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preparation of high purity perindopril and internediates useful (Jn the

synt hesis of perindopril. Mre particularly the invention is concerned with a
process for the synthesis of high purity perindopril free of certain

contam nations, internedi ates useful in-the synthesis and a process for the
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ingredient in the treatment of cardiovascular diseases, particularly arterial hypertension and

cardial insufficiency.

Perindopril is mentioned the first time in EP 0,049,658. However the synthesis of

perindopril is not exemplified.

An industrial scale perindopril synthesis is described in EP 0,308,341. The structures of the
compounds of formula I to XII, I', VII' and VIIT' are described in the annex. According to
this process the compound of the Formula V 1s reacted with the compound of the Formula
II in the presence of dicyclohexyl carbodiimide and 1-hydroxy-benzotriazole, whereafter
the benzyl ester of the Formula VI is debenzylated to give perindopril of the Formula I,

which is then converted into the salt of the Formula I’ by reacting with ¢-butylamine.

The drawback of this process is that the purity of the perindopril thus obtained is not
satisfactory and for this reason a series of purification steps is required to provide a product
which meets the severe quality requirements of pharmaceutical active ingredients. The
reason of said disadvantage is that the coupling reaction of the compounds of the Formulae
V and II is carried out in the presence of dicyclohexyl carbodiimide which results in the
formation of a considerable amount of contaminations of the benzyl esters of the Formulae

VII and VIII which are transformed by debenzylation into the compounds of the Formulae



Vand Il is carried out in the presence of dicyclohexyl carbodi]mde £h|ch
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hydrogenation and converting the compound of the Formula XII thus obtained (wherein R'

and R? are as stated above) into perindopril in a known manner.

It is the object of the present invention to provide a process for the preparation of high
purity perindopril free of contaminations derivable from dicyclohexyl carbodiimide,

particularly compounds of the Formulae VII” and VIII’.

The above object is solved with the aid of the process and new intermediates of the present

invention.

According to an aspect of the present invention there is provided 1-{2(S)-[1(S)-
(ethoxycarbonyl)butylamino]propionyl}-(3aS,7aS)octahydroindol-2(S)-carboxylic acid of
the Formula I and the ¢-butylamine salt of the Formula I’ thereof free of contaminations

derivable from dicyclohexyl carbodiimide.

According to a particular embodiment of the above aspect of the present invention there is
provided 1-{2(S)-[1(S)-(ethoxycarbonyl)butylamino]propionyl}-(3 aS,7aS)octahydroindol-
2(S)-carboxylic acid of the Formula I and the ¢-butylamine salt of the Formula I’ thereof
free of compounds of the Formula VII’ and VIII’.

According to a further aspect of the present invention there is provided a process for the
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for the P8 aration of conpounds of the general Formula IIl (wherein R stands
for | ower ”é’(%{/‘fne' or aryl-lower alkyl) which conprises reacting the conpound of
the Formula Il with a suitable carbonic acid derivative. According to a still

further aspect of the glrnesent i nvention there are provided pharnaceuti cal
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the t-butyfam ne salt Formula 1" thereof of contam nati ons
derivable from dicycl ohexyl carbodiimde as active ingredient in adm xture

with sui t./gglo?dixllgn % :51 stil }}l%'rthg%caggetc!t 6f {hecpargsreln? Invention there is provided a process for
the preparation of compounds of the general Formula III (wherein R stands for lower alkyl

or aryl-lower alkyl) which comprises reacting the compound of the Formula II with a

suitable carbonic acid derivative.

According to a still further aspect of the present invention there are provided
pharmaceutical compositions comprising 1-{2(S)-[1(S)-(ethoxycarbonyl)butylamino]
propionyl}-(3aS,7aS)octahydroindol-2(S)-carboxylic acid of the Formula I and the
t-butylamine salt of the Formula I’ thereof free of contaminations derivable from
dicyclohexyl carbodiimide as active ingredient in admixture with suitable inert

pharmaceutical carriers.

According to a still further aspect of the present invention there is provided the use of 1-
{2(S)-[1(S)-(ethoxycarbonyl)butylamino]propionyl}-(3aS,7aS)octahydroindol-2(S)-

carboxylic acid of the Formula I and the t-butylamine salt of the Formula I’ thereof free of
contaminations derivable from dicyclohexyl carbodiimide as pharmaceutical active

ingredient, particularly as ACE inhibitor.

According to a still further aspect of the present invention there is provided a method of

antihypertensive treatment which comprises administering to the patient in need of such
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Formula 11 represent one of the classical groups of car boxy activated
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am no- aci gf ®etRksicdl Rraupg dific&bsoy mivtatedmiphﬁeqmécemeacafdeeﬁzunml ent base, -
reaction with amno acids in al kaline aqueous sol ution (under Schotten-Baunmann
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(see: R #&id Shiopidas dseePHptlejleWSyhtMe@Déen delfﬁmfsh}mrs(:heme Band XV/II, pp.
355-363):
- reaction with amino-acid esters in organic solvent in the presence of equivalent base,
- reaction with amino acids in alkaline aqueous solution (under Schotten-Baumann

conditions).

In the modern practise, amino-acid chlorides are considered as over-reactive species

leading to undesired side reactions, therefore alternative carboxy activation methods, e.g.

the use of DCC, are preferred (see: R. C. Sheppard: Peptide Synthesis in Comprehensive

} Organic Chemistry, Vol. 5, pp. 339-352, edited by E. Haslam, Pergamon Press, Oxford,
) 1994).

The present invention is based on the recognition that the new N-alkoxy(aralkoxy)carbonyl
amino-acids of general Formula III can be successfully activated with thionyl chloride and
the activated carboxylic acid derivative thus obtained can be preferably used for the
acylation of the amino-acid of Formula IV in an organic solvent to form the required
compound of Formula I in a single reaction step. This recognition is surprising in several
respect: the reaction is carried out in organic solvent in the absence of base and not in
alkaline water as suggested by prior art; the “over-reactive” character of the amino acid-
chlorides mentioned above does not cause inconvenient side reactions, and the

alkoxy(aralkoxy)carbonyl protecting group is removed during the peptide formation
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interpretfeows follows. The term"lower alkyl" relates to straight or

branched chai n al kyl groups containing 1-6 carbon atons (e.g. nethyl, ethyl,
n- propyl, isopropyl, n-butyl, secondary butyl, tertiary- butyl, n-pentyl,

n-hexyl ehfeéﬁ)eﬁxyl PAGTE! )Y RN sref/b Banifh!ddiYalRW Moups Bl 1"-9[ al kyl™

relates to | “groups’ as i ne ve substituted by one or two-ar
groups ( eathonbaomy|(¢.ghetethyphehyl, nepropyl, isoptapyhat-butg, phemdarebityl, tetiary-

prefer ablb){lty ’e I_?—%)gIllt%’I, n-hexyl etc.), preferably methyl, ethyl or tertiary butyl.

The term “aralkyl” relates to alkyl groups as defined above substituted by one or two aryl
groups (e.g. benzyl, beta-phenyl-ethyl, beta-beta-diphenyl-ethyl etc.; preferably benzyl).

According to the first step of the perindopril synthesis according to the present invention
the compound of the Formula II is acylated with a suitable carbonic acid derivative. The
process is carried out in a manner known per se. As carbonic acid derivative preferably the
corresponding alkyl chloroformates or di-alkyl-dicarbonates can be wused. The
methoxycarbonyl, ethoxycarbonyl and benzyloxycarbonyl group may be preferably
introduced with the aid of methyl chloroformate, ethyl chloroformate and benzyl
chloroformate, respectively. The tertiary butoxycarbonyl group may be introduced
preferably by using di-tertiary butyl dicarbonate. The acylation reaction is carried out in an
inert organic solvent and in the presence of a base. As inert organic solvent preferably
halogenated aliphatic hydrocarbons (e.g. dichloromethane, dichloroethane or chloroform),
esters (e.g. ethyl acetate) or ketones (e.g. acetone), can be used. One may preferably use
acetone as solvent. The reaction may be carried out in the presence of an inorganic or
organic base. As inorganic base preferably alkali carbonates (e.g. sodium carbonate or
potassium carbonate) or alkali hydrogen carbonates (e.g. sodium hydrogen carbonate or

potassium hydrogen carbonate) can be used. As organic base preferably trialkyl amines



According to the first step of the perindopril synthesis according to the
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phase can be directly used for the further reaction without any purification.

The compounds of the general Formula III thus obtained are new and are also subject

matter of the present invention.

According to the next step of the perindopril synthesis of the present invention the
compound of the general Formula II1 is activated with thionyl chloride. In this step thionyl
chloride is used in an excess, preferably in a molar ratio of 1.1-2 — particularly 1.5-1.7 —
related to 1 mole of the compound of the general Formula III. The reaction is carried out in
an inert organic solvent. As reaction medium preferably halogenated aliphatic
hydrocarbons (e.g. dichloromethane, dichloroethane or chloroform), esters (e.g. ethyl
acetate) or ethers (e.g. diethyl ether, tetrahydrofurane, dioxane) can be used. One may
carry out the reaction particularly advantageously in dichloro- methane as medium. The
reaction is carried out at the temperature between 0°C and 30°C, particularly at ambient
temperature. One may proceed preferably by preparing the reaction mixture at a lower
temperature of 0-5°C, thereafter allowing the reaction mixture to warm to ambient
temperature and carrying out the reaction at this temperature for a few hours. The
activation with thionyl chloride being completed the excess of thionyl chloride is removed

together with the hydrochloric acid and sulphur dioxide.
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Perindopril of the Formula I may be converted into the -butylamine salt of the Formula I’
by reaction with z-butylamine. Salt formation may be carried out in a manner known per
se. The salt formation reaction is carried out in an inert organic solvent, preferably ethyl

acetate. z-Butylamine is used preferably in approximately equimolar amount.

1-{2(S)-[1(S)-(ethoxycarbonyl)butylamino]propionyl}-(3aS,7aS)octahydroindol-2(S)-

carboxylic acid of the Formula I and the #-butylamine salt of the Formula I’ thereof free of
contaminations derivable from dicyclohexyl carbodiimide can be used in therapy in the
form of pharmaceutical compositions. The preparation of said pharmaceutical
compositions, the dosage forms and the daily dosage scheme are similar to those described

in prior art for the formulation and pharmaceutical use of perindopril.

The starting material of the Formula II is described in EP 0,308,340, EP 0,308,341 and
EP 0,309,324. The acid of the Formula IV is described in EP 0,308,339 and EP 0,308,341.

The advantage of the present invention is that it provides highly pure perindopril free of
contaminations derivable from dicyclohexyl carbodiimide. The process is simple and can

be easily scaled up. The particular advantage of the present invention is that the use of



t et rahydr of urane or di oxane) can be used. One may carry out the reacti,on
preferably in tetrahydrofurane or dichloronethane as nediudeIdﬁL B4 s
carried out under heating, preferably at the boiling point of the/reaction

m xture, advantageously under reflux. The reaction takes place within a few
hours. The conpound of the Formula IV is used in an anount of 0.5-0.9,
preferably 0.7-0.8 noles, related to 1-8ele of conmpound of the general

Formula 111. The acylation reaction being conpleted the reaction mxture is
concent r afiegt1dHexyV 3aBOdiiRlel iad&ﬁﬁ%slletegf elifgndtad ahd ahdrefoy thge GOMGRrdves 4 nto the
t-butylamne salt of the Formula 1' by reaction with t-butylam ne. Salt

f or mat i ortheerptited neasibilidy ofuhe ifprmaatipangle cokppatipes which nmmppcbes dprvadofipgt i on
reaction ji.s L - 1N ap jner [ I f I )

oot at o GOuTRIUEFarBblichide Bl ST ARIBEY o SEUHEE caP P CRERY, dsibiitine

1- { 2( S) - [a{d) F the Fbayle &V bProydc}ibh oy tierdartalkglio gioapys detr8qfkedaS) oct ahydr oi ndol - 2(
S)- carboxylic acid of the Formula | and the t-butylam ne salt of the Fornula
I' thereof free of contam nations derivable from dicycl ohexyl carbodiim de

can be USﬁﬂkﬂeg d&t@ﬁsra@ig gi ReskRGnyvER{IR LE tcpbafcr{&a%&ﬂecﬁhlogvﬁ{goeﬂrﬁ}hemﬁhzgtet )

preparation of sal maceuti cal conpositions, the dosage forns an e
dai | y dosag#ing¢hesmepapfpreiasiibmto saad Enaspleslescri bed in prior art for the
formul ati on and pharmaceuti cal use of perindopril. The starting material of
the Forrmula Il is described in EP 0, 308, 340, EP 0, 308,341 and EP 0, 309, 324.
The acid lg),fa,ﬁ%_]es Formula 1V is described in EP 0,308,339 and EP O, 308, 341. The
advant age o e present invention is that it provides highly pure perindopri

free of Ryspastionafi ik (etbexxeanhenylhatyldi\Coogyearhpnylalamdng i ni de. The process
is sinple and can be easily scaled up. The particul ar advantage of the
present invention is that the use of dZ5 huqg"f -8 dicycl ohexyl carbodiimde is
conpl et el Exahpleilnat ed and therefore there is not even a

N-[2-(ethoxycarbonyl)butyl]-/V-ethoxycarbonylalanine

To a suspension of N-[2-(ethoxycarbonyl)butyl]alanine (21.7 g, 100 mmol) in acetone
(250 mL) was added a solution of triethylamine (27.7 mL, 20.2 g, 200 mmol) in acetone
(50 mL) followed by ethyl chloroformate (24.8 mL, 28.2 g, 260 mmol) at 0-5 °C. After
stirring for 2 h at ambient temperature the solvent was evaporated and the residue was
stirred with a mixture of water (200 mL) and concentrated hydrochloric acid (2 mL) for 8 h
at ambient temperature. The mixture was extracted with ethyl acetate (200 mL) and the
solution in ethyl acetate was extracted with cold aqueous sodium hydroxide solution
[prepared from ice (100 g) and aqueous sodium hydroxide solution (1IN, 200 mL)].
Concentrated hydrochloric acid (15 mL) was added to the aqueous layer and the mixture
was extracted with ethyl acetate (200 mL). After drying and evaporation N-[2-
(ethoxycarbonyl)butyl]-N-ethoxycarbonylalanine (23.8 g, 82 %) was obtained as a yellow
oil which can be used in the next reaction without further purification.

IR (film): 3500-2400 (OH st), 1709 (C=0 st), ~1200 (C-O st), 898 (OH out of plane b),
em™.

'"H-NMR (CDCl;, TMS, 400 MHz): § 10.14 (1H, bs, COOH), 4.99 and 4.58 (1H, dd,
J=4.5, 10.0 Hz, N-CH-CH,-CH,-CHa), 4.29 (2H, q, J=7.1 Hz, N-C(0)-O-CH,-CHs), 4.24-
4.13 (2H, m, CH-C(0)-O-CH>-CH3), 3.84 (1H, q, J=6.9Hz, CH3-CH), [2.08-1.97 (1H, m)
and 1.74 -1.62 (1H, m) N-CH-CH,-CH;-CH3], 1.56-1.42 (2H, m, N-CH-CH,-CH,-CHs),



theoretical possibility of the formati on of contam nations which y be.
derived from dicycl ohexyl carbodiimde. Further advantage: RO ag‘;# '&r&(&%
be carried out with the acid of the Fornula IV. Protection of the rboxylic
group is not required. Further details of the present invention are to be
found in the follow ng Exanples without |imting the scope of protection to
sai d Exanpl es. Exanples Preparation -9-

of N-[ 2- (et hoxycar bonyl ) but yl ] - N- al koxycar bonyl al ani ne Exanple 1

N-[2-(eth apbane dutzy CH, 1), hovay, Hbq&ylzaharmnec -G-CHSOEDS 127

N-[ 2- (et hgk)sxg(arb nléld(buty al a}g ne ((23 ml n%zt 05?2 2%0 m.) was
added a s@IJErtﬂldﬂ]Z@%/ ODQLG L&l e0. ?‘—?(73117 trd?7325221\bc O+t GHi)n acetone (50

g}_% e]; o Orﬁf%f@y@% r%];?@ hgﬁtz?t rﬁ%g a{‘%r %15)17203 52%‘[8”&29 gg?pgﬁgt’ ed and

the residyggwasy 8ig, rices IWIOt 3.8, M Xi(GieRalobf WRledin ¢A@Mer)l) and concentrated
hydrochloric acid (2 nL) for 8 h “at anbi ent tenperature. The m xture was

extracted with ethyl acetate (200 nL) and the solution in ethyl acetate was
extract edgwi th egl d aqueous sodi um hydroxi de solution [prepared fromice (100
g) and aq di um hydroxi de solution (1N, 200 nL)]. Concentrated

hydr ochl opn-R ﬁﬂi@yééﬁdﬁk))bﬂ@&]-ﬂdﬂ@ﬂmk?cﬂrb@nﬁﬂhﬁm |l ayer and the m xture was
extracted wth ethyl acetate (200 niL). After drying and evaporation N[ 2-

(et hoxycarbonyl ) butyl ] - N-et hoxycar bonyl al anine (23.8 g, 82 9% was obtained as
a yellow 1Qi} t u

ST oat gn ﬁ%eﬁ%l 196& ng%ggegﬁ%&rﬁ%gnt;@t@amﬁe ('4033 gﬂ bb?{lrﬁnoiz) i ?@&one

(C]—I out o(SOphhhevab)a,ddcdna- dolutios NVRI¢tD@hBe CISI\B,mMO@OMﬂ)% Buoid) 1114 adetbhe bs

A 1 o 45 29 2H ,
vz, LB Lylleitad s shlogetoqns (s i ool opt Ve ABSB4 (LH.
q J 6 9F&m§§%ﬁhﬂh af gmBRnd te?r?pe&étﬁe ik solvent was evaporated and the residue was

stirred with a mixture of water (40 mL) and concentrated hydrochloric acid (0.4 mL) for

898

8 h at ambient temperature. The mixture was extracted with ethyl acetate (40 mL) and the
solution in ethyl acetate was extracted with cold aqueous sodium hydroxide solution
[prepared from ice (20 g) and aqueous sodium hydroxide solution (IN, 40 mL)].
Concentrated hydrochloric acid (3 mL) was added to the aqueous layer and the mixture
was extracted with ethyl acetate (40 mlL). After drying and evaporation N-[2-
(ethoxycarbonyl)butyl]-N-methoxycarbonylalanine (3.84 g, 70 %) was obtained as a
yellow oil which can be used in the next reaction without further purification.

IR (film): ~ 3400 (OH st), 1713 (C=0 st ), 1294 (OH in plane b), 1205 (C-O st ester) cm™.
TH-NMR (CDCl3, TMS, 400 MHz): § ~10.2 (1H, bs, COOH), 5.00 and 4.60 (1H, s, CH-
CH,-CH,-CHa), 4.28 (2H, q, J=7.2 Hz, O-CH,-CH3), 3.96 and 3.85 (1H, m, CH-CH3),
3.75 (3H, s, OCHzs), [2.10-1.98 (1H, m) and 1.74-1.62 (1H, m) CH-CH,-CH,-CH3], 1.56-
1.42 (2H, m, CH-CH,-CH,-CH3), 1.50 (3H, d, J=6.9 Hz, CH-CH,), 1.33 (3H, t, ]=7.2 Hz,
0-CH,-CHs), 0.99 (3H, t, J=7.3 Hz, CH-CH,-CH,-CH3).

Example 3
N-[2-(ethoxycarbenyl)butyl]-N-t-butylexycarbonylalanine

To a suspension of N-[2-(ethoxycarbonyl)butyl]alanine (1.1 g, 5 mmol) and potassium

carbonate (0.76 g, 5.5 mmol) in acetone (15 mL) was added di-s-butyl dicarbonate (1.20 g,



and'1.74 -1.62 (1H, n) NCHCH -CH2-CH3], 1.56-1.42 (2H, m C CHZCHZCHB
au A-cc~ aoo~. -9 1.51 (3H, d, J=6.9 Hz, CH -CH), 1.33 (311, 552004
CHCO-O0CHR-CH), 1.27 (3H, t, J=7.1 Hz, NC(O-0OCH2-CH3), 0.99 (3H, t,
J=7.3 Hz, N-CH CH2-CH2-CH3). 13C- NWR (CDC13, TMsS, 400 MHz): 8 176.4 and
175.8, 172.5, 155.8, 63.0, 62.7, 58.9, 53.8, 31.4, 19.8, 16.6, 14.0, 13.9,
13.5. (signals of the main rotamer) Exalple 2

N-[ 2- (et hoxycar bonyl ) but yl ] - N- met hoxycar bonyl al ani ne To a suspensi on of

N[ 2- (et hox vaasl) any Wabst(y b ahignitwes ¢d. RBedstirdfy T ) at fmbieat ehPerahi2l i) was
added a sol ution of trlethgl amne (5.5 nm, 4.05 8 40 mmol ) in acetone (10
Y

m.) foll am@ubwmh;ﬂd o] tbe mlcdr mpmlteuomwntﬁltme f@ Etigg mt@te)(létmb), geeC, After

stirring e t oy at t he
resi due sg) %rid ?‘qrueau%n\ﬂaﬁﬁ Som K wemltr} ey él%ga 3§co c%’%tf%fr?g%

hydr ochl agyess a«:ewlse(p@:a«ﬁemoontaftrateﬂ Hydadchdsriu aﬁu (1. emfae)rmm@ed Thengdquboiise Was
extracted with ethyl acetate (i] and the solution in ethyl acetate was

ext r act edaviirt fnd dhed TRLHES U¥ass SH'F%FrW Vo ethyd @Sqaﬁﬁ i(bh mﬂ)réﬁﬁrr dayipg od ce (20
d
g) an aqus (H‘%télérgg}' @W‘i&gﬁb&gréﬁg{ Nptrbuﬁyjlgk I}{:y)alamne tiS%/g as

hydr ochl or| to the aq eous ayer e m Xture was
ext r act ecbbpdihdd ﬂtd’lydllo&cmﬂ afhéch(c40 batuped iAfthenexd rgactign mﬂioewﬁmbcmurxﬁcahbri 2-

th bony! ) but yl ] - N- net h | 70 © bt ai ned
L Do oaled Rt e b Ot B (R B E ety ThAE R ity Thab gD s Mee 8

rificatj d 8 (C=0 st 1294 (OH in plane b),
1205 I(C- e)égﬁal“d mws‘fer%@%l\f% c%tc:e%L%r)Jc%%ws (400 M—|)z) S 71(() 2 I(1Hp bs, :
COON) , ‘a;DNMﬂ (€THBTL; (TMS, $00 @H&zﬂ&%(l@@ﬂ@(ﬁ@ﬂ B0 GLH, X7 J24 Mz 100 CH

- 96 and 3.75.(3 (1H,
and 1 74 Hz, &aﬂ ﬁi gﬁy@cﬁ#& @%‘_@B% 1 He, %EH( 3)(%9%)@+Eé-é?’@-l %?:143 "
1.50 (3H,cHy), {zﬁoﬂ.ﬁ(l%ﬁk&) 1.76-13% (3m)t cHlER, LHECH; ], 1.56-1.42 (2H, m,
CH-CH,-CH,-CHs), 1.49 (3H, d, J=6.8 Hz, CH-CHs), 1.46 (9H, s, C(CHs) 5), 1.34 (3H, t,
J=7.1 Hz, O-CH,-CHs), 0.99 (3H, t, J=7.3 Hz, CH-CH,-CH,-CHs).

I o'

Example 4
N-[2-(ethoxycarboenyl)butyl]-N-benzylexycarbonylalanine

To a suspension of N-[2-(ethoxycarbonyl)butyl]alanine (2.2 g, 10 mmol) and potassium
carbonate (2.2 g, 16 mmol) in a mixture of acetone (30 mL) and water (2.5 mL) was added
benzyl chloroformate (2.0 mL, 2.4 g, 14 mmol) at 0-5 °C. After stirring for 2 h at ambient
temperature the solid was filtered off, the solvent was evaporated, the residue was stirred
with cold aqueous sodium hydroxide solution [prepared from ice (20 g) and aqueous
sodium hydroxide solution (1N, 40 mL)] and extracted with ethyl acetate (40 mL). The
aqueous layer was acidified with an aqueous solution of hydrochloric acid 1/1 (20 mL) and
the mixture was extracted with ethyl acetate (40 mL). After drying and evaporation N-[2-
(ethoxycarbonyl)butyl]-N-benzyloxycarbonylalanine (1.66 g, 47%) was obtained as a
yellow oil which can be used in the next reaction without further purification.

IR (film): ~ 3400 (OH st), 1710 (C=0 st ), 699 (CH arom) cm.

IH-NMR (CDCls, TMS, 400 MHz): § ~ 9.0 (1H, bs, COOH), 5.00 (5H, m, Ph), 5.2-5.1
(2H, m, Ph-CH,), 4.96 and 4.57 (1H, dd, J=9.6, 4.8, N-CH-CH,-CH,-CHj), 4.26 and 4.12



O CH2-CH3), O 99 (3H, t, J=7.3 Hz, CH CH2-CH2-CH ). Exarrp f('%ﬂo
- [ 2- (et hoxycar bonyl ) butyl]-N-t-butyl oxycarbonyl al ani ne To ‘6 Af
N-[ 2- (et hoxycar bonyl )butyl]alanine (1.1 g, 5 mmol) and pot assi u car bonat e
(0.76 g, 5.5 mol) in acetone (15 nm.) was added di-t-butyl dicarbonate (1.20
g, -10 5.5 mmol) and water (1.25 nL) at 0-5 C. After stirring for 2 h at

anbi ent tenperature the mixture was cobled and the solid precipitati on was
filtered off. Ethyl acetate (15 mL), ice (5 g) and aqueous NaOH sol ution (1N,
10 nl) wagHaddes). 1A GICEL CHE), a@2faid R8I IH,td)d= 6I9:ﬂgr®1{m{39 [2€lar.a8 €Tk,
Concentrated hydrochl oric acid g!:é.S m_géwas added to the agueoqus Igﬁsr and
the m xt upkanthk 78xt4%ad e @CEhCER1i-GBat al- o pads1 A (3H 4. tVa7 - Ok, (-

evapor at i pgy N4h ﬁehb@ﬁ@iﬁb? Iyt o] 2Bl ke aripnylahanhng oy 61 o

38 %9 was ~obtained ds a y€ can be’ dsed”in the next r’eactlon

wi t hout famﬂt(l@r@fﬁl;m]%ﬂdaﬂzdm CHRCHK®IHz). - 3400 (OH st), 1705 (C O st acid),
1299 (OHin plane b) -- 1690 (C=O st amde), 1771 (C=0O st ester), 1159 (GO
st ester) cm 1. 1H-NI\/R(CDCI TNVS, 400 MHz): S X9.2 (1H, bs, COOH), 5.00 (1H,
dd, J=4. Kreparationef perindoppll ehprmng) 4. 29 (2H ¢, J=7.1 Hz, O CH -CH3), 3.69
(lH g, J=6.8 Hz, CH CH3), [2.10- 1 08 (111, m and 1.70-1.56 (1H, n), CHCH
- CHz- CH3 I§§.,142(2H m CHCHz-CH -CH3), 1.49 (3H, d, J=6.8 Hz, CH CH
), 1.46 (9t CH3) 3), 1.34 (3H, t, J=7.1 Hz, OCH2-CH ), 0.99 (3H, t,
J=7.3 Hz A@i‘htﬂﬂ o Ciiéri3idrpindoleaZiehreb okylic [a2id asingxy-¢2-(dthayychbbidnyijbultyl)-N-

- benzyl oxycar bonyl a %nl ne To a suspension of

N[ 2- (et HF8R W&F‘%ﬂ?‘b’)%‘["}?l]al anine (2.2 g, 10 mol) and potassium carbonate

(2.2 g, 16 mol) in a m xture of acetone (30 nm.) and water (2.5 nL) was added

bl ot B B o P Plp P ing () L g 50 Tor 2 1
evapor at gd didhhomethiade 635wvad) gtiomyl ehlloride (4.2 mL, 6.9 g, 58 mmol) was added in drops
at 0-5°C. It was stirred at ambient temperature for 2-3 h. The solvent was evaporated to
give a reddish oil. The residue was dissolved in THF (37.5 mL) and it was added to a
suspension of perhydroindole-2-carboxylic acid (4.7 g, 28 mmol) in THF (37.5 mL). The
suspension was refluxed with stirring for 4-4.5 h until a brownish solution was formed.
After evaporation of the solvent the residue was dissolved in ethyl acetate (120 mL), #-
butylamine (2.8 mL, 1.95 g, 27 mmol) in ethyl acetate (60 mL) was added slowly to the
stirred solution resuiting in separation of a crystalline mass. The mixture was heated until a

solution was formed, then treated with charcoal. The crystalline product obtained after

cooling was filtered to give perindopril eburmine (6.8 g, 55 %).

Example 6
Acylation of perhydroindole-2-carboxylic acid using /V-[2-(ethoxycarbonyDbutyl]-N-

methoxycarbonylalanine

Perindopril eburmine was prepared analogously to Example 5, using N-[2-
(ethoxycarbonyl)butyl]-N-methoxycarbonylalanine (3.4 g, 12.5 mmol) and
perhydroindole-2-carboxylic acid (1.7 g, 10 mmol). The crystalline product obtained was
filtered to give perindopril eburmine (2.4 g, 54 %).



wi th col d aqueous sodi um hydroxi de solution [prepared fromi 0

aqueous sodi um hydroxide solution (1IN, 40 nL)] and extract ggm(ﬁﬁa%ﬁrﬁm%
acetate (40 M.). The aqueous |ayer was acidified with an aqueous Qol uti on of
hydrochloric acid 1/1 (20 nL) and the m xture was extracted with ethyl
acetate (40 nL). After drying and evaporation N-[2-

(et hoxycar bonyl ) but yl ] - N-benzyl oxycar bold4 al anine (1.66 g, 47% was obt ai ned
as a yellow oil which can be used in the next reaction w thout further
purification. JR (film: - 3400 (OH st), 1710 (C=O st), 699 (CH aronm) cm 1.
1H NVR (CDC13, TMs, 400 MHz): 5 - 9.0 (111, bs, COCH), 5.00 (5H, in, Ph),
5.2-5.1 (Exampla? pPh-CH ), 4.96 and 4.57 (1H, dd, J=9.6, 4.8,

N- CH CH2- CHR- . ) . 9T - 4.02 and
369 (1nAgaabbitedysSeiiiohz Guihyiodyl Shipah-2Tdnb et iPriiph*, 02 20
- CHidrtBbidychrbonyldlaaind 1.48 (3H, d, J=7.0 Hz, CHCH3), 1.56-1.42 (2H, m

2-CH -CH3), 1.31 and 1.22 (3H, t, J=7.2 Hz, O-CH2-CH3), 0.98 and 0.93

(3H, t, J=7.3 Hz, CHCH2-CH2-CH ). Preparation of perindopril eburm ne Exanple
5 Acyl at iR @bpder dghlendghe- Prgardoxaldzo@fd 4SiMGmple 5, using N-[2-
N[ 2-(et hox?ca}% bonyl )buteyi ]-N %re?ﬁ%xycarab(%r?yl ZI ani ne _Ifllg ea sol ltjsfl?%n 01[

N- [ 2- ( et Hothyzymadmmyl)putyt]yVi-bhthexiesthomldempe al €héhe €10.2.2g, BBohmpland in

drops. abetgrom e et tie e B2 Lot g sl ol PR Bt U

was evapqn&&@notgpved@mqopﬁr@ﬂﬁhﬁfe (0317.g, A0 eo) esi due was di ssolved in THE (37.5
niL) and it was added to a suspension of perhydroi ndol e-2-carboxylic acid
(4.7 g, 28 mmol) in THE (37.5 nL). The suspension was refluxed with stirring
far 4-4. igl a brownish solution was forned. After evaporation of the
sol vent ti#é‘l#@éigdue was di ssolved in ethyl acetate (120 nL), t-

Acylation of perhydroindole-2-carboxylic acid using N-[2-(ethoxycarbonyhbutyl]-/V-

benzyloxycarbonylalanine

Perindopril eburmine was prepared analogously to Example 5, using N-[2-
(ethoxycarbonyl)butyl]-N-benzyloxycarbonylalanine (1.41 g, 4 mmol) and
perhydroindole-2-carboxylic acid (0.51 g, 3 mmol). The crystalline product obtained was
filtered to give perindopril eburmine (0.60 g, 45 %).

Example 9
Acylation of perhydroindole-2-carboxylic acid using N-[2-(ethoxycarbonylhbutyl]-/V-

ethoxycarbonylalanine

To a solution of N-[2-(ethoxycarbonyl)butyl]-N-ethoxycarbonylalanine (1.45 g, 5 mmol) in
dichloromethane (7.5 mL) thionyl chloride (0.6 mL, 0.98 g, 8.5 mmol) was added
dropwise at 0-5°C. It was stirred at ambient temperature for 2-3 h. The excess of thionyl
chloride and the sulphur dioxide and hydrogen chloride formed was eliminated in slight
vacuo. To the dichloromethane solution thus obtained was added perhydroindole-2-
carboxylic acid (0.71 g, 4.2 mmol) and dichloromethane (5.0 mL). The suspension was
refluxed with stirring for 2 h until a brownish solution was formed. After evaporation of
the solvent the residue was dissolved in ethyl acetate (20 mL), whereupon z-butylamine

(0.42 mL, 0.29 g, 4.05 mmol) in ethyl acetate (5.0 mL) was added slowly to the stirred



butylamne (2.8 nL, 1.95 g, 27 mml) in ethyl acetate (60 nli) adde y.
to the stirred solution resulting in separation of a crystahﬂﬁ? §9—$k3”¥

m xture was heated until a solution was forned, then treated w th{¢gharcoal
The crystalline product obtained after .cooling was filtered to gi
perindopril- eburmne (6.8 g, 55 % . Exanple 6 Acyl ation of

per hydr oi ndol e- 2- carboxyli ¢ aci d usi ng-N3[-2- (et hoxycarbonyl)butyl] N

met hoxycar bonyl al ani ne Perindopril ebunnine was prepared anal ogously to

Exarrpl e SSoluﬁbﬂqedﬂnﬁl?g i REPLAIHALD ANy thihY | hady: maE f}ﬁﬁcﬁﬁér\b&nﬂéaﬁé@ﬂhﬂ?a( 3.4 g,

12.5 mmol ) and per hydroi ndol e- 2- carboxylic acid (1.7 g, 10 mol).
crystal | i pelufiondast foopedi ther tgated With tchpredalt dhgi orpstalling powduct Iobtaimbdmﬁﬁé (2.4

%1 0 uen oo eided SRR a ARt ls O BT L bonyt 2l ami e

Perindopril eburm ne was prepared anal ogously to Exanple 5, using N[ 2-

(et hoxycar bonyl ) butyl]-N-t-buthoxycarbonyl al anine (0.69 g, 2.2 muvol) and

per hydr oi ndol e- 2-carboxylic acid (0.29 g, 1.7 mmol). The crystalline product
obtained was filtered to give perindopril eburmne (0.37 g, 49 % . Exanple 8
Acyl ati on of perhydroindol e-2-carboxylic acid using

N-[ 2- (et hoxycarbonyl ) butyl j-N- benzyl oxycar bonyl al ani ne Perindopril eburm ne
was prepared anal ogousl yt oExanpl e5, usi ngN-[ 2-

(et hoxycar bonyl ) butyl ] - N-benzyl oxycar bonyl al ani ne(1. 41g, 4mol ) and

per hydr oi ndol e- 2-car boxylic acid (0.51 g, 3 nunol). The crystalline product
obt ai ned was

)




filtered to give perindopril eburmne (0.60 g, 45 % . Exanple 9 yl ati of
per hydr oi ndol e- 2- car boxylic acid using N-[2-(ethoxycarbony|)h§ﬁ§ﬁﬁi 4¥§00‘f
et hoxycar bonyl al ani ne To a sol ution of

N-[ 2- (et hoxycar bonyl ) butyl ] - N- et hoxycar bonyl al anine (1.45 g, 5 mol) in

di chl oronet hane (7.5 nmL) thionyl chloride (0.6 nL, 0.98 g, 8.5 mmol) was added
dropwi se at 0-5C. It was stirred at anbl4ént tenperature for 2-3 h. The excess
of thionyl <chloride and the sul phur dioxide and hydrogen chloride fornmed was
elimnated in slight vacuo. To the dichloromethane solution thus obtai ned was
added per hydroi ndol e-2- carboxylic acid (0.71 g, 4.2 mol) and di chl or onet hane
(5.0 nl). Whind vedpiam s on was refluxed with stirring for 2 h until a browni sh
solution was forned. After evaporation of the solvent the residue was

di ssolved in ethyl acetate (20 nmL), whereupon t-butylam ne (0.42 niL, 0.29 g,
4.05 mmol ), i n etbie)-[acHi(athex{Carbnyh)butitsniadpeshishdM(3aS, aShdratsidrdingsd- CU - Aup
tk&t+ abol -13 solution resulting in separation of a crgstalline mass. T

h
mixture wiS)emosdlivasd (of she Eomaiie dinduae fBriEIne falhot fetmu I Hbeieaf coal

The cryst i q 3] & ' afkiltered to give

peri ndoprlﬁ{e(4 %ﬂ%rn %ﬁg%®sgghg%m§§o% .leﬁcilgl%%%ioﬁ}g?d%ﬁtﬁ]\(}\%at we claimis, 1. 1-
{2(S)-[ | (S)-(ethoxycarbonyl)butyl aTni no] propi onyl | -(3aS, 7aS) oct ahydr oi ndol -
2(S)-carboxyl i i the Formula | and the t-b ] |t of . the Fornul a
F ther eor?. 11 eb GO LRstcrony B Faire ol S Rt 11 de.
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2('S) - car biexyleine 1 free@f eomponds of the Bormulendllt ped VBt yi arni ne salt of the
Formula |I' according

3. Process according to Claim 1 or 2 for the preparation of the compound of the
Formula I and the #-butylamine salt of the Formula I’ free of contaminations derivable
from dicyclohexyl carbodiimide, particularly free of compounds of the Formula VII’ and
VIII’ which comprises reacting the compound of the Formula II with a suitable carbonic
acid derivative; activating the compound of the general Formula III thus obtained (wherein
R stands for lower alkyl or aryl-lower alkyl) with thionyl chloride; reacting the activated
compound thus obtained with the compound of the Formula IV and if desired reacting the

compound of the Formula I thus obtained with z-butylamine.

4. Process according to Claim 3 which comprises using as carbonic acid derivative

methyl chloroformate, ethyl chloroformate, benzyl chloroformate or di-z-butyl dicarbonate.

5. Process according to any of Claims 3 to 4  which comprises carrying out
acylation of the compound of the Formula II in the presence of a base, preferably an alkali

carbonate, alkali hydrogen carbonate or tertiary amine.

6. Process according to Claim 5 which comprises using sodium carbonate,

potassium carbonate or triethylamine as base.

7. Process according to any of Claims 3 to 6 which comprises carrying out the

reaction in an inert organic solvent.



to Ctaiml free of conpounds of the Fornula VII' and V111'. 3. _Pnocess
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| and the t-butylarnine salt of the Fornula |I' free of contam nati dms

derivable fromdicyclohexyl carbodiimde, particularly free of conpounds of
the Formula VH and VIIF which conprises reacting the conpound of the Fornul a
Il wwth a suitable carbonic acid deriwvdti-ve; activating the conpound of the
general Formula H thus obtained (wherein R stands for |ower alkyl or

aryl -l ower alkyl) with thionyl chloride; reacting the activated conpound thus
obtained with the conmpound of the Fornmula IV and if desired reacting the
compound &f t h&rdeessmac@rding tasClatmay nevhiol tchmpribest y$ingrianbalogenapydo glipimtic
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di carbonate. 5. Process according to any of Clainms 3 to 4 which conprises
carrying out acylation of the conpound of the Fornmula 11 in the presence of a
base, prePer abPyocass asergling toGlaine §at which pemprisesyeiRgostang @b seiNe™. or tertiary
am ne, 6. Process according to Claimb5 which conprises using sodi um carbonat e,
pot assi um carbonate or triethylamne as base. 7. Process according to any of
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ket one aspgolvent. 9. Process according to Claim8 which conprises using
acetone as solvent. 10. Process according to Caim3 which conprises using
thionyl chloride in a nolar ratio of 1.1-2 preferably 1.5-1.7, related to 1

mohe of t Iff Cogpo%léglsdac%]:)r irrfge tog%‘i'ael{naio Fov(/h%ﬂ %omlp{'ilsés carrying out activation of the

compound of the general Formula III with thionyl chloride in an inert organic solvent.

12.  Process according to Claim 11  which comprises using a halogenated aliphatic

hydrocarbon, ester or ether as inert organic solvent.
13.  Process according to Claim 12 which comprises using dichloromethane.

14.  Process according to Claim 3 which comprises carrying out the reaction with the

compound of the Formula IV in an inert organic solvent.

15.  Process according to Claim 14 which comprises using a halogenated aliphatic

hydrocarbon, ester or ether as inert organic solvent.

16.  Process according to Claim 15 which comprises using tetrahydrofurane or

dichloromethane.

17.  Compounds of the general Formula II (wherein R stands for lower alkyl or aryl-

lower alkyl).

18.  Compounds according to Claim 17 wherein R stands for methyl, ethyl, tertiary
butyl or benzyl.



11. .Process according to Claim 10 which conprises carrying o a iva&j&og}dy/_f_
the conmpound of the general Fornmula IIl with thionyl chlori i er
organi ¢ solvent. 12. Process according to Claim 11 which conprises (lising a

hal ogenated ali phatic hydrocarbon, ester or ether as inert organic solvent.
13. Process according to Caim12 which conprises using dichloronethane. 14.
Process according to Claim3 which conptéses carrying out the reaction with
the conpound of the Formula IV in an inert organic solvent. 15. Process
according to Caim 14 which conprises using a hal ogenated aliphatic

hydr ocarbon, ester or ether as inert organic solvent. 16. Process according to
Cl ai m 15 ¥hi chPwoessrfos ¢l prspargtioe of ahypowidsr @hibe @enerdi Eoinaule dHt (veheesin 17
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di carbonate. . 21. Process according to any of Clains 19 or 20 which conpri ses

carrying @Wbo%ﬁf?l ation of the conpound of the Fornula Il in the presence of a
base, preferably an alkali carbonate, alkali hydrogen carbonate or tertiary
am ne.

21.  Process according to any of Claims 19 or 20 which comprises carrying out
acylation of the compound of the Formula II in the presence of a base, preferably an alkali

carbonate, alkali hydrogen carbonate or tertiary amine.

22.  Process according to Claim 21 which comprises using sodium carbonate,

potassium carbonate or triethylamine as base.

23.  Process according to any of Claims 19 to 22 which comprises carrying out the

reaction in an inert organic solvent.

24. Pharmaceutical  compositions  comprising  1-{2(S)-[1(S)-(ethoxycarbonyl)
butylamino]propionyl}-(3aS,7aS)octahydroindol-2(S)-carboxylic acid of the Formula I and
the z-butylamine salt of the Formula I’ thereof free of contaminations derivable from
dicyclohexyl carbodiimide as active ingredient in admixture with suitable inert

pharmaceutical carriers.
25.  Pharmaceutical compositions according to Claim 24 as ACE inhibitors.

26.  Use of 1-{2(S)-[1(S)-(ethoxycarbonyl)butylamino]propionyl}-(3aS,7aS)octahydro-
indol-2(S)-carboxylic acid of the Formula I and the 7-butylamine salt of the Formula I’
thereof free of contaminations derivable from dicyclohexyl carbodiimide as

pharmaceutical active ingredient, particularly as ACE inhibitor.
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