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-1 NEW PROCESS FOR THE SYNTHESI S OF

(2S, 3aS, 7aS) - 1-[ (S) - ALANYL] -

OCTAHYDRO- 1H- | NDOLE- 2- CARBOXYLI C ACI D COMPOUNDS AND
APPLI CATION I N THE SYNTHESI S OF PERI NDOPRIL 5 The
present invention rel ates tola process for the

synthesis of conpounds of fornmula (I) H NHR wherein R

r éﬁi@s‘é&@&fﬁsfhlj’@ﬁbﬁw SYNTHISIS QF 2%84S, 7afS)el-[(Sp- ATANYL]-

S AERAT DR O PRt CARBEFEC A ¢ CBRabiiN s avm
phar mac ARPPERCAYIOSCEVTAY SYNAHBSIS' O PHRINSOPRIL

Perindopril and its pharnmaceutically acceptable salts,
and nore especially its tert- butylam ne salt, have

ol BT G AL LS o PSR

enzyme (or Kkininase IIg, which allows, on the one
hand, prevention of tke €bnversion of the decapeptide
angiotensin | to tf apefdti de angiotensin Il (a
vasoconstrictor) an pin t he @5 ot her hand, prevention
of the degradation of” by anykit@,Ha vapedilator) to an
i nactive peptide. Thosé t gctions contribute to the
beneficial effects o&I? rndopril in cardiovascul ar
di seases, nore especidlky\in arterial hypertension and
heart failure. PerindopriNHRits preparation and its
use in therapeutjcs have been described in European
WhereR reripeatsra pulrpgss atom or @ ppter@e group for the amino function,

and to their application in the synthesis of perindopril of formula (II) :

H 2 an

CO,Bt

and pharmaceutically acceptable salts thereof.

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

Their principal property is that of inhibiting angiotensin I converting enzyme (or
kininase IT), 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

peptide.
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5 1n view of the pharmaceutical value of this conpound,

it has been inportant to be able to obtain it by an

ef fective synthesis process, readily transposable to an

i ndustrial scale, that Ieads to perindopril in a good

yield and with excel |l ent puri%y. Pat ent specification

EP O 308 341 describes the industrial synthesis of
Theee itwel ogstiohs egntribate othel bengficfl effects of perindopril in cardiovascular
: 3 7aS) - get ahydr.oi ndol e- 2- car hoxyl i c acid benzyl
dls(@é%é’rl%\%et%p %\?-chlf@)n -erlilolly@g?ﬁﬁwg‘le?ﬁ fahwra| ani ne et hyl

ester in the presence of dicycl ohexyl carbodiim de,

fol |l owed by deprotection of the carboxylic group of the
Pefiadetc e Peepgiationtaadyits use inyitlerapertiat ihane b¥hmtleseribed & European

§Jg'- rel,ated to use of the
ba ?cschﬁgyéF%g?g%gﬁShide . The Applicant has devel oped
a process for the synthesis of perindopril that uses

other 15 coupling agents. Mre specifically, the
In yiegsghiheinhommcentical whlye of this cempounde i as beert ineportant to be able to

baY eSS e ' whi rocess, is . .

o Chara ter?fg%gp(?%%?ﬂ%?”ﬁnjﬁge%’erﬁ%éry E%I{SB?Sag}e Ppfystrial scale, that

leags ta perindoprillih bigool -yieldHattl wZRRBRIEGR Rik3L1 (ilia) (111Db)

pa2h an %dstigg sglt of the ester of fornula (Ilia) or

atepy §spitigption 5P At 4f1 descabes theipdustrial apntiesi9of perindopril by the
t i ’fabﬁ i oun ff I I .

COJI?%% ﬁdggﬁa?',s) &%H@Hr&ﬁd&lg—@p q(y?lc actd gynz%l/l (est\e/} w1thCH§[(S)—1-

carboxybutyl]-(S)-alanine ethyl ester in the presence of dicyclohexylcarbodiimide,

followed by deprotection of the carboxylic group of the heterocycle by catalytic

hydrogenation.

That process has disadvantages related to use of the dicyclohexylcarbodiimide.

The Applicant has developed a process for the synthesis of perindopril that uses other

coupling agents.

More specifically, the present invention relates to a process for the synthesis of perindopril,

which process is characterised in that the benzyl ester of formula (I11a) or (IIIb) :

H
Hg CO,Bn 1}\{1 CO,Bn

(Il1a) (11Ib)

or an addition salt of the ester of formula (IIla) or (IlTb) with a mineral acid or organic acid

is reacted

with the alanine compound of formula Iv):
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wherein R represents a protecting group for the am no
function, in the presence of a coupling agent selected
fromthe foll ow ng reagents and pairs of reagents : 5
(1, 3-di rnet hyl am nopropyl ) - 3- et hyl - car bodi i m de
hydr ochl ori de, -3-
(1, 3-di net hyl am nopropyl ) - 3-et hyl - car bodi i m de
hydrochl oride / 1-hydro enzotri azol e,
(1,3-dinethylaninopropyl)-3-ethy|-ca@diiinide
hydrochl oride / 1-Ryf§ (%Dq%abenzo- ttiazol e,
(1, 3-di et hyl ani nopropyl ) - 3-€t hyl - car bodi i m de
hydrochl ori de / N hydroxysucci nni de, 10
(1, 3-di net hyl azni nopropyl ) -3-ethyl-carbodiimde
whergtr Riohpresénttea proBediyig meoup-far the didiydifdction,
4- oxo-1, 2, 3-benzotriazine, (1,3-dineflrylam nopropyl)
-3-ethyl -carbodii mi de hydrochl oride /
in Mehpreseasy Riid Bl ¢ 8 CARAG T ;
1-ﬂ%droxy-7-azag£%%g§$Pazg%%%iﬁ%ﬁ%é%lgﬁ@%&#%g%%gﬁéfﬁg&@usOf
reagenig hydr oxysucci ni mi de, 15 di cycl ohexyl carbodii mi de /
shydroxy: 3, 4- di.hydr o- 4- oxqQ- 1, 2, 3- benzotri azi ne,
(1’33'91&¥yeglilygﬁ‘)éi&ﬂp£°é’ﬁ St erbRdaS iy regiatin | de,
(Lﬁi@g%%?gip g?g%)g-gﬂh}héarﬂr@(ﬁin%d@ &Y dBEMEHEY) Hh9Mo¥Renzotriazole,
SFinrtlapmepspyl)azolhyl-carbydiibyide ydrdohtaralret hyllydreni- THzabenzo-
trm%@%gafluorophosphate,

benzotriazol -1-yl)-1,1, 3, 3-tetrarnet hyhuoni um

(1,3-dibiedtyll Ao pRHRIE3 -etBfl-carbodiimide hydrochloride / N-hydroxysuccinimide,
benzotriazol - 1-yi -oxytripyrrolidi nophosphoni im
(L%ggyﬁh}ﬂ@p@ﬁﬁij ag-ethyl-carbodiimide hydrochloride / 3-hydroxy-3,4-dihydro-

4oggméqp5&g5gk&hkyl-oxy-tris(dinethylanino)phosphonium
hexafl uor ophosphat e,

(1,3aliedrylohinbpopl ) B-sthy -dartlo ﬁﬁd@hﬁ&b@ﬂé@d@ﬂﬁﬁ?&@ﬁﬁtﬁmlﬁm
di nhgfxﬁgl orqghoiphate, O (benzotriazol -1-yl)-1,1,

1CY5 031Ky ?%Sﬂlt‘ Hist HyPekieyur erbersothesels | uor ophosphat e,
dicﬁmlﬁkﬂcﬁﬂbb@ﬁﬁﬁ{&| /ll\@l_hg;&g;g%%g aﬁﬂﬁi\ﬁ@, hexaf | uor ophosphat e,
dicyclohexylcarbodiimide / 3-hydroxy-3,4-dihydro-4-oxo-1 ,2,3-benzotriazine,

dicyclohexylcarbodiimide / N-hydroxyphthalimide,
O-(benzotriazol-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate,
O-(7-azabenzotriazol-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate,
O-(benzotriazol-1-y1)-1,1,3,3 -tetramethyluronium tetrafluoroborate,
benzotriazol-1 -yl-oxytripyrrolidinophosphonium hexafluorophosphate,
benzotriazol-1 -yl-oxy-tris(dimethylamino)phosphonium hexafluorophosphate,
O-(benzotriazol-1-yl)-1,1,3,3 -bis(tetramethylene)uronium hexafluorophosphate,
O-(benzotriazol-1-y1)-1,1,3,3 -bis(pentamethylene)uronium hexafluorophosphate,
chloro-tripyrrolidinophosphonium hexafluorophosphate,
chloro-1,1,3,3-bis(tetramethylene)formamidinium hexafluorophosphate,
chloro-1,1,3,3-bis(pentamethylene)formamidinium hexafluorophosphate,
N-ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline,

O- [(ethoxycarbonyl)—cyanomethyleneamino]- 1,1,3,3-tetramethyluronium tetrafluoroborate,
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25 chloro-1,1, 3, 3-bi s(tetranet hyl ene) f or mam di ni um

hexaf | uor ophosphat e,
chl oro-1, 1, 3, 3- bi s( pent anet hyl ene) f onnam di ni wn

hexaf | uor ophosphat e,
N- et hoxycar bonyl - 2- et hoxy- 1,"2-di hydr oqui nol i ne,
%&ethoxycarbonyl) cyanonethylenean1no]
O-@, 4 didy dror €oral s 2, &bemaoktrieern 5 wyi)- t eB[ﬁfeh‘dﬁﬂ’eﬂbﬁfr@ﬁlﬁm tetrafluoro-
b % (3, 4-di hydr o- 4- oxo-1, 2, 3-benzotriazin-3-y1)-1,1, 3, 3-t
orale
{ranethyluronlun1tetrafluoro- bor at e,

O- @ 4- aﬂlﬁdl@l-i%%-q 23 8¥070hiin33! nIZ@ . @ﬁ%ﬁe@gﬁﬁ%muw tetrafluoro-

3, 3- tetranethyluronlun1 tra fuoro

borftqﬂ{ydlpmg)@@qmtma@i@l e, 5

OBy Epaf A8 AL B Gl 0Bt b v e abrenivm et

borhkenr@N-metliydmphnbling,
é-(§_4 di hydr o- 4- oxo- 1, 2, 3-benzotriazin-3-yl)-1,1, 3, 3-t
O-@&4r

hﬁ@rﬁﬁ 9¥Q5ﬁ12kﬁlb@r€10ffwflmjbb’5 1 b,éﬁdb’eamethplukmﬂmmeetraﬂuoro-
bmgmo%pgmﬁihydro 2- 0x0- |

- pyri 1,1,3,3-tetranet hyl uroniumtetrafl uoroborate,
O-(12-dihydro-2- oxo 1-pyridyl)-1,1,3,3-tetramethyluronium tetrafluoroborate,

di_h 2- 0X0- | - ridyl)-1,1, 3, 3-tetramet hyl uron
O- (qqx%ﬁ%ﬂli“g 'r?a nbmsEaYArlel ) tqtraqwhjdugomm tetraflagroberate /
1h9d&%yb%n96tﬁx%19 2- 0X0- |

-pyridyl)-1,1,3, 3-bi s(tetranmet hyl ene) uroni um
O- (héx@hj’dloﬂeqntmk—mbmﬂﬁ) 1,1,3,3-bis(tetramethylene)uronium hexaﬂuoropholsphate,

OBl Bedn S 1oL e birbmatpleneyroniom hoxafivors-
pholpli(’él‘f@/r DKYdBRPERL SRl e, 15

N-succi nimdyl)-1,1; 3 3-tetranet hyl uroni um
O- (Ne&upgmrmdy]a{jg} éﬂdﬁtramethylurommn tetrafluoroborate,

o CMPHTEIBYT RSB A O
O-( Sﬁc@nmﬂg {0 R AR LA EAAMRSIRPRE M Syhroky-

- hydr oxy enzotri azol e,
benggtfiazolsr horrene- 2, 3- di car boxi mi do) -1, 1, 3, 3-t et r amet hyl ur

O-(% Bb#¥BrdeRb @%f hI‘dQJbSQ?nﬁo) 1,1,3,3-tetramethyluronium tetrafluoroborate,
propanephosphonic anhydride,
N-hydroxy-5-norbornene-2,3-dicarboxylic acid imide,

and N-hydroxy-1,2-dihydro-2-oxo-pyridine,

optionally in the presence of a base,
to yield the compound of formula (Va) or (Vb), respectively, depending on whether the

compound of formula (ITa) or (I1Ib) is used as starting materia] :



10

15

20 propanephosphoni ¢ anhydri de,

N- hydr oxy- 5- nor bor nene- 2, 3-di carboxylic acid imde,
and N-hydroxy-1|, 2-di hydro- 2- oxo-pyridine, optionally in
the presence of a base, to yield the conpound of
formula (Vva) or (Vb), respedérvely, dependi ng on

whet her the 25 conpound of forrmula (l1l1a) or (Illb) is
used as startling material : -5 NHR (Va) wherein R is

as defi ned~hefei nbefore , NHR (Vh) ich is subjected
c hydrogenation react

n P presence
jormul@& (1). 5
Among t he pr ot &t i Nn@0gBaups for theam Nyt uNcio BR

whi ch can beHus iy the present inventi rgShe’fre may
be mentiongg.w t hout inplying any limtation, the
tert- butylbxgdarbonyl, benzyl and Y| oxycar bonyl
groups. The catMHRti c hydrogenati on of thgronpound of

fornmula (Va) is preferably carried out under a

hydr ogen prez&uje of less than 10 bars. @ﬁ»The
catal yti c hydrogenation of the conpound of ‘fornula (Vb)
is preferably carried out w der a hydrogen pressure of

from,210 t 5 bars. The conpound of fornula (1) thereby
“hﬂﬁpg#ﬁ%@3$§gﬁﬁ gregpsfaset ed, if required, to a reaction

deprotecting the amno function, followed by a coupling
reaction either with ethyl 2-oxo-
which is subjected to a catalytic hydrogenation reaction in the presence of palladium to

yield the product of formula (I).

Among the protecting groups for the amino function which can be used in the present
invention, there may be mentioned, without implying any limitation, the tert-

butyloxycarbonyl, benzyl and benzyloxycarbonyl groups.

The catalytic hydrogenation of the compound of formula (Va) is preferably carried out

under a hydrogen pressure of less than 10 bars.

The catalytic hydrogenation of the compound of formula (Vb) is preferably carried out

under a hydrogen pressure of from 10 to 35 bars.

The compound of formula () thereby obtained is then subjected, if required, to a reaction
deprotecting the amino function, followed by a coupling reaction either with ethyl 2-oxo-

pentanoate under conditions of reductive amination

or with a compound of formula (V1) :



pent anoat e under conditions of reductive am nation 15
or wwth a conpound of formula (VI) : -6 CH3 X() CO2Et
(VI), wherein X represents a | eaving group sel ected
from hal ogen, -0 SQ2CH3 and -O-SOZ CH3 to yield
optically pure perindopril, which is converted, if
desired, into a pharmaceutically 5 acceptable salt
such as the tert-butyl anmi'p@; salt. The Exanpl es

hereinbelow illustrate the invention. Exanple 1

(2S, 3a5, 7aS

)-1-{(2S)-2-[(tert-Butyl oxycarbonyl)-am noJ- propi onyl }-
oct ahydro -1FLindoIe-2€carboxyIic aAdly/ method | : Step

A Benzyl (2S,3aS, KaSR LA, E2S)-
[(tert-butyl oxycarbonyl) - an1no]prop|onyl} 10
oct ahydr o- ]FLlndoIe 2- carboxylate . 200 g of

ctah droin rboxylic acid benzyl
Whgl%& ﬁq‘gpgrz% %\qgg E%’Ipﬁﬁ% &gon@?l‘?ﬂenof triethyl anine
and 1 litre of et hyl acejate are introduced into a
TSR EH;r eamtdor— Cf—eJSH§r stirring for 10
m nutes at anbi ent tenpetature, by 87 g of N-[tert-

butyloxycarbonyl]-(S)-aIanine and 175 g of
O (benzotriazol -1-yl)-1,1,3,3-bis(tetra 15

to yieldhyptiesisy pﬁl@rﬁeﬂﬁﬂoﬂfﬁxﬁfﬁﬂcﬂqg epesphat @es1f5ti 1nto a phannaceutlcally
het er ogeneous mixture is then heated at 0C for

accppiable salf puchtasdhe tert-tigylamine salid i s t hen cool ed to oc and
filtered. The filtrate is then washed and subsequently
evaporated to dryness to yield the expected product.
The Examples hereinbelow illustrate the invention.

Example 1: (2S,3aS,7aS)-1-{(2S)-2-[(tert-Butyloxycarbonyl)-amino]-propionyl}-
octahydro-1H-indole-2-carboxylic acid / method 1 :

Step 4 : Benzyl (25,3aS, 7aS)-1-{(25)-2-[(tert-butyloxycarbonyl)-amino]-propionyl)-
octahydro-1H-indole-2-carboxylate :

200 g of (25,3aS,7aS)-octahydroindole-2-carboxylic acid benzyl ester para-toluene-
sulphonate, 65 ml of triethylamine and 1 litre of ethyl acetate are introduced into a stirred
reactor, followed, after stirring for 10 minutes at ambient temperature, by 87 g of N-[tert-
butyloxycarbonyl]-(S)-alanine and 175g of O-(benzotriazol-1-yl)-1,1,3,3-bis(tetra-
methylene)uronium hexafluorophosphate. The heterogeneous mixture is then heated at
30°C for 3 hours whilst stirring well and is then cooled to 0°C and filtered.

The filtrate is then washed and subsequently evaporated to dryness to yield the expected
product.
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Step B : (25 3a5,
7aS)-1-((2S)-2-[(tert-Butyl oxycarbonyl) -aininod
propi onyl )- octahydro-1Hindol e-2-carboxylic acid :
The residue obtained in the previous Step (200 g) is
di ssolved in 200 M of nethyl?-cycl ohexane and
transferred to a hydrogenator; 26 g of 5 %

SteaBl-adi un8Ra8 deBeh{BSEasigendiayloxycd®orpl)-afino]-propionyl)-
nethylcyclggﬁ?anzﬁarg t?en dded, followed by 40pn1 of
wat er.  THRE M {fdndaleCrgrb s oénat ed tinder a
pressure of 0.5 bar at a tenperature of from1l5 to

30C, . until the theoretical anpunt of hydrogen has been
Thentssidye pbtadpeckin the peaviawg $IEH (20(k gpat dispsived ihe0801me o Snethyl-
f filtrate is shed Wt met hyl cycl ohexane
o ERREEE i Stk d S, o WBPETRE efpactied pf deRitipnomcarbon
suypoatied f 80941 86 mdByfeyaldRE:8ne are tharaRRP: f%ﬁ@fléd b§ 64kl Bf water.
[(tert-Butyloxyearbog¥£@%-an1qu-proplouy | -
Ths dpngnra i thephy Angkeat ds@xybisureadi0ld et dtadtemperasire pf from 15

to 38°C. RRIBYmd RS bR A dibh &k LY LA o)
Aftlirhfitiering {f ntle| extdyaarhoxguah® pha800f (RE MEAZYlis washed with

gﬁfdigydro-l | ndol e- 2- car boxyl ate _
mefhylayglefiey telyaphilisghtoniicld the expeeted prodyttaniangeldnfios %.
1 litre of ethyl acetate are introduced into a stirred
reactor, followed, after stirring for 10 mnutes at
Exgmmledt (251pes, ﬁtS)FI@{(ZS%Z*?&et@-B]ﬂ‘tyloxycqrbonyl)-aminol]-propionyl}-
N-[tert-butyl oxycarbonyl]- (S)-alanine and 151 g of
0- ( benz of’fl‘(lé)é%pzl%??w ole-2-carboxylic acid / method 2 :
-1,1, 3,3-bis(tetranet hyl ene)uronium tetrafl uoroborate.

The het er,oge ixture is then heated at 30C for 3
Stegtii o whiPPE! (o ilr i F e diderv bubyibperbereh-enonkaraion -2, 5
and 111t agho PA.ilhse bl bt 5abyd s then washed and
to

subsequently evaporate ryness to yield the
expected product. Step B : (2S, 3aS, 7aS)-1-((2S)-2-

20(% g g{]}%%lr%g& ?lrﬁéﬁ%@gg%&@ggl&%o?(g{aggi)%g?ft(lnl\l]lénesulphonate, 66 ml of
triethylamine and 1 litre of ethyl acetate are introduced into a stirred reactor, followed,
after stirring for 10 minutes at ambient temperature, by 89 g of N-[tert-butyloxycarbonyl]-
(S)-alanine and 151g of O-(benzotriazol-l-yl)—l,l,3,3-bis(tetramethylene)uronium
tetrafluoroborate. The heterogeneous mixture is then heated at 30°C for 3 hours whilst
stirring well and is then cooled to 0°C and filtered.

The filtrate is then washed and subsequently evaporated to dryness to yield the expected
product.

Step B : (25,3a8,7aS)-1-{(2S)-2-[ (tert-Butyloxycarbonyl)-amino]-propionyl}-
octahydro-1H-indole-2-carboxylic acid :

The residue obtained in the previous Step (200 g) is dissolved in 200 ml of methyl-
cyclohexane and transferred to a hydrogenator; 26 g of 5 % palladium-on-carbon

suspended in 80 ml of methylcyclohexane are then added, followed by 640 ml of water.



The residue obtained in the previous Step (200 g) is
di ssolved in 200 mM of nethyl- 25 cycl ohexane and
transferred to a hydrogenator; 26 g of 5 %

pal | adi um on- carbon suspended in 80 m of

met hyl cycl ohexane are then ddded, followed by 640 m
of water. -8 The mxture is then hydrogenated under a

Thpreiskue & thén Oydropenatat ualet @ PPEERE WF ©. Obarfak Qnehperatu@e of from 15
mount of hydrogen required

unti l the theoretical

to ?@}CC 'Hgﬂeth? JF%&YFW? REYUBkeh %Y@Bg%ﬁ Beired Her gebenaylations has been
abdoisyd; NBat AskihR & YR rg of 0Goand 1000

hydr ogenat ed under a %%%Egutgegotf%gﬂgggs&farf}%% Cétoh(lgeo 100°C and
hydraaenagad waler apmssitre of 36 pais agehthe dgoretied] andodof hydrogen required

at i of. the ring, h been absorbed. After

for%ﬁ{(%rgl eﬁbonoo?[?h? Hae %gt]?ﬂe?g?s:‘%?s% aqueous phase of the
Affet | filteaing o8 \Waes Rachiyd! e ABEANL CYEkONG* ane the i

Iyophil?sed to giel%ﬁphg gﬁpec%éﬁﬁggo u?%.f@gQELﬁl%gﬂfg with
mefliylyslohexane anf shanloplsbised tofyietbtip eupasedgfrodwtul a (1)

H= (5 N-IR wherein R represents a hydrogen atomor a

protecting group for the am no function, 5

characterised in that the benzyl ester of formnula
(111a) or (Il'lb) H H aN CQZBn 10 CO2Bn



(I'tra) (111b) or an addition salt of the ester of
formula (Il1la) or (I1Ib) with a mneral acid or organic
acid is reacted with the al ani ne conpound of fornula
(I1V) CHs (1V), RHN (S) CO2H wherein R represents a
protecting group for the am o function, in the
presence of a coupling agent selected fromthe
foll owi ng reagents and pairs of reagents :
(1, 3-di netl ryl am nopr opyl )cr8mékhy! - car bodi i m de
hydrochl ori de, 15 (1, 3-di netnhylam nopropyl)
-3-ethyl -carbodii m de hydrochl oride /
1- hydr oxybenzotri azol e, -10
(1, 3-di net hyl am nopr opyl ) - 3- et hyl - car bodi i m de

1. Brdeass fdrahé skenthesik- dﬂéaﬁl@&){ndz -oAFsafNzg triazole,
(1, 3- dlnethylan1nopropé&) 3-et hyl - carbod||n1de
hydrochl ori de / N hydr succi ni m de,

(1, 3- di met hyl ani nop L 3- et hyl - car bodi i mi de
hydrochl oride / 3-

oxy-S,QQdihydro- 5
4- oxo0-1, 2, 3- benzot RE,
(1, 3- di met hyl ani nopr opy} )™N3- ettt car €Bdi i ni de
hydrochl oride / N hydroxyp i m de,
di cycl ohexyl car bodi i Ki,d - hydr oxy- 7- azabenzotri azol e,
di cycl ohexyl car bodi i ni d&) }ﬁ{hydroxysuccininide ,
dicyclohexylcarbodiinide/

{a2|

e R i BT PR AR TR s fontllon,

characterised in that the benzyl ester of formula (IITa) or (IIIb) :

H
i z :N: ‘CQZBH N CO,Bn
H H H

(Illa) (I1Ib)

or an addition salt of the ester of formula (IIla) or (IIIb) with a mineral acid or organic acid

is reacted

with the alanine compound of formula (IV) :

CH,

V),
RHN" 6)°CO,H

wherein R' represents a protecting group for the amino function,

in the presence of a coupling agent selected from the following reagents and pairs of
reagents :

(1,3-dimethylaminopropyl)-3-ethyl-carbodiimide hydrochloride,
(1,3-dimethylaminopropyl)-3-ethyl-carbodiimide hydrochloride / 1-hydroxybenzotriazole,
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30

O (benzotriazol-1 -yl)-1,1,3, 3-tetranmethyl uroni um

hexaf | uor ophosphate, O (7-azabenzotriazol-1-yl)

-1, 1, 3, 3-tetranet hyl uroni um hexaf | uor ophosphat e,

O (benzotriazol -1-yl)-1,1, 3, ?;Ibt et ramet hyhi roni um

tetrafl uoroborate, R _

benzotri azol - 1-yl -oxytripyrrolidi nophosphoni um
(1 RedirethybanaiphprophldBesthllscabeniziatidd az@lochloride / 1-hydroxy-7-azabenzo-
triaddig OXy- tri s(di met hyl am no) phosphoni um

exaf | uor ophosphat e, _
(1.0-dilvetiginiinagi0byl}-3Wihy oathodiifhidt kUi AIRY A Ak ulithide,
uor ophosphat €, _

( 13%%&12’mip@grépylﬁ3ydﬂ)yliqanho:aiiﬁridﬁ Bydreciileddet BrhRe s @ihydro-

ophosphat e,
4_%-g?§?§é#§@1?$18€’i di nophosphoni um hexaf | uor ophosphat e,

(1,8 limethy Tendinogiopyd)-3 ity (caIobi AR YRR BN 6 TR S B i Pthalimide,
.| i exaf | uoyophosphate, 20 o
dicyhioprplaEraodimadsf Sperparbedptengldzoemani dni i um

a ngﬁ %%ﬂx%gﬁ%ﬁ% ?@&%%)Qﬁy(‘fhgm&?ehydr oqui nol i ne,

dio@c][o(@mmlymﬁmﬁdmys%yams}g,mﬁitwhﬁnﬁa%n 9 3-berbroRiadidet F aM
. 2

dieg ke Iciheinida Soteapbibnbmist i azi n- 3-y1)- 1, 1, 3, 3-

O R R B R orposghyiea 1, 3, 3-

O-@tazabaszhiylagolohiyl)ah, t 8 3r @frhmethPhurdiimhexdfluorophosphate,
- i | 1 .
O-GebAMRERY RSAF D1 2. Bimiesmyhurpaismoersurobatyl ) -1, 1, 3, 3-
berﬁbfrﬁﬂﬁt ?yl-ﬁyggkﬁgfﬁéﬂ%gﬂﬁﬁﬂﬁn Qéyaﬁ{lgro/phosphate,
r :
bengpr(rrrgtqugbgﬁggf-bisadimcmy]mﬁna)phesphoﬁiﬁﬁrﬁlzdxaﬂﬁomb}ios hate 3, 3- t
: 30, borate / collidine,

0-(§%ﬁ“§?éf{ - x-iyg)g f; I_P,Ig :ggbi%&ééa%flétgﬁgr?e_)uromum hexafluorophosphate,
O-(bermm’friadyl- )-yD:11.3 ;ﬁbi&%ﬁﬁﬂﬁmwénwt&gﬂim hexafluorophosphate,

tetrafl uoroborate, -
Chlqp(tﬁ}pyg‘_rq};mwh@s@ow hexfluprdphdsphate, 3, 3-t et r anet hyl ur on

chldrH-m, ish [lﬂgdéﬁ%n%&%e%}e?formamidimum hexafluorophosphate,

chloro-1,1,3,3 -bis(pentamethylene)formamidinium hexafluorophosphate,

N-ethoxycarbonyl-2-ethoxy-1 ,2-dihydroquinoline,
O-[(ethoxycarbonyl)—cyanomethyleneamino]- 1,1,3,3-tetramethyluronium tetrafluoroborate,
0-(3,4-dihydro-4-oxo0-1,2,3 -benzotriazin-3-yl)-1,1,3,3 -tetramethyluronium tetrafluoro-
borate,

0-(3,4-dihydro-4-0x0-1,2,3-benzotriazin-3 -yD)-1,1,3,3-tetramethyluronium tetrafluoro-
borate / 1-hydroxybenzotriazole,

0-(3,4-dihydro-4-0x0-1,2,3-benzotriazin-3 -yD)-1,1,3,3-tetramethyluronium tetrafluoro-
borate / N-methylmorpholine,

O-(3,4-dihydro-4-0x0-1,2,3-benzotriazin-3 -yD-1,1,3,3-tetramethyluronium tetrafluoro-
borate / collidine,

0O-(1,2-dihydro-2-ox0-1 -pyridyl)-1,1,3,3-tetramethyluronium tetrafluoroborate,
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15

20

| - hydroxybenzotriazol e,

0- (1, 2-di hydro-2-oxo-1-pyridyl)-1,1, 3, 3-bi s(tetranet hyl
ene) uroni ui - n hexaf | uor ophosphat e,

0- (1, 2-di hydro-2-oxo-1-pyridyl)-1,1, 3, 3-bi s(tetranet hyl
ene) ur oni um hexaf | uoro 5 phdsphate/ |

- hydr oxy- benzotri azol e,
0-@¥ﬂ@g&2mm ldpyridyD)- 11 3, Betratetiyned diyinue@af ueidborate /

B Esil or obor at e,
1%%% sﬁ%%%r ‘%yl)-l,1,3,3-bis(tetrarnethy|ene)uronium
O-{1e2-daiydttep Reriabidyl)-1,1,3,3-bis(tet t i
&é N- succi ni m 31?/}?) -yl), 1,3’ 3-1ks)€ %fatr%et lgya{%?lﬁgwélﬁne?e& & gH?{ﬁ’ RPOSphate’
O-tlet-Akwdtro? wisorlamaidyDt L, hyjd bixftetrametlndaredirdhiadohdkalubio- _
hQhxeNgr e-213-di carboxil uido)-1.1,3,3-tetranmethyli
P &?ﬁgﬁ?8&5@%@&%??%%?%@%Fate, pr opanephosphoni c

O-@hhyatirinhédy N1 1\l -etpnfet HQEBATRN R ARG dr Ak bOXYl i ¢ aci d
de, . and. N-hydr oxy-1,2-di hydr o- 2- oxo- pyri di ne,
O'@}?F‘FCGHBF]F%YI)-H1t%%bﬁfté%@mtbyl@ne)arommtetmﬂummbgﬁael, d the

O-GRERURERIH-1 oMU [ %ﬁb .respegtiv
%gpendfnaﬂg% %ﬁg¥h§p£%%éag@8 3%W8mbgg?gFﬂﬁEQ%FWE&§$h6¥Y
benzottibbylej s used as starting material : H- (S) NHR (Va)
&her i n F?&g(ﬁs defined herei nbefore, NHR (Vb),
O-(5-norbornene-2,3- 1carboximido)-1,1,3,3-tetramethyluronium tetrafluoroborate,
propanephosphonic anhydride,
N-hydroxy-5-norbornene-2,3-dicarboxylic acid imide,

and N-hydroxy-1,2-dihydro-2-oxo -pyridine,

optionally in the presence of a base,
to yield the compound of formula (Va) or (Vb), respectively, depending on whether the

compound of formula (I1la) or (TIIIb) is used as starting material :

H
HO)
Ifl N COan N COan

- @) @)
G H, &)

NHR' NHR'

(Va) (Vb),

wherein R' is as defined hereinbefore,

which is subjected to a catalytic hydrogenation reaction in the presence of palladium to

yield the product of formula ().

2. Process according to claim 1, characterised in that the compound of formula (IIIa) is

used as starting material.
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which is subjected to a catal ytic hydrogenation
reaction in the presence of palladiumto 20 yield the
product of forrmula (1). 2. Process according to claim
1, characterised in that the gonpound of fornula (111a)
is wused as starting nateriaﬂ. 3. Process according to
characterised in that the conpound of fornula

aim1, . | L
: fﬂirf&eay apeordiggda chimst. hetanigrisast iy thay the somppwacbef formula (ITIb) is

AREQLILAG L FLRM 2, characterised in that the
hydr ogenat fon reaction on the conpound of formula (Va)

is carried out under a hydrogen pressure of |ess than
5. Progess acco _to claim3,

10 bars. di
: 3?1’8?“5%?@‘?‘%@8& tp r??%ﬂﬁla%a qhﬁ@ﬁ@é&%@eﬁé& therhydeagenating wsactioneon the

CRmRURE o?f fohRhIAUNY) ((YRarh h&g 0
h g{r?)ggen prgssur ed of) 1}/:)%%‘%08?%%%@ ab%&%rgg%.e%ﬁg%uggsog less than
fldrbarhe synthesis of perindopril or pharmaceutically
acceptable salts thereof 10 starting froma conpound

of formula (1), characterised in that the said conpound

. Ofrodeds Btdoadifg o ichi@bd, ahB@dielYed f%etglgyth h§atcreRERMER8ction on the

according to any one of clains
compound of formula (Vb) is carried out under a hydrogen pressure of from 10 to

35 bars.

. Process for the synthesis of perindopril or pharmaceutically acceptable salts thereof

starting from a compound of formula (I), characterised in that the said compound of

formula (I) is obtained by the synthesis process according to any one of claims 1 to 5.



