-1-New a crystalline formof perindopril tert-butylamne salt, a process
for its preparation and pharnaceutical conpositions containing it The
present invention relates to a new a ckystalline formof perindopri
tert-butylamne salt of formula (1) : HH N*COZH COREt . tBuNH2 (I), to
a process f a¥ew tscrystajlareformofgredindopibtertrhuotylaming saboapuoasiess fondtscont ai ni ng
it. 5 Perindopril paephrhtion phdphas@uédutichl confesitjnakbetadwingét and nore
especially its tert- butylam ne salt, have val uabl e pharnacol ogi ca
properties. Their principal property is that of inhibiting angiotensin I

[ . . ki ni whij_ch . .
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Il (a vasgemshmki(pt:or) and, on the other hand, degradation of 10
bradykinin (a vasodilator) to an inactive peptide. Those two actions

contribute to the beneficial effects of perindopril in cardiovascul ar

di seases, nore especially ingarterial hypertension and heart failure.
Perindopril, its preparatiep:zand its use in therapeutics have been
described in European R i—spetgification EP 0 049 658. 15 In view of the
pharmaceutical val ue of |comppund, it has been of prinme inportance to

obtain it with excellent H Jmag al so hdadNH,npddkant to be able to
synthesise it by means of aHprogce ’h can readily be converted to the
i ndustrial scale, especially.in/aform at allows rapid filtration and
drying. Finally, that for ﬁ% nt o be fectly reproducible, easily

e

formul ated and sufficiently st allow its storage for |ong periods
wi t hout 20 particular requirenen for tenperature, light, humdity or

oxygen level. -2 CO,Et

to a process for its preparation and to pharmaceutical compositions containing it.

5 Perindopril and its pharmaceutically acceptable salts, and more especialiy its tert-
butylamine salt, have valuable pharmacological properties.
Their principal property is that of inhibiting angiotensin I converting enzyme (or
kininase II), which prevents, on the one hand, conversion of the decapeptide angiotensin I
to the octapeptide angiotensin II (a vasoconstrictor) and, on the other hand, degradation of
10 bradykinin (a vasodilator) to an inactive 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 of prime importance to
obtain it with excellent purity. It has also been important to be able to synthesise it by
means of a process that can readily be converted to the industrial scale, especially in a form
that allows rapid filtration and drying. Finally, that form had to be perfectly reproducible,
easily formulated and sufficiently stable to allow its storage for long periods without

20 particular requirements for temperature, light, humidity or oxygen level.



‘The patent specification EP O 308 341 describes an industrial synthesis
process for perindopril. However, that docunent does not specify the
conditions for obtaining perindopril in a formthat exhibits those
characteristics in a reproduci ble manner. The Applicant has now found that
a particular salt of perindopril, the tert-butylamne salt, 5 can be
obtained in a well defined, perfectly redr oduci bl e crystalllne formthat
especially exhibits val uabl e characteristics of filtration, drying and
ease of formulation. Mrre specifically, the present invention relates to
the a crystalline formof the conBound of fornmula, ( racterised. by

the foll ovﬁh?gpﬁé%dﬁ?ecbﬁ%wn B 1O 488 i3 dessEbesnin H%‘Q?H%"éosyn F‘ﬁd’racegﬁefﬁéns
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inter-pla ar I'st ance Bragg' s angl e t het I'ntensity and rel ative

i nt ensi ty feengoprdsed fars that gdnlmtsrth@ay@h@rfacttehetlmsa ré¢produvside mapher; Angle 2
theta Inter-planar IntensityRelative intensity ()distance d (A (%
7.68011. 503908. 8 8. 14410. 852305.2 9. 0379. 784410100 10.9478.081824.1

13. 1506. 73821A $hlikdnOs oo fodhd that 4. a2 T R1HL 208 3L e12n rift 18 te Rt Plarhirke salt,
16.5735.34111525. 3 17.3575.103407. 7 18. 1094. 89 19. 9224. 453066. 9
20. 6094. 31@P3R. abtained in a well defined, perfectly reprodu01b1e crystalhne form that especially

exhibits valuable characteristics of filtration, drying and ease of formulation.

More specifically, the present invention relates to the o crystalline form of the compound
of formula (I), characterised by the following powder X-ray diffraction diagram, measured
using a Siemens D5005 diffractometer (copper anticathode) and expressed in terms of
10 inter-planar distance d, Bragg's angle 2 theta, intensity and relative intensity (expressed as

a percentage of the most intense ray) :

Angle 2 theta Inter-planar . Relative intensi
i ©) distancl:ad(A) Intensity (%) v
7.680 11.50 390 8.8
8.144 10.85 230 52
9.037 9.78 4410 100
10.947 8.08 182 4.1
13.150 6.73 82 1.9
13.687 6.46 83 1.9
14.627 6.05 582 13.2
15.412 5.74 770 17.5
16.573 5.34 1115 25.3
17.357 5.10 340 7.7
18.109 4.89 193 4.4
19.922 4.45 306 6.9
20.609 4.31 375 8.5
21.412 4.15 226 5.1
21.832 4.07 217 4.9
22.158 4.01 483 11
22.588 3.93 386 8.8
23.323 3.81 107 24
24.200 3.67 448 10.2
24.727 3.60 137 3.1




21.4124.152265.1 21.8324.072174.9 22.1584.0148311 22.5883. 933868. 8
23.3233.811072.4 24.2003.6744810. 2 24.7273.601373.1 -3 25.9573.431252. 8
26.9323.31751. 7 27.8363.201974.5 28.9663. 081292. 9 29. 2133.051172.7 The

i nvention relates also to a process for the preparation of the a
crystalline formof the conpound of formula (1), which process is
characterised in that a solution of perihdopril tert-butylamine salt in
ethyl acetate is heated at reflux and is cooled gradually until
crystallisation is 250997 ete.| 5 1n3t43e crystal |l 12%ati on proQess accprding to
the invention T TSQ@ssibre to US he cornpou of [formulia (1) optai ned
by any processt Ad‘vsfzﬁr".* ageeushy; th%%ﬁﬁ‘p%ﬂf of P,g;f ofruta “5‘7 ebtatned by

t he preparation_procesys desdribed Crfpatent Spe]C?fiC’tion PP 0 308 341 is
used. The concent r2&9n of |t he cod@Bund of [forAa (1) in2the ethyl
acetate is preferablgni310 frjom 70 g®s90 g/ liftrei17 Adyant agegusly, the

sol ution of the—conpound—offornu=a{(t ) Tnmethyl—=acetateat—Teftfux is
first cooled to a tenperature of from55 to 65C at a rate of from5 to
10C/ hour, preferably from6 to 8C hqur, and then to anbi ent .tenperature.

The sol ut i B¢ iBxFntioaVEises it 81 3/PBeess &b PERRAFANGN of dhe g Srysilling pmagt the
tenperat urc%nﬂ;oun&%f oSt ?I),t \ghi@ﬁgrocess is characterised in that a solution of perindopril

tert-butylamine salt in ethyl acetate is heated at reflux and is cooled gradually until

crystallisation is complete.

5 e In the crystallisation process according to the invention it is possible to use the
compound of formula (I) obtained by any process. Advantageously, the compound of
formula (I) obtained by the preparation process described in patent specification

EP 0 308 341 is used.

e The concentration of the compound of formula (I) in the ethyl acetate is preferably

10 from 70 to 90 g/litre.

e Advantageously, the solution of the compound of formula (I) in ethyl acetate at reflux
is first cooled to a temperature of from 55 to 65°C at a rate of from 5 to 10°C/hour,

preferably from 6 to 8°C/hour, and then to ambient temperature.

e The solution can advantageously be seeded during the cooling step at a temperature of

15 from 76 to 65°C.

e The perindopril tert-butylamine salt that is thereby obtained is in the form of individual
needles about 0.2 mm long. That homogeneous distribution has the advantage of
allowing especially rapid and efficient filtration and drying, as well as allowing the
preparation of pharmaceutical formulations having a uniform and reproducible

20 composition, which is especially advantageous when those formulations are intended

for oral administration.



The perindopril tert-butylamne salt that is thereby obtained is in the
formof individual needles about 0.2 nml|ong. That honbgeneous

di stribution has the advantage of allowi ng especially rapid and efficient
filtration and drying, as well as allow ng the preparation of
pharmaceutical fornulations having a uniform and reproduci bl e 20
conposition, which is especially advantdyeous when those fornul ations are
intended for oral adm nistration. -4 The formthereby obtained is

suf fi ci entel yThé 8drhetHetebd! dbanined & sifficiagity stablel tonglopeits Sxdfage ibi odigt periods
particular requirenents for tenperature, light, hum. dity or oxygen |evel.
The i nvent i oWltheutpagicular sequirsmsats foiieBpeTatusF. lzfélﬁﬂwml@%?rsowsﬁ&)rqvgk- ng as
active ingredient the a crystalline formof the conpound of formula (1)
together with one or nore 5 appropriate, inert, non-toxic excipients. Amrong
t he phar ndthelhvendion celates alsbito phamacewticd] ognpasitidne compasing @s activeeingredent be

nment i oned re especially those that are itable for oral, parenteral
(intraven o TR 400 the comaRomnd ok ?WEJF% 4Di tgethen pyith ongror Asgees,
subl'i agual FigleS indf! Ahdro% AP SekkfpPentd Omg&théuglmie o8I B

oi nt rrgnts,apf’%gr grrttgl léleﬁ’s, (?nﬁoect gﬁg(l g’:;ep?r epar at ions, dri naaﬁle sucsop nsi olrllss
etc.. 10 Boerdmegftolthadimsaymng therdomay be nehtiacalondienagpecaliyhthoseathar &re amdiable

severity of the disorder,. the admnistration route and.the age and wei ght
of 'the. padPefa. PRI oUn AP B BB RIFoRR), of dugrt B afohofahies" St
adm ni str Qﬁ'égéefsi-suﬂ’iﬁgtﬁlﬂm@,eg&étﬁﬂbapﬁﬁﬁﬂ%kéﬂggﬂSsuﬁg&q’ﬂbﬁbﬂ%réﬁng, REnthiRd@nt i on
may al so conprise a diuretic such as indapam de. 5 The foll owi ng Exanpl es
i |1 ustrat alerrad gelsy Brigdtaive pigpargtonsodrinkahle suspensiong pig..way. The powder X-ray
diffraction spectrumwas neasured under the follow ng experinental
conditions : Sienens D5005 diffractoneter, scintillation detector, copper
ant i cat hodthe(idefal dod3e cAn bewalitdgecoddink o thentiameidny séCerith\of tlOdisondet)nhé Ng
0-0, meas %Elr%qrﬁgtgat{o%nrgﬁte'ang tﬁg ageoénd weight of the patient. It varies from 1 to 500 mg per

day in one or more administrations.

The pharmaceutical compositions according to the invention may also comprise a diuretic

such as indapamide.
15 The following Examples illustrate the invention but do not limit it in any way.

The powder X-ray diffraction spectrum was measured under the following experimental

conditions :

- Siemens D5005 diffractometer, scintillation detector,

- copper anticathode (A=1.5405 A), voltage 40 kV, intensity 40 mA,
20 - mounting 6-6,

- measurement range : 5° to 30°,

- increment between each measurement : 0.02°,

- measurement time per step : 2 s,

- variable slits : v6,

25 - filter KB (Ni),

- no internal reference,



I ncrement between each neasurenent : 0.02, neasurenent tinme per step : 2
s, variable slits : v6, 25 - filter K/3 (Ni), no internal reference, -5
zeroing procedure using the Sienmens slits, experinental data processed

usi ng EVA software (version 5.0). EXAMPLE 1 : a crystalline form of
perindopril tert-butylamne salt 125 g of perindopril tert-butylam ne salt
obt ai ned according to the process described in 5 patent specification EP 0
308 341 are dissolved in 1.68 litres of ethyl acetate heated at refl ux.
The t enper.at p&Bingfprodedufelsitg the Siesnénbeltspr ought to 60C in the course of 2
hours 30 mnutes and is then cooled to anbient temperature. The solid

obt ai ned i-s exneriseantad dpka preqessedtusing EVid selbware(vorsieny-Wi f f r act i on di agram :
The powder X-ray diffraction profile (diffraction angles) of the a form of
perindopril tert- butylamne salt is given by the significant rays coll ated
in the folgXaMBPBLEAD! axérgseallierforintdf perindopril tersbatylamihersaltat i ve i ntensity
(expressed as a percentage of the nost intense ray). Angle 2 theta
Inter-planar IntensityRelative intensity )distance d (A) (%

7. 68011. 50@%(')@ of perindébH t&P-BdQPantind D18 68talitAAkeddth el s B 1RoQ3d éétribed in

13. 1506. 7382179 _
5 patent specification EP 0 308 341 are dissolved in 1.68 litres of ethyl acetate heated at

reflux.

The temperature of the solution is then brought to 60°C in the course of 2 hours 30 minutes
and is then cooled to ambient temperature.

The solid obtained is collected by filtration.
10 Powder X-ray diffraction diagram :
The powder X-ray diffraction profile (diffraction angles) of the o form of perindopril tert-

butylamine salt is given by the significant rays collated in the following table together with

the intensity and relative intensity (expressed as a percentage of the most intense ray).

Angle 2 theta Inter-planar . Relative intensi
j ©) distance d (A | Intemsity (%) Y
7.680 11.50 390 8.8
8.144 10.85 230 52
9.037 9.78 4410 100
10.947 8.08 182 4.1
13.150 6.73 82 1.9
13.687 6.46 83 1.9
14.627 6.05 582 13.2
15.412 5.74 770 17.5
16.573 5.34 1115 253
17.357 5.10 340 7.7
18.109 4.89 193 4.4
19.922 4.45 306 6.9
20.609 431 375 8.5
21.412 4.15 226 5.1
21.832 4.07 217 4.9
22.158 4.01 483 11




13.

6876.46831. 9 14.6276. 0558213. 2 15.4125. 7477017.5 16.5735. 34111525. 3

17.3575.103407. 7 18.1094. 891934. 4 19. 9224. 453066. 9 20. 6094. 313758. 5

21.
23.
26.

4124.152265.1 21.8324.072174.9 22.1584.0148311 -6 22.5883.933868. 8
3233.811072. 4 24.2003.6744810.2 24.7273.601373.1 25.9573.431252.8
9323.31751.7 27.8363.201974.5 28.9663.081292.9 29.2133.051172. 7 EXAMPLE
2: Pharmaceuti cal
containing 4 ng of active ingredi ent

conposition Preparatidh-fornula for 1000 tablets each
Conpound of Exanple 1

.................. 22.588 - |- 393 {386 88 b
.......... 4 nycy_,,%y_s,pr opytcet ug%ﬁe 107 24
ORI T ([ SN IR Y- INRERE EA 7 63t
.................. 24727, ... |......3.60......]...137. e T8 e
.................. 25.957 og Laghose 125 2.8
SRt 6030 33 hh””f/hnanuu A AR R
.................. 27836 ... [......320 T 1. T97 | AS
.............. D8P66 3.08 129 2.9

29.213 3.05 117 2.7

EXAMPLE 2 : Pharmaceutical composition

Preparation formula for 1000 tablets each containing 4 mg of active ingredient :

Compound Of EXamPle ©......ccoevevieriiinierieiieinreceeseseeeseeeesseseeseeesneessaeessnesons 4¢g
HydroxXypropylCellUulose .........c.oocvieeierieiriiirieniieirecescreseere e s e see e seeesaeaens 2g
5 WHheat StarCh .......oooviiiiiiirccecce et r s a e s s aa e s sase s 10g
LLaCOSE ... ereieieiiieeerere ettt eesere e e e e s e e e r e s s e e s snre e e s et te s e e s naaaaens 100 g
Magnesium StEATALE ..........ceerreruierieeeerierrentetesre st et e sie st e e sbeeste st e saeesaeessaensenas 3g

.................................................................................................................



.......................................... 3 g -7 CLAIMS 1. a crystalline
formof the compound of formula (1) : H tBuNH (I), HNCX®H z 0 CH3 COREt
characterised by the follow ng powder X-ray diffraction di agram neasured
using a 5 diffractoneter (copper anticathode) and expressed in terns of
i nter-planar distances d, Bragg's angle 2 theta, intensity and relative
intensity (expressed as a percentage @LAIMS espect to the nost intense ray)
: Angle 2 theta Inter-planar IntensityRelative intensity distanced A)
7.68011.503908. 8 8. 14410. 852305.2 9.0379. 784410100 10.9478.081824.1
13. 1506. 73821. 9 13.6876.46831.9 14.6276.0558213. 2 15.4125. 7477017.5
16. 5735. 34111525. 3 17. 3575. 103407. 7

1. o crystalline form of the compound of formula (I) :

:1 :N: ‘COZH JtBuNH, (),

characterised by the following powder X-ray diffraction diagram, measured using a
5 diffractometer (copper anticathode) and expressed in terms of inter-planar distances d,
Bragg's angle 2 theta, intensity and relative intensity (expressed as a percentage with

respect to the most intense ray) :

Angle 2 theta Inter-planar . Relative intensi
° ©) distance d &) | Intensity (%) Y
7.680 11.50 390 8.8
8.144 10.85 230 5.2
9.037 9.78 4410 100
10.947 8.08 182 4.1
13.150 6.73 82 1.9
13.687 6.46 83 1.9
14.627 6.05 582 13.2
15412 5.74 770 17.5
16.573 5.34 1115 253
17.357 5.10 340 7.7
18.109 4.89 193 44
19.922 4.45 306 6.9
20.609 431 375 8.5
21.412 4.15 226 5.1
21.832 4.07 217 4.9
22.158 4.01 483 11




18.1094. 891934. 4 19.9224. 453066. 9 20.6094. 313758.5 21.4124.152265.1
21.8324.072174.9 22.1584. 0148311 -8 22.5883.933868. 8 23.3233.811072. 4
24.2003. 6744810. 2 24.7273.601373. 1 25.9573.431252.8 26.9323.31751.7
27.8363.201974.5 28.9663. 081292.9 29.2133.051172.7 2. Process for the
preparation of the a crystalline formof the conmpound of formula (1)
according to claim1, characterised in that a solution of perindopri
tert-butylamne salt in ethyl acetate is heated at reflux and is then

cool ed gradualfy uqﬁﬁ&gcrystalllsagugn I S ccnwﬂ&ge. 5 3. Rrgpcess accordi ng

at dblﬁljgeu T 131 conpouynd ILU‘ formuta Gty obtai ned by

t he preparatiOLn_pLoi;ess_descn_bed—l_p—pai_em specificationEP 0308 341 is

used. 4. Process acd?¥ing tlo eithé®claim 2 or448 aim 3. cHhfacterjsed in

that the concentratd4gr27 of tlhe compadnd of flornmB7a (|) in BHe ethy| acetate

is from70 to gngcyﬁa 1075. "Prac@ss accordipg Tojany ong of clpins 2 to
h

to claim 2,

ch

4, characteri sed—+n-that—th ou.mi§ of—the——cogppound—of—fartuta—Il) in

et hyl

10

15

acetate jat r i

irst ca

28.966 3.08 129 2.9
29.213 3.05 117 2.7

. Process for the preparation of the a crystalline form of the compound of formula (I)

according to claim 1, characterised in that a solution of perindopril tert-butylamine salt
in ethyl acetate is heated at reflux and is then cooled gradually until crystallisation is

complete.

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

obtained by the preparation process described in patent specification EP 0 308 341 is

used.

. Process according to either claim 2 or claim 3, characterised in that the concentration

of the compound of formula (I) in the ethyl acetate is from 70 to 90 g/litre.

. Process according to any one of claims 2 to 4, characterised in that the solution of the

compound of formula (I) in ethyl acetate at reflux is first cooled to a temperature of

from 55 to 65°C at a rate of from 5 to 10°C/hour, and then to ambient temperature.

. Process according to any one of claims 2 to 4, characterised in that the solution of the

compound of formulal in ethyl acetate is seeded during the cooling step at a

temperature of from 76 to 65°C.

. Process according to claim 5, characterised in that the solution of the compound of

formula (I) in ethyl acetate at reflux is first cooled to a temperature of from 55 to 65°C

at a rate of from 6 to 8°C/hour, and then to ambient temperature.

s f ed to a tefdperature m‘1 fromb5 to 65C
at a rate of firom 527t-853610C/hour, a0t hen to antfi7ent |t enpedat ure.



6. Process according to any one of clains 2 to 4, characterised in that the
solution of the conpound of fornmula | in ethyl acetate is seeded during
the cooling step at a 15 tenperature of from76 to 65C. 7. Process
according to claimb5, characterised in that the solution of the conmpound of
formula (1) in ethyl acetate at reflux is first cooled to a tenperature of
from55 to 65C at a rate of from6 to 8% hour, and then to anbient
tenperature. -9 8. Process according to any one of clainms 2 to 7,

char act er ig eHrdcBsstddadrdin@ao pay one 0pelaims Btd 7, chbitayleaisddig thatlthe périidopsl tehier eby
obtained is in the formof readily filterable individual needles.. 9.

Phar maceut i chutylagipp salt theh icggsby abtnedsis 4 the, formhaf esadibn filterblecindiyidnsd
according S5 toi&laiml, in conmbination with one or nore pharnmaceutically
acceptable, 1nert, non- toxic carriers. 10. Pharmaceutical conposition
according to claim9 for use in the manufacture of nedicanents for use as
i nhibitors oghan iotensin | converting enz . .11. Pharmaceuti c

me | i
conposi ti ch Ak coTpos DI RISESES 4oHVE iRETdiRRlr B comgowd acggrding

medi cament s {Pglai$ e, IcdMMSindiGAHATR Bhe OF nfcit PhavRResti@lly %&g?a%?e? inek® non-
Phar maceuti cal conposition according to any one of clains to 11,

char act er i setbxiqcarti¢rat it al so conprises a diuretic. 13. Pharnaceuti cal
conposition according to claim 12, characterised in that the diuretic is
i ndapam de.

10. Pharmaceutical composition according to claim 9 for use in the manufacture of

medicaments for use as inhibitors of angiotensin I converting enzyme.

11. Pharmaceutical composition according to claim 10 for use in the manufacture of

10 medicaments for use in the treatment of cardiovascular diseases.

12. Pharmaceutical composition according to any one of claims 9 to 11, characterised in

that it also comprises a diuretic.

13. Pharmaceutical composition according to claim 12, characterised in that the diuretic is

indapamide.



