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PROCESS FOR THE PREPARATION OF PERINDOPRIL

The present invention relates to a process for preparing perindopril and
pharmaceutically acceptable salts thereof.

Perindopril is the international non-proprietary name of (28,3aS,7aS)-1-{2-[1-
(ethoxycarbonyl)-(S)-butylamino]-(S)-propionyl}-octahydroindole-2-carboxylic acid.
Perindopril is known to have therapeutic application as an angiotensin—converting enzyme
(ACE) inhibitor. ACE is a peptidyl dipeptidase which catalyzes the conversion of
angiotensin I to angiotensin I, as well as causing the degradation of bradykinin. Angiotensin
II is a vasoconstrictor which also stimulates aldosterone secretion by the adrenal cortex.
Inhibition of ACE has, therefore, been shown to have therapeutic utility in patients suffering
from disease states such as hypertension and congestive heart failure. In addition, it has been
discovered that ACE inhibitors are useful in treating cognitive disorders.

Perindopril has the following structural formula (I)

@

Perindopril is described in US patent no. 4508729. Preparative processes described in
this US patent are carried out in an alcoholic medium, and in the presence of a neutral
dehydrating agent and an organic or inorganic cyanoborohydride. Deprotection processes
can be carried out where necessary, for example with reference to hydrolysis and/or
hydrogenolysis. US patent no. 4508729 also describes the hydrogenation of (2S)-2-
ethoxycarbonylindoline (which is now known as S-indoline-2-carboxylic acid) as a
hydrochloride to (2S)-2-ethoxycarbonylperhydroindole (now (28,3a8,7a8)-octahydroindole-

2-carboxylic acid). The reaction is done in acidic pH and the pressure required is 50 kg/em?.
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US patent no. 4914214 describes a process for the preparation of the benzyl ester of
(28,3a8,7a8)- octahydroindole-2-carboxylic acid. In the preparation of the benzyl ester of
perhydroindole-2-carboxylic acid, an excess of p-toluene sulphonic acid is used. This excess
of p-toluene sulphonic acid has been found to be detrimental to the purity of the product. US
patent no. 4914214 also describes a process for the preparation of perindopril and its t-
butylamine salt. The process comprises condensation of the p-toluene sulphonic acid salt of
the benzyl ester of (2S,3aS,7aS)-octahydroindole-2-carboxylic acid with N-[(S)-1-
carbethoxybutyl]-(S)-alanine, followed by deprotection employing charcoal containing 5%
palladium and water. Tertiary-butylamine is then added to yield the t-butylamine salt of
perindopril.  The coupling step is carried out in the presence of N,N-dicyclohexyl
carbodiimide (DCC) and 1-hydroxybenzotriazole (HOBT). Due to the presence of p-toluene
sulphonic acid, a 3-fold excess of triethylamine and the coupling reagents have to be used.

An improved process for the above coupling step is described in WO 01/58868 where
little or no triethylamine, 1 to 1.2 moles of DCC and 0.4 to 0.6 moles of HOBT are used and
the reaction is done above 20°C. It has, however, been observed that with 1.2 moles of DCC
under the conditions mentioned in the patent there is some unreacted ester in the reaction.

Tetrahedron Letters Vol. 23, No. 16, pp 1677-80, 1982 describes a process for
preparation of N-[(S)-1-carbethoxybutyl]-(S)-alanine by reaction of norvaline ethyl ester with
pyruvic acid in ethanol under reductive amination conditions to get a 7:3 mixture of isomeric
compounds that are separated by first preparing the hydrochloride in ethyl acetate to filter off
the unrequired isomer. The filtrate is evaporated to dryness and the residue is purified by
applying to Dowex 50 H+ resin and eluting with ammonia followed by crystallization from
acetonitrile.

There is now provided by the present invention, however, an improved process for the
preparation of perindopril, or a pharmaceutically acceptable salt thereof, which process has
been modified over the disclosure of the prior art processes, and now alleviates many of the
above described problems associated with the prior art processes.

In one aspect, the present invention provides a process for preparing perindopril, or a
pharmaceutically acceptable salt thereof, which process comprises coupling a substituted
benzyl ester of (2S,3aS,7aS)-octahydroindole-2-carboxylic acid (I) with N-[(5)-
carbethoxybutyl]-(S)-alanine (II):
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where R represents at least one ring substituent, preferably a halo, Cisalkoxy or nitro
substituent, to form the ester of formula III, wherein the coupling is carried out in the
presence of N,N-dicyclohexyl carbodiimide (DCC) and 1-hydroxybenzotriazole (HOBT):
and converting the ester of formula III to perindopril or a pharmaceutically acceptable salt
thereof. This low temperature process avoids impurity formation that can be associated with
prior art procedures, and also provides advantages in the choice of protecting group.

In another aspect, the invention provides a process for preparing perindopril, or a
pharmaceutically acceptable salt thereof, which includes an intermediate process step
wherein an aralkyl ester of (2S,3aS,7aS)-octahydroindole-2-carboxylic acid is prepared by
reaction of (28,3aS,7aS)-octahydroindole-2-carboxylic acid with an aralkyl alcohol, wherein

either said (28S,3a$S,7aS)-octahydroindole-2-carboxylic acid is treated with an excess of the
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alcohol and thionyl chloride, excess alcohol is distilled off and the residue treated with a
solvent to obtain the aralykyl ester of (25,3aS,7aS)-octahydroindole-2-carboxylic acid as a
hydrochloride; or said (2S,3aS,7aS)-octahydroindole-2-carboxylic acid is treated with an
excess of the alcohol and heated with toluene using a molar quantity p-toluene sulphonic
acid, to obtain the aralkyl ester of (25,3aS,7aS)-octahydroindole-2-carboxylic acid as a base.

In another aspect, the invention provides a process for preparing perindopril, or a
pharmaceutically acceptable salt thereof, which includes an intermediate process step which
comprises conversion of an alkali metal salt of S-indoline-2-carboxylic acid to (28,3aS,7aS)-
octahydroindole-2-carboxylic acid by hydrogenation at a pressure of from 5 to 20 bar, and the
product is crystallized from acetonitrile. This aspect provides a simplified intermediate
process step for preparation of (2S,3aS,7aS)-octahydroindole-2-carboxylic acid by
hydrogenation of S-indoline-2-carboxylic acid under reduced pressure conditions, when
compared to the process disclosure of prior art US patent no. 4508729.

In another aspect, the invention provides a process for preparing perindopril, or a
pharmaceutically acceptable salt thereof, which includes an intermediate process step which
comprises condensation of norvaline ethyl ester with pyruvic acid to yield N-[{(S)-1-
carbethoxybutyl]-(S)-alanine (II), wherein said condensation is carried out under catalytic
hydrogenation and said catalyst and any inorganic salts present in the reaction medium are
removed by filtration to obtain a filtrate, the filtrate is concentrated and N-[(S)-1-
carbethoxybutyl]-(S)-alanine is isolated by precipitation by the addition of a solvent selected
from acetone and ethyl acetate. This aspect provides a simplified work-up procedure in the
intermediate process step of obtaining the amino-acid ester, namely N-[(S)-1-
carbethoxybutyl]-(S)-alanine, in good yield, when compared to the above described
techniques of separation, resin purification and crystallization of the prior art article in
Tetrahedron letters.

In the process of the first aspect of the invention, R represents a 4-halo, 4-Cy4alkoxy
or 4-nitro substituent, and the coupling is carried out in the presence of N,N-dicyclohexyl
carbodiimide (DCC) and 1-hydroxybenzotriazole (HOBT). Preferably, the coupling is
carried out at a temperature of below about 20°C, and about 1.5 to 1.7 moles of DCC are
employed.

Preferably R represents a 4-chloro or 4-methoxy substituent, with 4-chloro being

preferred.
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The above operation at a low temperature of below about 20°C is advantageous in
obviating impurity formation associated with prior art procedures and also the use of DCC in
molar proportion of 1.5 to 1.7 achieves substantially complete conversion of the substituted
benzyl ester of (2S,3aS,7aS)-octahydroindole-2-carboxylic acid to perindopril. Typically, the
coupling is carried out at a temperature in the range of 10-15°C.

The above coupling initially results in the formation of 4-substituted benzyl
perindopril, which is converted to perindopril free base by deprotection in an alcoholic
solvent, such as IPA, suitably using palladium on carbon as a catalyst. The perindopril free
base is then advantageously converted to a pharmaceutically acceptable salt thereof, with the
formation of the erbumine salt being particularly preferred.

In the second aspect of the present invention, there is provided a process for preparing
perindopril, or a pharmaceutically acceptable salt thereof, which includes an intermediate
process step wherein the above substituted benzyl ester of (2S,3aS,7aS)-octahydroindole-2-
carboxylic acid is prepared by reaction of (28,3aS,7aS)-octahydroindole-2-carboxylic acid
with the corresponding substituted benzyl alcohol, namely 4-halo-benzyl alcohol, 4-Cj4-
alkoxy benzyl alcohol, or 4-nitro-benzyl alcohol, as follows:
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(28,3a8,7a8)-octahydroindole-2-carboxylic acid

Substituted benzyl alcohol

Substituted benzy! ester of
(28,3a8,7aS)-octahydroindole-2-carboxylic acid

The esters may be prepared by treating the acid with an excess of alcohol and thionyl
chloride and distilling off the excess alcohol and treating the residue with a suitable solvent
such as ethyl ether to obtain the ester as a hydrochloride; alternatively the acid and an excess
of alcohol are heated with toluene using molar quantity p-toluene sulphonic acid and
obtaining the ester as a base after a suitable work-up. These procedures according to the
present invention alleviate the lack of purity associated with the prior art techniques.

In the third aspect of the present invention, there is provided a process for preparing
perindopril, or a pharmaceutically acceptable salt thereof, which includes an intermediate
process step which comprises conversion of S-indoline-2-carboxylic acid (as an alkali metal
salt) to above (2S,3aS,7aS)-octahydroindole-2-carboxylic acid. The hydrogenation is carried
out at medium pressure, with a preferred operating pressure being in the range of about 5 to
20 bar, more preferably in the range of about 10 to 15 bar and even more preferably at about.

12 bar. Preferably, the hydrogenation is carried out under alkaline conditions.
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Suitably S-indoline-2-carboxylic acid is employed in the hydrogenation reaction in
the form of an alkali metal salt, typically the sodium salt further to the inclusion of the S-
indoline-2-carboxylic free acid and a base such as sodium hydroxide in the reaction medium.

Preferably the hydrogenation is carried out in a polar solvent selected from Ci4
alcohols and water, or mixtures thereof. Most preferably the hydrogenation solvent is water.

A preferred catalyst is 5% rhodium on alumina, although other supports can be used
with similar results. Advantageously, however, the use of rthodium on alumina allows
repeated recycling of the catalyst with substantially no loss in activity.

In a further aspect of the present invention, there is provided a process for preparing
perindopril, or a pharmaceutically acceptable salt thereof, which includes an intermediate
process step which comprises condensation of norvaline ethyl ester with pyruvic acid to yield
the above referred to N-[(S)-1-carbethoxybutyl]-(S)-alanine.

The condensation is carried out under catalytic hydrogenation and the catalyst and any
inorganic salts present in the reaction medium are removed by filtration to obtain a filtrate,
the filtrate is concentirated, and the N-[(S)-1-carbethoxybutyl]-(S)-alanine is isolated by
precipitation by the addition of acetone or ethyl acetate.

Suitably, the norvaline ethyl ester is included in the reaction medium as the
hydrochloride salt thereof, in the presence of a base, such as sodium hydroxide, so as to
convert the norvaline ethyl ester hydrochloride to the free base form shown above, suitable
for subsequent reaction with the pyruvic acid. The norvaline ethyl ester hydrochloride can
suitably be prepared from norvaline, by techniques well known in the art.

Preferably, the catalytic hydrogenation is carried out in a hydrogenator, in the
presence of palladium on carbon as the catalyst, typically 10% palladium on carbon, and
suitably hydrogenation is carried out at a pressure in the range of 5 to 10 bar, preferably about
7 bar, for a period of about 8 hours. |

Typically, the filtration stage of the above intermediate process step involves filtration
over celite together with washing, suitably employing ethanol or other suitable washing
agent. Preferably, the resulting filtrate is concentrated under vacuum, typically at about
50°C. As indicated above the precipitation solvent for N-[(S)-1-carbethoxybutyl]-(S)-alanine
is selected from acetone, acetoniirile or ethyl acetate, and in a preferred embodiment acetone

is employed.
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The present invention thus now provides an improved overall synthesis for the
preparation of perindopril, or a pharmaceutically acceptable salt thereof, which alleviates

many of the problems associated with the prior art, which overall synthesis can be illustrated

by the following reaction scheme:

COH

N S-indoline-2-carboxylic acid

(i)* ,L

H

CO.H
(28,3aS,7aS)~octahydroindole-2-carboxylic acid
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Perindopril, optionally prepared in salt form,
especially perindopril erbumine
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The reaction conditions in each of steps (i) to (iv) as shown in the overall scheme are as
described above in relation to each of the respective intermediate steps. More particularly,
for step (i), the hydrogenation is carried out at medium pressure; for step (ii), this alleviates
impurity problems associated with the prior art and involves ester preparation by treating the
acid with an excess of alcohol and thionyl chloride and distilling off the excess alcohol and
treating the residue with a suitable solvent such as ethyl ether to obtain the ester as a
hydrochloride, alternatively the acid and an excess of alcohol are heated with toluene using
molar quantity p-toluene sulphonic acid and obtaining the ester as a base after a suitable
work-up; for step (iii), the catalyst and any inorganic salts present in the reaction medium are
removed by filiration to obtain a filtrate, the filtrate is concentrated and N-[(S)-1-
carbethoxybutyl]-(S)-alanine is isolated by precipitation by the addition of acetone or ethyl
acetate; and for step (iv), the coupling is carried out in the presence of N,N-dicyclohexyl
carbodiimide (DCC) and 1-hydroxybenzotriazole (HOBT), and the coupling is preferably
carried out at a temperature of below about 20°C, and preferably about 1.5 to 1.7 moles of
DCC are employed.

Perindopril as provided by a process according to the present invention has
therapeutic utility as an ACE inhibitor.

In addition, the present invention further provides a method of inhibiting ACE in a
patient in need thereof comprising administering to said patient an effective ACE inhibitory
amount of perindopril (preferably perindopril erbumine) as provided according to the present
invention,

The present invention also provides use of perindopril as provided according to the
present invention (preferably perindopril erbumine) in the manufacture of a medicament for
inhibiting ACE. ‘

A patient can be in need of treatment to inhibit ACE, for example when the patient is
suffering from hypertension, chronic congestive heart failure, or the like. Inhibition of ACE
reduces levels of angiotensin II and thus inhibits the vasopressor, hypertensive and
hyperaldosteronemic effects caused thereby. Inhibition of ACE would also potentiate
endogenous levels of bradykinin. An effective ACE inhibitory amount of perindopril as
provided according to the present invention is that amount which is effective in inhibiting

ACE in a patient in need thereof which results, for example, in a hypotensive effect.
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In effecting treatment of a patient, perindopril as provided according to the present
invention can be administered in any form or mode which makes the compound bioavailable
in effective amounts, including oral and parenteral routes. For example, perindopril as
provided according to the present invention can be administered orally, subcutaneously,
intramuscularly, intravenously, transdermally, iniranasally, rectally, and the like. Oral
administration is generally preferred. One skilled in the art of preparing formulations can
readily select the proper form and mode of administration depending upon the disease state to
be treated and the stage of the disease.

Perindopril as provided according to the present invention can be administered in the
form of pharmaceutical compositions or medicaments which are prepared by combining the
perindopril according to the present invention with pharmaceutically acceptable carriers,
diluents or excipients therefor, the proportion and nature of which are determined by the
chosen route of administration, and standard pharmaceutical practice.

In another embodiment, the present invention provides pharmaceutical compositions
comprising an effective ACE inhibitory amount of perindopril as provided according to the
present invention (preferably perindopril erbumine), together with one or more
pharmaceutically acceptable carriers, diluents or excipients therefor.

By "pharmaceutically acceptable" it is meant that the carrier, diluent or excipient must
be compatible with perindopril as provided according to the present invention, and not be
deleterious to a recipient thereof.

The pharmaceutical compositions or medicaments are prepared in a manner well
known in the pharmaceutical art. The carrier, diluent or excipient may be a solid, semi-solid,
or liquid material, which can serve as a vehicle or medium for the active ingredient. Suitable
carriers, diluents or excipients are well known in the art. Pharmaceutical compositions
according to the present invention may be adapted for oral or parenteral use and may be
administered to the patient in the form of tablets, capsules, suppositories, solutions,
suspensions or the like.

The pharmaceutical compositions may be administered orally, for example, with an
inert diluent or with an edible carrier. They may be enclosed in gelatin capsules or
compressed into tablets. For the purpose of oral therapeutic administration, perindopril as
provided by the present invention may be incorporated with excipients and used in the form

of tablets, capsules, elixirs, suspensions, syrups and the like.
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The tablets, pills, capsules, and the like may also contain one or more of the following
adjuvants: binders, such as microcrystalline cellulose, gum tragacanth or gelatin; excipients,
such as starch or lactose; disintegrating agents such as alginic acid, corn starch and the like;
lubricants, such as magnesium stearate; glidants, such as colloidal silicon dioxide; and
sweetening agents, such as sucrose or saccharin. When the dosage unit form is a capsule, it
may contain, in addition to materials of the above type, a liquid carrier such as polyethylene
glycol or a fatty oil. Other dosage unit forms may contain other various materials which
modify the physical form of the dosage unit, for example, as coatings. Thus, tablets or pills
may be coated with sugar, shellac, or other enteric coating agents. A syrup may contain, in
addition to the active ingredient, sucrose as a sweetening agent and certain preservatives.
Materials used in preparing these various compositions should be pharmaceutically pure and
non-toxic in the amounts used.

For the purpose of parenteral administration perindopril as provided according to the
present invention may be incorporated into a solution or suspension. The solutions or
suspensions may also include one or more of the following adjuvants: sterile diluents such as
water for injection, saline solution, fixed oils, polyethylene glycols, glycerine, propylene
glycol or other synthetic solvents; antibacterial agents such as benzyl alcohol or methyl
paraben; antioxidants such as ascorbic acid or sodium bisulfite; chelating agents such as
ethylene diaminetetraacetic acid; and buffers such as acetates, citrates or phosphates. The
parenteral preparation can be enclosed in ampoules, disposable syringes or multiple dose
vials made of glass or plastic.

The present invention will now be further illustrated by the following Examples,

which do not limit the scope of the invention in any way.

Example 1
Preparation of N-[(S)-1-carbethoxybutyl]-(S)-alanine

L-Norvaline ethyl ester hydrochloride (50 gm) was dissolved in ethanol (600 ml).
Sodium hydroxide (15.4 gm) dissolved in ethanol (500 ml) was added to the above at 10°C
and stirred for 30 minutes. Pyruvic acid (34.5 gm) solution in ethanol (200 ml) was then

added to above reaction mass at 10°C and stirred for 30 minutes. The reaction mass was then
transferred to a hydrogenator along with 10% palladium on carbon (5 gm) and hydrogenated

at 7 bar for 8 hours. The contents were filtered over celite and washed with ethanol (200 ml).
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The filtrate was concentrated completely under vacuum at about 50°C. Acetone (800 ml)
was added to the residue and the contents refluxed for 1 hour and then cooled to room

temperature and filtered to obtain the product (30 gm) as white crystals.

Example 2
Preparation of 2S. 3aS. 7aS-Octahvdroindole -2-Carboxyvlic Acid

S-Indoline-2-carboxylic acid (50 gm) (0.31 mole), sodium hydroxide (12.27 gm)

(0.31 mole), 5% rhodium on alumina (7.5 gm), were mixed with water (1 lit) in an autoclave

and hydrogenated at a pressure of 12 bar at 50°C. The catalyst was filtered off and the bed
washed with water (200 ml). The reaction mass was cooled to 15-20°C and acidified to pH
3.0 to 3.2 using conc. HCI and washed with (4 x 250 ml) ethyl acetate. The pH of the
aqueous phase was adjusted to 6.5 with 10% sodium hydroxide solution. Water was then
removed by distillation under vacuum and the traces were further removed by addition of
toluene and continuing the distillation. The product was isolated by addition of acetonitrile
(500 ml) and filtration. The crude product was recrystallized from methanol to give the title
compound (40 gm).

Example 3
Preparation of 2S.3aS,7aS-Octahydroindole-2-carboxylic acid-4-chlorophenylmethyl ester

2S,3a8S,7aS-Octahydroindole-2-carboxylic acid (50 gm) (0.3 mole), 4-chlorobenzyl
alcohol (46.37 gm) (0.33 mol), p-toluene sulfonic acid (67.52 gm) (0.35 mol), and toluene

(400 ml) were heated to reflux temperature and water removed azeotropically. The contents
were cooled and water (100ml) was added and stirred for 15 minutes. The lower aqueous
layer was discarded and the toluene was distilled under vacuum at 60°C to get an oil.
Diisopropyl ether (200 ml) was added to the residue and stirred at room temp.

The solids were filtered and the wet cake was added to dichloromethane (500 ml) and
aqueous ammonia (60 ml) was added dropwise under stirring. The aqueous phase was
separated and the organic phase washed with water till the washings were neutral.
Dichloromethane was concentrated at 50°C under vacuum to get oil (37.2 gm) which

solidifies on standing.
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Example 4
Preparation of Perindopril erbumine

The oil obtained from Example 3 (24 gm) was dissolved in dichloromethane (230 ml)
and cooled below 10°C. 1-hydroxybenzotriazole (6 gm) and N-[(S)-1-carbethoxybutyl]-(S)-
alanine (21.26 gm) were added to the reaction mass. The solution of DCC (25 gm) in MDC
(100 ml) was added drop wise to the reaction mass below 15°C in about 60 min. The
reaction mass was stirred for 4 hrs at 10-15°C and was filtered through celite. The filtrate
was then washed with saturated solution of sodium bicarbonate followed by water.
Dichloromethane was concentrated at 50°C under vacuum to get oil which was dissolved in
diisopropyl ether and chilled to 10°C, stirred for 30 min and filtered through celite. The
filtrate was then concentrated to get a yellowish oil (43 gm). "

The oil was dissolved in isopropyl alcohol (430 ml). Tert-butyl amine (20.5 gm) was
added and hydrogenated at 40 psi for 3 hrs using 10% Pd/C (50% wet, 7 gm). After
completion of reaction catalyst was filtered through celite and the filtrate was vacuum
distilled below 40°C. Traces of isopropyl alcohol were removed by co-distilling with acetone
(400 ml) under vacuum. Acetone (100 ml) was added, warmed up to 45-50°C, and stirred for
30 min. It was then cooled to 10-15°C, filtered and washed with acetone. After drying at
40°C, perindopril erbumine (20.5 gm) was obtained as white crystalline solid.



WO 2005/100317 PCT/GB2005/001355
14

CLAIMS

1 A process for preparing perindopril, or a pharmaceutically acceptable salt thereof,
which process comprises coupling a substituted benzyl ester of (285,3aS,7aS)-

octahydroindole-2-carboxylic acid (I) with N-[(S)-carbethoxybutyl]-(S)-alanine (II):

NI
: I

CO,CH,CeH4R
0
_4/H
N\/\/
Hitee. QLS| é é I
CHs CO.Et

where R represents a halo, Cy4alkoxy or nitro substituent, to form the ester of formula III,
wherein the coupling is carried out in the presence of N,N-dicyclohexyl carbodiimide (DCC)

and 1-hydroxybenzotriazole (HOBT): and converting the ester of formula III to perindopril or

a pharmaceutically acceptable salt thereof.
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2 A process according to claim 1, wherein R represents a 4-substituent.
3 A process according to claim 1 or 2, wherein the coupling is carried out at a

temperature below 20°C, preferably in the range 10-15°C.

4 A process according to claim 1, 2 or 3, wherein from 1.5 to 1.7 mole DCC are

employed per mole of the ester of formula I.

5 A process according to any of claims 1 to 4, which includes deprotection the

compound of formula III by hydrogenolysis in the presence of a noble metal catalyst.

6 A process according to claim 5, wherein the catalyst is palladium on carbon.

7 A process according to any of claims 1 to 6 wherein the perindopril is converted to a

pharmaceutically acceptable salt.

8 A process according to claim 7, wherein the perindopril is converted to the tert butyl
amine salt.
9 A process for preparing perindopril, or a pharmaceutically acceptable salt thereof,

which includes an intermediate process step wherein an aralkyl ester of (25,3aS,7aS)-
octahydroindole-2-carboxylic acid is prepared by reaction of (28,3a8,7aS)-octahydroindole-
2-carboxylic acid with an aralkyl alcohol, wherein either said (25,3aS,7aS)-octahydroindole-
2-carboxylic acid is treated with an excess of the alcohol and thionyl chloride, excess alcohol
is distilled off and the residue treated with a solvent to obtain the aralykyl ester of
(28,3a8,7a8)-octahydroindole-2-carboxylic acid as a hydrochloride; or said (2S,3aS,7aS)-
octahydroindole-2-carboxylic acid is treated with an excess of the alcohol aﬁd heated with
toluene using a molar quantity p-toluene sulphonic acid, to obtain the aralkyl ester of
(28,3a8,7aS)-octahydroindole-2-carboxylic acid as a salt, and converting the salt to the base,

preferably by treatment with ammonia.
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10 A process according to claim 9, wherein the aralkyl alcohol has a substituent in the

aryl group.

11 A process according to claim 10, wherein the aryl group has a halo, alkoxy or nitro

substituent.

12 A process according to claim 11, wherein the aryl group has a 4-chloro, 4 Cy4-alkoxy

or 4-nitro group, substituent.

13 A process according to any of claims 9 to 12, wherein the aralkyl group is a benzyl

group or a substituted benzyl group.

14 A process according to any of claims 1 to 8, wherein the compound of formula I has

been made a process according to any of claims 9 to 13.

15 A process for preparing perindopril, or a pharmaceutically acceptable salt thereof,
which includes an intermediate process step which comprises conversion of an alkali metal
salt of S-indoline-2-carboxylic acid to (2S,3aS,7aS)-octahydroindole-2-carboxylic acid by

hydrogenation at a pressure of from 5 to 20 bar.

16 A process according to claim 15, wherein the hydrogenation is carried out at a

pressure of 10 to 15 bar.

17 A process according to claim 15 or 16, wherein said hydrogenation is effected in the
presence of alkali and the octahydroindole-2-carboxylic acid salt so formed is treated with

mineral acid to release the free acid.

18 A process according to any of claims 15 to 17, wherein the alkali metal salt of said S-

indoline-2-carboxylic acid is the sodium salt.

19 A process according to any of claims 15 to 18, wherein the hydrogenation is carried

out in a polar solvent selected from C;.4 alcohols and water, or mixtures thereof.
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20 A process according to any of claims 15 to 19, wherein the product is crystallized

from acetonitrile.

21 A process according to any of claims 15 to 20, wherein said catalyst is 5% rhodium

on alumina.

22 A process according to any of claims 9 to 14, wherein the (2S,3aS,7aS)-

octahydroindole-2-carboxylic acid has been made by the process of any of claims 15 to 21.

23 A process for preparing perindopril, or a pharmaceutically acceptable salt thereof,
which includes an intermediate process step which comprises condensation of norvaline ethyl
ester with pyruvic acid to yield N-[(S)-1-carbethoxybutyl]-(S)-alanine (II), wherein said
condensation is carried out under catalytic hydrogenation and said catalyst and any inorganic
salts present in the reaction medium are removed by filtration to obtain a filtrate, the filtrate is
concentrated and N-[(S)-1-carbethoxybutyl]-(S)-alanine is isolated by precipitation by the

addition of a solvent selected from acetone, acetonitrile and ethyl acetate.

24 A process according to claim 23, wherein the condensation is effected in a lower

alcohol, preferably ethanol.

25 A process according to claim 23 or 24, wherein said norvaline ethyl ester is included

in the reaction medium as the hydrochloride salt thereof, in the presence of a base.

26 A process according to claim 23, 24 or 25, wherein said catalytic hydrogenation is

carried out in a hydrogenator, in the presence of palladium on carbon as the catalyst.

27 A process according to claim 26, wherein said catalyst is 10% palladium on carbon.

28 A process according to any of claims 23 to 27, wherein said hydrogenation is carried

out at a pressure in the range of 5 to 10 bar.
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29 A process according to any of claims 23 to 28, wherein the precipitation solvent for

N-[(S)-1-carbethoxybutyl]-(S)-alanine is acetone.

30 A process according to any of claims 1 to 14 and 22, wherein compound II has been

made by the process of any of claims 23 to 29.

31 A process according to any of claims 9 to 30, which further comprises converting

perindopril free base to perindopril erbumine.

32 Perindopril, or a pharmaceutically acceptable salt thereof, prepared by a process

according to any of claims 1 to 31.

33 A pharmaceutical composition comprising an effective ACE inhibitory amount of
perindopril, or a pharmaceutically acceptable salt thereof, according to claim 32, together

with one or more pharmaceutically acceptable carriers, diluents or excipients therefor.

34 Use of perindopril, or a pharmaceutically acceptable salt thereof, according to claim

32, in the manufacture of a medicament for inhibiting ACE.

35 A method of inhibiting ACE in a patient in need thereof, comprising administering to
said patient an effective ACE inhibitory amount of periidopril, or a pharmaceutically

acceptable salt thereof, according to claim 32.
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