re3eL(eL%bc, d(Tde6HeTe The present invention relates to a process for the
industrial synthesis of conpounds of fornmula (I) H ~cs~ ¢cs~ ~N CO2R1 (1) H
O CH3 cs) NHRZ wherein R represents a hydrogen atom a Iinegﬂwmummmmmmmmd
(Cl-C6)al kyl group or a 5 benzyl group) 18#SRZ represents a

protects the amno function, and to their _application in the indugdfsha
synthesis of perindopril of formula (II)'H‘H H3C cs~ NH_c¢s) and of its
pharmaceutically acceptable salts. (I1) Perindopril, and al so

" phar maceut i Thé pyesamciapémivherehsdstto & pecessf for ahel indusriab spmbésad bl compouinds of
tent-butyl am ne salt thereof, have val uabl e pharnmacol ogi cal properti es.
_Their princio@aoperty 1ies in the inhibition of the enzyme that converts
angiotensin I (or kininase Il1), which enables on the one hand prevention of
t he conversion of the decapeptide angiotensin | to the octapeptide

angiotensin Il (vasoconstrictor), &hd on the other hand prevention of the
degradation of bradykinin (vasgd to inactive peptide. 1 st
filing -2 5 to 15 Those two ac contrsibutetothe beneficial effects of

perindopril in cardiovascul ar . bspeci al | y arterial hypertension
and cardi ac insufficiency. Peri noRfi . i t€Ogtepar atf’on and its therapeutic
use have been described in European” Papenp EP 0 049 658. G ven the

phar maceuti cal value of that conpg / it is inportant to be able to obtain
it by an effective industrial synthe8\ising process that can readily be
applied on an industrial scale, yiel quoeri ndopril in a good yield and,

especially, with an excellent degree of

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

5 benzyl group, and R, represents a group that protects the amino function,

and to their application in the industrial synthesis of perindopril of formula (II) :
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and of its pharmaceutically acceptable salts.

Perindopril, and also pharmaceutically acceptable salts thereof, and more especially the
10 tert-butylamine salt thereof, have valuable pharmacological properties.

Their principal property lies in the inhibition of the enzyme that converts angiotensin I (or

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

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

other hand prevention of the degradation of bradykinin (vasodilator) to inactive peptide.

LT

*G00002*



purity. Patent Specification EP O 308 341 describes the industrial
synthesis of perindopril by catalytic hydrogenation of

(2S) - 2, 3-di hydr oi ndol e- 2- car boxyl i ¢ acilst)ilinfgol | owed by coupling of the
resulting (2S, 3aS, 7aS)-octahydroindol e-2-carboxylic acid benzyl ester
wWith N-[(S)1-carboxybutyl]-(S)-al anine ethyl ester, and then deprotection
of the carboxylic group of the heterocycl® by catal ytic hydrogenation. That
process has the advantage of yielding perindopril in a good yield. However,
“the purity Diosehavopactions eniributshtaatheebersficiah affegss of qesindepriloin eandiosdsaulanr y,

Gual ity © nebougesceRrriay el B @R Tt ilias AedBe Bl Ve Mot eat ent -

| ndeed, under the conditions described in that patent specification the
perindopril obtained is contam nated by significant anmounts of the

i mpuriti es Rerindeprillita @reparatipn and its therapquiip ase lgvg been dysiribed-in Kyrppagn Batent
~OH N H H3 09965 _, ~~CHa N O (1V) 20 (I11) 1 st filing -3 The

Appl i cant has now ge’vel oped a new i ndustrial synthesising process that,

Wi t hout requiring |aborious purification, yields perindopril of a purity
that is conpatible with its use as a pharnmaceutical active ingredient, and
that 8, foPiveRdhpphaymeeauticalyvafuedd that compoynchy ifis impartant tor kg hl¢ in-oRtaip iy byyng
(1v). 5 Mor : [ i i rali :

Sl ani no bei B tetive [RaRAAATIANIGEREBARShaf Tah o Foptia il B dufiril
Mor e speci ficelel lyieldihfeepindopeibtiniangent yield arel, sspidlly, avifr eic escellieor dégree of

i ndustrial synthesis of the conmpound of fornmula (I) H cs> cs) cs~ N COZRI
(1) OCH3 I'{HR2 10 wherein R represents a hydrogen atom a |linear or

ot pr ot eot e H D o A P < T inogtiony
f or nulte (V)cataytiq Njdrogep@idn-ofm2d-@indiRydromndalke-2edrbererdicfagid, fallawedaby(doppling 1
st filing of the resulting (25, 3aS, 7aS)-octahydroindole-2-carboxylic acid benzyl ester with N-[(S)-
1-carboxybutyl]-(S)-alanine ethyl ester, and then deprotection of the carboxylic group of
the heterocycle by catalytic hydrogenation.
That process has the advantage of yielding perindopril in a good yield. However, the purity
15 of the perindopril obtained by that process is not satisfactory, and necessitates a
purification step in order to obtain perindopril of a quality that would allow its use as a
pharmaceutical active ingredient.

Indeed, under the conditions described in that patent specification the perindopril obtained

is contaminated by significant amounts of the impurities of formulae (III) and (IV) :
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-4 is‘reacted with the al anine conpound of forrmula (VI) CH3 ~ (VI) R HN~CO
H2 2 wherein R2 is as defined for formula (1), in an organic solvent, such
as, for exanple, tetrahydrofuran or ethgliiRcetate, 5 in the absence of

1- hydr oxybenzotri azole or in the presence of an anount of |ess than 0.6 nol
of 1-hydroxybenzotriazole per nmol of conpqund of fornmula (V) enployed, in
the presence of an anpbunt of from1l to 1.3 nol of di cycl ohexyl car bodi i m de
per nmol of compound of formula (V) enployed, and in the presence of an
“anount of f dben Applwadt. Rastndw odeveloped hyhewrimiusipil symthesiding gngressn thaqf withsurul a
(V) employed, 1o at.,a.tenperature of from 20 .10, 50C, t ield, after, .

S obi arron e abBp oRTINALeR aFids PREGBIbSL AR fa Infcminebblewite s
QO2R~ (VI'1) ykBGs GSphaieuntbar f4ive RigadientRand Rt 88, f#Tdxampie 86l bRk Ve
which is hydrogenated in the presence of a catalyst) such as, for exanple)
Pd/ C, Rh/ C, impunitigs@f foumuzedfImmiXIVinder a hydrogen pressure of from1 to
40 bars, at a tenperature of from30 to 70C, to yield the conpound of
formula (1). 1 st filing -5 The conmpound of forrmula (I) so obtained is
then subj ecthvisteownethe paguesOiNek aladinet 83 it JoBretdf QRirhiRy, 41ARine ®PINGtaedtir@namy,
the acid and am ne functions, followed by a coupling reaction, either with
et hyl 2- oxo2¢roRdinglyainexpansiae S@HHE Mateid. of reductive amination or with

et hyl (2R)-bronopentanoate, to yield optically pure perindopril, which is
converted, if 5 desired) to a pharnaceutically acceptable salt, such as the
t ert - but yl aMore spezificallythe presa sitvendomwfelgpes tb iaqubaess fon tieyiadistridd Syiithesis of
follow ng reasons - Thte co;rgl i.ng in alkaline nediumof the (2S, 3aS,
7aS) - oct ahy Hiegiorpgrad of fogp X(Wi c acid benzyl ester of formula (VII1) H cs)
~s~ ~s~ (MlIn HIN1 COzBn 1o with the conpound of formula (IX) has been
described in Patent Specification \

H
N CO.R (0

NHR,

sl

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

benzyl group, and R; represents a group that protects the amino function,

characterised in that the ester of formula (V) :

) (V)
CO,R,

LZ

wherein R, is as defined for formula (I),



EP 0 308 341. CH3 IX CH3 ( ) Et0O C~-NH~CO H 2 2 However, the perindopril
benzyl ester so obtained is contam nated by a nunber of by products. 15 In
particular, it contains significant anbsifiing (5 to 15 % of the inpurities
of fornmulae (X) and (XI') resulting fromthe reaction of the coupling
product wi th dicycl ohexyl carbodiimde, which inpurities, after

debenzyl ation) yield the inpurities of fo‘frrulae(lll) and(l\/) 1 st
filing -6 5to H~0Bn NHH3CO ONN _,~~ CH3 NO (X) H~0Bn N H H300 O O_
" "N -, ~~CH3 iNréacted with theladaniepdonmpanhd bfferholarf¥)t:hat t he coupling reaction of

t he conpound of fornula (V) with the conpound of fornula (VI) yields a
. compound of formula (VI1) that is totally free of the inpurities resulting
fromthe reaction of the coupling pr eguct with dicycl ohexyl carbodiimnde. -

The conpound of forrmula (VI1) so ob ﬁed yi el ds i ndopril of far better
purity, and that is in partlcular t free of e inpurities of
formulae (11l) and (1V). - zﬂopllcant has found that it was

possi ble to obtain the intermedl ate corrpound of formula (VII) in a
crystalline formthat was readily purifiable. Its conversion according to

the processypéreine lggygggdegqogﬂg%ulgl(gl ds the conmpound of formula (1) in
excel lent purity. “The Exanpl es below illustrate the invention, but do not

limt it in any way. Exanplel Met hyl (2S)-1-((2S~
2-f(tert-butylo carbn ro n i hydr H- i ndol e
2- cgr boxyl g'fl)énf%( Ry %‘l‘é“ah g‘ﬁ%&@'ﬁ nt%’eg?alydlr 4ean § Cl'%}f‘??lt%tf:’i rring) 2.13

kg of gethyih §i8absehcsd cﬁllhuﬁfr@xywﬁ»i@n&orea&bwmle r@senée 69 affartdunf LR Yés3ThalE,
30 litres of tetrahydrofuran and then) after m nutes' stirring at room

t enper at ur 0.6 ma okd mrwyp@mtrla@gbmeom af mmqnd(cz;)foamam(ﬁb emnwygd kg g
di cycl ohexy. 1 rred oom
t enper at ure‘! fg ng%%fqourésjrgoun-[ 'S sﬁ%g(ggir}:ﬁ}%?fwc%éido o %lcé)%ggl |IfetrerP§1d of
compound of formula (V) employed, and in the presence of an amount of from 1 to
1.2 mol of triethylamine per mol of compound of formula (V) employed,

10 at a temperature of from 20 to 50°C,

to yield, after isolation and then recrystallisation, the compound of formula (VII) :
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wherein R; and R, are as defined hereinbefore,

which is hydrogenated in the presence of a catalyst, such as, for example, Pd/C, Rh/C,
15 Pt/C, Ni/C or PtO,,
under a hydrogen pressure of from 1 to 40 bars, at a temperature of from 30 to 70°C, to

yield the compound of formula (I).



T st filing _g_ 1. Process for the industri al synthesis of the compound of
formula (1) H COZR- (1) NHRZ wherein R rQ{_)esents a hydrogen atom a

| i near or branched (C~-C6)al kyl group or benzyl group) and RZ
represents a group that protects the am no function, characterised in that
the ester of formula (V) cs) (V) H COzRl wherein R~ is as defined for
formula (1)) is reacted with the al ani ne'éOrrpound of formula (VI) CH3 ~
(VM) RHN. (S) COHIO 2 2 wherein R2 is as defined for fornula (1)) 1
st filing -%he rompoondafiiforsahvi@nto cbtxihedass, thear subjeetad] evheretapplopdatef tw an
or ethyl acetate, .in the absence of 1-hydroxyhenzotr.iazo n the

. presence of "3 “Hhﬁ(ﬂn?‘edﬁpf%%‘%‘of‘ﬁgn %Vg e MF‘B&%HJBﬁQYSW lbéiz*bF%“RJ@lg
mol  of CO”DRJAE'ﬁJorPfeltB@F Withaethy) 2- smbw%aw nn&éaecoaai%ﬁ@% r&iucaoe ammo %y
from1l to 1. of di cycl chexyl carbodii m de per nol of 5 conpound P
fornula (V) wahpthwéZ:R)-lanmopentamtq@tcexleldamtmll)apuramumomﬂ Wlnlomsjconmernedznfrml
of triethyl

t enper &t ur eg%lllrg&’rtgﬁpfﬁn?%%g ically taSCE)P?aé’?%‘jafltaf'fngras tée\%’ﬁ’?qngﬂgém Sg en

recrystallisation, the corrpound of formula (VIl) cs~ ~CO2R1 =0 H3C (s)

The process is of particular interest for the following reasons :

- The coupling in alkaline medium of the (2S, 3aS, 7aS)-octahydroindole-2-carboxylic
acid benzy! ester of formula (VIII) :

H
:°N CO,Bn
H H
10 with the compound of formula (IX) has been described in Patent Specification
EP 0 308 341.
CH

3

CH, (IX)

E0,C” & NH™CO,H

However, the perindopril benzyl ester so obtained is contaminated by a number of by-
products.

15 In particular, it contains significant amounts (5 to 15 %) of the impurities of formulae
(X) and (XI) resulting from the reaction of the coupling product with
dicyclohexylcarbodiimide, which impurities, after debenzylation, yield the impurities

of formulae (IIT) and (IV).



NHR2 10 wherein R~ and RZ are as defined hereinbefore, (VII) which is
hydrogenated in the presence of a catalyst, such as, for exanple) Pd/C,
Rh/C, Pt/C, Ni/C or Pt02, under a hydr d§E¥"®ressure of from1l to 40 bars,

at a tenmperature of from30 to 70C, to yield the conmpound of fornmula (1).
15 2. Process for the synthesis of the conpound of fornula (I) according to
claim1, characterised in that the catal y$t enployed in the hydrogenation
step i s rhodiumon carbon. 3. Process for the synthesis of the conpound of
“formula (1) according to chaim 1, characterised in that tge catal yst

enpl oyed in the hydrogepation step is platinum 20 dioxide 11t 1 st
filing -10 4. Process f
according to any one of 23 :
a nmethyl group. 5. Use §£ HEhe c@mpound of formula (1) obtwijnedlby the
synt hesi s process accor |gEJF@ any one of clains 1 to HC $h@ synt hesi s
of perindopril or pharnaceytically acceptable salts therepf. 5 6. Use of

t he conpound of for =ﬁf) iergd by the synt hesi sOpx0C ording to
any one of clains 4 K t he synt hesis of perindopﬂﬂjgtmu is free of
the inpurities of e (oll) and (IV). H_ ~OH N 0 ON N-_~~CH3
NO((Ill) H~OH N _ Y OOO '"N-~~~CH3 N

(X) (X1

- The Applicant has found that the coupling reaction of the compound of formula (V)
with the compound of formula (VI) yields a compound of formula (VII) that is totally
free of the impurities resulting from the reaction of the coupling product with dicyclo-

5 hexylcarbodiimide.

- The compound of formula (VII) so obtained yields perindopril of far better purity, and

that is in particular totally free of the impurities of formulae (III) and (IV).

- Moreover, the Applicant has found that it was possible to obtain the intermediate
compound of formula (VII) in a crystalline form that was readily purifiable.
10 Its conversion according to the process of the invention thus yields the compound of

formula (I) in excellent purity.
The Examples below illustrate the invention, but do not limit it in any way.

Example 1: Methyl (2S)-1-{(25)-2-[(tert-butyloxycarbonyl)-amino]-propionyl}-2,3-
dihydro-1H-indole-2-carboxylate :

15 There are introduced into a reactor, with stirring, 2.13 kg of methyl (25)-2,3-dihydroindole-
2-carboxylate, 1 kg of triethylamine, 30 litres of tetrahydrofuran and then, after 10 minutes'
stirring at room temperature, 1.9 kg of N-[tert-butyloxycarbonyl]-(S)-alanine and 2 kg of
dicyclohexylcarbodiimide. The heterogeneous mixture is then stirred at room temperature

for 6 hours, and is subsequently cooled to 0°C and filtered.
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Example 3: Methyl (28, 3aS, 7aS)-1-{(2S)-2-[(tert-butyloxycarbonyl)-amino]-
propionyl}-octahydro-1H-indole-2-carhoxylate / method 2 :

The residue obtained in Example 1 (1 kg) is dissolved in acetic acid and transferred to a
hydrogenator, and then 0.10 kg of platinum dioxide is added.

20 The mixture is then hydrogenated under a pressure of 10 bars at a temperature of 40°C,
until absorption of the theoretical amount of hydrogen.
After removal of the catalyst by filtration, the solvent is removed by evaporation to yield the

expected product in a yield of 90% and with a chemical purity of 98%.
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1. Process for the industrial synthesis of the compound of formula (I)

N YCOR M

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

5 benzyl group, and R; represents a group that protects the amino function,

characterised in that the ester of formula (V) :

) V)
CO,R

LTZ

wherein R; is as defined for formula (I),

is reacted with the alanine compound of formula (VI) :

CH,

(VD)

o R,HN” °CO,H

wherein R is as defined for formula (I),
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U 10 U Y710% U& ()- 5!/10% U& ()- !y2mdO%JU& () - 1s10% U& () - (6AN<] _@

10= | =| ' 0S10% / & ()-!S10% } & ()-'SlO%?/S/&' () 10U & ()-yY 10% & () -sY10% &
)-AGP_i pwU3j] _@ 10! g

"10%(/)(/&' ()-'flO%gg&' ()- 'DF10%/ +/ & ()- 'f10%& ()- " !'f10% /& ()- ! S10%& ()
. Ez[ <j _@ 10 gn Ofganic solvent, such as, for example, tetrahydrofuran or ethyl acetate,

in the absence of 1-hydroxybenzotriazole or in the presence of an amount of less than
0.6 mol of 1-hydroxybenzotriazole per mol of compound of formula (V) employed, in the
presence of an amount of from 1 to 1.2 mol of dicyclohexylcarbodiimide per mol of

5 compound of formula (V) employed, and in the presence of an amount of from 1 to
1.2 mol of triethylamine per mol of compound of formula (V) employed,

at a temperature of from 20 to 50°C,

to yield, after isolation and then recrystallisation, the compound of formula (VII) :

(S)

N~ YCo,R
o) (VID)

—

H,C
NHR

10 wherein R and R, are as defined hereinbefore,

which is hydrogenated in the presence of a catalyst, such as, for example, Pd/C, Rh/C,
Pt/C, Ni/C or PtO,,
under a hydrogen pressure of from 1 to 40 bars, at a temperature of from 30 to 70°C, to

yield the compound of formula (I).

15 2. Process for the synthesis of the compound of formula (I) according to claim 1,
characterised in that the catalyst employed in the hydrogenation step is rhodium-on-

carbon.

3. Process for the synthesis of the compound of formula (I) according to claim 1,
characterised in that the catalyst employed in the hydrogenation step is platinum

20 dioxide.
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