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(57) The Applicant Company has now found d4n original

process for the synthesis of (25,3aS,7aS)-2-carboxyper-
hydroindole, which 3also offers the advantage of employing
2-carboxyindole as starting material, but which does not
offer the disadvantage of this arduous separation of

the two 2S,3as,7aS and 2R,3aR,7aR isomers of carboxyper-
hydroindole, since, in a tirst step, the carboxyindale

is reduced to carboxyindoline to give a mixture of (2R)
and (2S)-2-carboxyindolines which are easily separated in
a single stage by fractional crystaltization; the (2§)
isomer being then subjected to catalytic hydrogenation,
te lead stereoselectively to (2S,3aS,7a§)-2-carboxyper-
hydroindole, after crystallization from a strictly chosen

golar solvent.

Craln

1<« A process for the industrial preparation of
(2s,3as,7as)-2-carboxyperhydroindole of formula (IIllas):

2 ()
5 3
6@7@000H (111as)
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wherein the starting materijal employed is 2-carboxy-

indole or one of its esters of formula (I1V):

> N COOR (IV)

I
H

optionally converted into a salt with an acid, &

in which formula R denotes a hydrogen atom or a lower
alkyl group,

which is subjected to reduction by a process such as the
use of the tin-hydrochloric acid coupte,

to Lead to (R,S)-2-carboxyindoline or to one of its esters
of formula (V):

—
(R,S)
NN COOR

N

| (V)

H
in which R has the same meaning as in the formula (IV),
which, when R = H, is the (R,S)-2-carboxyindoline of
formula (VI);
which, when R is other than H, is converted by alkaline
hydrolysis into (R,S)-2-carboxyindoline of formula (VI):

(R, S)
‘ COOH
T (V1)

H

consisting, in fact, of a mixture of two isomers according
to whether the carbon bearing the carboxyl 1is:

- in the R configuration (R isomer),

- in the § configuration (S isomer),
from Wwhich mixture the S isomer {s isolated by adding the
said mixture to a solution of (+)-a-methylbenzylamine in
a Lower aliphatic alcohol, to obtain,

/3
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a precipitate of the salt of (S)-2-carboxyindoline with
(+)-a-methylbenzylamine,

which, after filtration, is dissolved in water, the so-
Lution obtained being then acidified to permic the Li-
beration of (S)-2-carboxyindoline,

which is subjected to catalytic hydrogenation, the catalyst
being chosen from nickel, platinum, palladium of rhodium,
mixed with a support such as charcoal, so as to make it
possible to obtain a maximum proportion of (25,3aS,7as)-
2-carboxyperhydroindole, the latter being separated from
the (25,3aR,7aR) isomer obtained in a lLow proportion

by a single crystallization in a polar solvent carefully
chosen from lower aliphatic alcohol, acetonitrile, di-
oxane or ethyl acetate, by itseif or mixed with each

other or mixed with water, provided that the mixture forms

a single phase.

3. An industrially usable process for the separa-
tion of the 2S isomer of carboxyindoline from the mixture
of its two 25 “nd 2R isomers, wherein the mixture is
added to a solution of (+)-a-methylbenzylamine in a lower
aliphatic alcohol medium, to form a precipitate
of the salt of (S)-2-carboxyindoline with (+)-a-methyl-
benzylamine,
which is crystallized in a sclvent chosen preferably from
tower aliphatic alcohol,
the (S)-2-carboxyindo.ine being (iberated from its salt
merely by dissolving in water, acidifying the solution
obtained and filtering off.

4. An industrially usable process for the separa-
tion of the 2R isomer of carboxyindoline from the mixture
of its two 2R and 2S isomers, wherein the mixture is added
to a solution of (-)-a-methylbenzylamine in a lower
aliphatic alcohol medium to form a precipitate of the
salt of (§)-2-carboxyindoline with (-)-a~-methylbenzyl -
amine,
which is crystallized from a solvent chosen preferably

from Lower aliphatic alcohol,

o
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the (R)-2-carboxyindoliie being lLiberated from its salt
merely by dissolving in water, acidifying the solution
obtained and filtering off.

10. The salt of a-methylbenzylamine with (§)-2-
carboxyindoline.

11. The salt of (+)-a-methylbenzylamine with
(§)-2-carboxyindoline.

12. The salt of (=)-a-methylbenzylamine with
(R)-2-carboxyindoline.

€
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Complete Specification for the invention entitled:
PROCESS FOR THE INDUSTRIAL SYNTHESIS OF (2S, 3aS, 7aS)

2-CARBOXY PERHYDROINDOLE. APPLICATION TO THE INDUSTRIAL
SYNTHESIS OF CARBOXYALKYL DIPEPTIDES

The following statement is a full description of this Invention, Including the best method of performing it knownto i+  (1g i

1.
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The present invention relates to a newy pracess
for the industrial synthesis of (25,3aS,7as)-2-cirboxy~-
perhydroindole and its application in the industrial
synthesis of carboxylalkyl dipeptides.

More specifically, the present invention relates
to 4 process for the industrial synthesis of 2-carboxy-
perhydroindpLe and its application to the synthesié of

.carboxyalkyl dipeptides of formula (I):

(1)

and their pharmaceuticatly‘acceﬁtable salts,
in which formula: o -
R1q and Rg, which are identical or different, are
“hydroxy, lower alkoxy, lower alkenyloxy, lLower di-
~alkylamino-lower aLkoky, acylamino-lower alkoxy,
adyLoxy—Louer a(koxy, aryloxy, aryl-lower alkoxy,
amino, lower alkylamino, Lower dialkylamino, hydroxy-
amino, aryl-Lower alkylamino or substituted aryloxy
or substituted aryl-lLower éLkoxy, where the substituent
is methyl, hato or methoxy;

‘RZ is hydrogen, lower alkyl, aryl-lLower alkyl,
aminomethylphenyl-Lower alkyl, hydroxyphenyl-lLower
alkyl, hydroxy-Lower alkyl, acylamino-lLower alkyl,
amifio-lower alkyl, dimethylamino-Lower alkyl, gua-
nidino-Lower alkyl, imidazolyl-lower-alkyl, indolyl-
Lower alkyl or Lower alkylthio-lLower alkyl;

Rz is hydrogen, a linear or branched alkyl with
1 to 10 carbon atoms, a lLower alkyl substituted by
one or more substituents chosen from halo, hydroxy,
lower alkoxy, aryloxy, substituted aryloxy, hetero-
aryloxy, substituted heteroaryloxy, amino, lower alkyl-
amino, lower dialkylamino, acylamino, arylamino,
substitued arylamino, guanidino, imidazolyl, indolyl,
Lower alkylthio, arylthio, substituted arylthio,
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- 2 -

carboxy, carbamoyl, lower alkoxy=carbonyl, or else R3 is
arylt, substituted-aryL,ILouer aralkytl, touér éralkenyL,
substituted lawer aralkyl, substituted Lower aralkenyl,
lower heteroaralkyl, substituted lower heteroaralkyl,
Lower heteroaralkenyl, substituted lower heteroaratkenyl,
aralkyloxy, substituted aralkyloxy, hetéroaralkyloxy,
substituted heferoaralkyloxy, aralkylthio, substituted
aralkylthio, heteroaralkylthio or substituted hetargaralkyl~
thio, the aryl or heteroaryl moiety of the abovementioned
substijtuted aryloxy, heteroaryloxy, arylamino, arylthio,
aryl, aralkyloxy, heteroaralkyloxy, aralkylthio, hetero=
aralkylthio, Lower aralkyl, Lower aralkenyl, lLower hetero-
aralkenyl or Llower heteroaralkyl being substituted by
one or more groups chosen from halo, Lower alkyl, hy-
droxy, lLower alkoxy, amino, acylamino, Lower alkylamino,
Lower dijalkylamino, carboxyl, cyano or sulfamoyl; the
alkyl moiety of the abovementioned substituted aralkyl-
oxy, aralkylthio, Lower aralkyl, lLower heterocaralkyl,
heteroaralkyloxy or heteroaralkylthio being sqbstituted
by one or more groups a(so chosen from halo, lower alkyL,
hydroxy, lower alkoxy, amino, acylamino, Lower alkylamino,
Lover dialkylamino, carboxyl, cyano or sulfawoyl;

R, is hydrogen or a Lawer alkyl group. _

It should be stated that, among the abovementioned

values, the term "acyl" includes the radicals = C - Rg

in which R¢ denotes Louer'alkyl, Lower alkenyl or aryl.
The terms lower alkyl and Lower aLkehyl also de-

note any hydrocarbon radical with 1 to é carbon atoms,
be they Linear or branched, such as methyl, ethyl, n-
propyl, isopropyl n-butyl, isobutyl, sec-butyl, tert-butyl,
pentyl, vinyl, alty(, and the Like. '

_ The term aryl means, unLess'stated otherwise,
phenyl or naphthyl, optionally substituted by one or more
Lower alkyl or a[kyloxy groups, suc¢h as toluyl, xylyl,

The term heteroaryl may be illustrated by pyridyl,

thienyl, furyl, pyrrolyl, benzothienyl, benzofuryl, indo-
Lyl, thiazaolyl, imidazolyl, oxazolyl, benzimidazolyl,

i G




0 49
6 o o
" ot
Q ©0

e

« & 0
6 9

4406
e

10

15

20

25

30

35

- 3 -
benziothiazolyl or benzoxazolyl radicats,.as well as by one
of the preceding resulting from the substitution of one
or more —-CH- chain units by an =N- chain unit.
Among the compounds of formula (I), the preferred

ones are those in which: _

R1 and Rs are, independentty.of each other, a

hydroxy or Linear or branched lower alkoxy group,

R2 is a Linear or branched lower alkyl group optionally

substituted by an amino group,
Rz is a linear or branched lower alkyl group op-
tionally substituted bv a cycloalkyl or aryl radical -
"such as phenyl, and'among these, the n-prbpy[, n-butyl
and phenyléthyl groups are preferred,
Ry is a hydrogen atom. _ . _
The preferred compound of formula (1) is perindopril
of formula (II): |
- (S)

J~COO0H o
| (s) : (s) (11)
/C~CH*NH—CH—COOQH.
o~ | J

or (25,3as,7as)-1-{2-[1-(ethoxycarbonyl)-(S)-butylaminol-
(S)-propionyl}octahydroindale=2-carboxylic acid,

as well as its addition salts with a pharmaceutically
acceptable acid or base,

in the case of which the process of the present invention
may be applied more particularly.

The compounds of formula (1) as well as their
salts have interesting pharmacological properties. In
particular, they exert an inhibiting activity on certain
enzymes, such as carboxypolybeptidaSes, enkephal inases
or kininase Il. In particular, they inhibit the conversion
of the angiotensin I decapeptide to angiotensin Il octa-
peptide, responsible in certain cases for i-~terial hyper-
tenéion, by acting on the conversion enzyme. | '

The use of these compouhds in therapeutics makes
it possible, therefare, to reduce or even to suppress the
activity of these enzymes, which are responsible for the
hypertensive disarder or for cardiac'inéufficiency. The
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action_on_kinin'ase_' Ii results in an incr'eas'e in the cir-
cutéting bradyk'inin and also in a loueri.ng of the arterial
bressure-_via this route. ' _

~ Compounds of formula (1), their preparation, and
the.ir use in therapeutics have been described in European
Patents No. 0,049,658, No. 0.088,341 and in European
Patent Applications No. 0,154,886 and No. 0,046,953. The
derivative of formula (II), its preparation and its use
in therapeutics have been described in turopean Patent
No. 0,049,658.

In particular, one of the starting materials
whizh can be employed for the preparation of the compounds
ot formula (I) is 2-carboxyperhydroindole, described in
Europea'n Patent Application No. 0,037,231, as well as its
esters of formula (III): '

(III)

where R denotes a Lower alkyl or benzyl group, or a

‘hydrogen atom.

The compounds of formula (III) exist in the form

-of four racemic pairs:

‘the two cis IIla and Illb epimers,

the two trans IlIc and IIld epimers,

(L) tlla () I1lb

cls, endo cly, exo
25, 3aS, 7a8 ou 2R, 3aR, T7aR 2S, 3aR, 7aR ou 2R, 3aS, 7as

e Lokl
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H H
. 7. coon
-' : N “
. N ‘coor L H
H | H
(£) tlle (L) Illd
Lransd u trans §§

25, 3aS, 7aR ou 2K, 3aR, 7a$s 2R, 3aS, 7aR ou 2S, 3af, 7aS

The preparation of these cohpounds of formula (II1)
may be carried out by means of well-known methods of the
prior art (EP 0,037,231, EP 0,084,164, EP 0,115,345,

EP 0,173,199, EP 0,132,580).

However, the isomer ehpLoyed specifically in the
synthesis of the compounds of formula (I) is (25,3aS5,7aS)~
2-carboxyperhydroindole, as well as its esters of formula

(IIlasS):
(s) |
[:::I?-i}féOOH
. I11aS)
(s) T ( )

H

It is known, in fact (EP 37,231, EP 49,658,

EP 88,341 and EP 154,886), that the compounds of formula
(I) in which the configuration of the bicyclic system is
25,3as,7aS have an activity which is markgdLy higher than
that of the compoudds in the case of which the cis con-
figuration of the bicyclic system is different.

The preparation of (2§5,3aS,7aS)-2-carboxyperhydro-

indole may be carried out éccording to the methods de-
scribed in the prior art (EP 0,037,231, EP 0,115 345,
EP 0,173,199, EP 0,132,580).

Some of these employ 2- carboxylndoLe as start-

ing material, which has the advantage of being a starting
material which is readily available and retatiVeLy in-=
expensive (EP 0,037,231), and which is subjected to
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catalytic reduction on rhodized charcoal to give a mixture
of both cis endo isomers of 2S,3u4S,7aS and 2R,3aR,7aR
cohfiguration respectively.

However, the separation of the 2S,3aS,7aS iso-
mer, which is used in the synthesis ¢f the carboxyalkyl
dipeptides of formula (I), from the 2R,3aR,7aR isomer
generally requires the use of methods which are particularty
arduous to employ.

Thus, to perform this separation of the 25,3as,

7as and 2R,3aR,7aR (cis, endo racemic) isomers, Paten!

No. 0,037,231 employs many stages requiring the synthesis
of the N-benzoyl derivative, fractional crystallization
of the salt of the diastereoisomer with S-a-phenylethyl-
amine, the liberation of the two N-benzoyl SSS and RRR
derjvatives, and then the removal of the benzoyl group,
followed by a pass through an ion exchange column and a
recrystallization.

_ For this same separation, European Patent Appli-
cation No. 0,115,345 émpioys several stageS'reQuifing the
esterificatiOn of the carboxylic.acid'group_with-benzyL
alcohot, conversion of the amino ester into a salt with
(S)AN-beniyLoxycarbonylphenytalénihe, separation of the
$,S,S isomer by fractisznal crystallization, and the liber-
ation of the amino gro@p, optionally followed by the
Liberation of the carboxylic acid group.

' The Applicant cOmbany has now found an original
praocess for the synthesis of (2S5,3aS,7aS)-2-carboxyper-
hydroindole, which also offers the advantage of employing

2-carboxyindole as starting material, but which does not

offer the disadvantage of this arduous separation of

the two 2S,3aS,7aS and 2R,3aR,7aR isomers of carboxyper-
hydroindole, since, in a first step, the carboxyindole

is reduced to carboxyindoline to give a mixture of (2R)
and (2S)-2-carboxyindolines which are easily sepérated in
a single stage by fractional crystallization; the (28§)
isomer being then subjected to catalytic hydrogenation,
to Lead stereoszlectively to (2S,3aS,7aS)-2-¢arboxyner-
hydroindole, after crystailization from a strictly chusen
polar solvent. '
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More particularly, the synthesis of (2S,3aS,7aS)-

2-carboxyperhydroindole, which has now been found by the

Applicant Company, employs as starting material 2-carboxy-
indole or one of its esters of formula (IV):

~ |
~ ‘ N COOR
| (IV)
H
optionally converted into a salt with an acid, in which R
denotes a lower alkyl or benzyl group or a hydrogen atonm,
which is subjected to reduction by a process such as the use
of the tin/hydrochloric acid couple, preferably at ambient
temperature in a lower aliphatic alcohol medium, to (R,S)-
2-indoline acid or to one of its esters of formula (V):

(R,S)

N COOR

; (V)

H
in which R has the same meaning as in formula (IV), which,
when R = H, is the (R,S)=2-carboxyindoline of formula (VI);
which, when R is other than H, is converted by alkaline
hydrolysis into (R,S)-2-=carboxyindoline of the formula (VI):

(R,S)
N COQH

| (Vi)
H
consisting, in fact, of a mixture of two isomers according
to whecther the cactbon bearing the carboxyl is:
- in the R configuration (R isomer),
~ in the § configuration (S isomer),
from which mixtuce the S isomer is isolated by adding the
said mixture to a solution of (+)-a-methylbenzylamine in a ﬁ
lower aliphatic alcohol, to obtain a precipitate of the ‘ "

Helb DiLsk 9,21 .27 M@
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_8_
salt of (S)-2-carboxyindoline with a-methylbenzylamine,
which, after filtration, is dissolved in water, the solu-
tion obtained being then acidified to permit the liberation
of (S)-2-carboxyindoline,
which is subjected to catalytic hydrog:nation, the catalyst
being chosen from pLatinum, nickel, palladium or rhodium,
mixed with a suppor% such as c¢harcoal, so as to make it
possible to obtain a maximum proportion of (2S,3aS,7asS)-
2-carboxyperhydroindole, the Latter being separated fvom
the (2S,3aR,7aR) isomer chtained in a Low proportion
by a single crystallization, by mesns of a solvent strictly
selected from Lower aliphatic alcohol, acetonitrite,
dioxane and ethyl acetate, by itself or mixed with each
other or mixed with water, provided that the mixture forms
a single phase.

It should be noted that (R)=2-carboxyindoline can
be separated from (R,S)=2-carboxyindoline by employing
the same procedure as in the case of (S)-2-indoline acid;
it then suffices to employ (=)-a-methylbenzylamine.

The invention also extends to the original products
obtained while thic process is performed and, more par-
ticularly, to the salts formed by a-methylbenzylamine
with the isomers of 2-carboxyindaline, and more particular-
ly with (S)-2-carboxyindol ine.

The following example illustrates the invention,
but does not Limit it in any way.

EXAMPLE: (2S,3aS,7aS)=-2-CARBOXYOCTAHYDROINDOLE
STAGE A: 2-Ethoxycarbonylindole

Heat S5 kg of 2-carboxyindole suspended in ethanol
in the presence of sulfuric acid to boiling for 8 hours.
Evaporate off the ethanol, then take up with 40 Lliters
of ethyl acetate and wash the organic solutionr with an
aqueous sodium hydroxide solution and dry.

Evaporate off the ethyl acetate, take up the
crystalline mass with hexane. After filtering off and
deying, 5.3 kg of ¢rystals are obtained.




10

15

20

30

35

Melting point: 123-125°¢

Microanalysis:
Calculated: C % 69.83 H % 5.86 N % 7.40
Found: C % 69.56 H Z 5.74 N %2 7.30

Spectrometry in the_infrared:
2150 cm™ ! (NH)
1680 cm” 1 (carboxylic acid)

STAGE B: (R,S)-2-Ethoxycarbonyl indoline

Suspend 10 kg of 2-ethoxycarbonylindoline obtained
earlier in 110 liters of hydrochloric ethanol in a reactor.
Next, add 20 kg of granulated tin. Keep stirring for ap-
proximately 2 days at ambient temperature.

Evaporate off the ethanol, take up the residue
with water and add 110 Liters of toluene. Stir for ap-
proximately 20 minu’es. Alkalify with aqueous ammonia.
Separate off the aqueous phase and extract it once again
with 150 Liters of tcluene.

Combine the toluene phases and wash them with
water. Separate off the toluene phases, filter. |
‘ Remove the water by distilling the water-toluene
azeotrope. Cool and pass through a stréam‘of anhydrous
HCL gas. ‘ ‘ ‘
| Cool. Evap¢ra£e and uash:with‘purﬁ tolueneq:

Weight obtained: 10.11 kg

Yield: 84 %

| S—e— —

Thin layer chromatography:

Ssolvent: toluene: 10

‘ethyl acetates S
Support: Meick silica 60 F 254
Developer: UV
R¢s 0.55
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STAGE C: (R,S)-2-Carboxyindaline

2.15 kg of (R,S)-2-ethoxycarbonytindoline
dissolved in ethanol are saponified with 12.5 liters of
N sodium hydroxide, with stirring for 24 hours. After
washing the alkaline solution, neutralize with concentrated
hydrochloric acid. After filtering off, washing and dry-
ing, 1.57 kg of white crystals of the expected product
are obtained.

Ying: 86 %.

MeLting point: 188-189°¢

Specktrometry in the infrared:

NHa* : 2500 - 2000 cp” !
€00™ : 1620 cn”

STAGE D3 (S)-2-Carboxyindoline

6.05 "g of (R,S)-2-carboxyindoline are added to
a solution of 4.49 kg of (+)-a-methylbenzylamine in an-
hydrous ethanol. A white precipitated product is obtaineu
which, after filtering off, is digested in refluxing isopro-
panol. After cooling, the solid is filtered off and
washed with a Little isopropanol; the white crystals ob-
tained are dried: 3.68 kg.

Rotatory power:

(aigl = =53 (c= 1 %ethanod
($)-2-Carboxyindoline is prepared in a quantita-
tive yield by dissolving 1 kg of the above salt in 5 Liters
of water and neutralizing with an aqueous hydroc¢hloric
acid solution. This precipitate is filtered off, washed

with water and dried.

STAGE E: (2S,3a§,7as)-2-~Carboxyoctahydroindole

At
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Place 25 kg of (S)-2-carboxyindoline obtained
previousiy in 110 liters of methanol in a vessel. Xeep
stirred. Charge the rhodium catalyst (S % dry) into a
mixer.

In a hydrogenator, start up the stirring, and
charge the methanolic suspension of (S)-2-carboxyindoline
by making it flow through the mixer and rinse the assembly
with water. Heat to 60°C and pressurize with hydrogen.

Filter off the catalyst on a single-plate filter.
Collect the hydroalcoholic Lliquors in a reactor and eva-
porate off the methanol under vacuum.;

After concentrating, charge approximately 300 kg
of dioxane. Heat to boiling and add water until a solu-
tion is obtained. Allow to cool. Filter off and dry.

22.3 kg of crystals are obtaines.

Yield: 86.1 %
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‘THE CLAIMS DEFINING THE INVENTMON ARE AS FOLLOWS:

CLANREXXX
1. A process for the industrial preparation of
(ZS,SaS,TaS)—Z—carboxyperhydroindole of formula (IIllasS):

(s
@N—/_L-COOH (I111as)

7 1
H

wherein the starting material emsloyed is 2-carboxy-
indole or one of its esters of formula (IV):

‘\_—T_lcoon - (1V)

H
6ptionalLy éonvarted into a salt with an atid'#&;
in whicn. formula R denotes a hydrogen atom or a tower
atkyl group, _
Which is subjected to reduction by a process such as the
use of the tin-hydrochloric acid couple, |

“to lead to (R, S)~2-carboxyindoline or to one of its esters
of formuLa (V):

(R, S)
N COQR

H

(v)

in which R has the same meaning as in the formula (IV),
which, when R = H, is.tne (R,$)-2-carboxyindoline of
formula (VI);

which, when R is other than H, is converted by alkaline
hydrolysis into (R,S)-2-carboxyindoline of formula (VI):

@—J_(R,m |
| ~—COOH

H

(vi)

e
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consisting, in fact, of a mixture of two isomers according
to whether the carbon bearing the carboxyl is:
-~ in the R configuration (R isomer),
- in the § configuration (S isomer),
from which mixture the S isomer is isolated by adding the

'said mixture to a solution of (+)-a-methylbenzylamine in

a lower aliphatic alcohol to obtain,
a precipitate of the salt of (§)-2- caruoxylndotlne Hlth
(+)-a- methylbenzytamlne,

~which, after filtration, is dissolved in water, the so-

lution obtained being then acidified to permit the Ll-
beration of (s)-=2- carboxylndol1ne, '

which is subjected to catalytic hydrogenation, the catalyst
being chosen from nickel, platinum, palladium or rhodium,
mixed with a support such as charcoal, s as to make it
possfble to obtéin-a maximum proportion of (2S5,3aS,7as)-~
2-carboxyperhydroindole, the latter being separated from
the (25,3aR,7aR) isomer obtained in a Low proportion

by a single crystallization in a polar solvent carefully
chosen from Lower aliphatic alcohol, acetonitrile, di-
oxane or ethyl acetate, by itself or mixed with each

other or mixed with water, provided that the mixture forms
a single phase. '

2. A process for the industrial synthesis of (25,
3as,7aS)-2-carboxyperhydroindole as claimed in claim 1,
wherein the starting material employed is the et'yl
ester of 2-carboxyindole of formula (IVo):

(Ivo)

itself obtajned by esterification of 2-carboxyindole with
ethanol in the presence of an esterification catalyst such
as sulfuric acid. |

3. An industrially usable process for the separa-
ﬁioh of the 25 isomer of cérboxyindotine-from'thé mixture
of its two 2S5 and 2R isomers, wherein the mixture is '
adlded to a solution of (+)-a-methylbenzylamine in a lLower
aLiphatic'afcohol'medium,.to form a precipitate '

v ‘fu-,,;, :
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of the salt of (S)-2-carboxyindoline with (+)-a-methyl -
benzylamine,
which is crystallized in a solvent chosen preferably from
lower aliphatic alcohol,
the (S)-2-carboxyindol ine being Liberated from its salt
merely by dissolving in water, acidifying the solution
obtained and filtering off.

4. An industrially usable process for the separa-=
tion of the 2R isomer of carboxyindoline from the mixture
of its two 2R and 2S isomers, wherein the mixture is added
to a solution of (-)-a-methylbenzylamine in a lower
aliphatic alcohol medium to form a precipitate of the
salt of (S)-2-carboxyindctine with (-)-a-methylbenzyl=
amine,
which is crystallized from a solvent chosen preferably
from Lower aliphatic alcohol,
the (R)-2-carboxyindol ine being Liberated from its salt
merely by dissolving in water, acidifying the solution
obtained and filtering off.

S. A process as claimed in any one of claims 1
to 3, wherein the precipitation of (S)-2-carboxyindoline
with (+)-a-methy\benzylamine is performed in ethanol.

6. A process as claimed in any one of claims 1
to 3, wherein the reduction of the carboxyindole or of
one of its esters of formula (VI), which are optionally
converted into a salt, to (R,S)-2-carboxyindoline is
performed by means of the tin-hydrochloric acid couple
in a lLlower aliphatic alcohol medium, and at ambient tem-
perature.

7. A process as claimed in one of claims 1 to 3,
5 and 6, wherein the reductiovn of (S)-2-carboxyindoline
to 2-carboxyperhydroindole is performed using rhodium on
charcoal as catalyst.

8. A process as claimed in any one of claims 1
to 3, 5, 6 and T, wharein the recrystallization for the
purpose of isolating the (2S,3aS,7aS)-2-carboxyperhydro- i
indole from the reaction mixture obtained after cata- A
Lytic reduction of (S)=2-carboxyindoline is performed
using a dioxane-water mixture as a solvent.
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9. A process as claimed in one of claims 1 to 3,
wherein the crystallization of the salt of (S)-2-carboxy-
indoline with (+)-a-methylbenzylamine is carried out in
isopropanol.

10. The salt of a-methylbenzylamine with (§)-2-
carboxyindoline.

11. The salt of (+)-a-methylbenzylamine with
(S)-2-carboxyindoline. ' ' | .

12. The salt of (-)-a-methylbenzylamine wWwith
(R)-2-carboxyindoline.

_ 3/ Ts 5 3aS, 7 asI=2= ) s
obtained as claimed in any one of claims 1,2, 3, 5
for the preparation of carboxyalkyl dipeptides of
(1): | o | R

(n

as well as their pharmacéuticall acceptable salts,
in which formula: g
R1 and Rs, which are ideptical or different, are
hydroxy, Lower alkoxy, .ouer'alkenyloxy, Lower dialkyl-
amino-Lower alkoxy, ylLamino-lower alkoxy, acyloxy=-
Llower alkoxy, aryloky, aryl-lower alkoxy, amino,
lower alkylamino,/lower dialkylamino, hydroxyamino,
aryl-ltower alkytfamino or substituted aryloxy or sub-
stituted arylflower alkoxy where the substituent is

methyl, hald or methoxy;

R2 is/hydrogen, lower alkyl, aryl-lower alkyl,
aminomefhylphenyl-Lower alkyl, hydroxyphenyl-Llower
hydroxy-Lower alkyl, acylamino-lLower alkyl,
amifo-Lower alkyl, dimethylamino-Lower alkyl, guani-
dino-lower alkyl, imidazolyl-lower alkyl, indolyl-
Lower alkyl or Lower alkylthio-lower alkyl;

Rz is hydrdgen, a Linear.or-branChed alkyl with
1 to 10 carbon atonms, a Lower alkyl substituted by

l
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lower alkoxy, aryloxy, substituted aryloxy, hetero

aryloxy, substituted heteroaryloxy, amino, lower
alkylamino, lower dialkylamino, acytamino, aryldmino,
substituted arylamino, guanidine, imidazolyl, /indolyl,
lower alkylthio, arylthio, substituted arylthio, car-
boxy, carbamoyl, lLower alkoxycarbonyl, or ¢lse R3

is aryl, substituted aryl, lower aralkyl,/ lower aral-
kenyl, substituted Lower araikyl, substituted lower
aralkenyl, lower heteroaralkyl, substituted Llower
heteroaralkyl, Lower heterocaralkenyl/ substituted
Lower heterczralkenyl, aralkyloxy, /substituted aralyl-
kyloxy, heteroaralkyloxy, suostitdted heteroaralkyl-
oxy, aralkylthio, substituted aralkylthio, hetero-
aralkylthio or substituted hetfdroaralkylthio, the

aryl or heteroaryl moiety of /the abovementioned sub-
stituted aryloxy, heteroaryfoxy, arylamino, arylthio,
aryl, aralkyloxy, heteroapalkyloxy, arylkylthio,
heteroaralkylthio, Lower/aralkyl, Lower alkenyl,

Lower heteroaralkenyl gr lower heteroaralkyl being
substituted by one or/ more groups chosen from halo,
Lower alkyl, hydroxy, Lower alkoxy, amino, acylamino,
Lower alkylamino, (;uer dialkylamino, carboxyl,

cyano or sulfamoyl; the alkyl moiety of the above-
mentioned subsfituted aralkyloxy, aralkylthio, Lower
aralkyl, lower heteroaralkyl, heteroaralkyloxy or
heteroaralkylthio being substituted by one or more
groups whifth are also chosen from halo, lower alkyl,
hydroxy,/lLower alkoxy, amino, acylamino, lower alkyl-

amino, Aower dialkylamino, carboxyl, cyano or sul-

famoz},
4 is hydrogen or a Lpwer alkyl group.
14. A use as claimed in claim 13 of (2s,3a§,7aS)~

2-carboxyperhydroindoke for the industrial preparation

25,3a5,7a8)-1=-{2-[1=-(ethoxycarbonyl)-(S)~butylaminol-

(§)-propionylYoctahydroindole-2-carboxylic acid from its
ert-butylamine_ salt.

S

DATED this 15th day of September 1988
ADIR ET CIE

EDWD. WATERS & SONS
PATENT ATTORNEYS
MELBOURNE. VIC. 3000.




