutamyl]octahydro-lH-indole-2-carboxylio

15 acid,
(2S,3aS,7aS)-1-[N2-(2-hydroxy-5-bromobenzoyl)-L- 

lysyl-gamma-D-glutamyl]octahydro-lH-indole~2-carboxyiic 
acid,

21-[N -(benzyloxycarbonyl)-L-lysyl-gamma-D-glutamyl]- 
20 indoline-2(S)-carboxylic acid,

(2S,3aS,7aS)-1-[N2-(benzyloxycarbonyl)-L-lysyl-
gamma-D-glutamyl ]octahydro-lH-indole-2-carboxylic acid,

21-[N -phenethyloxycarbonyl-L-lysyl-gamma-D-
glutamyl]indoline-2(S)-carboxylic acid,

225 (2S,3aS,7aS)-l-[N -(phenethyloxycarbonyl)-L-lysyl-
gamma-D-glutamyl ]octahydro-ΙΗ-indole-2-carboxylie acid,

21-IN -(4-methoxyphenethyloxycarbonyl)-L-lysyl-
gamma-D-glutamyl] indoline-2(S)-carboxylic acid,

21-[N -(3,4-methylenedioxybenzyloxycarbonyl)-L- 
30 lysyl-gamma-D-glutamyl]indoline-2(S)-carboxylic acid,

(2S,3aS,7aS)-l-[N2-(4-hydroxyphenethyloxycarbonyl)-
L-lysyl-gamma-D-glutamyl]octahydro-lH-indole-2-carboxylie
acid, .

21-(N -nicotinoyl-L-lysyl-gamma-D-glutamyl]indoline- 
35 2(S)-carboxylic acid,

2(2S,3aS,7aS)-1-[N -nicotmoyl-L-lysyl-gamma-D- 
glutamyl]octahydro-lH-indole-2-carboxylic acid,
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2(2S,3aS,7aS)-l-[N -nicotinoyl-L-lysyl-gamma-D- 

glutamyl]octahydro-lH-indole-2-carboxylic acid monosodium 
salt,

2(2S,3aS,7aS)-l-[N -isonicotinoyl-L-lysyl-gamma- 
5 D-glutamyl]octahydro-lH-indole-2-carboxylic acid,

(2S,3aS,7aS)-1-[N2-(pyridine-2-carbonyl)-L-lysyl- 
gamma-D-glutamyl]octahydro-ΙΗ-indole-2-carboxylie acid,

(2S,3aS,7aS)-1-[N2-(6-chloronicotinoyl)-L-lysyl- 
gamma-D-glutamyl]octahydro-lH-indole-2-carboxylic acid,

1q (2S,3aS,7aS)-1-[N2-(6-methoxynicotinoyl)-L-lysyl-
gamma-D-glutamyl]octahydro-ΙΗ-indole-2-carboxylie acid,

(2S,3aS,7aS)-l-[N2-(6-ethoxynicotinoyl)-L-lysyl-
gamma-D-glutamyl]octahydro-lH-indole-2-carboxylie acid,

9(2S,3aS,7aS)-1-[N -(6-n-propyloxynicotinoyl)-L- 
15 lysyl-gamma-D-glutamyl]octahydro-lH-indole-2-carboxylic

acid,
2(2S,3aS,7aS)-l-[N - (6-isopropyloxynicotlnoyl)- 

L-lysyl-gamma-D-glutamyl]octahydro-1H-indole-2-carboxylie 
acid,

20 (2S,3aS,7aS)-1-(N2-(2-methylpyridin-5-yl)-L-lysyl-
gamma-D-glutamyl] octahydro-lH-indole-2-carboxylie acid,

21-IN -(2-dimethylaminopyridin-5-yl)-L-lysyl-gamma-
D-glutamyl] indoline-2(S)-carboxylic acid,

21-tN -(2-pyridineethoxycarbonyl)-L-lysyl-gamma-
25 D-glutamyl]indoline-2(S)-carboxylic acid,

21-tN -((3-methoxypyridin-2-yl)methoxycarbonyl)-
L-lysyl-gamma-D-glutamyl]indoline-2(S)-carboxylic acid,

91—[N -((3-hydroxypyridin-2-yl) methoxycarbonyl)- 
L-lysyl-gamma-D-glutamyl]indoline-2(S)-carboxylic acid,

30 (2S,3aS,7aS) -1- [N2- (indoline-2 (S)-carbonyD-L-lysyl-
gamma-D-glutamyl]octahydro-lH-indole-2-carboxylie acid,

1-(L-prolyl-L-lysyl-gamma-D-glutamyl]indoline-2(S)- 
carboxylic acid,

1-[D-prolyl-L-lysyl-gamma-D-glutamyl]indoline-2(S)-
35 carboxylic acid,21-IN -pyrazinoyl-L-lysyl-gamma-D-glutamyl]indoline-

2(S)-carboxylic acid,
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- 11 -21-[N -(2-furoyl)-L-lysyl-gamma-D-glutamyl]indoline- 
2(S)-carboxylic acid,

(2S,3aS,7aS)-I-IN2-(2-thiophenecarbony1)-L-lysyl-
gamma-D-glutamyl] octahydro-lH-indole-2-carboxylic acid,

25 (2S,3aS,7aS)-l-[N -(3-quinolinecarbonyl)-L-lysyl-
gamma-D-glutamyl ] octahydro-ΙΗ-indole-2-carboxylie acid,

21-(N -(4-imidazolylpropenoyl)-L-lysyl-gamma-D- 
glutamyl] indoline-2(S)-carboxylic acid,

(2S,3aS,7aS)-1-[N2-(benzyloxycarbonyl)-L-ornithyl- 
IQ gamma-D-glutamyl]octahydro-lH-indole-2-carboxylic acid,

and
(2S,3aS,7aS)-1-[N-(benzyloxycarbonyl)-S-(3-amino­

propyl) -L-cysteinyl-gamma-D-glutamyl]octahydro-lH- 
indole-2-carboxylic acid sulfoxide.

15 The following compounds are especially preferred
among the tripeptide derivatives of formula (I).

21-[N -cyclobutylcarbonyl-L-lysyl-gamma-D-glutamyl]-
indoline-2(S)-carboxylic acid,

2(2S,3aS,7aS)-1-[N -cyclobutylearbonyl-L-lysyl- 
20 gamma-D-glutamyl]octahydro-lH-indole-2-carboxylic acid,

(2S,3aS,7aS)-1-[N -cyclopentylcarbonyl-L-lysyl-
gamma-D-glutamyl]octahydro-lH-indole-2-carboxylic acid,21-[N -cyclobutyloxycarbonyl-L-lysyl-gamma-D-
glutamyl]indoline-2(S)-carboxylic acid,

225 (2S,3aS,7aS)-1-[N -cyclobutyloxycarbonyl-L-lysyl-
gamma-D-glutamyl]octahydro-lH-indole-2-carboxylic acid,

21-[N -cyclopentyloxycarbonyl-L-lysyl-gamma-D-
glutamyl]indoline-2(S)-carboxylic acid,

2(2S,3aS,7aS)-1-[N -cyclopentyloxycarbonyl-L-lysyl-
3Q gamma-D-glutamyl]octahydro-lH-indole-2-carboxylic acid,

21-[N -benzoyl-L-lysyl-gamma-D-glutamyl]indoline- 
2(S)-carboxylic acid,

2(2S,3aS,7aS)-1-[N -benzoyl-L-lysyl-gamma-D- 
glutamyl]octahydro-lH-indole-2-carboxylic acid,

35 (2S,3aS,7aS)-1-[N2-(2-methoxybenzoyl)-L-lysyl-
gamma-D-glutamyl ]octahydro-lH-indole-2-carboxylic acid,
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(2S,3aS,7aS)-l-[N2-(4-hydroxybenzoyl)-L-lysyl-

gamma-D-glutamyl]octahydro-lH-indole-2-carboxylie acid,
21-[N -phenethyloxycarbonyl)-L-lysyl-gamma-D- 

glutamyl]indoline-2(S)-caboxylic acid,
5 (2S,3aS,7aS)-1-(N2-(phenethyloxycarbonyl)-L-lysyl-

gamma-D-glutamyl]octahydro-lH-indole-2-carboxylic acid,
(2S,3aS,7aS)-1-[N2- (4--hydroxy phenethyloxycarbonyl) - 

L-lysyl-gamma-D-glutamyl]octahydro-ΙΗ-indole-2-carboxylie 
acid,

210 1-IN -nicotinoyl-L-lysyl-gamma-D-glutamyl]indoline-
2(S)-carboxylic acid,

(2S,3as,7aS)-1-[N2-nicotinoyl-L-lysyl-gamma-D- 
glutamyl]octahydro-lH-indole-2-carboxylie acid,

(2S,3aS,7aS)-1-[N2-nicotinoyl-L-lysyl-gamma-D- 
15 glutamyl]octahydro-lH-indole-2-carboxylic acid monosodium

salt,
2(2S,3aS,7aS)-1-(N -isonicotinoyl-L-lysyl-gamma- 

D-glutamyl]octahydro-lH-indole-2-carboxylie acid,
(2S,3aS,7aS)-1-[N2-(pyridine-2-carbonyl)-L-lysyl- 

20 gamma-D-glutamylloctahydro-lH-indole-2-carboxylic acid,
(2S,3aS,7aS)-1-[N2-(6-chloronicotinoyl)-L-lysyl- 

gamma-D-glutamyl]octahydro-lH-indole-2-carboxylic acid,
(2S,3aS,7aS)-1-[N2-(6-methoxynicotinoyl)-L-lysyl- 

gamma-D-glutamyl]octahydro-lH-indole-2-carboxylic acid,
25 (2S,3aS,7aS)-1-[N2-(6-ethoxynicotinoyl)-L-lysyl-

gamma-D-glutamyl]octahydro-lH-indole-2-carboxylic acid,
(2S,3aS,7aS)-1-[N2-(6-n-propyloxynicotinoyl)-L- 

lysyl-gamma-D-glutamyl]octahydro-lH-indole-2-carboxylic 
acid,

230 (2S,3aS,7aS)-1-[N -(6-isopropyloxynicotinoyl)-
L-lysyl-gamma-D-glutamyl]octahydro-ΙΗ-indole-2-carboxylie 
acid.

Preferred among the tripeptide derivative of 
formula (1-2) are those in which R-^-w"- represents a

35 phenyl group substituted by hydroxy or C^_3 alkoxy at the 
2- or 4-position, and R31 represents 2(S)-carboxyindolinyl

(
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or 2-carboxy-(2S,3aS,7aS)octahydroindolyl. Those in which 
R12-W"- ^presents a 4-hydroxyphenyl are more preferred, 
and (2S,3aS,7aS)-1-[N2-(4-hydroxybenzoyl)-L-lysyl-gamma- 
D-glutamylloctahydro-lH-indole-2-carboxylic acid and 
(2S,3aS,7aS)-l-[N2-nicotinoyl-L-lysyl-gamma-D-glutamyl)- 
octahydro-lH-indole-2-carboxylic acid are most preferred.

The tripeptide derivatives of formula (I) can be 
produced by

(a) reacting a compound represented by the 
following formula

?^CH2^rNH-R5
GHz

8 8 »
Ο « «

ft t * β
4

·<«««< 
ft t

• · t t *
« C » ♦

< f Z

R -W-CO-NH-CH-COOH (II)

15

wherein R3 , W, T and m are as defined herein­
above and represents a hydrogen atom or an 
amino protecting group,

or a reactive derivative thereof at the carboxyl group, 
with a compound represented by the following formula

I i: ίt *
coor2

H2N-CH4CH24-2-CO-R2

i

(III)

wherein R2 and R3 are the same as defined here­
inabove,

20 or an acid addition salt thereof, or
(b) reacting a compound represented by the

following formula

R^-W-COOH (IV)

wherein and W are the same as defined herein­
above,

or a reactive derivative thereof at the carboxyl group, 
with a compound represented by the following formula

25
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T-(CH„4——NH-R_,2m 5
ch2 coor2

H2N-CH-CO-NH-CH4CH24-2-cO-R3 (V)

wherein R2, r3 , R5 , T and m are the same as 
defined hereinabove,

or an acid addition salt thereof, or 
5 (c) reacting a compound represented by the

following formula

T4CH„4—-NH-R,,2m 5

ch2 coor2
« »» R.-W-CO-NH-CH-CO-NH-CH4CH,%-^-COOH (VI)* » * 1 2 2 < « t 4

tt β · a < »
» t

.... wherein Rj, R2, R^, T, W and m are the same as
t defined hereinabove,

« t ί• 10 or a reactive derivative thereof at the carboxyl group or «<
ί an intramolecular anhydride thereof, with a compound

represented by the following formula

* * *
4 “ Ro-H (VII)tit O
τ ι t
it;

. ., wherein R3 is the same as defined above,
5 ' 15 or an acid addition salt thereof,

and if required, removing the protective group which can 
exist from the resulting compound, and/or converting it 
into a salt.

The reactions utilized in the process variants 
20 (a), (b) and (c) are peptidization reactions, and can be

carried out by conventional methods practiced in the 
synthesis of peptides (see, for example, Methoden der 
Organischen Chemie (edited by Houoen-Weyl), vol. 15, Part 
I, Part II (1974)1. When the carboxylic acid compounds of

25 formulae (II) , (IV) and (VI) are reacted in free carboxy­
lic acid form with the amine compounds of formulae (III),
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(V) and (VII), respectively, the reactions are conveni­
ently carried out in the presence of a condensing agent 
such as N,N-dicyclohexylcarbodiimide, l-ethyl-3-(3- 
dimethy1aminopropyl)carbodiimide hydrochloride, carbonyl

5 diimidazole, diphenylphosphoryl azide or diethyl cyano- 
phosphate. When a carbodiimide is used as the condensing 
agent, 1-hydroxybeizotriazole, N-hydroxysuccinimide or 
N-hydroxy-5-norbornene-2,3-dicarboximide, for example, may 
optionally be added to the reaction system to inhibit

IQ racemization. '
Instead of using such a condensing agent, the

compounds of formulae (II), (IV) and (VI) may be reacted 
in the form of their reactive derivatives at the carboxyl 
group with the amine compounds of formulae (III), (V) and

15 (VII). Examples of the reactive derivatives of the com­
pounds of formulae (II), (IV) and (VI) are acid halides, 
acid azides, mixed acid anhydrides, active esters and 
active amides.

The reactions in the process variants (a), (b)
2Q and (c) are usually carried out in a solvent at a tem­

perature of -40 to 40°C. An example of the solvent that 
can be used is tetrahydrofuran, dioxane, chloroform, 
methylene chloride, ethyl acetate, acetone, methyl ethyl 
ketone, dimethylformamide, acetonitrile, ethanol, methanol

25 or water. Such a solvent may be used singly or irz com­
bination. When an acid occurs as a by-product or the 
compounds of formulae (III), (V) and (VII) are acid ad­
dition salts or the compounds of formulae (III) , (V) and 
(VII) have a free carboxyl group, the reaction is prefer-

3θ ably carried out in the presence of a base as an acid 
acceptor. An example of a base that can be used is an 
alkali hydroxide such as sodium hydroxide or potassium 
hydroxide, an alkali carbonate or bicarbonate such as 
sodium bicarbonate, sodium carbonate or potassium

35 carbonate, or an organic base such as triethylamine, 
N-methylmorpholine, dicyclohexylamine, pyridine or 
4-dimethylaminopyridine.
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In the above reactions, starting compounds in

which the amino group or the carboxyl group is protected
may be used as is usually the case with peptide synthesis.
All protective groups known in the field of peptide syn-

5 thesis can be used to protect the amino or carboxyl group, 
but should preferably be selected according to the purpose 
(see Methoden der Organischen Chemie cited above). Benzyl 
oxycarbonyl, tert-butoxycarbonyl and 3-nitro-2-pyridine- 
sulfenyl may be cited as examples of the amino protecting

1θ group R5. After the reaction, the protective groups may 
be removed in a customary manner. For example, lower 
alkyl esters and aralkyl esters as protective groups for 
the carboxyl group may be eliminated by hydrolysis using 
dilute alkalies, for example 1^2N-NaOH or KOH. A benzyl-

15 oxycarbonyl group or the benzyl group of a benzyl ester 
may be eliminated conveniently by catalytic reduction in 
the presence of palladium-carbon or palladium-carbon/ 
ammonium formate or by the action of HBr/acetic acid. A 
tert-butoxycarbonyl group or the tert-buto^y group of a

20 tert-butoxy ester may be eliminated by the action of a 
strong acid such as trifluoroacetic acid at room tem­
perature or under ice cooling.

The tripeptide derivatives (I) of the invention 
produced as above may, as required, be converted to the

25 above-exemplified salts in a customary manner.
The tripeptide derivatives (I) or salts thereof

as produced above may be isolated and purified by a known 
method such as extraction, concentration, neutralization, 
filtration, recrystallization, column chromatography,

30 high-performance liquid chromatography or an ion exchange 
resin in suitable combination.

The tripeptide derivatives (I) or salts thereof 
of this invention have excellent pharmacological activi­
ties, particularly antihypertensive activity and are

35 useful as agents for preventing and treating cardio­
vascular diseases, such as hypertension and congestive
heart failure.
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The excellent antihypertensive activity of the 

tripeptide derivatives (I) or salts thereof of this inven­
tion can be demonstrated by the following in vivo anti­
hypertensive activity test using renal hypertensive rats.

5 The results of an in vitro ACE inhibiting activity test 
are also shown below.
Antihypertensive activity

Male Sprague Dawley rats (5 weeks old) were 
subjected to constriction of the left renal artery with a

20 silver clip (internal diameter: 0.22 mm) under light ether 
anesthesia. The right kidney and renal artery were left 
intact. About 6-10 weeks after clipping, rats showing a 
blood pressure above 180 mmHg were used. These treated 
rats are named two-kidney Goldblatt type renal hyperten-

25 siv® rats and considered as a typical model of renin- 
angiotensin dependent hypertension.

The blood pressure was measured by a tail-cuff 
method using a programmed electro-sphygmomanometer 
(PE-300, Narco Biosystem, U. S. A.) after warming at 38°C

20 for 10 minutes in heating box.
The antihypertensive activity of test compounds 

was evaluated after single oral administration in renal 
hypertensive rats (3-5 rats/group). The results are shown 
in Table 1.

25 in vitro ACE inhibitory activity
The assay medium contained an ACE preparation 

(rabbit lung), synthetic substrate (hippuryl-L-histidyl- 
L-leucine 5 mM), NaCl (300 mM) and phosphate buffer (100 
mM, pH 8.3). It was mixed to a final volume of 0.300 ml

30 and incubated at 37°C for 30 minutes in the presence or 
absence of test compounds. After the reaction was termi­
nated by adding 300 >il of IN HC1, hippuric acid formed was 
extracted with 2 volume of ethyl acetate. After ethyl 
acetate was evaporated and distilled water was added, the

35 hippuric acid was determined from its absorbance at 228 nm
by spectrophotometer (Hitachi 100-41).
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The degree of ACE inhibition was calculated from 

activities with and without test compounds. The IC5Q 
value (molar concentration required for the 50% inhibition 
of ACE activity) was obtained from a dose-inhibition 
curve. The results are shown in Table 1 below.
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Table 1

T4CH0-l·——ΝΗ_ ι 2 m 2 
ch2 coor2

r1-w-co-nh-ch-co-nh-ch4ch2>^-co-r3

Com­
pound
of

Example

r1-w- T m R2 R3 Charge in blood 
pressure (mmHg) 
at 9 hours aft^r 
administration

ACE in­
hibitory 
activity 
(IC50.· H)

1 <c/ch2o- single
bond

3 H (°Γλ
N COOH1

-31 5.6xl0~9

3 <@Hch2>2o- Π 3 n Π -36 1.3xl0~8

4 O-o- n Π π n -28 8.4xl0-9

8 It n n n -21 2.3xl0~8

9
Ck

H
If n π π -21 3.6xl0“8

to be continued

1
1
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Table 1 (continued)

Com­
pound
of
Example

T m R2 R3 Charge in blood 
pressure (mmHg) 
at 9 hours aft§r 
administration

ACE in­
hibitory 
activity 
<IC50; M)

10
vx
N^CH=CH-
H

single
bond

3 H
©Γλ

N COOH
1

-23 9.5xl0-8

11 (O^CBjO- n n II ^^N^COOH

•
-37 3.5xl0-9

14 n n 2 II Π -24 4.9xl0~9

15 tr tl 3 Π n -45 6.4xl0“9

16 n If Π
cooh

1
-21 1.3xl0-8

17
O<D

H
If fl II 11 -24 2.1xl0-8

to be continued



Table 1 (continued)

Com­
pound
of
Example

-W- T m R2 R3 Charge in blood 
pressure (mmHg) 
at 9 hours aft§j 
administration

ACE in­
hibitory 
activity 
(IC5Q; M)

18 n single
bond

3 H tocOOH

1

-42 7.5xl0~9

20 n II II 11 -37 6.8xl0~9

26 <g>-(CH2)2°- tl n n It -29 4.6xl0“9

27 <oX π 11 n n -42 5.4xl0-9

28 Me0-^O^-(CH2)20- It II 11 CgX"L
COOH

-29 l.lxlO-8

29
To)- II II II

1
-38 7.2xl0_9

to be continued
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Table 1 (continued)

Com­
pound
of
Example

Rl-w- T m R2 R3 Charge in blood 
pressure (mmHg) 
at 9 hours aft§r 
administration

ACE in­
hibitory 
activity 
‘IC50; M)

30
o°-

single
bond

3 H
C^N^COOH

1

-38 5.8xlO-9

31 O-o- tt Π Π n -23 5.0xl0~9

32 1 
1

o
□______________

\

It n n n -26 4.6xl0-9

33 11 11 tt If
1

-40 1.4xl0-8

34 Ο(εΗ2>2°“ n n II It -24 8.0xl0~9

35 II n π 11 -38 l.lxlO-8

36 cr 11 n 11 II -23 2.2xl0-8

- to be continued -

5



Table 1 (continued)

Com­
pound
of
Example

^-W- T m R2 R3 Charge in blood 
pressure (mmHg) 
at 9 hours aft§r 
administration

ACE in­
hibitory 
activity 
(IC50; M)

37 1

oό

single
bond

3 H toTTL
I

-23 5.1xl0-9

38
7r"-(CH2) 20-

M II It II -27 1.2xl0~8

39 <2> II II Π Π -27 l.lxlO-8

51
JoT- II ii II ^^N^COOH -52 5.2xl0~9

52 CK I, II II it -29 4.5xl0~9

53 n n n II -27 4.6xl0-9

to be continued
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Table 1 (continued)

Com­
pound
of
Example

R-j-W- T m R2 R3 Charge in blood 
pressure (mmHg) 
at 9 hours aft§r 
administration

ACE in­
hibitory 
activity 
(ic5o; M)

54 <Κχ single
bond

3 H ^-^N'^OOH

1

-41 5.9xl0-9

55 cxM n n 11 tl -25 6.2xl0-9

56
O?x*s

H
π n Π n -22 8.2xl0-9

68 ξϊ
n n n (OQ

^"N COOH
1

-27 1.6xl0-8

69 π n

H
(mono Na 
salt)

C^^COOH

1

-44 7.8xl0-9

70 n n H n -38 5.4xl0-9

to be continued



Table 1 (continued)

Com­
pound
of
Example

T m r2 R3 Charge in blood 
pressure (mmHg) 
at 9 hours aft§r 
administration

ACE in­
hibitory 
activity 
(IC50; M)

71 a single
bond

3 H
\^N^COOH

1

-30 2.7xl0~8

74 Π Π Π Π -32 6.6xl0-9

76 ■<O>ch2°- >s-}o n n
^^^COOH

1

-31 3.9xl0-9

*2l-(L-lysyl-y-D-glutamyl)indoline-2(S)-carboxylic 
acid

*3-3 1.88xl0-8

1-(N2,N8-dibenzyloxycarbonyl-L-lysyl-f-D-glutamyl)-2 
indoline-2(S)-carboxylic acia

*3-2 J 6.1xl0“9

*1 The values were obtained with oral administration in a dose of 10 mg/kg.
*2 The compounds disclosed in Journal of Medicinal Chemistry, 28(11) , 1606-1611 (1985) .
*3 The values were obtained with oral administration in a dose of 30 mg/kg.

No antihypersensitive effect was seen not only at 9 hours but also at 1, 3,
5, 7 and 24 hours after oral administration.
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Male STD-ddy strain mice weighing about 22 to 
25 g were used. The oral LD^g values of test compounds 
(Examples 15 and 51) in the mice were found to be more 
than 3,000 mg per kilogram of body weight. These results 
show that the toxicities of compounds are very weak.

The foregoing experimental results demonstrate 
that the tripeptide derivatives of formula (I) and the 
pharmaceutically acceptable salts thereof exhibit excel­
lent antihypertensive activity with long duration and weak 
toxicity, and therefore, can be used as a medicament for 
treating hypertension and cardiovascular diseases such as 
congestive heart failure.

The route of administration of the tripeptide 
derivatives (I) of this invention may be oral, parenteral 
or intrarectal, but preferably, they are administered 
orally. The dosage of the tripeptide derivatives of 
formula (I) or a pharmaceutically acceptable salt thereof 
varies depending upon the type of such an antihyperten- 
sively active compound, the method of administration, the 
condition, body weight, age, etc. of the patient. The 
dose is generally 0.001 to 5.0 mg per kilogram body weight 
per day, preferably 0.01 to 3.0 mg per kilogram body 
weight per day. Since the active tripeptide derivative 
(I) of the invention has a long-lasting effect, it is 
sufficient that the drug is taken once or twice a day in 
the total doses indicated.

Usually, the tripeptide derivative of formula 
(I) or its pharmaceutically acceptable salt is admini­
stered to a patient in the form of a pharmaceutical 
composition comprising a therapeutically effective and 
non-toxic amount of such a compound and a pharmaceutically 
acceptable carrier or diluent. The pharmaceutical com­
position is formulated by mixing the tripeptide derivative 
of formula (I) or its pharmaceutically acceptable salt 
with a pharmaceutically acceptable carrier or diluent.

35
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Suitable carriers or diluents are those which are customa­
rily used in formulating pharmaceuticals and do not react 
with the tripeptide derivatives of formula (I) or the 
salts thereof. Specific examples of such carriers include

5 lactose, starch, sucrose, microcrystalline cellulose, 
sodium carboxymethyl cellulose, calcium carboxymethyl 
cellulose, methylcellulose, gelatin, acacia, hydroxy- 
propylcellulose, hydroxypropyl methylcellulose, polyvinyl­
pyrrolidone, light anhydrous silicic acid, magnesium

10 stearate, talc, titanium dioxide, sorbitan fatty acid 
esters, glycerides of saturated fatty acids, macrogol, 
propylene glycol, and water. The pharmaceutical com­
position may be in various dosage forms such as tablets, 
capsules, granules, fine granules, powders, syrups,

15 suppositories, and injections which are formulated in a 
customary manner. Liquid preparations may be in such a 
form as to be dissolved or suspended in water or other 
suitable vehicles just prior to use. The tablets may be 
coated in known manner. If desired, the pharmaceutical

20 composition may contain flavoring agents, aromatics, 
preservatives, buffers, salts for rendering the com­
position isotonic, etc.

Usually, the pharmaceutical composition may 
contain at least 0.5%, preferably 1 to 60%, of the tri-

25 peptide derivative of formula (I) or its pharmaceutically 
acceptable salt as an active ingredient. The composition 
may also contain other therapeutically effective compounds 
such as a diuretic agent, for example, hydrochlorothiazide, 
triamterene, spironolactone, furosemide, etc.

3Q In the last-mentioned pharmaceutical composi­
tion, the amount of the diuretic agent used may, for 
example, be 25 to 50 mg of hydrochlorothiazide, 50 to 100 
mg for triamterene, 50 to 100 mg for spironolactone and 
10 to 160 mg for furosemide, each per 5 to 10 mg of the

35 tripeptide derivative of formula (I). The same carriers 
or diluents as described above may be used in this

j

//
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composition, and the composition may be in any of the 
dosage forms described above.

The tripeptide derivative (I) and the uretic 
agent can be administered to a patient in each of the

5 dosage forms described above.
The following Examples illustrate the present

invention more specifically. It should be understood 
however that they do not limit the scope of the invention.

EXAMPLE 1
2IQ 1-(N -Benzyloxycarbonyl-L-lysyl-gamma-D-

glutamyl)indoline-2(S)-carboxylic acid : -
Ethyl 1-(O^-ethyl-gamma-D-glutamyl)indoline-

2(S)-carboxylate (to be referred to as "diester A"; 1.5 
2 6g), 1.97 g of N -benzyloxycarbonyl-N -t-butoxycarbonyl-

15 L-lysine and 0.99 g of l-ethyl-3-(3-dimethylaminopropyl)- 
carbodiimide hydrochloride (to be referred to as the 
"water-soluble carbodiimide hydrochloride) were reacted 
overnight at room temperature in methylene chloride with 
stirring. The reaction mixture was washed with 5% aquoeus

20 sodium bicarbonate solution and 10% citric acid, dried
over anhydrous sodium sulfate, and concentrated to dryness
under reduced pressure. The residue was purified by
silica gel column chromatography (eluent: chloroform).
Recrystallization from n-hexane, followed by filtration,

925 gave 2.7 g of ethyl l-(N-benzyloxycarbonyl-N-t- 
butoxycarbonyl-L-lysyl-O^-ethyl-gamma-D-glutamyl)- 
indoline-2(S)-carboxylate. An aliquot (2.3 g) of this 
product was dissolved in a mixture of dioxane and water, 
and 10 ml of ΙΝ-NaOH was added. The mixture was stirred

3θ at room temperature for 1.5 hours. The reaction mixture 
was acidified with dilute hydrochloric acid, diluted with 
water, and then extracted with chloroform. The extract 
was dried over anhydrous sodium sulfate, and concentrated 
to dryness under reduced pressure. The residue was 
chromatographed on a column (2.5 cm in diameter and 40 cm 
in length) of CHP20P (a product of Mitsubishi Chemical

i
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Co., Ltd.; 75-150 microns) using acetonitrile/water (30%
-> 50% gradient) as an eluent. Fractions containing the 
desired product were collected and concentrated to dryness 
under reduced pressure. The residue was crystallized from

5 ether/n-hexane and collected by filtration to give 1.6 g 
of 1-(N -benzyloxycarbonyl-N -t-butoxycabonyl-L-lysyl- 
gamma-D-glutamyl) indoline-2 (S) -carboxylic acid having a 
melting point of 121 to 129°C (decomp.).

Trifluoroacetic acid (20 ml) was added to 1.1 g 
of this product under ice cooling, and the mixture was 
stirred for 15 minutes and then concentrated to dryness 
under reduced pressure at room temperature. The residue 
was purified by column chromatography (CHP20P column; 0%
-> 60% acetonitrile/water gradient). The desired frac-

15 tions were concentrated under reduced pressure, and the 
concentration was stopped when the crystals began to 
precipitate. The residue was cooled and the precipitated 
crystals were collected by filtration to obtain 0.68 g of 
the captioned compound.

20 Melting point: 190 - 204°C (decomp.)
[{,<]27: -78.5° (lN-NaOH)
Elemental analysis for C28H34N4°8,1,25H2O:

Calculated (%): C: 58.27, H: 6.38, N: 9.71 
Found (%): C: 58.51, H: 6.48, N: 9.92

25 EXAMPLES 2-7
In the same manner as in Example 1, the follow­

ing compounds wre synthesized.91- (N -Benzyloxycarbonyl-L-ornithinyl)-gamma-D- 
glutamyl)indoline-2(S)-carboxylic acid (Example 2):-

3Q Melting point: 204 - 211°C (decomp.)
fod27: -79.0° (lN-NaOH)
Elemental analysis for C27H32N4°8,25H2O:

Calculated (%): C: 57.59, H: 6.18, N: 9.95
Found (%): C: 57.58, H: 6.10, N: 9.81

935 1-(N -Phenethyloxycarbonyl-L-lysyl-gamma-D-
glutamyl)indoline-2(S)-carboxylic acid (Example 3):-
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Melting point: 199 - 204°C 
fc/]26; -82.1° (lN-NaOH)
Elemental analysis for ^We·1·^05

Calculated (%): C: 58.48, H: 6.60, N: 9.41
5 Found (%): C: 58.25, H: 6.82, N: 9.3191-(N -Cyclohexyloxycarbonyl-L-lysyl-gamma-D- 

glutamyl)indoline-2(S)-carboxylic acid (Example 4):-
Melting point: 197 - 205°C 
[c/l^7: -85.3° (lN-NaOH)

IQ Elemental analysis for C27H38N4°8.1.75H2O:
Calculated (%): C: 56.09, H: 7.24, N: 9.69 
Found (%): C: 56.15, H: 7.59, N: 9.84

21-(N -Methoxycarbonyl-L-lysy1-gamma-D-glutamyl) - 
indoline-2(S)-carboxylic acid (Example 5):-

15 tc/ΐθ8: “86·8θ dN-NaOH)
Elemental analysis for C29H36N4°9.2H2O:

Calculated (%): C: 51.36, H: 6.43, N: 10.90 
Found (%): C: 51.36, H: 6.66, N: 10.89

21-(N -n-Octyloxycarbonyl-L-lysyl-gamma-D-
20 glutamyl)indoline-2(S)-carboxylic acid (Example 6):- 

Melting point: 199 - 202°C 
ίοΖ]θθ: -82.3° (lN-NaOH)
Elemental analysis for C29H44N4°8*2·5Η2Ο:

Calculated (%): C: 56.02, H: 7.94, N: 9.01
25 Found (%): C: 56.29, H: 7.98, N: 9.13

21-(N -Cycloheptyloxycarbonyl-L-Iysyl-gamma-D- 
glutamyl)indoline-2(S)-carboxylic acid (Example 7):-

Melting point: 190 - 195°C 
(ϊ/]25: -84.6° (lN-NaOH)

30 Elemental analysis for C28H40N4°8.1.75H2O:
Calculated (%): C: 56.79, H: 7.40, N: 9.46
Found (%) : C: 56.68, H: 7.46, N: 9.39

EXAMPLE 8 91- [N -(2-Furoyl)-L-lysy1-gamma-D-glutamyl]-
35 indoline-2(S)-carboxylic acid:-

2- Furanecarboxylic acid (2.0 g), 2.26 g of
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N-hydroxysuccinimide and 3.76 g of tie water-soluble
carbodiimide hydrochloride were stirred overnight at room
temperature in tetrahydrofuran (THF for short)/methylene
chloride. The reaction mixture was concentrated to dry-

5 ness under reduced pressure, and the residue was extracted 
with ethyl acetate. The organic layer was washed succes­
sively with 10% hydrochloric acid, saturated aqueous 
sodium bicarbonate solution and saturated aqueous sodium 
chloride solution, dried over anhydrous sodium sulfate,

IQ and concentrated to dryness under reduced pressure. The 
residue was recrystallized from isopropanol to give 2.8 g 
of N-(2-furoyloxy)succinimide (melting point 126 - 127°C). 
To a solution of 1.79 g of the resulting succinimide and 
2.0 g of N^-benzyloxycarbonyl-L-lysine in THF/water was

15 added 2.9 g of triethylamine, and the mixture was stirred 
overnight at room temperature. THF was evaporated under 
reduced pressure, and the residual solution was adjusted 
to pH 2-3 with 10% hydrochloric acid, and then extracted 
with ethyl acetate. The extract was dried over anhydrous

20 sodium sulfate, and concentrated to dryness under reduced 
pressure. The residue was purified by column chromato­
graphy (CHP20P column; 30% -> 60% acetonitrile/water

9 6gradient) to give 2.3 g of N -(2-furoyl)-N-benzyl- 
oxycarbonyl-L-lysine IcX]^5: -4.6° (methanol). An aliquote

25 (1.35 g) of this product and 1.0 g of the diester A were
dissolved in methylene chloride, and 0.66 g of the water- 
soluble carbodiimide hydrochloride was added. The mixture 
was stirred overnight at room temperature. The reaction 
mixture was washed successively with 10% hydrochloric

3Q acid, saturated aqueous sodium bicarbonate solution and 
water, dried over anhydrous sodium sulfate, and concen­
trated to dryness under reduced pressure. The residue was
reprecipitated from ether/ethanol to give 1.8 g of ethyl

9 6 11-[N -(2-furoyl)-N -benzyloxycarbonyl-L-lysyl-0 -
35 ethyl-gamma-D-glutamyllindoline-2(S)-carboxylate (mp:

120-123°C). To a solution of 1.65 g of the resulting
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ethyl ester in dioxane was added 6.85 ml of lN-NaOH, and
the mixture was stirred at room temperature for 1 hour.
The mixture was then acidified with 10% hydrochloric acid,
and then extracted with ethyl acetate. The organic layer

5 was washed with saturated aqueous sodium chloride solu­
tion, dried over anhydrous sodium sulfate, and concen­
trated under reduced pressure. The residue was crystal­
lized from petroleum ether/ethyl acetate, and collected by 
filtration to give 1.50 g of 1-[N2-(2-furoyl)-N^-benzyl-

20 oxycarbonyl-L-lysyl-gamma-D-glutamyl]indoline-2(S)-
carboxylic acid. To a methanol solution of 1.35 g of this 
product were added 0.35 g oi ammonium formate and 0.4 g of 
10% palladium carbon, and the mixture was stirred at room 
temperature for 7 hours. The catalyst was removed, and

25 methanol was evaporated under reduced pressure. Ethyl
acetate was then added, and the mixture was extracted with 
10% hydrochloric acid. The extract was chromatographed on 
a column of CHP20P using acetonitrile/water (0% -» 60% 
gradient) as an eluent to give a fraction containing about

20 70% of the desired product. The fraction was purified by
column chromatography [a column of ODS-Q3(a product of 
Wako Pure Chemical Co., Ltd.) having a diameter of 4 cm 
and a length of 30 cm; acetonitrile/1% trifluoroacetic 
acid=l/9)l to give 0.65 g of a powder. The powder was

25 further chromatographed on a column of CHP20P (0% —> 60% 
acetonitrile/water gradient), and concentrated to dryness 
under reduced pressure. The residue was dissolved in 
water, and lyophilized to give 0.3 g of the captioned 
compound.

30 I0tJD5j -67-1° dN-NaOH)
Elemental analysis for C25H30N4°8.2.25H2O;

Calculated (%): C: 54.10 H: 6.27, N: 10.09 
Found (%): C; 54.16, H: 6.17, N: 9.98

EXAMPLE 9
35 In the same way as in Example 8, 1-(L-prolyl-L-

lysyl-gamma-D-glutamyl)indoline-2(S)-carboxylic acid was 
produced.
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WJq6: -99.1° (lN-NaOH)
Elemental analysis for ^25Η35Ν5°7.3.51^0:

Calculated (%): C: 51.71, H: 7.29, N: 12.06 
Found (%): C: 51.48, H: 7.31, N: 12.02

5 EXAMPLE 10
1—(N2—[3-(4-Imidazolyl)-propenoyll-L-lysyl- 

gamma-D-glutamyl}indoline-2(S)-carboxylic acid :-
Ammonium formate (0.56 g) and 0.4 g of 10%

palladium carbon were added to an ethanol solution of 2.1 
9 β10 g of ethyl 1-(N -benzyloxycarbonyl-N -t-butoxycarbonyl-

L-lysyl-O^-ethyl-gamma-D-glutamyl)indoline-2(S)-carboxylate 
(see Example 1), and the mixture was stirred at room 
temperature for 1 hour. The catalyst was removed by 
filtration, and the mother liquor was concentrated under

15 reduced pressure. Ethyl acetate was added to the residue, 
and the mixture was washed with saturated aqueous sodium 
bicarbonate solution and saturated aqueous sodium chloride 
solution and then dried over anhydrous sodium sulfate to 
give 1.7 g of ethyl l-(N8-t-butoxycarbonyl-L-lysy1-0^-

2o ethyl-gamraa-D-glutamyl)indoline-2(S)-carboxylate (mp.:
114-117°C). To a solution of 1.4 g of the product and 0.4 
g of urocanic acid in dimethylformamide (DMF for short)/ 
methylene chloride was added 1.17 g of the water-soluble 
carbodiimide hydrochloride, and the mixture was stirred

25 overnight at room temperature. The solvent was evaporated 
under reduced pressure. The residue was crystallized in 
saturated aqueous sodium bicarbonate solution, and col­
lected by filtration. The crystals were washed with 
water, and reprecipitated from ether/ethanol to give

30 1.4 g of a powder. It was purified by silica gel column
chromatography (methanol/chloroform=l/9) to give 1.0 g of 
a powder. An aliquot (0.9 g) of the resulting powder was 
dissolved in 20 ml of dioxane, and 3.8 ml of ΙΝ-NaOH was 
added. The mixture was stirred at room temperature for 3

35 hours, neutralized with aqueous potassium hydrogensulfate 
solution, and concentrated under reduced pressure. The

//
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residue was dissolved in water. The solution was adjusted
to pH 5 with aqueous potassium hydrogensulfate solution,
and chromatographed on a column of CHP20P (0% -> 60%
acetonitrile/water gradient) to give 0.65 g of a powder.

5 An aliquot (0.55 g) of this powder was left to stand 
together with 20 ml of trifluoroacetic acid under ice 
cooling for 30 minutes, and then trifluoroacetic acid was 
evaporated under reduced pressure at room temperature.
The residue was chromatographed on a column of CHP20P (0%

PQ -» 30% acetonitrile/water gradient), and the resulting 
purified fractions were concentrated. The residue was 
lyophilized to give 0.33 g of the captioned compound.

[t/]25: -43.1° (lN-NaOH)
Elemental analysis for C26H32N6°7,3H2O:

15 Calculated (%): C: 52.52, H: 6.44, N: 14.13
Pound (%): C: 52.38, H: 6.50, N: 14.14

EXAMPLE 11
(2S,3aS,7aS)-1-(N2-Benzyloxycarboxyl-L-lysyl- 

gamma-D-glutamyl)octahydro-lH-indole-2-carboxylic acid:-
20 The water-soluble carbodiimide hydrochloride

(15.8 g) was added to a methylene chloride solution con­
taining 24.5 g of N-benzyloxycarbonyl-O^-ethyl-D-glutamic 
acid, 17.5 g of ethyl (2S,3aS,7aS)octahydro-lH-indole-2- 
carboxylate hydrochloride and 7.58 g of triethylamine, and

25 the mixture was stirred overnight at room temperature.
The reaction mixture was successively washed with satu­
rated aqueous sodium bicarbonate solution, water, 10% 
hydrochloric acid and water, dried over anhydrous sodium 
sulfate, and concentrated to dryness under reduced pres-

3θ sure to give 34.1 g of an oily substance. The oily sub­
stance was dissolved in 400 ml of ethanol, and 3 g of 10% 
palladium carbon was added. While the mixture was stirred 
at room temperature, 12 g of ammonium formate was added in 
three divided portions. After 1 hour, the catalyst was

35 removed by filtration, and the filtrate was acidified with
hydrochloric acid and concentrated to dryness under
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reduced pressure. The residue was dissolved in water, and 
washed with ethyl acetate. The aqueous layer was alkali- 
fied with sodium bicarbonate, and extracted with methylene 
chloride. The organic layer was dried over anhydrous

5 sodium sulfate, and concentrated to dryness under reduced 
pressure to give 23.5 g of ethyl (2S,3aS,7aS)-l-(01- 
ethyl-gamma-D-glutamyl)octahydro-lH-indoxe-2-carboxylate 
(to be referred to as the "diester B") as an oily sub­
stance. An aliquot (23 g) of the diester B was dissolved

IQ in 150 ml of ethanol, and 210 ml of ΙΝ-NaOH was added.
The mixture was stirred at room temperature for 5.5 hours, 
acidified with hydrochloric acid, and concentrated under 
reduced pressure. The residual solution was purified by

ί column chromatography (a column of CHP20P; 0% —> 30%
15 acetonitrile/water gradient). The purified fractions were 

,,,, concentrated to dryness under reduced pressure to give
4

***‘ 6.31 g of a product. The insufficiently purified frac­
tions were concentrated to dryness under reduced pressure.

ITt \ . The residue was dissolved in water, neutralized with
2q sodium bicarbonate and again purified by column chromato­

graphy (a column of CHP20P; 0% -> 30% acetonitrile/water
’ gradient) to obtain 8.70 g of a product. These products

t t ί

were combined to give 15.01 g of (2S,3aS,7aS)-1-(gamma- 
,. tr D-glutamyl)octahydro-lH-indole-2-carboxylic acid (mp.

- 25 191-192°C). To an aqueous solution of 2 g of the re­
sulting product and 2.68 ml of triethylamine was added 40

2. ml of THF. With stirring, 3.06 g of N -benzyloxy-v .··. < t β* * carbonyl-N -t-butoxycarbonyl-L-lysine N-hydroxysuccinimide
ester was added. The mixture was stirred overnight at

3Q room temperature, and then concentrated under reduced 
pressure. The residual solution was mixed with 10% of 
citric acid, and extracted with ethyl acetate. The 
organic layer was washed with saturated sodium chloride 
solution, dried over anhydrous sodium sulfate, and con-

35 centrated under reduced pressure to give 3.96 g of a 
powder. An aliquot (3.46 g) of this powder was left to

Λ»**»
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stand in 35 ml of trifluoroacetic acid for 20 minutes 
under ice cooling, and then concentrated to dryness under 
reduced pressure. The residue was dissolved in water, 
adjusted to pH 4 with sodium bicarbonate, and purified by

5 column chromatography (a column of CHP20P; 0% —> 60%
acetonitrile/water gradient). The desired fractions were 
concentrated to dryness under reduced pressure to give 1.6 
g of the captioned compound as a white powder.

[^]θ6: -40.0° (lN-NaOH)
10 Elemental analysis for C28H40N4°8.1.75H2O:

Calculated (%): C: 56.79, H: 7.40, N: 9.46 
Found (%): C: 56.88, H: 7.47, N: 9.33

EXAMPLE 12
In the same way as in Example'll, N-(N -benzyl-

15 oxycarbonyl-L-lysyl-gamma-D-glutamyl)-N-(4-methoxyphenyl)  - 
alanine was produced.

Ct/ΐθ8: -12.0° (lN-HaOH)
Elemental analysis for C29H38N4°9*1H2O:

Calculated (%): C: 57.61, H: 6.67, N: 9.27
20 Found (%): C: 57.33, H: 6.74, N: 9.24

EXAMPLE 13
Ethyl (2S,3aS,7aS)-1-(N2-Benzyloxycarbonyl-L- 

ornithinyl-gamma-D-glutamyl)octahydro-lH-indole-2- 
carlooxylate:-

9c In 20 ml of methylene chloride were dissolved
2 51.81 g of N -benzyloxycarbonyl-N -t-butoxycarbonyl-L- 

ornithine and 1.75 g of the diester B, and 1.04 g of the 
water-soluble carbodiimide hydrochloride was added to the 
solution. The mixture was stirred overnight at room

30 temperature. The reaction mixture was washed successively 
with 10% citric acid, water, saturated aqueous sodium 
bicarbonate solution, and water, dried over anhydrous 
sodium sulfate, and concentrated to dryness under reduced 
pressure to give 3.2 g of a viscous oily substance. An

35 aliquot (3.0 g) of the oily substance was dissolved in 20 
ml of trifluoroacetic acid, and with ice cooling, left to
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stand for 15 minutes. Trifluoroacetic acid was evaporated 
under reduced pressure. The residue was mixed with aque­
ous sodium bicarbonate solution, and extracted with ethyl 
acetate. The organic layer was extracted with 10% hydro-

5 chloric acid. The aqueous layer was alkalified with
sodium bicarbonate and extracted with ethyl acetate. The 
organic layer was dried over anhydrous sodium sulfate and 
concentrated to dryness under reduced pressure to give 1.2 
g of a viscous oily substance. The oily substance was 
dissolved in ethanol, and 3 ml of ΙΝ-NaOH was added. The 
mixture was stirred for 30 minutes under ice cooling. The 
solution was mixed with 3 ml of IN hydrochloric acid and 
concentrated under reduced pressure. The residue was

, ,, purified by column chromatography (a column of CHP20P; 0%Φ s «·
”"t 15 60% acetonirile/water gradient). The purified fractions

were concentrated to dryness under reduced pressure. The
« t ♦ « residue was lyophilized to give 0.60 g of the captioned 

compound as a white powder.
/, WlJ5: -46.0° (ethanol)

20 Elemental analysis for C29H42N4O8.1.51^0:
Calculated (%): C: 57.89, H: 7.54, N: 9.31 
Found (%): C: 57.74, H: 7.33, N: 9.29

EXAMPLE 14
‘ “ 2(2S,3aS,7aS)-1-(N -Benzyloxycarbonyl-L-orni- 

«' 25 thinyl-gamraa-D-glutamyl)octahydro-lH-indole-2-carboxylic
acid :-

The final compound (0.5 g) produced in Example 
13 was dissolved in ethanol, and 5 ml of ΙΝ-NaOH was 
added. The mixture was stirred at room temperature for 3

3θ hours, and 5 ml of IN hydrochloric acid was added. The 
mixture was then concentrated under reduced pressure, and 
the residue was chromatographed on a column of CHP20P (0%
-» 60% acetonitrile/water gradient). The purified frac­
tions were concentrated to dryness under reduced pressure.

35 The residue was lyophilized to give 0.30 g of the cap­
tioned compound as a white powder.
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26 : -39.4° (lN-NaOH)
Elemental analysis for C27H38N4°8 .2H2O:

Calculated (%): C: 55.66, H: 7.27, N: 9.62 
Found (%): C: 55.39, H: 7.08, N: 9.49

EXAMPLE 15
(2S,3aS,7aS)-l-(N2-Nicotinoyl-L-lysyl-gamma-D- 

glutamyl)octahydro-lH-indole-2-carboxylic acid:-
Method a)
To a mixture of 20 ml of THF and 3 ml of water 

6 2

were added 4.42 g of N -benzyloxycarbonyl-N -t-butoxy- 
carbonyl-L-lysine N-hydroxysuccinimide ester, 2.89 g of 
(2S,3aS,7aS)-1-(gamma-D-glutamyl)octahydro-lH-indole-2- 
carboxylic acid (see Example 11) and 2.6 ml of triethyl- 
amine, and the mixture was stirred for 5 hours at room 
temperature. The reaction mixture was concentrated under 
reduced pressure. The residue was mixed with aqueous 
saturated sodium chloride solution and washed with ethyl 
acetate. The aqueous layer was acidified with 10% citric 
acid, and extracted with ethyl acetate. The organic layer 
was washed with saturated sodium chloride solution, dried 
over anhydrous sodium sulfate, and concentrated to dryness 
under reduced pressure to give 5.19 g of a residue. The 
residue was purified by column chromatography (a column 
of CHP20P; 0% -> 60% acetonitrile/water gradient). The 
resulting fractions were concentrated to dryness under 
reduced pressure. The residue was dissolved in dioxane/ 
water, and lyophilized to give 4.7 g of (2S,3aS,7aS)- 
1-(N -benzyloxycarbonyl-N -t-butoxycarbonyl-L-lysyl- 
gamma-D-glutamyl)octahydro-lH-indole-2-carboxylic acid.
An aliquot (2.27 g) of the product was dissolved in 50 ml 
of trifluoroacetic acid, and left to stand for 15 minutes 
under ice cooling, and thereafter concentrated to dryness 
under reduced pressure. The residue was dissolved in 
water, adjusted to pH 4, and chromatographed on a column 
of CHP20P (0% -> 50% acetonitrile/water gradient). The 
desired fractions were concentrated under reduced pressure
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to give 1.15 g of (2S,3aS, 7aS)-1-(N6-benzyloxycarbonyl- 
L-lysyl-gamma-D-glutamyl)octahydro-lH-indole-2-carboxylic 
acid as a glassy substance. An aliquot (1.0 g) of this 
glassy substance was dissolved in a mixture of N,N-di- 
methylformamide and tetrahydrofuran, and 0.5 ml of tri- 
ethylamine and 0.39 g of N-(nicotinoyloxy) succinimide were 
added, and the mixture was stirred overnight at room 
temperature. Dilute hydrochloric acid was added to the 
reaction mixture, and the mixture was extracted with ethyl 
acetate. The extract was dried over anhydrous sodium 
sulfate, and concentrated to dryness under reduced pres­
sure. The resulting glassy substance was dissolved in 25 
ml of ethanol, and 0.6 g of ammonium formate and 0 3 g of 
10% palladium carbon were added. The mixture was stirred 
at room temperature for 3 hours. The catalyst was removed 
by filtration, and the mother liquor was concentrated to 
dryness under reduced pressure. The residue was chromato­
graphed on a column of CHP20P (0% —> 60% acetonitrile/ 
water gradient). The desired fractions were concentrated 
to dryness under reduced pressure. The residue was 
lyophilizded to give 0.5 g of the captioned compound.

[</]θ8: -27.2° (H2O)
Elemental analysis for C26H37N5°7.2.251^0:

Calculated (%): C: 54.58, H: 7.31, N: 12.24 
Found (%): C: 54.62, H: 7.25, N: 12.20

Method b)
D-glutamic acid (18 g) and 31.75 g of sodium 

carbonate were dissolved in 200 ml of water, and then 37.5 
g of N-carboethoxyphthalamide was added under ice cooling. 
The mixture was then stirred at room temperature for 4 
hours. The insoluble materials were removed by filtra­
tion. The solution was acidified with 6N hydrochloric 
acid, and left to stand overnight at 4°C. The pre­
cipitated crystals were collected by filtration, washed 
with cold water, and dried to give 33.2 g of N-phthaloyl- 
D-glutamic acid (mp. I62-164°C). An aliquot (30 g) of
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this compound was added to 90 ml of acetic anhydride, and 
the mixture was stirred at 55°C until it dissolved. 
Immediately after dissolving, the solution was cooled, and 
150 ml of anhydrous ether/n-hexane (2:1) was added. The

5 precipitated crystals were collected by filtration to give 
18.2 g of N-phthaloyl-D-glutamic anhydride (mp. 203-206°C) 
(2S,3aS,7aS)octahydro-lH-indole-2-carboxylic acid (6.13 
g) was dissolved in 40 ml of pyridine, and 9.39 g of 
N-phthaloyl-D-glutamic anhydride was added. The mixture

10 was stirred at room temperature for 2 hours. Ethyl
acetate was added to the reaction mixture, and the mixture 
was washed successively with dilute hydrochloric acid and 
aqueous sodium chloride solution, and dried. The solvent 
was evaporated, and the residue was crystallized from a

15 small amount of ethyl acetate. The crystals were col­
lected by filtration, washed with ether and dried to give 
13.1 g of (2S,3aS,7aS)-1-(N-phthaloyl-gamma-D-glutamyl)- 
octahydro-lH-indole-2-carboxylic acid (mp. 194-198°C).
The resulting compound was dissolved in 200 ml of ethanol,

2o and 6.13 g of hydrazine monohydrate was added. The
mixture was stirred overnight at room temperature, and 60 
ml of water was added. The solution was adjusted to pH 
4-5 with· 12N hydrochloric acid, and the precipitate was 
removed by filtration. The mother liquor was concen-

25 trated. The residue was chromatographed on a column of 
HP-20 (a product of Mitsubishi Chemical Co., Ltd.). The 
column was washed with water and eluted with 70% methanol. 
Fractions containing the desired product were concentrated 
under reduced pressure to give 6.13 g of (2S,3aS,7aS)-l-

3Q (gamma-D-glutamyl)octahydro-lH-indole-2-carboxylic acid 
(mp. 191-192°C) . An aliquot (1.8 g) of this compound and 
1.28 g of sodium carbonate were dissolved in a mixture of
40 ml of acetonitrile and 30 ml of water. The solution

o 6was cooled to -10 C, and with stirring, 2.1 g of N -
35 benzyloxycarbonyl-L-lysine N-carboxylic anhydride was

added. The mixture was stirred at -10°C for 2 hours. The
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reaction mixture separated into two layers. The aqueous 
layer was washed with cold acetonitrile, and 200 ml of 
ethanol was added. The precipitate was removed by filtra­
tion. The mother liquor was concentrated, and chromato-

5 graphed on a column of CHP20P (0% -> 60% acetonitrile/- 
water gradient). Fractions containing the desired product 
were concentrated to dryness under reduced pressure to 
give 1.9 g of (2S,3aS,7aS)-(N6-benzyloxycarbonyl-L-lysyl- 
gamma-D-glutamyl)octahydro-lH-indole-2-carboxylic acid.

10 This product was dissolved in 30 ml of ethanol, and 0.9 g 
of ammonium formate and 0.5 g of 10% palladium carbon were 
added. The mixture was stirred overnight at room tempera­
ture. The catalyst was removed by filtration, and the 
mother liquor was concentrated to dryness under reduced

15 pressure. The residue was chromatographed on a column of 
CHP20P (0% -> 30% acetonitrile/water gradient). Fractions 
containing the desired product were concentrated to dry­
ness under reduced pressure. The residue was lyophilized 
to give 1.05 g of (2S,3aS,7aS)-1-(L-lysyl-gamma-D-

2o glutamyl)octahydro-lH-indole-2-carboxylic acid Πε/]θ : 
-5.4° (Η2Ο)}. An aliquot (1.0 g) of the resulting 
carboxylic acid and 0.46 g of sodium carbonate were dis­
solved in a mixture of 10 ml of THF and 30 ml of water, 
and with vigorous stirring under ice cooling, 0.39 g of

25 nicotinoyl chloride hydrochloride was added. The mixture 
was further stirred for 2 hours. The reaction mixture was 
concentrated under reduced pressure, and adjusted to pH 
2-3 with dilute hydrochloric acid. The solution was 
chromatographed on a column of CHP20P (0% -> 60% aceto-

30 nitrile/water gradient) . Fractions containing the desired 
product were concentrated to dryness under reduced pres­
sure and lyophilized to give 0.15 g of the captioned 
compound.

Method c)

35 A mixture of 5.0 g of D-glutamic acid and 7.1 g
of sodium carbonate was dissolved in a mixture of 170 ml
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of water and 200 ml of acetonitrile, and a solution of 11

6 2 g of N -benzyloxycarbonyl-L-lysine N -carboxylic anhydride 
in acetonitrile was added at -10°C with stirring. The 
mixture was stirred further for 2 hours at -10°C. The

5 aqueous layer was washed with cold acetonitrile, neutra­
lized, and concentrated under reduced pressure. The 
residue was purified by CHP20P column chromatography (0%
-> 50% acetonitrile/water gradient), and recrystallized 
from dilute alcohol to give 6.3 g of N^-benzyloxy-

1Q carbonyl-L-lysyl-D-glutamic acid (mp. 149-150°C). An 
aliquot (6.0 g) of this product and 3.0 g of sodium 
carbonate were dissolved in a mixture of 100 ml of water 
and 40 ml of THF, and with stirring under ice cooling, a 
THF solution of 3.2 g of N-(nicotinoyloxy)succinimide was

15 added. The mixture was stirred at room temperature for 2 
hours. The reaction mixture was neutralized and concen­
trated under reduced pressure. The residual solution was 
adjusted to pH 2 and subjected to CHP20P column chromato­
graphy (0% —> 60% acetonitrile/water gradient). Fractions

20 containing the desired product were concentrated to dry- 
2 · .ness under reduced pressure to give 4.8 g of N -mcoti- 

noyl-N®-benzyloxycarbonyl-L-lysyl-D-glutamic acid. An 
aliquot (4.0 g) of this product was stirred in acetic 
anhydride (100 ml) for 2 hours and concentrated to dryness

25 under reduced pressure at a low temperature, and the
residue was dissolved in 50 ml of methylene chloride. The
solution was washed with water and dried, and the solvent 

2was evaporated to give 3.5 g of roughly purified N - 
nicotinoyl-N^-benzyloxycarbonyl-L-lysyl-D-glutamic an-

30 hydride. The resulting anhydride (3.5 g) was added to a 
solution of 1.2 g of (2S,3aS,7aS)octahydro-lH-indole-2- 
carboxylic acid in 15 ml of pyridine, and the mixture was 
stirred at room temperature for 2 hours. The reaction 
mixture was concentrated to dryness under reduced pressure

35 at room temperature. The residue was dissolved in water, 
and the pH of the solution was adjusted to 2. The
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solution was subjected to CHP20P column chromatography (0% 
-» 60% acetonitrile/water gradient). Fractions containing 
the desired product were concentrated to dryness under 
reduced pressure to give 1.3 g of (2S,3aS,7aS)-1-(N - 
nicotinoyl-N6-benzyloxycarbony1-L-lysy1-gamma-D-
glutamyl)octahydro-lH-indole-2-carboxylic acid. This 
compound was dissolved in 25 ml of ethanol, and 1.2 g of 
ammonium formate and 0.5 g of 10% palladium carbon were 
added. The mixture was stirred at room temperature for 3 
hours. The catalyst was removed by filtration, and the 
mother liquor was concentrated to dryness under reduced 
pressure. The residue was purified by CHP20P column 
chromatography (0% —> 60% acetonitrile/water gradient), 
and lyophilized to give 0.8 g of the same final product as 
obtained in method a) above.

EXAMPLES 16-22
The following compounds were synthesized in the

same way as in Example 15 [method a)].21-(N -Cyclohexylmethoxycarbonyl-L-lysyl- 
gamraa-D-glutamyl)indoline-2(S)-carboxylic acid (Example 
16) :-

Melting point: 186 - 191°C
[o(]27: -84.4° (lN-NaOH)
Elemental analysis for C28H40N4°8Ί,5H2O:

Calculated (%): C: 57.23, H: 7.38, N: 9.53 
Found (%): C: 57.33, H: 7.67, N: 9.64

1-(D-Prolyl-L-lysyl-gamma-D-glutamyl)indoline- 
2(S)-carboxylic acid (Example 17):-

Melting point: 209 - 216°C (decomp.)
[cZ]30: -66.3° (lN-NaOH)
Elemental analysis for C25H35N5°7,3,5H2O:

Calculated (%): C: 51.71, H: 7.29, N: 12.06
Found (%): C: 51.58, H: 7.40, N: 12.08

2(2S,3aS,7aS)-1-(N -Cyclobutanecarbony1-L-lysy1- 
gamma-D-glutamyl)octahydro-lH-indole-2-carboxylic acid 
(Example 18):-
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(lN-NaOH)
Elemental analysis for C25H40N5°7*2H2°"0,28C4H8°2 : 

Calculated (%): C: 55.11, H: 8.18, N: 9.89 
Found (%): C: 55.16, H: 7.98, N: 9.78

1-(L-Pyroglutamyl-L-lysyl-gamma-D-glutamyl)-
indoline-2(S)-carboxyclic acid (Example 19):- 

25 „o[Ol­
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81.0" (lN-NaOH)
Elemental analysis for C^H^N^Og .3.25H2O:

Calculated (%): C: 50.88, H: 6.75, N: 11.87 
Found (%): C: 50.85, H: 6.56, N: 11.96

(2S,3aS,7aS)-1-[N2-(Pyridine-2-carbonyl)-L- 
lysyl-gamma-D-glutamylloctahydro-lH-indole-2-carboxylie 
acid (Example 20):-

[^]θ5: -19.2° (H2O)
Elemental analysis for C2gH37NgO7.1.75H2O:

Calculated (%): C: 55.45, H: 7.25, N: 12.44 
Found (%): C: 55.74, H: 7.05, N: 12.42

(2S,3aS,7aS)-1-[N2-(4-Methoxybenzoyl)-L- 
lysyl-gamma-D-glutamyl]octahydro-lH-indole-2-carboxylic 
acid (Example 21):-

[tf]26: -15.2° (H2O)
Elemental analysis for C28H40N4°8’3*8H2O:

Calculated (%): C: 53.92, H: 7.60, N: 8.98
Found (%): C: 53.77, H: 7.33, N: 9.13

2(2S,3aS,7aS)-1-(N -Nicotinoyl-D-lysyl-gamma-D- 
glutamyl)octahydro-lH-indole-2-carboxylic acid (Exampe 
22) :-

Ιρά 28 : -26.5° (lN-NaOH)
Elemental analysis for C26H37N5°7*2,25H2O:

Calculated (%): C: 54.58, H: 7.31, N: 12.24
Found (%): C: 54.37, H: 7.39, N: 12.29

EXAMPLE 23 
2(2S,3aS,7aS)-1-[N -Benzylcarbamoyl)-L-lysyl- 

gamma-D-glutamyl]octahydro-lH-indole-2-carboxylic acid:-
In 5 ml of pyridine was dissolved 0.56 g of 

(2S,3as,7aS)-1-(N6-benzyloxycarbonyl-L-lysyl-gamma-D-
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glutamyl)octahydro-lH-indole-2-carboxylic acid, and 0.14 g
of benzyl isocyanate was added. The mixture was stirred
overnight at room temperature. A sodium bicarbonate
solution was added, and the mixture was washed with ethyl

5 acetate. The aqueous layer was acidified with 10% citric 
acid, and extracted with ethyl acetate. The organic layer 
was washed with brine, dried and concentrated to dryness 
under reduced pressure to give 0.66 g of a powder. In 
15 ml of methanol was dissolved 0.65 g of the resulting

30 powder, and 0.3 g of ammonium formate and 0.1 g of 10% 
palladium-carbon were added. The mixture was stirred at 
60°C for 40 minutes. The catalyst was removed, and the 
solvent evaporated. The residue was subjected to CHP20P 
column chromatography (0% —> 50% acetonitrile/water

35 gradient). Fractions containing the desired product were 
concentrated to dryness under reduced pressure, and the 
residue was lyophilized to give 0.109 g of the captioned 
compound.

[(/]θ2: -32.0° (ΙΝ-NaOH)
2q Elemental analysis for C28H4iN5°7·2Η2Ο:

Calculated (%): C: 56.46, H: 7.61, N: 11.76 
Found (%): C: 56.39, H: 7.32, N: 11.41

EXAMPLES 24-25
The following compounds were synthesized in the

25 same way as in Example 23.
(2S,3aS,7aS)-l-[N2-Cyclohexylcarbamoyl)-L-

lysyl-gamma-D-glutamyl]octahydro-lH-indole-2-carboxylic 
acid (Example 24):-

[s/]29: -31.1° (lN-NaOH)
30 Elemental analysis for .1.25H2O.0,25C4HgO2 :

Calculated (%): C: 56.41, H: 8.37, N: 11.75 
Found (%): C: 56.23, H: 8.07, N: 11.67

(2S,3aS,7aS)-l[N2-Phenylcarbamoyl)-L-lysyl- 
gamma-D-glutamylloctahydro-lH-indole-2-carboxylic acid

35 (Example 25):-
[t/]22: -42.0° (lN-NaOH)
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Elemental analysis for C27H39N,-O7.1.5H2O:

Calculated (%): C: 56.63, H: 7.39, N: 12.23 
Found (%): C: 56.80, H: 7.23, N: 12.03

EXAMPLE 26
5 (2S,3aS,7aS)-1-[N2-Phenethyloxycarbonyl-L-

lysyl-gamma-D-glutarayl]octahydro-lH-indole-2-carboxylic 
acid:-

N,Ν'-disuccinimyl carbonate (5.12 g), 2.44 g of 
phenethyl alcohol and 0.49 g of 4-dimethylaminopyridine

10 were stirred in methylene chloride for 3 days. The re­
action mixture was washed with water, dried over anhydrous 
sodium sulfate and concentrated to dryness under reduced 
pressure. The residue was crystallized from ether. The 
crystals were collected by filtration to give 3.5 g of

15 N-(phenethyloxycarbonyloxy)succinimide (mp. 69-72°C).
N6-t-butoxycarbonyl-L-lysine (2.53 g) was dissolved in a 
mixture of 30 ml of acetonitrile and 50 ml of 5% potassium 
carbonate, and 2.9 g of N-(phenethyloxycarbonyloxy)succin­
imide was added. The mixture was stirred at room tem-

20 perature for 1 hour. The reaction mixture was washed with
chloroform. The aqueous layer was acidified with 10%
citric acid, and extracted with chloroform. The extract
was dried over anhydrous sodium sulfate, and concentrated
to dryness under reduced pressure to give 4.5 g of N®- 

225 t-butoxycarbonyl-N -phenethyloxycarbonyl-L-lysine as an
oily substance. An aliquot (1.26 g) of the oily substance 
and N,Ν’-disuccinimidyl carbonate were stirred in ethyl 
acetate for 3 hours, and then an ethyl acetate solution 
containing 1.0 g of (2S,3aS,7aS)-l-(gamma-D-glutamyl)-

30 octahydro-lH-indole-2-carboxylic acid and 0.256 g of
pyridine was added, and the mixture was further stirred 
for 5 hours. The reaction mixture was extracted with 5% 
sodium bicarbonate solution. The extract was acidified 
with 10% citric acid, and extracted with ethyl acetate.

35 The organic layer was dried over anhydrous sodium sulfate,
and concentrated to dryness under reduced pressure. The
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residue was dissolved in 20 ml of trifluoroacetic acid, 
left to stand at room temperature for 20 minutes, and 
thereafter concentrated to dryness under reduced pressure. 
The residue was subjected to CHP20P column chromatography 

5 (0% -> 60% acetonitrile/water gradient). Fractions con­
taining the desired product were concentrated to dryness 
under reduced pressure. The residue was dissolved in 
dioxane/water, and lyophilized to give 0.3 g of the 
captioned compound.

[</]22: -36.9° (lN-NaOH)
Elemental analysis for C29H42N4°8.2H2O. 0.25C4HgO2 :

Calculated (%): C: 56.95, H: 7.65, N: 8.85
Found (%): C: 56.92, H: 7.87, N: 8.64

EXAMPLE 27 2(2S,3aS,7aS)-1-(N -Benzoyl-L-lysyl-gamma-D- 
glutamyl)octahydro-lH-indole-2-carboxylic acid:-
(1) Sodium carbonate (2.0 g) was dissolved in 10 ml 
of water, and 4.83 g of (2S,3aS,7aS)-l-(gamma-D-glutamyl)- 
octahydro-lH-indole-2-carboxylic acid was added. After a

20 solution formed, 40 ml of tetrahydrofuran was added. With 
vigorous stirring, 7.46 g of N -benzyloxycarbonyl-N -t- 
butoxycarbonyl-L-lysine N-hydroxysuccinimide ester was 
gradually added. The mixture was stirred overnight at 
room temperature. The reaction mixture was half concen-

25 trated, acidified with 10% citric acid, and extracted with 
ethyl acetate. The organic layer was washed with satu­
rated aqueous sodium chloride solution, dried over an­
hydrous sodium sulfate, and concentrated to dryness under 
reduced pressure to give 9.17 g of (2S,3aS,7aS)-l-(N2-

30 benzyloxycarbonyl-N6-t-butoxycarbonyl-L-lysyl-gamma- 
D-glutamyl) octahydro-lH-indole-2-carboxylic acid.
(2) An aliquot (6.2 g) of the resulting carboxylic 
acid was dissolved in 60 ml of ethanol, and 1.0 g of 10% 
palladium-carbon was added. With stirring, 2.5 g of

35 ammonium formate was added little by little. The mixture 
was stirred for 4 hours. The catalyst was removed by
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filtration. The mother liquor was concentrated to dry­
ness, and ethyl acetate was added to the residue. The 
resulting powder was collected by filtration to give 3.9 gzr
of (2S,3aS,7aS)-1-(N -t-butoxycarbonyl-L-lysyl-gamma~

5 D-glutamyl)-octahydro-lH-indole-2-carboxylic acid.
(3) An aliquot (1.0 g) of the resulting carboxylic 
acid was dissolved in 7 ml of water, and 0.55 g of sodium 
bicarbonate and 12 ml of THF added. With vigorous stir­
ring, 0.46 g of N-benzoyloxysuccinimide was added, and the

2q mixture was stirred overnight at room temperature. The
reaction mixture was half concentrated, acidified with 10% 
citric acid, and extracted with methylene chloride. The 
organic layer was washed with water, dried over anhydrous

, .. sodium sulfate, and concentrated to dryness under reduced
15 pressure.

(4) To the residue was added 20 ml of trifluoro-9 ♦ * I acetic acid under ice cooling, and the mixture was stirred 
.‘ for 15 minutes. Trifluoroacetic acid was evaporated under
t reduced pressure. The residue was chromatographed on a
’ 20 column of CHP20P using acetonitrile/water (0% 50%

gradient). Fractions containing the desired product were 
; concentrated to dryness under reduced pressure. The

t',”, residue was lyophilized to give 0.50 g of the captionedft < I
compound.

; / 25 -23.1° (Η,,Ο)
Elemental analysis for C27H38N4°7.2.25H2O:

Calculated (%): C: 56.78, H: 7.50, N: 9.81 
Found (%): C: 56.91, H: 7.29, N: 10.03

EXAMPLES 28-50
3θ The following compounds were synthesized in the

same way as in Example 27.
21-(N -(4-Methoxyphenylethoxycarbonyl)-L-lysyl- 

gamma-D-glutamyl]indoline-2(S)-carboxylic acid (Example 
28) :-

Melting point: 197 - 202°C 
It/]81: -74.2° (lN-NaOH)

35
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Elemental analysis for C3QH37N4Og.H20:

Calculated (%): C: 58.53, H: 6.39, N: 9.10 
Found (%): C: 58.53, H: 6.43, N: 9.14

(2S,3aS,7aS)-1-(N2-Isonicotinoyl-L-lysyl-gamma- 
5 D-glutamyl)octahydro-lH-indole-2-carboxylic acid (Example

29) :-
[(/] 25 : -29.8° (H2O)
Elemental analysis for C26H37N5°7.2.5H2O:

Calculated (%): C: 54.16, H: 7.34, N: 12.15
10 Found (%): C: 54.25, H: 7.06, N: 12.23

(2S,3aS,7aS)-1-(N2-Cyclopentyloxycarbonyl-L- 
lysyl-gamma-D-glytamyl)octahydro-lH-indole-2-carboxylie 
acid (Example 30):-

[od25: -37.1° (H2O)
15 Elemental analysis for C2gH42N4°8.1.5H2O:

Calculated (%): C: 55.21, H: 8.02, N: 9.90
Found (%): C: 55.05, H: 7.77, N: 10.05

2(2S,3aS,7aS)-1-(N -Cyclohexyloxycarbonyl-L- 
lysyl-gamma-D-glutamyl)octahydro-ΙΗ-indole-2-carboxylie

20 acid (Example 31):-
Ic/]25: -31.9° (H2O)

Elemental analysis for C27H44N4°8·1,75Η2Ο:
Calculated (%): C: 55.51, H: 8.20, N: 9.59 
Found (%): C: 55.53, H: 8.42, N: 9.55

25 (2S,3aS,7aS)-l-(N2-(Cyclobutyloxycarbonyl)-L-
lysyl-gamma-D-glutamyl]octahydro-lH-indole-2-carboxylic 
acid (Example 32):-

IoG25: -40.7° (H2O)

Elemental analysis for C25H40N4°8*2H2O:
20 Calculated (%): C: 53.56, H: 7.91, N: 9.99

Found (%): C: 53.57, H: 7.60, N: 9.93
21-(N -Cyclobutyloxycarbonyl-L-lysyl-gamma-D- 

glutamyl)indoline-2(S)-carboxylic acid (Example 33):-
Melting point: 197 - 204°C 
[oG27: -84.0° (lN-NaOH)35
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Elemental analysis for C25H34N4°8.1.75^0:

Calculated (%): C: 54.49, H: 7.12, N: 9.78 
Found (%): C: 54.67, H: 7.40, N: 9.53

21-(N -Cyclohexylethoxycarbonyl-L-lysyl-gamma- 
5 D-glutamyl)indoline-2(S)-carboxylic acid (Example 34):-

Melting point: 192 - 195°C 
-78.8° (lN-NaOH)

Elemental analysis for C29H42N4°8·1,5Η2Ο:
Calculated (%): C: 57.89, H: 7.54, N: 9.31

10 Found (%): C: 57.82, H: 7.74, N: 9.3621-(N -Nicotinoyl-L-lysyl-gamma-D-giutamyl)- 
indoline-2(S)-carboxylic acid (Example 35):-

Melting point: 218 - 222°C 
[(/l81; -66.5° (lN-NaOH)

15 Elemental analysis for C26H3iN5°7·2·25Η2Ο:
Calculated (%): C: 55.16, H: 6.32, N: 12.37 
Found (%): C: 55.24, H: 6.57, N: 12.24

21-(N -Cyclobutanecarbonyl-L-lysyl-gamma-D- 
glutamyl)indoline-2(S)-carboxylic acid (Example 36):-

20 Melting point: 209 - 215°C
[{/3θ4 : -96.6° (lN-NaOH)
Elemental analysis for C25H34N4°7·1·5Η2Ο:

Calculated (%): C: 56.70, H: 7.04, N: 10.58 
Found (%): C: 56.64, H: 7.06, N: 10.46225 1-(N -Cyclopentyloxycarbonyl-L-lysyl-gamma-

D-glutamyl)indoline-2(S)-carboxylic acid (Example 37):-
Melting point: 198 - 203°C 
[{<]θ4: -79.3° (lN-NaOH)
Elemental analysis for C26H36N4°8.2.25H2O:

30 Calculated (%): C: 54.49, H: 7.12, N: 9.78
Found (%): C: 54.67, H: 7.40, N: 9.5321-(N -(2-Pyridine£thoxycarbonyl)-L-lysyl-gamma- 

D-glutamyl]indoline-2(S)-carboxylic acid (Example 38):-
((/] θ8: -69.3° (lN-NaOH)

35 Elemental analysis for C28H35N5°8.2.25H2O:
Calculated (%): C: 55.12, H: 6.53, N: 11.48 
Found (%): C: 54.91, H: 6.37, N: 11.33
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(2S, 3aS, 7aS)-l-[N2-(2-Chlorobenzyloxy- 

carbonyl)-L-lysyl-gamma-D-glutamyl]octahydro-lH-indole-2- 
carboxylic acid (Example 44):-

[o<]22: -32.8° (lN-NaOH)
5 Elemental analysis for C2gH39ClN40g.1.25H2O:

Calculated (%): C: 54.45, H: 6.77, N: 9.07, Cl: 5.74 
Found (%); C: 54.55, H: 6.81, N: 8.90, Cl: 5.60

(2S,3aS,7aS)-1-(N2-(2-Methylbenzyloxycarbonyl) - 
L-lysyl-gamma-D-glutamyl]octahydro-1H-indole-2-carboxylie

10 acid (Example 45):-
tcZ]22: -35.8° (lN-NaOH)
Elemental analysis for C29H42N4°8.1.75H2O:

Calculated (%): C: 57.46, H: 7.57, N: 9.24 
Found (%): C: 57.68, H: 7.63, N: 9.01

15 (2S,3aS,7aS)-l-[N2-(2-Fluorobenzyloxycarbonyl)-
L-Iysyl-gamma-D-glutamyl]octahydro-ΙΗ-indole-2-carboxylie 
acic) (Example 46):-

[cZ]22: -32.5° (lN-NaOH)
Elemental analysis for C28H39FN4°8.1.5H2O.0.5C4HgO2:

20 Calculated (%): C: 55.46, H: 7.14, N: 8.62, F:2.92
Found (%): C: 55.63, H: 7.08, N: 8.54, F:3.01

(2S,3aS,7aS)-1-(N2-(alpha-Naphthylmehoxy- 
carbonyl) -L-lysyl-gamma-D-glutamyl] octahydro-lH-indole- 
2-carboxylic acid (Example 47):-

25 [<Z]22: -36.3° (lN-NaOH)
Elemental analysis for C32H42N4O8.1.5H2O.0.25C4HgO2:

Calculated (%): C: 60.08, H: 7.18, N: 8.49 
Found (%): C: 59.78, H: 7.41, N: 8.37

(2S,3aS,7aS)-1-(N2-(alpha-Naphthylethoxy- 
30 carbonyl)-L-lysyl-gamma-D-glutamyl]octahydro-lH-indole-

2-carboxylic acid (Example 48):- 
toO22: -38.8° (lN-NaOH)
Elemental analysis for C33H44N4°g ,2H20.0.5C4HgC>2 :

Calculated (%): C: 59.64, H: 7.44, N: 7.95 
Found (%): C: 59.87, H: 7.17, N: 7.9135
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(2S,3aS,7aS)-l-(N2-(4-Phenylbenzyloxycarbonyl)~ 

L-lysyl-gamma-D-glutamyl]octahydro-ΙΗ-indole-2-carboxylie 
acid (Example 49):-

fc/ΐθ7: -39.1° (lN-NaOH)
5 Elemental analysis for C34H44N4°g .1.5H2O.0.5C4HgC>2 :

Calculated (%): C: 61.09, H: 7.26, N: 7.92 
Found (%): C: 61.23, H: 7.26, N: 7.85

(2S,3aS,7aS)-1-(N2-(Phenoxycarbonyl)-L-lysy1- 
gamma-D--glutamyl]octahydro-lH-indole-2-carboxylic acid

1q (Example 50):-
(</] 29 : -17.7° (lN-NaOH)
Elemental analysis for C27H38N4°8*1H2°’°*5C4H8°2:

Calculated (%): C: 57.22, H: 7.29, N: 9.20 
Found (%): C: 56.95, H: 7.13, N: 9.49

15 EXAMPLE 51
(2S,3aS,7aS)-1-[N2-(4-Hydroxybenzoyl)-L-lysyl-

gamma-D-glutamyl)octahydro-lH-indole-2-carboxylic acid :- 
In 5 ml of water was dissolved 1.30 g of

(2S, 3 aS, 7 aS) -1- (Νθ-benzyloxycarbon''l-L-lysyl-gamma- 
20 D-glutamyl)octahydro-lH-indole-2-carboxylic acid, and 0.25

g of sodium carbonate and 10 ml of tetrahydofuran were 
added. With vigorous stirring, 0.7 g of N-(4-hydroxy- 
benzoyloxy)succinimide was added, and the mixture was 
stirred overnight at room temperature. The reaction

25 mixture was half concentrated, acidified with 10% citric 
acid, and extracted with methylene chloride. The organic 
layer was washed with water, dried over anhydrous sodium 
sulfate, and concentrated to dryness under reduced pres­
sure. The residue was chromatographed on a column of

3q CHP20P (2.5 cm in diameter and 40 cm in length) using 
acetonitrile/water (30% -> 70% gradient) as an eluent. 
Fractions containing the desired product were concentrated 
to dryness under reduced pressure to give 0.6 g of a 
residue. The residue was dissolved in 25% HBr/AcOH (10

35 ml), and the mixture was stirred at room temperature for 1 
hour. Then, 100 ml of ether was added, and the resulting
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- 54 -
white precipitate was collected by filtration, and '
chromatographed on a column of CHP20P; 2.5 cm in diameter 
and 40 cm in length) using acetonitrile/water (0% -> 40% 
gradient). Fractions containing the desired product were

5 concentrated to dryness under reduced prerssure. The 
residue was lyophilized to obtain 0.3 g of the captioned 
compound.

[c/]27: -17.4° (H2O)
Elemental analysis for C27H38N4°8‘1’5H2°:

10 Calculated (%): C: 56.53, H: 7.20, N: 9.77
Found (%): C: 56.71, H: 7.09, N: 9.95

EXAMPLES 52-67
The following compounds were synthesized in the 

same way as in Example 51.
15 (2S,3aS,7aS)-1-[Νώ-(2-Thiophenecarbony1)-L-

lysyl-gamma-D-glutamyl]octahydro-ΙΗ-indole-2-carboxylie 
acid (Example 52):-

[{/]26: -23.1° (H?O)

Elemental analysis for C25H36N4°7S*H2O:
20 Calculated (%): C: 54.14, H: 6.91, N: 10.10, S: 5.78

Found (%): C: 54.09, H: 6.74, N: 10.14, S: 5.99
(2S,3aS,7aS)-1-(N2-(3-Quinolinecarbonyl)-L- 

lysyl-gamma-D-glutamyl]octahydro-lH-indole-2-carboxylie 
acid (Example 53):-

25 [CZ]24: -25·θ° dN-NaOH)

Elemental analysis for C3qH39N5°7·2Η2Ο:
Calculated (%): C: 58.33, H: 7.02, N: 11.34 
Found (%): C: 58.46, H: 7.30, N: 11.24

(2S,3aS,7aS)-l-(N2-(2-Chloronicotinoyl)-L- 
30 lysyl-gamma-D-glutamyl]octahydro-lH-indole-2-carboxylic

acid (Example 54):- 
[(/]26: -42.6° (H2O)
Elemental analysis for C26H38C1N5°7’1,5H2O:
Calculated (%): C: 52.66, H: 6.63, N: 11.81, Cl: 5.98

35 Found (%): C: 52.75, H: 6.68, N: 11.76, Cl: 5.89
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(2S,3aS,7aS)-l-[N2-(4-Chlorobenzoyl)-L-lysyl- 

gamma-D-glutamyl]octahydro-lH-indole-2-carboxylie acid 
(Example 55) :-

W]25: -25.9° (lN-NaOH)
5 Elemental analysis for (^Η^Ιί^Ο? .1.51^0:

Calculated (%): C: 54.77, H: 6.81, N: 9.46, Cl: 5.99 
Pound (%): C: 55.07, H: 7.0J, N: 9.26; Cl: 5.79

(2S,3aS,7aS)-1-[N2-(Indoline-2 (S)-carbonyl)- 
L-lysyl-gamma-D-glutamyl]octahydro-lH-indole-2-carboxylic 
acid (Example 56):-

[tf]25: -64.3° (lN-NaOH)
Elemental analysis for C29H4iN5Og·2·25H2O:

Calculated (%): C: 56.90, H: 7.47, N: 11.44 
Found (%): C: 56.99, H: 7.61, N: 11.15

X5 (2S,3aS,7aS)-1-(N2-(2-Thianaphthenecarbonyl)-
L-lysyl-garama-D-glutamyl]octahydro-lH-indole-2-carboxylic 
acid (Example 57):-

[0i]26: -16.5° (lN-NaOH)
Elemental analysis for C2gH38N4°7S·2H20:

20 Calculated (%): C: 55.93, H: 6.80, N: 9.00, S: 5.15
Pound (%): C: 56.08, H: 6.63, N: 8.87, S: 4.94

2(2S,3aS,7aS)-1-[N -(2-Quinoxalinecarbonyl)- 
L-lysyl-gamma-D-glutarayl]octahydro-lH-indole-2-carboxylic 
acid (Example 58):-

25 C^]26: -15.3° (lN-NaOH)
Elemental analysis for C29H38Ν60?.1.25Η20 :

Calculated (%): C: 57.56, H: 6.75, N: 13.89
Found (%) : C: 57.48, H: 7.00, N: 13.96

ί «< t t r a i

(2S,3aS,7aS)-1-[N2-(2-Isoquinolinecarbonyl)- 
30 L-lysyl-gamma-D-glutamyl]octahydro-lH-indole-2-carboxylic

acid (Example 59):-
[o(]26: -51.8° (IN-NaOH)
Elemental analysis for C3qH39N5°7·1Η2Ο:

Calculated (%): C: 60.09, H: 6.89, N: 11,68
35 Found (%): C: 59.89, H: 6.66, N: 11.61
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(2S,3aS,7aS)-1-(N2-(6-Methoxynicotinoyl)-L- 

lysyl-gamma-D-glutamyl]octahydro-lH-indole-2-carboxylie 
acid (Example 60):-

H/l 27 -18.0' (h2o)
Elemental analysis for C27H39N5°8.1,5H2O:

C: 55.09, H: 
C: 55.09, H:

7.19, N: 11.90 
7.44, N: 11.77

10

Calculated (%)
Found (%):

(2S,3aS,7aS)-l-[N2-(6-Ethoxynicotinoyl)-L- 
lysyl-gamma-D-glutamyl]octahydro-lH-indole-2-carboxylic 
acid (Example 61):-

[¢/] 27D -16.4 (H2o>
C28H41N5°8 *2H2O:

ο ft c 9 0 ft 0
» ft ft ft ft ft ft ft

ft ft ft ft oft ft ft ft
4 ♦ t I it

15

20

4 «
t I

25

Elemental analysis for
Calculated (%): C: 54.98, H: 7.42, N: 11.45 
Found (%): C: 55.00, H: 7.70, N: 11.27

(2S,3aS,7aS)-1-[N2-(6-Chloronicotinoyl)-L- 
lysyl-gamma-D-glutamvl]octahydro-lH-indole-2-carboxylie 
acid (Example 62):-

(<^]27: -21.4° (H2O)

Elemental analysis for C26H36C'*'N5O7,2H2O:
Calculated (%): C: 51.87, H: 6.70, N: 11.63, Cl: 5.89 
Found (%): C: 51.78, H: 6.44, N: 11.86, Cl: 6.05

(2S,3aS,7aS)-1-[N2-(2-Hydroxybenzoyl)-L-lysyl- 
gamma-D-glutamyl] octahydro-lH-indole-2-carboxylic acid 
(Example 63):-

[c/]28D -21.0' (h2o>
Elemental analysis for C27H38N4Og.1.25H2O: 

(%)

30

35

Calculated (%): C: 56.98, H: 7.17, N:
Found (%): C: 56.83, H: 7.26, N:

(2S,3aS,7aS)-1-(N2-(6-n-Propoxynicotinoyl)- 
L-lysyl-gamma-D-glutamyl]octahydro-lH-indole-2-carboxylic 
acid (Example 64):-

-25.2° (lN-NaOH)
Elemental analysis for C2gH43N50g.1,5H2O:

Calculated (%): C: 56.48, H: 7.52, N: 11.36 
Found (%): C: 56.56, H: 7.22, N: 11.36

9.84
9.89
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(2S,3 aS,7aS)—1—[Ν2—(2-i-Propoxynicotinoyl)-L- 

lysyl-gamma-D-glutamyl]octahydro-ΙΗ-indole-2-carboxylie 
acid (Example 65):-

tC<]31: -26.4° (lN-NaOH)
Elemental analysis for CnnH._Nc0o.2Ho0:29 43 5 8 2

Calculated (%): C: 55.67, H: 7.57, N: 11.19 
Found (%): C: 55.41, H: 7.80, N: 11.05

(2S,3aS,7aS)-1-(N2-(3-Hydroxybenzoyl)-L-lysyl- 
gamma-D-glutamyl]octahydro-lH-indole-2-carboxylie acid 
(Example 66):-

ttxl 31D

N:
N:

-29.8 (lN-NaOH)
Elemental analysis for C27H3gN40g.1.25H2O:

Calculated (%): C: 56.98, H: 7.17,
Found (%): C: 57.07, H: 7.16,

(2S,3aS,7aS)-1-[N2-(4-Hydroxy-3-methoxy- 
benzoyl )-L-lysyl-gamraa-D-glutamyl]octahydro-lH-indole- 
2-carboxylic acid (Example 67-1):-

It/]28: -17.9° (H2O)

84
79

Elemental analysis for C28H4oN4°9*2H2O:
Calculated (%): C: 54.89, H: 7.24, N: 9.14 
Found (%): C: 54.95, H: 7.26, N: 9.04

(2S,3aS,7aS)-l-[N2-(3-Hydroxy-4-methoxy- 
benzoyl)-L-lysyl-gamma-D-glutamyl]octahydro-lH-indole-2- 
carboxylic acid (Example 67-2):-

[¢0 31 D : -40.0 (lN-NaOH)
Elemental analysis for C28H40N4°9’3*25H2O:

Calculated (%): C: 52.95, H: 7.38, N: 8.82
Found (%): C: 52.86, H: 7.07, N:

,2
8.97

(2S,3aS,7aS)-1-N -(2-Hydroxy-4-methylenzoyl)- 
L-lysyl-gamma-D-glutamyl]octahydro-lH-indole-2-carboxylic 
acid (Example 67-3):-

[(/]25: +37.4° (lN-NaOH)
Elemental analysis for C28H40N4°8 *'''H20:

Calculated (%): C: 58.12, H: 7.32, N: 9.68
Found (%): C: 57.92, H: 7.12, N: 9.46
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(2S,3aS,7aS)-l-[N2-(6-Hydroxy-beta-naphthoyl)- 

L-lysyl-gamma-D-glutamyl]octahydro-ΙΗ-indole-2-carboxylie 
acid (Example 67-4):-

l·/]81: -2.8° (lN-NaOH)
Elemental analysis for Cg^H,'40W4°8 "2 ·5Η2Ο:

10

·<¥+/ '

© & 0 
9 9 «0 © © ft

9 9 9 9 
β* β 9 9

I V t 1 I s

15

20

25

35

Calculated (%): C: 58.02, H: 7.07, N: 8.73 
Found (I): C: 57.90, H: 7.09, N: 8.58

(2S,3aS,7aS)-1-[N2-(3,5-Dimethyoxy-4-hydroxy- 
benzoyl)-L-lysyl-gamma-D-glutamyl)octahydro-lH-indole-2- 
carboxylic acid (Example 67-5):-

[0<]26: -4.1° (lN-NaOH)
Elemental analysis for C29H42N4°10’2’5H2O:

Calculated (%): C: 53.45, H: 7.27, N: 8.60 
Found (%): C: 53.57, H: 7.24, N: 8.77

(2S,3aS,7aS)-1-[N2-(3-Hydroxy-2-naphthoyl)-L- 
lysyl-gamma-D-glutamyl)octahydro-lH-indole-2-carboxylic 
acid (Example 67-6) :-

26
D +15.6 (lN-NaOH)

Elemental analysis for C3iH4qN4°8·2·5Η2Ο:
Calculated (%): C: 58.02, H: 7.07, N:
Found (%): C: 57.82, H: 6.74, N:

(2S,3as,7aS)-1-[N2-(2-Hydroxy-5-methoxybenzoyl)- 
L-lysyl-gamma-D-glutamyl]octahydro-1H-indole-2-carboxylic 
acid (Example 67-7):-

it/]26: +22.1° (lN-NaOH)
Elemental analysis for C28H40N4°9,5H2O:

Calculated (%): C: 55.71, H: 7.18, N: 9.28 
Found (%): C: 55.56, H: 7.09, N: 9.31

(2S,3aS,7aS)-1-[N2-(4-Hydroxy-3-aminobenzoyl)- 
L-lysyl-gamma-D-glutamyl]octahydro-lH-indole-2-carboxylic 
acid (Example 67-8):-

[{/]26: -15.3< <h2o>

8.73
8.47

30

Elemental analysis for C2^H3gN5Og.l.75H2O:
Calculated (%): C: 54.67, H: 7.22, N: 11.81
Found (%): C: 54.81, H: 7.31, N: 11.79
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- 59 - 2(2S,3aS,7aS)-1-[Ν -(2-Hydroxy-5-bromobenzoyl)- 
L-lysyl-gamma-D-glutamyl)octahydro-ΙΗ-indole-2-carboxylie 
acid (Example 67-9) :-

[<λ]26: +10.8° (lN-NaOH)
5 Elemental analysis for C27H37N4°8Br · ^-· 75H2O:

Calculated (%): C: 49.36, H: 6.21, N: 8.53, Br: 12.16 
Found (%): C: 49.42, H: 6.25, N: 8.50, Br: 12.01

(2S,3aS,7aS)-l-[N2-(2-Hydroxy-5-methylbenzoyl) - 
L-lysyl-gamma-D-glutamyl)octahydro-lH-indole-2-carboxylic 
acid (Example 67-10):-

[^]28: +23.2° (lN-NaOH)
Elemental analysis for CggH^ls^Og. 1.25H2O:

Calculated (%): C: 57.63, H: 7.17, N: 8.96 
Found (%): C: 57.51, H: 7.20, N: 8.88

15 (2S,3aS,7aS)-1-[N2-(2-Hydroxy-6-methylbenzoyl)-
L-lysyl-gamma-D-glutamyl)octahydro-lH-indole-2-carboxylic 
acid (Example 67-11):-

[¢/] 28 : +45.2° (lN-NaOH)
Elemental analysis for C30H42N4O9"^,5H2O:

2o Calculated (%): C: 57.22, H: 7.20, N: 8.90
Found (%): C: 57.18, H: 7.25, N: 8.81

(2S,3aS,7aS)-l-[N2-(2-Hydroxy-4-chlorobenzoyl)- 
L-lysyl-gamma-D-glutamyl)octahydro-lH-indole-2-carboxylic 
acid (Example 67-12):-

25 +29-3° (lN-NaOH)
Elemental analysis for C27H37C1N4°8·1·5H2O:

Calculated (%): C: 53.33, H: 6.63, N: 9.21, Cl: 5.83 
Found (%): C: 53.41, H: 6.72, N: 9.18, Cl: 5.79

(2S,3aG,7aS)-1-[N2-(2-Hydroxy-5~chlorobenzoyl)- 
30 L-lysyl-gamma-D-glutamyl)octahydro-lH-indole-2-carboxylic

acid (Example 67-13):- 
U/]20: +17.2° (lN-NaOH)
Elemental analysis for C27H37C1N4°8.1.5H2O:
Calculated (%): C: 53.33, H: 6.63, N: 9.21, Cl: 5.83
Found (%): C: 53.21, H: 6.75, N: 9.23, Cl: 5.6535
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EXAMPLE 6821-(Ν -Pyrazinoyl-L-lysyl-gamma-D-glutamyl)- 

indoline-2(S)-carboxlic acid:-
(1) Pyrazinoic acid (0.26 g) was dissolved in a

5 mixure of 3 ml of dimethylformamide and 20 ml of methylene 
chloride, and 1.1 g of ethyl 1-(N6-t-butoxycarbonyl-L- 
lysyl-O^-ethyl-gamma-D-glutamyi)indoline-2(S)-carboxylate 
and 0.84 g of l-ethyl-3-(3-dimethylaminopropyl)carbodi­
imide hydrochloride were added. The mixture was stirred

10 overnight at room temperature. The reaction mixure was 
successively washed with saturafted aqueous sodium bi­
carbonate solution and water, dried over anhydorus sodium 
sulfate, and concentated to dryness under reduced pres­
sure. The residue was subjected to silica gel column

15 chromatography (2% methanol/chloroform) to give 0.8 g of 
ethyl 1-(N -t-butoxycarbonyl-N -pyrazinoyl-L-lysyl- 
O^-ethyl-gamma-D-glutamyl)indoline-2(S)-carboxylate as a 
viscous oily substance.
(2) The compound obtained in (1) (0.8 g) was dis-

2Q solved in dioxane, and 3.5 ml of lN-NaOH was added. The
mixture was stirred under ice cooling for 1.5 hours. The 
reaction mixture was concentrated, acidified with 10% 
citric acid, and chromatographed on a column of CHP20P 
using acetonitrile/water (0% —> 60% gradient) as an

25 eluent. Fractions containing the desired product were
concentrated to dryness under reduced pressure. The
residue was re-precipitated from petroleum ether/ethyl
acetate. By filtration, 0.55 g of 1-(N8-t-butoxy- 

9caronyl-N -pyrazinoyl-L-lysyl-gamma-D-glutamyl)-
30 indoline-2(S)-carboxylic acid was obtained.

3. Trifluoroacetic acid (10 ml) was added to an
aliquot (0.45 g) of the final compound obtained in (2) 
above, and the mixture was stirred under ice cooling for 
20 minutes. Trifluoroacetic was evaporated, and the

35 residue was chromatographed on a column of CHP20P using 
acetonitrile/water (0% -> 30% gradient) as an eluent.
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Fractions containing the desired product were concentrated 
to dryness under reduced pressure, and the residue was 
lyophilized to give 0.27 g of the captioned compound.

Ml25: -74.4° (lN-NaOH)
5 Elemental analysis for C25H3oN6°7*2 *5H2O:

Calculated (%): C: 52.53, H: 6.17, N: 14.70 
Found (%): C: 52.52, H: 6.27, N: 14.54

EXAMPLE 69
Monosodium (2S,3aS,7aS)-l-(N2-nicotinoyl-L- 

10 lysyl-gamma-D-glytamyl)octahydro-lH-indole-2-carboxylate:-
In 5 ml of water was dissolved 0.57 g of9(2S,3aS,7aS)-l-(N -nicotinoyl-L-lysyl-gamma-D-glutamyl)- 

octahydro-lH-indole-2-carboxylic acid (see Example 15), 
and 1 ml of lN-NaOH was added. The resulting aqueous

15 solution was subjected to CHP20P column chromatography (0% 
—> 20% acetonitrile/water gradient). Fractions containing 
the desired product were concentrated to dryness under 
reduced pressure. The residue was lyophilized to give
0.25 g of the captioned compound. [</]28: -24.6° (H2O) .

20 EXAMPLE 70
(2S,3as,7as )-1-[N2-(2-Methoxybenzoyl)-L-lysyl-

gamma-D-glutamyl)octahydro-lH-indole-2-carboxylic acid:- 
(1) O-anisic acid (1.0 g), N-hydroxysuccinimide
(0.76 g) and water-soluble carbodiimide hydrochloride

25 (1.39 g) were dissolved in methylene chloride (15 ml), and
the solution was stirred overnight at room temperature.
The precipitate was removed by filtration. The mother 
liquor was concentrated under reduced pressure, and the 
residue was recrystallized from isopropanol to give 1.47 g

3Q of N-(2-methoxybenzoyloxy)succinimide (mp. 180-182°C).
(2S,3aS,7aS)-l-(N8-benzyloxycarbonyl-L-lysyl-

gamma-D-glutamyloctahydro-lH-indole-2-carboxylic acid was
dissolved in 6 ml of water, and sodium carbonate and 10 ml
of THF were added. With vigorous stirring, N-(2-methoxy-

35 benzoyloxy)succinimide was added. The mixture was stirred
overnight at room temperature. The reaction mixture was
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acidified with 10% citric acid, and extracted with methyl­
ene chloride. The organic layer was dried over anhydrous 
sodium sulfate, and concentrated to dryness under reduced 
pressure. The residue was chromatographed on a column of 
CHP20P using acetonitrile/water (30% —> 70% gradient) as 
an eluent. Fractions containing the desired product were 
concentrated to dryness under reduced pressure to give 1.0 
g of (2S,3aS,7aS)-l-[N6-benzyloxycarbonyl-N2-(2-methoxy- 
benzoyl)-L-lysyl-gamma-D-glutamyl]octahydro-lH-indole- 
2-carboxylic acid.
(2) In 10 ml of ethanol was dissolved 1.0 g of< 9(2S,3aS,7aS)-1-[N -benzyloxycarbonyl-N -(2-methoxy­
benzoyl) -L-lysyl-gamma-D-glutamyl]octahyd ro-lH-indole-2- 
carboxylic acid, and 1.18 g of cyclohexene and 0.2 g of 
10% palladium-carbon were added. The mixture was stirred 
at 60°C for 2 hours. The catalyst was removed by filtra­
tion, and the mother liquor was concentrated to dryness 
under reduced pressure. The residue was subjected to 
CHP20P column chromatography (0% —> 50% acetonitrile/water 
gradient). Fractions containing the desired product were 
concentrated under reduced pressure. The residue was 
lyophilized to give 0.34 g of the captioned compound.

k/]25: -14.9° (H2O)
Elemental analysis for C28H40N4°8’2H2O:

Calculated (%): C: 56.36, H: 7.43, N: 9.39 
Found (%): C: 56.63, H: 7.18, N: 9.33

EXAMPLES 71-73
The following compounds were synthesized in the

same way as in Example 70.
21-(N -Cyclohexylcarbonyl-L-lysyl-gamma-D- 

glutamyl)indoline-2(S)-carboxylic acid (Example 71):-
Melting point: 207 - 212°C 
[f/]26: -90.3° (lN-NaOH)
Elemental analysis for C27H38N4°7*2H2O:

Calculated (%): C: 57.23, H: 7.47, N: 9.89 
Found (%): C: 57.42, H: 7.52, N: 9.94
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(2S,3aS,7aS)-1-(N2-(4-Phenylbenzoyl)-L-lysyl- 

gamma-D-glutamyl]octahydro-lH-indole-2-carboxylic acid 
(Example 72):-

[0<]26: -11.6° (lN-NaOH)
5 Elemental analysis for C33H42N4°7’1 *5H2°*0 *5C8°2:

Calculated (%): C: 62.02, H: 7.29, N: 8.27
Pound (%): C: 61.98, H: 7.15, N: 8.35
(2S,3aS,7aS)-1-(N2-(4-Fluorobenzoyl)-L-lysyl- 

gamma-D-glutamyl1octahydro-lH-indole-2-carboxylic acid
30 (Example 73):-

[f/]29: -31.8° (lN-NaOH)
Elemental analysis for C27H37N4O7F.2H2O:
Calculated (%): C: 55.47, H: 7.07, N: 9.58, F: 3.25 
Found (%): C: 55.59, H: 7.36, N: 9.46, F: 3.03

15 EXAMPLE 74
21—(N -(3,4-Methylenedioxybenzyloxycarbonyl)-L-

lysyl-gamma-D-glutamyl]indoline-2(S)-carboxylic acid:- 
2 62.5 g of N -t-butoxycarbonyl-N -(3-nitro-2- 

pyridinesulfenyl)-L-lysine and 2.2 g of ethyl 1—(01—
20 ethyl-gamma-D-glutamyl)indoline-2(S)-carboxylate were

dissolved in methylene chloride, and 2.0 g of l-ethyl-3- 
(3-dimethylaminopropyl)-carbodiimide hydrochloride was 
added. The mixture was stirred overnight at room tem­
perature. The reaction mixture was successively washed

25 with saturated aqueous sodium bicarbonate solution, 5% 
aqueous potassium hydrogensulfate solution and aqueous 
sodium chloride solution, dried over anhydrous sodium 
sulfate, and concentrated to dryness under reduced 
pressure. The residue was recrystallized from ethanol to

3Q give 3.6 g of ethyl 1-(N2-t-butoxycarbonyl-l-N6-(3- 
nitro-2-pyridinesulfenyl)-L-lysyl-0^-ethyl-gamma-D- 
glutamyl I indoline-2 (S) -carboxylate. (c/ΐθ7: -28.2° 
(dimethylformamide).

3.5 g of this ester was stirred with 30 ml of
35 trifluoroacetic acid under ice cooling for 30 minutes.

Trifluoroacetic acid was evaporated, and ethyl acetate and
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5% potassium carbonate were added to the residue. The 
mixture was vigorously shaken. The organic layer was 
washed with aqueous sodium chloride solution, dried over 
anhydrous sodium sulfate and concentrated under reduced

5 pressure. The residue was recrystalized from ether/ 
ethanol to give 2.6 g of ethyl l-[N8-(3-nitro-2- 
pyridinesulfenyl)-L-lysyl-01-ethyl-gamma-D-glutamyl]- 
indoline-2(S)-carboxylate. mp. 95-102°C. [o(]27: -39.6° 
(dimethylformamide).

10 An aliquot (1.0 g) of the resulting ester was
dissolved in 30 ml of methylene chloride, and 0.23 g of 
N-methylmorpholine and 1.07 g of N-(3,4-methylenedioxy- 
benzyloxycarbonyloxy) succinimide were added, and the 
mixture was stirred at room temperature for 3 hours. The

« F,,,, 15 reaction mixture was washed successively with saturated
‘‘‘‘ . aqueous sodium bicarbonate solution, 5% aqueous potassium

hydrogensulfate solution, and water, dried over anhydrous
sodium sulfate, and concentrated to dryness under reduced
pressure. The residue was recrystallized from ethanol/

2,, 20 methanol to give 1.1 g of ethyl 1-[N -(3,4-methylene-
' dioxybenzyloxycarbonyl)-Νθ-(3-nitro-2-pyridine-! « - .

sulfenyl)-L-lysyl-0 -ethyl-gamma-D-glutamyl]indoline- 
2 (S)-carboxylate. mp. 130-135°C. [(/ ] 27 : -23.2° 
(dimethylformamide).

25 An aliquot (1.0 g) of this product was worked
up as in the second step of Example 68 to give 0.8 g of

' 2 61-[N-(3,4-methylenedioxybenzyloxycarbonyl)-N-(3- 
nitro-2-pyridinesulfenyl)-L-lysyl-gamma-D-glutamyl]- 
indoline-2 (S)-carboxylic acid. mp. 100-110°C. [(/] θ :

30 -70.5° (lN-NaOH).
An aliquot (0.74 g) of the product was dissolved 

in 10 ml of dioxane and 10 ml of 0.5N hydrochloric acid 
was added. The mixture was stirred at 45°C for 4 hours. 
The reaction mixture was neutralized and concentrated, and

35 the residue was acidified with IN hydrochloric acid, and 
subjected to CHP20P column chromatography (0% —> 60%
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acetonitrile/water gradient). Fractions containing the
desired product were concentrated, and the precipitated
crystals were collected by filtration to give 45 mg of the
captioned compound.

5 Melting point: 198 - 202°C
(cG27: -67.3° (lN-NaOH)
Elemental analysis for C29H34N4°10-2H2O:

Calculated (%): C: 54.88, H: 6.04, N: 8.83 
Found (%): C: 55.16, H: 6.14, N: 8.83

10 EXAMPLE 75
(2S,3aS,7aS)-l-[N-Benzyloxcarbony1-S-(3-amino­

propyl) -L-cysteinyl-gamma-D-glutamyl]octahydro-lH-indole-
2-carboxylic acid:-

L-cysteine hydrochloride hydrate (13 g) was 
15 dissolved in a mixture of 100 ml of ethanol and 50 ml of

water, and 2N-NaOH was added. While the solution was
maintained at a pH of 10, 16 g of 3-(t-butoxycarbonyl-
amino)propyl bromide was added. The mixture was stirred
at room temperature for 4 hours. After neutralization,

,. 20 reaction mixture was concentrated to dryness under* *
‘ reduced pressure. The residue was dissolved in 15%4 « t

aqueous ammonia, and subjected to CHP20P column chromato- 
, ,, graphy (0% —> 30% acetonitrile/water gradient). Fractionsit
iSi ‘ containing the desired product were concentrated under

25 reduced pressure. The precipitated crystals were col­
lected by filtration to give 10.3 g of S-(3-t-butoxy- 
carbonylaminopropyl)-L-cysteine. mp. 193°C (decomp.)
An aliquot (3.0 g) of the product was dissolved in a 
water/THF solution containing 3.0 g of potassium

30 carbonate, and with vigorous stirring, 2.76 g of benzyl­
oxycarbonyl chloride was added. The mixture was stirred 
at room temperature for 3 hours. The reaction mixture was 
washed with ether, acidified with 10% citric acid, and 
extracted with chloroform. The organic layer was dried

35 over anhydrous sodium sulfate and concentrated under
reduced pressure to give 2.8 g of N-benzyloxycarbonyl-S-

:-/
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(3-t-butoxycarbonylaminopropyl)-L-cysteine as an oil. The 
dicyclohexylamine salt of this compound had a melting 
point of 125 to 127°C. An aliquot (1.76 g) of the oily 
product was dissolved in 20 ml of acetonitrile, and 0.43 g

5 of N-hydroxysuccinimide and 0.77 g of N,N-dicyclohexyl- 
carbodiimide were added to the solution. The mixture was 
stirred for 2 hours. The piecipitate was removed by 
filtration, and chloroform was added to the mother liquor. 
The mixture was washed successively with saturated aqueous

30 sodium bicarbonate solution and aqueous sodium chloride 
solution, dried over anhydrous sodium sulfate, and con­
centrated to dryness under reduced pressure to give 2.2 g 
of a powder. Sodium bicarbonate (0.6 g) and 1.07 g of 
(2S,3aS,7aS)-1-(gamma-D-glutamyl)octahydro-ΙΗ-indole-2-

35 - carboxylic acid were dissolved in a mixture of 24 ml of 
THF and 12 ml of water, and 2.2 g of the above powder was 
added to the solution. The mixture was stirred at room 
temperature for 3 hours. The reaction mixture was neu­
tralized and concentrated under reduced pressure. The

20 residue was acidified wit 5% aqueous potassium hydrogen- 
sulfate solution and subjected to CHP20P column chromato­
graphy (30% -> 70% acetonitrile/water gradient). Frac­
tions containing the desired product were concentrated 
under reduced pressure to give 0.6 g of (2S,3aS,7aS)-1-

25 [N-benzyloxycarbonyl-S-(3-t-butoxycarbonylaminopropyl)- 
L-cysteinyl-gamma-D-glutamyl]octahydro-lH-indole-2- 
carboxylic acid. An aliquot (0.58 g) of this product was 
worked up as in the fourth step of Example 27 to give 0.33 
g of the captioned compound.

30 [(%] θ7 : -26.7° (H2O)
Elemental analysis for C28H40N4°8S,1H2O:
Calculated (%): C: 55.07, H: 6.93, N: 9.17, S: 5.25 
Found (%): C: 55.00, H: 6.78, N: 9.16, S: 5.47

EXAMPLE 76
35 (2S,3aS,7aS)-l-[N-Benzyloxycarbonyl-S-(3-amino-

propy1)-L-cysteinyl-gamma-D-glutamyl]octahydro-lH- 
indole-2-carboxylic acid sulfoxide:-
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(2S,3aS,7aS)-1-[N-Benzyloxcarbonyl-S-(3-t- 

butoxycarbonylaminopropyl)-L-cysteinyl-gamma-D-glutamyl]- 
octahydro-lH-indole-2-carboxylic acid (0.5 g) (see Example 
75) was dissolved in methylene chloride, and 0.16 g of

5 m-chloroperbenzoic acid was added. The mixture was 
stirred at room temperature for 1 hour. The reaction 
mixture was concentrated to dryness under reduced 
pressure. The residue was subjected to CHP20P column 
chromatography (30% —> 70% acetonitrile/water gradient).

20 Fractions containing the desired product were concentrated 
to dryness under reduced pressure to give 0.33 g of a 
residue. The residue was worked up as in the fourth step 
of Example 27 to give 0.23 g of the captioned compound.

I I24: -28.0° (lN-NaOH)
15 Elemental analysis for C28H40N4°8S’2H2O:

Calculated (%): C: 52.16, H: 6.88, N: 8.69, S: 4.97 
Found (%): C: 52.29, H: 6.97, N: 8.82, S: 4.65

EXAMPLE 77
(2S,3aS,7aS)-1-[N-Benzyloxycarbonyl-S-(2-amino-

20 ethyl)-L-cysteinyl-gamma-D-glutamyl]octahydro-lH-indole- 
2-carboxylic acid sulfoxide :-

The captioned compound was synthesized in the 
same manner as in Example 76.

[oi] 28: -34.0° (lN-NaOH)
25 Elemental analysis for C27H38N4°9S·1H2O:

Calculated (%): C: 52.93, H: 6.58, N: 9.14, S: 5.23 
Found (%): C: 52.60, H: 6.61, N: 9.29, S: 5.52

EXAMPLE 78
21-N -Benzylcarbonyl-L-lysyl-gamma-D-glutamyl-

3Q L-proline:-
Sodium carbonate (1.8 g) and 2.97 g of alpha-

ethyl D-glutamate were dissolved in water, and a THF 
2solution of 8.9 g of N -benzyloxycarbonyl-N -t- 

butoxycarbonyl-L-lysine N-hydroxysucceinimide ester was
35 added. The mixture was stirred overnight at room tem­

perature. The reaction mixture was acidified with 5%

o
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aqueous potassium hydrogensulfate solution to a pH of 2 to 
3, and then exracted with ethyl acetate. The extract was 
washed successively with 5% aqueous potassium hydrogen- 
sulfate solution and aqueous sodium chloride solution,

5 dried, and concentrated to dryness under reduced pressure. 
The residue was crystallized from ether/petroleum ether.
The crystals were collected by filtration to give 8.5 g of
2 6 1 N -benzyloxycarbonyl-N -t-butoxycarbony1-L-lysy1-0 - 

ethyl-D-glutamic acid (mp. 71-73°C). An aliquot (1.3 g)
IQ of the compound, 0.46 g of L-proline methyl ester hydro­

chloride, 0.28 g of N-methylmorpholine and 0.51 g of 
N-hydroxybenzotriazole were dissolved in methylene 
chloride. Under ice cooling, 0.53 g of the water-soluble

.../ carbodiimide hydrochloride was added to the solution. The
j_5 mixture was stirred for 30 minutes, and then further

’ **’ stirred overnight at room temperature. The resulting
solution was washed successively with 5% aqueous potassium< I

ί 'iu hydrogensulfate solution, aqueous sodium bicarbonate
solution, and water, dried, and concentrated to dryness

,, 20 under reduced pressure to give an oily substance. The
' oily substance was purified by CHP20P column chromato-
*·* ’ graphy (40% —> 100% acetonitrile/water gradient) to give
,,, 1.4 g of a product. The product was dissolved in dioxane,

and 6.5 ml of ΙΝ-NaOH was added under cooling. The
25 mixture was stirred at room temperature. After the re­

action, the reaction mixture was adjusted to pH 2 to 3, 
and extracted with ethyl acetate. The extract was washed 
with aqueous sodium chloride solution, dried and concen­
trated to dryness under reduced pressure. Trifluouro-

3Q acetic acid (10 ml) was added to the residue, and under 
ice cooling, the mixture was stirred for 30 minutes.
Trifluoroacetic acid was evaporated under reduced pres­
sure, and the residue was subjected to CHP20P column 
chromatography (0% -» 60% acetonitrile/water gradient).

35 Fractions containing the desired product were concentrated 
to dryness and lyophilized to give 0.68 g of the captioned 
compound.
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Eoi] 25 : -45.5° (lN-NaOH)
Elemental analysis for C24H34N4°8‘H20:

Calculated (%): C: 54.95, H: 6.92, N: 10.68 
Found (%): C: 54.87, H: 6.74, N: 10.88

EXAMPLES 79-83
The following compounds were synthesized in the 

same way as in Example 78:-
2-[N -Benzyloxycarbonyl-L-lysyl-gamma-D- 

glutamyl] -1,2,3,4-tetrahydroisoguinoline-3 (S) -carboxylic 
acid (Example 79):-

[</]25: -11.9° (lN-NaOH)
Elemental analysis for C29H36N4°8"^Η2θ:

Calculated (%): C: 58.48, H: 6.60, N: 9.41 
Found (%): C: 58.32, H: 6.71, N: 9.03

2N -Benzyloxycarbony1-L-lysyl-gamma-D-glutamyl- 
N-cyclooctylglycine (Example 80):-

t(/]25: -16.0° (lN-NaOH)
Elemental analysis for C^H^N^Og .1.25H20:

Calculated (%): C: 58.13, H: 7.82, N: 9.35 
Found (%): C: 57.88, H: 7.76, N: 9.21

22- (N -Benzyloxycarbonyl-L-lysyl-gamma-D- 
glutamyl)-cis-endo-2-azabicyclo[3.3.0]octane-3-carboxylic 
acid (Example 81):-

(oG27: -10.7° (lN-NaOH)
Elemental analysis for C27H39N4°8.0.75H2O:

Calculated (%): C: 57.90, H: 7.11, N: 10.00 
Found (%): C: 57.81, H: 7.08, N: 9.90

2N -Benzyloxycarbonyl-L-lysyl-gamma-D-glutamyl- 
N-cyclopentylglycine (Example 82):-

[</]26: -14.2° (lN-NaOH)
Elemental analysis for C26H38N4°8.0.5H2O:

Calculated (%): C: 57.45, H: 7.23, N: 10.31 
Found (%): C: 57.33, H: 7.24, N? 10.06

23- (N -Benzyloxycarbonyl-L-lysyl-gamma-D- 
glutamyl) thiazolidine-4 (R) -carboxylic acid (Example 83):-

[(/]27: -11.2° (lN-NaOH)
35
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Elemental analysis for C23H22N^OgS.O .51^0.C^HgC^ : 
Calculated (%): C: 52.16, H: 6.55, N: 9.01, S: 5.16 
Found (%): C: 52.01, H: 6.86, N: 8.79, S: 5.33

EXAMPLE 84
25 Ethyl 1-(N -benzyloxycarbonyl-L-lysyl-gamma-D-

glutamyl)indoline-2(S)-carboxylate : -
Ethyl indoline-2(S)-carboxylate nydrochloride 

(11.6 g), 5.2 g of triethylamine and 19 g of alpha-benzyl 
N-benzyloxycarbonyl-D-glutamare were dissolved in 150 ml

10 of methylene chloride, and 15.6 g of the water-soluble 
carbodiimide hydrochloride was added. The mixture was 
stirred overnight at room temperature. The reaction

' *’*· solution was washed successively with 10% hydrochloric
:,,,,5 acid, aqueous sodium bicarbonate solution and aqueous

. 15 sodium chloride solution, and dried. The solvent was
*' evaporated, and the residue was recrystallized from

ethanol/ether to give 16.0 g of ethyl 1-(N-benzyloxy- 
■ carbonyl-O^-benzyl-gamma-D-glutamyl)indoline-2(S)-

carboxylate (mp. 114-116°C) .
,, 20 An aliquot (5.0 g) of this ester was suspended
’ in a mixture of 100 ml of methanol and 30 ml of water, andintit .1 ‘·· 5 ml of acetic acid, 4.6 g of ammonium formate and 0.5 g
t ,, of 10% palladium-carbon were added to the suspension. The
t t S­‘ ' mixture was stirred at 50°C for 1 hour. The catalyst was

25 removed by filtration. The mother liquor was adjusted to 
pH 7 and concentrated. The residual solution was cooled. 
The precipitated crystals were collected by filtration and 
recrystallized from ethanol/water (1/1) to give 2.2 g of 
ethyl l-(gamma-D-glutamyl)indoline-2(S)-carboxylate (mp.

30 197-200°C, decomp.). An aliquot (2.0 g) of this ester and
0.66 g of sodium carbonate were dissolved in 25 ml of 

2water, and a solution of 3.3 g of N -benzyloxycarbonyl- 
N -t-butoxycarbonyl-L-lysine N-hydroxysuccinimide ester in 
25 ml of THF was added. The mixture was stirred overnight

35 at room temperature. Tetrahydrofuran was evaporated, and 
5% aqueous potassium hydrogensulfate solution was added.

/■
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The precipitated crystals were collected by filtration and 
recrystallized from ethanol/ether to give 3.3 g of ethyl 
1-(N -benzyloxycarbony1-N -t-butoxycarbony1-L-lysyl- 
gamma-D-glutamyl)indoline-2(S)-carboxylate. An aliquot

5 (0.7 g) of this ester was stirred with 10 ml of trifluoro­
acetic acid under ice cooling for 20 minutes. The reac­
tion mixture was concentrated to dryness under reduced 
pressure, and the residue was subjected to CHP20P column 
chromatography (0% —> 50% acetonitrile/water gradient).

10 Fractions containing the desired product were concen­
trated, and the precipitated crystals were collected by 
filtration to give 0.34 g of the captioned compound.4 » «P * 94 » t t

ί« ft 1 4 « f * t

Melting point: 188 - 191°C 
[(/I26: -63.9° (DMF)

Ί" 15f { i i Elemental analysis for C_nHooN.0o.1.75ELO:J 30 38 4 8 2
♦ * t Calculated (%): C: 58.67, H: 6.81, N: 9.12

■ ■

Found (%): C: 58.71, H: 6.84, N: 9.40
EXAMPLE 85

The following compound was synthesized in the
4 *
-« t 
1 « ’

i * «* * s 
( ( I

e < ©
6 * * ♦

4I*H t © *

2Q same way as in Example 84.
Ethyl (2S,3aS,7aS)-1-(N2-benzyloxycarbonyl-L-

lysyl-gamma-D-glutamyl)octahydro-lH-indole-2-carboxylate 
Elemental analysis for C3qH44N4°8.1.751^0:

Calculated (%): C: 58.10, H: 7.72, N: 9.03
25 Found (%): C: 58.07, H: 7.49, N: 8.98

EXAMPLE 86
2 1 1-(N -Benzyloxycarbonyl-L-lysyl-0 -ethyl-

gamma-D-glutamyl)indoline-2(S)-carboxylic acid:-
The water-soluble carbodiimide hydrochloride

30 (4.3 g), 4.0 g of l-benzyloxycarbonyl-indoline-2(S)-
carboxylic acid, 1.2 g of t-butanol and 1.05 g of 4-di- 
methylaminopyridine were stirred in methylene chloride 
under ice cooling for 2 hours and then at room temperature 
overnight. The reaction mixture was washed successively

35 with 10% citric acid, aqueous sodium bicarbonate solution 
and aqueous sodium chloride solution, and dried. The
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solvent was evaporated, and the residue was purified by 
silica gel column chromatography to give 4.4 g of t-butyl 
l-benzyloxycarbonyl-indoline-2(S)-carboxylate as an oil. 
The resulting ester (4.0 g) was dissolved in a mixture of

5 t-butanol, dioxane and methanol, and 5.7 g of ammonium
formate and 0.5 g of 10% palladium-carbon vzere added. The 
mixture was stirred for 6 hours at room temperature. The 
catalyst was removed by filtration, and the solvent was 
evaporated. Aqueous sodium bicarbonate solution was added

IQ to the residue, and the mixture was extracted with ethyl 
acetate. The organic layer was washed with aquoeus solium

.. .. chloride solution, and dried. The solvent was evaporated.
The residue was mixed with 1.3 g of oxalic acid and re­
crystallized from ether/isopropanol to give 3.9 g of

, t-butyl indoline-2(S)-carboxylate oxalate (mp. 123-125°C).
. A methylene chloride solution of 2.6 g of t-butyl
' indoline-2(S)-carboxylate, 3.7 g of alpha-ethyl N-benzyl-< - oxycarbonyl-D-glutamate and 3.8 g of the water-soluble 

carbodiimide hydrochloride was stirred at room temperature
« 20 f°r 4 hours. The reaction mixture was washed successively

with aqueous sodium bicarbonate solution, 5% aqueous
© Ci ir

potassium hydrogensulfate solution, and dried. The 
solvent was evaporated, and the residue was recrystallized 
from n-hexane/etaanol to give 4.0 g of t-butyl 1-(N-

25 benzyloxycarbonyl-O^-ethyl-gamma-D-glutamyl)indoline-
2(s)-carboxylate. This product was dissolved in ethanol 
and 2.6 g of ammonium formate and 1.0 g of 10% palladium- 
carbon were added. The mixture was stirred at room tem­
perature for 6 hours. The catalyst was removed by fil-

3Q tration, and the solvent was evaporated. The residue was 
mixed with aqueous sodium bicarbonate solution and ex­
tracted with ethyl acetate. The organic layer was washed 
with water, and dried. The solvent was evaporated to give
2.6 g of an oily substance. An aliquot (2.4 g) of the 

2 635 oily substance, 2.67 g of N -benzyloxycarbonyl-N -t-
butoxycarbonyl-L-lysine and 2.08 g of the water-soluble
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carbodiimide hydrochloride were stirred in methylene 
chloride for 2 hours. The reaction mixture was washed 
successively with aqeuous sodium bicarbonate solution and 
5% aqueous potassium hydrogensulfate solution and dried.

5 The solvent was evaporated to give 4.7 g of a glassy
substance. An aliquot (0.7 g) of the glassy substance was 
stirred with 10 ml of trifluoroacetic acid under ice 
cooling for 10 minutes. The mixture was concentrated to 
dryness under reduced pressure, and the residue was sub-

10 jected to CHP20P column chromatography. Fractions con­
taining the desired product were concentrated to give 0.24 
g of the captioned compound.

Melting point: 207-212°C 
(«Ό26: -3.2° (DMF)

15 Elemental analysis for C30H38N4°8 .0.75H2O:
t s s ; Calculated (%): C: 60.44, H: 6.68, N: 9.40
t r Found (%): C: 60.63, H: 6.54, N: 9.43
ι t t i8 Γ - : EXAMPLE 87

per 1,000
tablets

(2S,3aS,7aS)-l-(N2-nicotinoyl-L- 
lysyl-gamma-D-glutamyl)octahydro-lH-
indole-2-carboxylic acid .............  25 g
Corn starch .....................  28 g
Lactose ............................... 60 g
Microcrystalline cellulose ...........  30 g
Hydroxypropylcellulose ................ 5 g
Light anhydrous silicic acid ......... 1 g
Magnesium stearate ...................  1 g

2o The above components were blended, granulated
and compressed into 1,000 tablets each weighing 150 mg by 
a conventional method. The tablets were further coated 
with hydroxypropyl methylcellulose, talc, titanium di­
oxide, and sorbitan fatty acid ester in a customary 
manner. There were obtained 1,000 coated tablets.25
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EXAMPLE 88

per 1,000 
tablets

(2S,3aS,7aS)-1-(N2-nicotinoyl-L- 
lysyl-gamma-D-glutamyl)octahydro-lH-
indole-2-carboxylic acid ............  100 g
Corn starch ........................... 66 g
Lactose ............................... 50 g
Microcrystalline cellulose ...........  30 g
Light anhydrous silicic acid ......  2 g
Magnesium stearate ...................  2 g
The above components were blended, granulated 

and filled into 1,000 capsules by a conventional method.
5 EXAMPLE 89

The same procedures as in Examples 87 and 88 
9were repeated except that (2S,3aS,7aS)-1-[N -(4-hydroxy-

benzoyl)-L-lysyl-gamma-D-glutamyl]octahydro-lH-indole-2- 
2carboxylic acid was used in place of (2S,3aS,7aS)-l-(N - 

10 nicotinoyl)-L-lysyl-garama-D-glutamyl]octahydro-lH-indole-
2-carboxylic acid. Thus tablets and capsules were pre­
pared respectively.

The following compounds can be synthesized as' in 
the foregoing Examples.

15 (2S,3aS,7aS)-1-[N2-(4-Hydroxyphenylethoxy-
carbonyl)-L-lysyl-gamma-D-glutamyl]octahydro-lH-indole-
2-carboxylic acid (as in Example 26).

21-{N -t(5-Hydroxypyridin-2-yl)methoxycarbonyl]-
L-lysyl-gamma-D-glutamyl)indoline-2(S)-carboxylic acid (as

20 in Example 38).21-(N -I(5-Methoxypyridin-2-yl)methoxycarbonyl]- 
L-lysyl-gamma-D-glutamyl)indoline-2(S)-carboxylic acid (as 
in Example 38).

(2S,3aS,7aS)-1-tN2-[(3-Chloropyridin-2-yl)- 
25 methoxycabonyl]-L-lysyl-gamma-D-glutamyl)octahydro-lH-

indole-2-carboxylic acid (as in Example 27).
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(2S,3aS,7aS)-l-{N2-[(3-Methylpyridin-2-yl)- 

methoxycarbonyl]-L-lysyl-gamma-D-glutamyl}octahydro-lH- 
indole-2-carboxylic acid (Example 27).

(2S,3aS,7aS)-1-(N2-(Cyclopentylcarbonyl)-L- 
5 lysyl-gamma-D-glutamyl]octahydro-ΙΗ-indole-2-carboxylie

acid (as in Example 18).
(2S,3aS,7aS)-i-[N2-(4-iso-Propylbcnzyloxy-

carbonyl)-L-lysyl-gamma-D-glutamyl]octahydro-lH-indole-
2-carboxylic acid (as in Example 51).210 1-(N - (4-Dimethylaminobenzoyl)-L-lysyl-gamma-
D-glutamyl ] indole-2 (S)-carboxylic acid (as in Example 51).

(2S,3aS,7aS)-1-(N2-((2-Methylpyridin-5-yl)- 
carbonyl]-L-lysyl-gamma-D-glutamyl}octahydro-lH-indole- 
2-carboxylic acid (as in Example 15).

15 (2S,3aS,7aS)-l-{N2-((2-Hydroxypyridin-5-yl)-
carbonyl]-L-lysyl-gamma-D-glutamyl}octahydro-lH-indole-
2-carboxylic acid (as in Example 15).21-{N -1 (2-»Pyri:olidinylpyridin-5-yl) carbonyl] - 
L-lysyl-gamma-D-glutamyl}indole-2-carboxylic acid (as in

20 Example 15).
(2S,3aS,7aS)-1-{N2-[(2-Morpholinylpyridin-

5-yl)carbonyl]-L-lysyl-gamma-D-glutamyl}octahydro-lH-
indole-2-carboxylic acid (as in Example 15).

21-{N -((2-Dimethylaminopyndin-5-yl) -L- 
25 lysyl-gamma-D-glutamyl}indole-2-carboxylic acid (as in

Example 15).
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The claims defining the invention are as follows:-

1. A tripeptide derivative represented by the
following formula

T-(CH0^—NH„, 2 m 2
ch2 coor2

r1-w-co-nh-ch-co-nh-ch-<ch2i-2-co-r3 (

« ft » 4« ft• ft « *
»

t » I t t I 
9 r

< f « * t< t t €

S ■' i Ϊ < t « - t t

* t « tt t

wherein R^ represents a C3_10 alkyl group, a 
C^_7 cycloalkyl or C^_7 cycloalkyl-lower alkyl 
group, a phenyl or phenyl-lower alkyl group in 
which the benzene ring may optionally be sub­
stituted by a substituent selected from halogen, 
lower alkyl, lower alkoxy, phenyl, methylenedi- 
oxy, ethylenedioxy, amino, di(lower alkyl)amino 
and hydroxy, a naphthyl or naphthyl-lower alkyl 
group in which the naphthalene ring may option­
ally be substituted by a substituent selected 
from halogen, lower alkyl, lower alkoxy and 
hydroxy, a heterocyclic or heterocyclic-lower 
alkyl group in which the heterocycle is a 
saturated or unsaturated 5- or 6-membered ring 
containing a nitrogen, oxygen or sulfur atom as 
the hetero atom, and may optionally be substi­
tuted by a substituent selected from halogen, 
lower alkyl, lower alkoxy, amino, di(lower 
alkyl)amino, hydroxy, oxo and saturated 5- or 
6-membered nitrogen-containing heterocyclic 
group, and further may optionally be fused to a 
benzene ring, or an imidazolylvinyl group; R2 
represents a hydrogen atom, a Cj_j0 alkyl group 
or a benzyl group; R3 represents a group of the 
formula
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X Y

or -N-CH-COOR.

(a)
in which zA

(b)
represents a benzene, cyclo­

ί f

< ί
< 4 *

t Η 
t t

t «1

* 1
Γ 8 
* ί

pentane or cyclohexane ring, R4 represents 
a hydrogen atom, a C1_1Q alkyl group or a 
benzyl group, p is 0 or 1, q is 1, 2, or 
3, and X represents a phenyl group which 
may optionally be substituted by a substi­
tuent selected from halogen, lower alkoxy 
and hydroxy, a C4_g cycloalkyl group, or a 
C5_7 cycloalkyl group which is fused to a 
benzene, and Y represents a hydrogen atom 
or a lower alkyl group, or X and Y, to­
gether with the nitrogen and carbon atoms 
to which they are bonded, forms a 5- or 
6-membered heterocycle which may contain a 
nitrogen, oxygen or sulfur atom,

W represents a single bond, -0- or -NH-, T
represents a single bond, -S- or -S-, and m is Ί­Ο
2 or 3, 

or salts thereof.
2. The compound of claim 1 wherein W represents a 
single bond or -0- and T represents a single bond.
3. The compound of claim 1 wherein R2 and R4 re­
present both hydrogen atoms.
4. The compound of claim 1 wherein Rg represents 
the group of formula (a) in which zA® represents a benzene

or cyclohexane ring, p is 0 and q is 1.
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5. The compound of claim 1 which is a tripeptide 
derivative represented by the following formula

(CH„4——NH„,2m 2
ch2 COOH

rii~w' -co-nh-ch-co-nh-ch4ch94-2-co-r31 (1-1)

wherein R-^-W’- represents a C4_7 cycloalkyl, 
C4_7 cycloalkyloxy, cyclohexylmethyloxy or 
cyclohexylethyloxy group, a phenyl group which 
may optionally be substituted by a substituent 
selected from lower alkoxy, halogen and hydroxy, 
a benzyloxy or phenethyloxy group in which the 
benzene ring may optionally be substituted by a 
substituent selected from lower alkoxy, methyl- 
enedioxy and hydroxy, a pyridyl group which may 
optionally be substituted, preferably at the 
2-or 6-position, by a substituent selected from 
halogen, lower alkoxy, methyl and dimethylamino, 
a pyridymethyloxy or pyridylefchyloxy group in 
which the pyridine ring may optionally be sub­
stituted, preferably at the 3- or 6-position, by 
a substituent selected from methoxy and hydroxy, 
a 2-indolinyl, 2-pyrrolidinyl, 2-pyrazinyl, 
2-furyl, 2-thienyl or 3-quinolyl group, or a 
4-imidazolylvinyl group; R31 represents a 2(S)- 
carboxyindolinyl or 2-carboxy(2S,3aS,7aS)octa- 
hydro-indolyl group; and m is 2 or 3,

or a salt thereof.
6. The compound of claim 1 which is a tripeptide 
derivative represented by the following formula

(^2^^2 
CH2 COOH

R12“W"-CO-NH_CH_CO“NH_CH4CH2'>^-CO“R31 (1-2)



- 79 -
wherein R^-W"- represents a cyclobutyl, cyclo­
pentyl, cyclobutyloxy or cyclopentyloxy group, 
a phenyl group which may optionally be substi­
tuted, at the 2- or 4-position, by a substituent 
selected from lower alkoxy and hydroxy, a phene- 
thyloxy group which may optionally be substi­
tuted by hydroxy at the 4-position of the 
benzene ring, or a pyridyl group which may 
optionally be substituted by halogen or lower 
alkyl; and R31 represents a 2(S)-carboxy- 
indolinyl or 2-carboxy(2S,3aS,7aS)octahydro- 
indolyl group,

or a salt thereof.
7. The compound of claim 6 which is (2S,3aS,7aS)-1- 

9(N -pyridylcarbonyl-L-lysyl-gamma-D-glutamyl)octahydro-  
2lH-indole-2-carboxylic acid or 1-(N -pyridylcarbonyl-L- 

lysyl-gamma-D-glutamyl)indoline-2(S)-carboxylic acid or a 
salt thereof.
8. The compound of claim 6 which is (2S,3aS,7aS)- 

21-(N-(nicotinoyl)-L-lysyl-gamma-D-glutamyl)octahydro- 
2 .lH-indole-2-carboxylic acid or 1-(N -nicotmoyl-L- 

lysyl-gamma-D-glutamyl)indoline-2(S)-carboxylic acid or a 
salt thereof.
9. The compound of claim 6 which is (2S,3aS,7aS)-91-[N -(2- or 4-hydroxy- or 2- or 4-C^_3 alkoxy-substituted
benzoyl)-L-lysyl-gamma-D-glutamyl)octahydro-lH-indole-2- 

2carboxylic acid or 1-[N -2- or 4-hydroxy- or 2- or 4-C1-3- 
alkoxy-substituted benzoyl)-L-lysyl-gamma-D-glutamyl)- 
indoline-2(S)-carboxylic acid.
10. The compound of claim 9 which is (2S,3aS,7aS)-1-9[N -(4-hydroxybenzoyl)-L-lysyl-gamma-D-glutamyl]octa- 2hydro-lH-indole-2-carboxylic acid or 1-[N -(4-hydroxy- 
benzoyl)-L-lysyl-gamma-D-glutamyl]indoline-2(S)-carboxylic 
acid or a salt thereof.
11. The compound of claim 1 wherein the configura­
tion of the carbon atom at the alpha-position of the basic
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amino acid moiety is L, the configuration of the carbon 
atom at the alpha-position of the glutamic acid moiety is 
D, and the configuration of the carbon atom to which 
-COOR^ is bonded in the group is S.
12. The compound of claim 11 which is (2S,3aS,

27aS)-l-(N -nicotinoyl-L-lysyl-gamma-D-glutamyl)octahydro-lH 
-indole-2-carboxylic acid or its salt.
13. The compound of claim 11 which is 
(2S, 3aS,7aS)-1-[N2-(4-hydroxybenzoyl)-L-lysyl-gamma-D-gluta 
myl)octahydro-lH-indole-2-carboxylic acid or its salt.
14. A compound according to claim 1 substantially as 
hereinbefore described with reference to any one of the 
examples .
15. An antihypertensive agent comprising a tripeptide 
derivative of formula (I) or its pharmaceutically 
acceptable salt according to claim 1.
16. A pharmaceutical composition comprising a tripeptide 
derivative of formula (I) or its pharmaceutically 
acceptable salt according to claim 1 and a pharmaceutically 
acceptable carrier or diluent.
17. A pharmaceutical composition comprising a tripeptide 
derivative of formula (I) or its pharmaceutically 
acceptable salt according to claim 1, a diuretic agent and 
a pharmaceutically acceptable carrier or diluent.
18. A method of treating hypertension of a patient, which 
comprises administering an antihypersensitively effective 
amount of a tripeptide derivative of formula (I) or its 
pharmaceutically acceptable salt to the patient.
19. The method of claim 18 wherein a diuretic agent is 
co-administered with a tripeptide derivative of formula (I) 
or its pharmaceutical acceptable salt.
20. A process for producing a tripeptide derivative of 
formula (I) in claim 1 or a salt thereof, which comprises
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(a) reacting a compound represented by the 

following formula

T4CKL··)-- NH-RC,2m 5
CH0

R-^W-CO-NH-CH-COOH (II)

wherein Rj, W, T and m are the same as defined 
in claim 1, and R^ represents a hydrogen atom or 
an amino protecting group,

or a reactive derivative at the carboxyl group, with a 
compound represented by the following formula

£"?«<·
t ( ? ( 

I
mi

11 «
4 t f

ftf
X

4 * t 34 U t
A X <4 K » * 4 4

COOR2
H2N-CH4CH24-2-CO-R3 (III)

wherein R2 and R3 are the same as defined in 
claim 1,

or an acid addition salt thereof, or
(b) reacting a compound represented by the

following formula

*< 4¢4 <
• 4

4
R1-W-COOH (IV)

«
© © A 4 4 9 

a >

wherein R^ and W are the same as defined in 
claim 1,

or a reactive derivative thereof at the carboxyl group, 
with a compound represented by the following formula

T4CH-·)-- NH-RC,2m 5
ch2 coor2

h2n-ch-co-nh-ch4ch2^j-co-r3 (V)

wherein R2, R3, T and m are the same as defined 
in claim 1, and Rg is the same as defined here­
inabove,
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or an acid addition salt thereof, or

(c) reacting a compound represented by the
following formula

(

ri 1 i f
t f
? f

ί. t r ϊ ; 
€

I 1 *f Kt
I f t t i <
X £ i

T4CH„1—NH-RC ,2m 5
CH„ COOR„, z t z

R1-W-CO-NH-CH-CO-NH-CiHCH2-)-2-COOH (VI)

wherein , R2, T, W and m are the same as 
defined in claim 1 and R^ is the same as de­
fined hereinabove,

or a reactive derivative thereof at the carboxyl group or 
an intramolecular anhydride thereof, with a compound 
representd by the following formula

R3-H (VII)

wherein R3 is the same as defined above, 
or an acid addition salt thereof,
and if required, removing the protective group which can 
exist from the resulting compound, and/or converting it 
into a salt.
22. A tripeptide derivative of formula (I) or its
salt according to claim 1 which is produced by the process 
set forth in claim 20 or a process chemically equivalent 
thereto.
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21. A tripeptide derivative of formula (I) or its salt 
according to claim 1 which is produced by the process set 
forth in claim 20 or a process chemically equivalent 
thereto .

22. A process according to claim 20 substantially as 
hereinbefore described with reference to any one of the 
examples .
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DATED: 8 January, 1990 
PHILLIPS ORMONDE & FITZPATRIC 
Attorneys for :-
DAINIPPON PHARMACEUTICAL CO. LTD.,
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