1 NOVEL METHOD FOR THE SYNTHESI S OF PERI NDOPRI L AND THE PHARMACEUTI CALLY
ACCEPTABLE SALTS THERECF The present invention relates to a process for the
synthesis of perindopril of formula (I)1: H NCO2H H (1) 0 CH3 CO2Et and its
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and its pharmaceutically acceptable salts.

Perindopril and its pharmaceutically acceptable salts, and more especially its tert-
5 butylamine salt, have valuable pharmacological properties.

Their principal property is that of inhibiting angiotensin I converting enzyme (or

kininase II), which allows, on the one hand, prevention of the conversion of the

decapeptide angiotensin I to the octapeptide angiotensin II (a vasoconstrictor) and, on the

other hand, prevention of the degradation of bradykinin (a vasodilator) to an inactive
10 peptide.

Those two actions contribute to the beneficial effects of perindopril in cardiovascular

diseases, more especially in arterial hypertension and heart failure.

Perindopril, its preparation and its use in therapeutics have been described in European

patent specification EP 0 049 658.

15 In view of the pharmaceutical value of this compound, it has been important to be able to
obtain it by an effective synthesis process, readily transposable to an industrial scale, that
leads to perindopril in a good yield and with excellent purity starting from reasonably
priced starting materials.

Patent specification EP 0 308 341 describes the synthesis of perindopril by the coupling of

20 (25,3a8,7aS)-octahydroindole-2-carboxylic acid benzyl ester with N-[(S)-1-carboxybutyl]-



15 In view of the pharnmaceutical value of this conpound, it has been inportant
to be able to obtain it by an effective synthesis process, readily
transposable to an industrial scale, that |eads to perindopril in a good
yield and with excellent purity starting fromreasonably priced starting
materials. Patent specification EP 0 308,341 describes the synthesis of
perindopril by the coupling of 20 (2S, 3aS, 7aS) - oct ahydr oi ndol e-2-car boxylic
acid benzyl ester with N -| - carpoxybutyl . .-2 (.S)-al ani ne .et hyl ester,
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catal ytic WQE&%ﬁq{mnamﬁ. Appl i cant has now devel oped a new process for the
synt hesis of perindopril that uses readily obtainable starting nmaterials. 5
More specifically, the present invention relates to a process for the

synt hesi s peri.ndanril and Jts, pharmaceut i.call ceptabl.e.salts which is
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repr esent s rgadily Gbeieibledttihg materfalzy! or |inear or branched (G -C6)al kyl
group, 10 is reacted with a conmpound of formula (l111) having the (R

configuration : 0 H3C-' ~ Cl1
5 More specifically, the present invention relates to a process for the synthesis of perindopril

and its pharmaceutically acceptable salts which is characterised in that a compound of
formula (II) :

COR a -

wherein R represents a hydrogen atom or a benzyl or linear or branched (C;-Ce)alkyl
group,

10 is reacted with a compound of formula (III) having the (R) configuration :
(0]

ae
3 cl (Im

wherein G represents a chlorine, bromine or iodine atom or a hydroxy, p-

C)Iln-

toluenesulphonyloxy, methanesulphonyloxy or trifluoromethanesulphonyloxy group,

15 in the presence of a base,

to yield a compound of formula (IV) :




G wherein Grepresents a chlorine, bromne or iodine atomor a hydroxy,

t ol uenesul phonyl oxy, net hanesul phonyl oxy or trifl uoronet hanesul phonyl oxy ,
group, p in the presence of a base, to yield a conmpound of formula (I1V) : -3
N' "COR (1V) wherein R and G are as defined hereinbefore, which is reacted
with the conpound of fornula (V) having ghe (S) configuration : HZN * /CH3
(V) C2Et 5 to yield, after deprotection where necessary, the conpound of
formula (1). Anmong the bases that Elan be used for the reaction between the
conpounds of formula (11) and (I1k) there nmay be nentioned, w thout inplying
any limtation, organic am nes triethylam ne, pyridine and

di i sopropyl et hyl am ne, and m 5, such as NaOH, KOH, Na2CO3, K2CGCs,
NaHCO3 and KHCO3. 10 When G repyese Egiq rineI rom ne or iodine atom or
a p-tol uenesul phonyl oxy, nethanespl 8‘ or {ri f | uor onet hanesul phonyl oxy
group, the reaction between the conpga of fornmulae (IV) and (V) is
preferably carried out in the prHgengg,of a base, preferably an organic

am ne, such as triethylamne, pyridine or diisopropylethylamne, or a mneral
base, such as Na2CO3, K2CO3, NaHCO3 or KHCGB.

wherein R and G are as defined hereinbefore,

which is reacted with the compound of formula (V) having the (S) configuration :

H,N CH, V)

CO,Et

5 to yield, after deprotection where necessary, the compound of formula (I).

Among the bases that can be used for the reaction between the compounds of formula (II)
and (III) there may be mentioned, without implying any limitation, organic amines, such as
triethylamine, pyridine and diisopropylethylamine, and mineral bases, such as NaOH,
KOH, Na,COs, K;CO3, NaHCO3 and KHCO:.

10 When G represents a chlorine, bromine or iodine atom, or a p-toluenesulphonyloxy,
methanesulphonyloxy or trifluoromethanesulphonyloxy group, the reaction between the
compounds of formulae (IV) and (V) is preferably carried out in the presence of a base,
preferably an organic amine, such as triethylamine, pyridine or diisopropylethylamine, or a
mineral base, such as Na;CO3, Ko,COs, NaHCO; or KHCO;.

15
When G represents a hydroxy group, the reaction between the compounds of formulae (IV)
and (V) is preferably carried out in the presence of an activation reagent, such as N-
methyl-N-phenyl-aminotriphenylphosphonium iodide, or hexamethylphosphorus triamide
together with ammonium perchlorate, or, when R is other than a hydrogen atom, by

20 Mitsunobu reaction.




15 When G represents a hydroxy group, the reaction between the conpounds of
formulae (1V) and (V) is preferably carried out in the presence of an
activation reagent, such as N nmethyl-N phenyl -am notri phenyl phosphoni um
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2-carboxyl ate I ntroduce 200 g of benzyl

(2S, 3aS, 7aS) - oct ahydr o- 1H i ndol e- 2-carboxylate and 1.5 litres 10 of

di chl or one EXAMPLE b: @Séa&ﬂaﬁ)—l-ﬁ{ﬂsmmlS)gi-(mboxmboml)mmtyhminﬁe reacti on
m xture to 0C and add 201 ni. of L sopy.Qpyl.e 0 132
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tenperature. After stirrlng for 1 hour at that t enperature, wash the m xture
with water and then with a dilute acetic acid solution. The benz

(2S, 3aS, 7as) - 1- fteed)- 2- bﬁmb@e?piae?ﬁy@] éx{{%;idb@ﬂm%w%@hy@nkéﬁ%&% ate
solution so obtained is E-Scﬁ%o%mket Is in the follow ng Step.

Introduce 200 g of benzyl (2S,3aS,7aS)-octahydro-1H-indole-2-carboxylate and 1.5 litres
10 of dichloromethane into a reactor, then bring the temperature of the reaction mixture to
0°C and add 201 ml of diisopropylethylamine followed by 132 g of (2R)-2-bromo-
propionyl chloride. Subsequently, bring the mixture to ambient temperature. After stirring
for 1 hour at that temperature, wash the mixture with water and then with a dilute acetic
acid solution. The benzyl (2S,3aS,7aS)-1-[(2R)-2-bromopropionyl]octahydro-1H-indole-2-

15 carboxylate solution so obtained is used as it is in the following Step.

Step B : Benzyl (28,3aS8,7aS)-1-{(2S)-2-[(1S)-1-(ethoxycarbonyl)butylamino] -
propionyl}octahydro-1H-indole-2-carboxylate

Introduce 123 g of ethyl (2S)-2-aminopentanoate, 160 ml of triethylamine and 160 ml of
acetonitrile into a reactor, and then bring the mixture to 60°C, slowly add the solution
20 obtained in Step A and reflux for 4 hours. After returning to ambient temperature, wash the
mixture with water and with a dilute acetic acid solution, and then evaporate off the
solvents to yield benzyl (2S,3aS,7aS)-1-{(2S)-2-[(1S)-1-(ethoxycarbonyl)butylamino]-
propionyl}octahydro-1H-indole-2-carboxylate.



Step B : Benzyl (2S, 3aS, 7aS)-1-[(2S)-2-[(1 S)-1-(ethoxycarbonyl)butyl am noJ-
pr opi onyl ) oct ahydro-] H i ndol e- 2- car boxyl ate I ntroduce 123 g of et hyl
(2S) - 2- am nopent anoate, 160 m of triethylamne and 160 mM of acetonitrile
into a reactor, and then bring the mxture to 60C, slowy add the solution 20
obtained in Step A and reflux for 4 hourg. After returning to ambient
tenperature, wash the mxture with water and with a dilute acetic acid
solution, and then eva&orate off the solvents to yield benzyl
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Step D : (2S,3a8,7aS)-1-{(25)-2-[(1S)-1-(Ethoxycarbonyl)butylamino]propionyl}-
octahydro-1H-indole-2-carboxylic acid tert-butylamine salt

The precipitate obtained in the above Step (200 g) is dissolved in 2.8 litres of ethyl acetate,
and then 40 g of tert-butylamine and 0.4 litres of ethyl acetate are added.

15 The suspension obtained is subsequently refluxed until complete dissolution occurs, and
the solution obtained is then filtered in the heated state and cooled, with stirring, to a
temperature of from 15 to 20°C.

The precipitate obtained is then filtered off, made into a paste again with ethyl acetate,
dried and then crushed to yield the expected product in a yield of 95 %.

20
EXAMPLE 2 : (2S,3aS,7aS)-1-{(2S)-2-[(1S)-1-(Ethoxycarbonyl)butylamino]-

propionyl}octahydro-1H-indole-2-carboxylic acid tert-butylamine salt

Step A : (2S,3as, 7aS)-1-[(2R)-2-Bromopropionyl] octahydro- 1H-indole-2-

carboxylic acid

25 Introduce into a reactor 200 g of (2S,3aS,7aS)-octahydro-1H-indole-2-carboxylic acid,
75 ml of water and 150 ml of toluene, and then bring the mixture to from 0 to 5°C and add
250 ml of 5M sodium hydroxide solution, followed by a solution of 202 g of (2R)-2-



and then 40 g of tert-butylamne and 0.4 litres of ethyl acetate are added.
The suspensi on obtained is subsequently refluxed until conplete dissolution
occurs, and the solution obtained is then filtered in the heated state and
cooled, with stirring, to a tenperature of from15 to 20C. The precipitate
obtained is then filtered off, nmade into_a paste again wth ethyl acetate,
dried and then crushed to yield the expé@fed product in a yield of 95 % 20
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of toluene, and then bring the mxture to fromO to 5C and add 250 m of 5M
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10C and nmaintaining the p e mxture at 10

sol uti on. phaseto adjustthé pgté@r a further 1 hour at 10C, add concentrated
hydrochl oric acid . Lust .the pH.of e mxtyre t.o, 6 t ff the
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phase to adidasdprépiényidctabydro-Mendvl€eicaitoayke ddmed is then filtered off and
dried to yield (2S, 3aS, 7aS)-1-[ (2R) - 2-
Step B : (28,3aS8,7aS)-1-{(2S)-2-[(1S)-1-(Ethoxycarbonyl)butylamino]-
10 propionyl}octahydro-1H-indole-2-carboxylic acid

Introduce into a reactor 105 g of ethyl (2S)-2-aminopentanoate, 135 ml of triethylamine
and 135 ml of acetonitrile, and then bring the mixture to 60°C and slowly add a solution of
200 g of the compound obtained in Step A in 1.3 litres of dichloromethane, and
subsequently reflux for 4 hours. Afier returning to ambient temperature, wash the mixture
15 with water and with a dilute acetic acid solution, and then evaporate off the solvents to
yield (28S,3a8S,7aS)-1-{(2S)-2-[(1S)-1-(ethoxycarbonyl)butylamino Jpropionyl } octahydro-

1H-indole-2-carboxylic acid.
Step C : identical to Step D of Example 1.

20 EXAMPLE 3 : (2S,3aS,7aS)-1-{(2S)-2-[(1S)-1-(Ethoxycarbonyl)butylamino}-
propionyl}octahydro-1H-indole-2-carboxylic acid tert-butylamine salt

Step A : Benzyl (25,3a8,7aS8)-1-[(2R)-2-{p-toluenesulphonyloxy}propionyl] -
octahydro-1H-indole-2-carboxylate

Introduce into a reactor 200 g of benzyl (2S,3aS,7aS)-octahydro-1H-indole-2-carboxylate
25 and 1.5 litres of dichloromethane, and then bring the temperature of the reaction mixture to
0°C and add 201 ml of diisopropylethylamine, followed by 202 g of (1R)-2-chloro-1-

methyl-2-oxoethyl p-toluenesulphonate. Subsequently, bring the mixture to ambient

addi ng 5M sodi um hydr oxi de



br onopr opi onyl ] oct ahydr o- 1H-i ndol e- 2-carboxylic acid. Step B :
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of ethyl (2S)-2-am nopentanoate, 135 m of triethylamne and 135 m of
acetonitrile, and then bring the m xturesto 60C and slowy add a sol ution of
200 g of the compound obtained in Step A'in 1.3 litres of dichloronethane, and
subsequently reflux for 4 hogé After returning to apbient tenperat wash

the mi xt ur &mpesTatpenAflar stiming for,§ hopr at that temperatur; wash the mixjurg with wa gﬁlene

evapor at e Qélin&h%fs&hx n?z 8328 NG 2l[R)-2- {p-tol Iphonyl 1Joctahydro-
(2S, 3aS, 7aS) - 1l Zﬁ %t rggzxycar{%oongenesu y°“ayn?xny%frp?%’3’5‘|y3%§/| })z)(g? ahydr o-

1H i ndol e- zlbadd@ﬂyd:arbma{latdso Sotame(tlsusedlemtus:mlthc follomang Stepf Exanple 1. 20
EXAMPLE 3 : (2S,3aS,7aS)-1-{(2S)-2-[(1S)-1-(Ethoxycarbonyl) butyl am nol -

propi onyl | oct ahydro-1H-i ndol e-2-carboxylic acid tert-butylamne salt Step A
Benzyls (2S, 3a5, 3‘@@33&0 2idkntécal B $t8psUB PEB Y BREMYIeAXY} pr opi onyl J-

oct ahydr o- | H i ndol'e-2-carboxyl ate I'ntroduce into a reactor 200 g of benzyl
(2S, 3aS, 7aS) - oct ahydro- 1 Hi ndol e- 2-carboxylate 25 and 1.5 litres of

di chl oronet hane, and then bring the tenperature of the reaction mxture to 0C
and add 201 ml of diisopropylethylamne, followed by 202 g of (1R)-2-chloro-I-
met hyl - 2- oxoet hyl p-tol uenesul phonate. Subsequently, bring the m xture to
anbient -7 tenperature. After stirring for 1 hour at that tenperature, wash
the m xture with water. The solution of benzyl
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1H-i ndol e- 2-car boxyl ate so obtained is used as it is in the followng Step. 5
Steps Bto D: identical to Steps Bto D of Exanple 1. -8 CLAIMS. 1. Process
for the synthesis of the conmpound of forrmula (1): HIlc COHrr HIC and its
pharmaceutically acceptable salts, (I) characterised in that a conpound of
formula (H : H HOCXR(Il) , 5 V\,herei% R represents a hydrogen atomor a
benzyl or linear or branched (Cl-C6)al kyl" group, is reacted with a conpound of
formula (111) having the (R) configuration : C G 10 wherein G represents a
chlorine, bromne or iodine atomor a$%kAIM®y p- tol uenesul phonyl oxy,

met hanesul phonyl oxy or trifl uoromethanesul phonyl oxy group,

1. Process for the synthesis of the compound of formula (I) :

2 M

and its pharmaceutically acceptable salts,

characterised in that a compound of formula (II) :
H

I
Tz,

CO,R I

5 wherein R represents a hydrogen atom or a benzyl or linear or branched (C,-Cg)alkyl

group,

is reacted with a compound of formula (III) having the (R) configuration :

0O
s L
3 : cl {Im
G
10 wherein G represents a chlorine, bromine or iodine atom or a hydroxy, p-

toluenesulphonyloxy, methanesulphonyloxy or trifluoromethanesulphonyloxy group,



-9 in the presence of a base, to yield a conpound of fornmula (1V) : H wherein
R and G are as defined hereinbefore, 5 which is reacted wth the conpound of
formula (V) having the (S) configuration : CO2Et to yield, after

deprot ecti on where necessary, the conpound of formula (1). 2. Synthesis
process according to claim1l, characterised in that the base used for the
reaction between the conpounds of fornmul@é (I1) and (I1l) is an organic am ne
selected 10 fromtriethylam ne, pyridine and diisopropyl ethylamne, or a

m neral base selected from NaOH KOH Na2CC3, K2CO3, NaHCO3 and KHCG3. 3.

Synt hesis process acc ing to claim1l1, characterised in that G represents a
chl orine oﬁ)n&‘Srptg?ﬁeﬂ%e éa};a(;dbrﬂsgor a p-tol uenesul phonyl oxy, nethanesul phonyl oxy or
trifluor omgd hiriea cabpdund oy fenaulg(@®Yp. 15 4. Synthesis process according to
claim 3, characterised in that the yreaction between the conpounds of formnul ae
(I'V) and (V) is carried out in thetLresence of an organic amne selected from

pgopopyl et hyl am ne, or of a m neral base
hHCO3 and |[KHCO3. -10 5. Synthesis process
e N tRat G represents a hydrox roup.
éOZR p(ﬁ§) y y 9 p

H 0
H,Cr ol m)

G

triethylamne, pyridine and di
sel ected from Na2CO3, K2C03,
according to claiml, characte

wherein R and G are as defined hereinbefore,

5 which is reacted with the compound of formula (V) having the (S) configuration :

H,N CH, V)

CO,Et

to yield, after deprotection where necessary, the compound of formula (I).

2. Synthesis process according to claim 1, characterised in that the base used for the
reaction between the compounds of formulae (IT) and (III) is an organic amine selected
10 from triethylamine, pyridine and diisopropylethylamine, or a mineral base selected

from NaOH, KOH, Na,CO;, K;CO3, NaHCO; and KHCOs.

3. Synthesis process according to claim 1, characterised in that G represents a chlorine or
bromine atom, or a p-toluenesulphonyloxy, methanesulphonyloxy or trifluoromethane-

sulphonyloxy group.

15 4. Synthesis process according to claim 3, characterised in that the reaction between the
compounds of formulae (IV) and (V) is carried out in the presence of an organic amine
selected from triethylamine, pyridine and diisopropylethylamine, or of a mineral base
selected from Na,CO;, K,CO;, NaHCO; and KHCO;.




6. Synthesis process according to claim5, characterised in that the reaction
bet ween the conpounds of forrmulae (1V) and (V) is carried out in the presence
of an activation reagent selected from

N- et hyl - N- phenyl - ami not ri phenyl phosphoni um i odi de, and hexanet hyl phosphor us
triam de together with ammoni um perchlorate, or, when Ris other than a
hydrogen atom by M tsunobu reaction. 7. npound of formula (IV) : Hr, H3
Co.'" 10 ;"N--CO RO (R G wherein R represents a_hydrogen atomor a benzyl
or linear & Byathesiearocess aeouling to claym dnchaserterised in daat (F sepseseAls G+ hydoxY om or
a p-tol uenesu gnyloxy or net hane- sul phonyl oxy group. 8. Process according
to any one of °clains 1 to 6 for the synthesis of perindopril in the 15 form
of its tert-butylamne salt.

6. Synthesis process according to claim S, characterised in that the reaction between the

5 compounds of formulae (IV) and (V) is carried out in the presence of an activation
reagent selected from N-methyl-N-phenyl-aminotriphenylphosphonium iodide, and
hexamethylphosphorus triamide together with ammonium perchlorate, or, when R is

other than a hydrogen atom, by Mitsunobu reaction.

7. Compound of formula (IV) :

COR (V)

H o

H,Criwy

10 G

wherein R represents a hydrogen atom or a benzyl or linear or branched (C;-Ce)alkyl
group and G represents a chlorine atom or a p-toluenesulphonyloxy or methane-

sulphonyloxy group.

8. Process according to any one of claims 1 to 6 for the synthesis of perindopril in the

15 form of its tert-butylamine salt.




