- 1 - DELTA CRYSTALLINE FORM OF THE ARG NI NE SALT OF PERIN DOPRIL, A
PROCESS FOR | TS PREPARATI ON, AND PHARVACEUTI CAL COWMPOSI TI ONS
CONTAINING I T The present invention relates to the delta crystalline

form of  pegi pAORS ki Gl B Rkl QLB Frbornur, CORResSioh s
process for s PhaRALIEAIION AADGHkRMADAT TEALEOMPSITIORTROST AINDRSIT
containing it Perindopiil and its pharmaceutically acceptable salts,

and nore especially its arginine salt, have val uabl e pharmacol ogi cal |
pr oper t TlsspreFintiinveptipnalates tpribpdelty ciystatlingt foon afreripleprigl-arginine salt of
angi ote siq converting enzyne (or kininase Il1), which nmakes it
possi bl ¥ P#l2dPavent, on the one hand, conversion of the decapeptide
10angiotensin | to the octapeptide angi otensin 11 (a vasoconstrictor)
and, on the other hand, degradation of bradykinin (a vasodilator) to
an inactive peptidk. Those two actions contribute to the beneficial
effects of pepinttgpril in cardi ovascul ar di seases, nore especially in
arterial hype i heart failure apd stabl e coronami,di sease.

Peri ndopril, g '@E{and its usc in therapeutics have been
described iii . 5speci fieat | P /gég HThéI)a
arginine salt of periadopril GlEs firdt scribed in uropgan Pat ent
speci fication EH,C he al pha dhd faeta crystalline forns of
the arginine salt 6f opril have been described in Eur opean

Pat ent specification 1 989 182 and EP 2 016 051. 20The gamma
crystalline formof théYarginine salt of perindopril has been
described in Patent Appli iton WD 2009/ 157018. A process for
obt ai ni ng perindopril arginine has been described in the patent
specification S123001. In view of the pharmaceutical val ue of

per isndagr ﬂro%grﬁ'i@(f)reéa}atmsangfto ?ﬁﬁ%oéﬂﬁ%@l@o@fﬁ%@itﬁ)ﬁs ehftahfglit. W th
excel lent ‘'stability. 5More specitically, the present invention
relates to the delta crystalline formof the conpound of forrmula (I).

The delta crystal]ine formaof perindopril .argimnine accordin 1
ivent | QAT e PPt Qisa TR PeRertiE palfl B e pe ASERIIN A% LR sate
to Fi guRe LaRAle Phat¥acbloi Nﬁﬁ@@@@grunlof the solid according to
Figure 3. toln the absence of excipients and inpurities, the delta

cryst al Theieprinsipal ofopseyiinthepef inhihignspresotaesd f GPHEHE ersmeoeknmgse [,
can be characterised f ol | oW ng.X- [ t pan -
diagrahvﬂﬁéa ﬁ?ﬁdﬁuggﬁéﬂ% §P@%¥%§tSﬁegér5§%€ﬁ8§p§%3%%%&gﬁg}%%tﬂ%ﬁgqﬁub
and;ex piessedid Ntd efdBctepeptidt anplodiain Hp@cvasgcahstrBtaygnd, amghe other hand,
theta, and relative intensity (expressed as a percentage in relation
to the dasgadaiion ehradykipia)(a vagngilatos) toR@iRecHve REHYS anar di stance d i

tal Rel ’Pﬁcjsgetv&jomﬁ@tﬂ)%st Yoritributk /L tifk Béneficial effects of perindopril in cardiovascular

diseases, more especially in arterial hypertension, heart failure and stable coronary disease.

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

15  specification EP 0 049 658.

The arginine salt of perindopril was first described in European Patent specification
EP 1354 873.
The alpha and beta crystalline forms of the arginine salt of perindopril have been described in
European Patent specifications EP 1 989 182 and EP 2 016 051.

20  The gamma crystalline form of the arginine salt of perindopril has been described in Patent

Application WO 2009/157018.
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A process for obtaining perindopril arginine has been described in the patent specification

SI123001.

In view of the pharmaceutical value of perindopril arginine, it was of great importance to

obtain it with excellent stability.

More specifically, the present invention relates to the delta crystalline form of the compound

of formula (I).

The delta crystalline form of perindopril arginine according to the invention can be
characterised by its X-ray diffractogram according to Figure 1 and/or by its NMR spectrum of

the solid according to Figure 3.

In the absence of excipients and impurities, the delta crystalline form of perindopril arginine
according to the invention can be characterised by the following X-ray powder diffraction
diagram, measured using a diffractometer with a copper anticathode and expressed in terms of
interplanar spacing d, Bragg's angle 2 theta, and relative intensity (expressed as a percentage

in relation to the most intense line):

Angle 2 theta (°) Interplan‘ilgL ]letance d Relatlv;)/illltensny
4.34 20.37 66.2
5.57 15.86 5.2
11.04 8.02 57.5
11.15 7.94 47.5
11.87 7.454 35.0
12.47 7.09 17.9
13.21 6.70 33.6
14.06 6.30 6.6
14.64 6.05 31.8
16.03 5.53 17.5
17.11 5.18 5.6
18.27 4.85 4.1
19.23 4.61 100
19.44 4.57 17.8
20.04 4.43 13.6
21.11 4.21 3.7
21.93 4.05 23.0
22.20 4.00 16.9
22.61 3.93 21.2




4.61 100 19.44 4.57 17.8 20.04 4.43 13.6 21.11 4.21 3.7 21.93 4.05
23.0 22.20 4.00 16.9 22.61 3.93 21.2 Angl.e 2 theta (I Interplanar
distance d 7 | Al Relative intensity 1% 23.21 3.83 4.5 24.30 3.66 2.3

25.09 3.55 9.4 T A :
Angle 2 theta (°) Interplanar distance d Relative intensity

[A] [%]
23.21 3.83 4.5
24.30 3.66 2.3
25.09 3.55 94
25.95 3.43 1.7
29.54 3.02 4.2

Each line is considered to have an accuracy of + 0.2° in 2-theta.

The relative intensities are given for information purposes.

The X-ray powder diffraction spectrum was measured under the following test conditions:
5 e Panalytical X'Pert Pro diffractometer
e X'Celerator detector
e Copper anticathode, voltage 40kV, current 30mA,;
e Transmission mounting; fixed sample;
e Temperature: ambient;
10 e Measurement range: 3° to 40°;
e Increments between each measurement: 0.017°;
e Measurement time per step: 49 s;
e No internal standard;

e Test data processed with the X'Pert Highscore software (Version 2.2a)

15 In the presence of impurities or excipients, especially in the presence of lactose, certain X-ray
diffraction peaks of the delta form of perindopril arginine according to the invention may be

masked.

Depending on the nature of excipients or impurities, the delta crystalline form of perindopril

arginine according to the invention can then be characterised by the following X-ray powder
20  diffraction peaks measured using a diffractometer with a copper anticathode and expressed in

terms of angle 2-theta (°): 4.3, 11.0, 11.1, 13.2, 14.6, 16.0 and 21.9; or 4.3, 11.0, 11.1, 11.9,

13.2, 14.6, 19.2, 21.9 and 22.6; or 4.3, 11.0, 11.1, 11.9, 12.5, 13.2, 14.6, 16.0, 19.2, 19.4,

21.9,22.2 and 22.6.

The delta crystalline form of the arginine salt of perindopril has also been characterised by

25  solid-state NMR spectroscopy.



25.95 3.43 1.7 29.54 3.02 4.2 Each line is considered to have an
accuracy of 0.2 in 2-theta. The relativeiintensities are given for

i nformati on purposes. The X-ray powder diffraction spectrum was
measur ed, under .he if 0l i ng test conditions: 5 Panal ytical XiPe

111 adbonarE e, Cap R DGR R s R R e T 8
40KV, CcuraRRL spdofineted RS i dSineN OPOMNS 8B, VN edhes prghleeinder the following
Tenperature; anbient; to Measurenent range: 3 to 40'; Increnents

bet weenc@diiPngeasur enent : 0. 017'; Measurenent time per step: 49 s;

No interna af AL -\ data processed with the X Pert Hi ghscore
sof t war e VE?@%%%92t§%(S h the presence of inpurities or excipients,
espexi al-l ySpastrhlheiddi:eidekite of | actose, certain X-ray diffraction

peaks of the de|t or m of _perjndopril gi ni ne according to the

i nventi 6n W@?wb§¥§%ék@8?% ef ?Wﬁﬁﬁﬂot ‘nature of excipients or

| mpuri tiesep (e deloiRiAHYDHAiLd fgubRieri#d SPWADQPBEMIJEEB? '(d‘éc@ﬁli)ling power
according to the invention can then be characterised by the foll ow ng
X-ray powdefi80 Kidz)di ffracti on peaks neasured using a diffractoneter
with a copper . ntig@thﬂge and expressed in ternms of angle 2-theta ():
4.3, 1170, Rppiyonfelay 10y 6 16,0 and 21.9; or 4.3, 11.0, 11.1, 11.09,
13. 2% 14. GAC(%ﬁsig@naﬁle%aﬁg, 22.6; or 4.3, 11.0, 11.1, 11.9, 12.5,

13.2, 14.6, 16.0, 19.2, 19.4, 21.9, 22.2 and 22.6. The delta
cryst al i nleottatiangT 4mMe ar gi ni ne salt of perindopril has al so been
characteri Y. L tate NVIR spectroscopy. The solid-state

| 3C NMR sﬁgg P%ﬁ#ég%%fég%fded at anbi ent tenperature using a Bruker
SB Avance spectronmeter with a 4 mm CP/ MAS SB YEN type probe under the

followi ng conditions: Frequency: 125 76 , HDSpectral w dth: 40

kiiz, M :Zc}mﬁ\ﬁé‘i’aéie@é‘igﬁ’ilﬁsr?@p%féigfm%8%@%‘1560 10 CP (Cross

Pol ari Z?ﬁé 85&&91&1' tﬁ@reﬁlf%m%ﬂ%_% Whd RSB NAL64 e ROMBAHNG drdasRERhhd@he high
power of 80 k_Hz), epetition delay: 10 s, 10- Acquisition tine: 47

s, 15 Cofit@etcy peuk:of 4dasaiNambigseidb 38@mpm)4096. 5 Hz | i ne- br oadeni ng
was applied prior to Fourier Transfoiltation.

The peaks observed have been collated in the following Table (expressed in terms of ppm

+ 0.2 ppm):
hemical
Peak no. shcll;'fi(lsgz) Peak no. sl(ilft(ppm) “
1 181.2 10 38.4
2 180.5 11 15.6
3 180.1 12 15.2
4 174.0 13 15.0
5 173.7 14 14.5
6 172.7
7 172.0
8 39.3
9 38.8

The invention relates also to a process for the preparation of the delta crystalline form of the
20  arginine salt of perindopril by crystallisation or recrystallisation of perindopril arginine salt
from a binary mixture of acetonitrile, ethyl acetate or methyl tert-butyl ether and dimethyl
sulphoxide or a ternary mixture of acetonitrile, dimethyl sulphoxide and toluene, at a

temperature higher than 20°C.
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starting from another perindopril salt, for example the tert-butylamine salt, which is reacted

with an acid to obtain perindopril in free acid form, which is converted into a salt by arginine
in a binary mixture of acetonitrile, ethyl acetate or methyl tert-butyl ether and dimethyl

sulphoxide or a ternary mixture of acetonitrile, dimethyl sulphoxide and toluene.

In the case of a process by recrystallisation, the perindopril arginine salt used as starting

material may be in anhydrous or hydrated form, in amorphous form or in any crystalline form.

When a binary mixture of acetonitrile, ethyl acetate or methyl tert-butyl ether and dimethyl
sulphoxide is used, the ratio of acetonitrile/dimethyl sulphoxide, ethyl acetate/dimethyl
sulphoxide or methyl tert-butyl ether/dimethyl sulphoxide is preferably between 90/10 w/w

and 10/90 w/w, the limits being inclusive.

The temperature of the medium during crystallisation or recrystallisation is preferably

between 25°C and 80°C, inclusive, more preferably between 60 and 80°C, inclusive.

The mixture may advantageously be seeded during the cooling step ("with seeding” mode).

When the mixture is not seeded ("without seeding”" mode), the time in contact with the

mixture of solvents is preferably greater than 6 hours.

The invention relates also to pharmaceutical compositions comprising as active ingredient the
delta crystalline form of the compound of formula (I) together with one or more appropriate,
non-toxic, inert excipients. Among the pharmaceutical compositions according to the
invention there may be more especially mentioned those that are suitable for oral, parenteral
(intravenous or subcutaneous) or nasal administration, tablets or dragées, sublingual tablets,
capsules, lozenges, suppositories, creams, ointments, dermal gels, injectable preparations and
drinkable suspensions.

The pharmaceutical composition in tablet form is preferably prepared by direct compression.
The useful dosage can be varied according to the nature and severity of the disorder, the

administration route and also the age and weight of the patient. The useful dosage varies from



39.3 38.8 The invention relates also to a process for the
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perindopril by crystallisation or recrystallisation of perindopril
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or nmethyl tert-butyl ether/dinethyl sul phoxide is prefera bet ween
90/ 10 wihgwmanat Afeingodiping,is pregerhblbegvasaisragdilAengishe/bmityheing erghest e ur e

of the diymduring crystallisation or. recrys j sation 1S . -
or eftor o 5t e Bl P B AP iok 1 WP op i obtise i
and 80Ghe iaplkisdMeabrddife 8 prefaradlyieytwaey s atdgeaigsthy lbetSetdedchsiveng
the cooling step ("with seeding” node). |IsWen the m xture is not
seeded ("w thout seeding” node), the tinme in contact with the m xture
of sol Vﬁ%ﬁ)%%rg}[g{a aﬁqu MuSt-gahrintd@an6 hours. The invention relates
al so to pharnac IC conmpositions conprising as active ingredient

t he del maExanydesal o nenetanalef, thheedodpoil ndinihe falt neddaas( dtrting getidred had a
Wi th one or nore p%ogri %to , hon-toxic, inert excipients. Anong the
phar mc@%@fﬁ‘éﬁterﬁB% LPi®BAs®according to the 20 invention there may
be nore especially nmentioned those that are suitable for oral,
parenteral (intravenous or subcutaneous) or nasal adm nistration,

t ablset sFignredr. ad&sctaguih iof theadelta drineo Sperimdpenill asgininicoz enges,

suppositories, ¢creapgs, oin nt er el 4 njectabl . .

pr epar al%lgBW?S' ahdasr Rk=BL 8% ﬁsﬁ%ﬁs%ﬁg&l pgmﬁz)gnipﬁ 1%%2%% j Riggry mixture of
conposi tion inatabhigileldansmiSsupsiRkrieabl y prepared by direct
conpression. 25The useful dosage can be varied according to the

nat ur e Bigdresiev &YMRyspedtrummef dhesolidief therdsba fum ofirstipdenr8 3 EBiRee and

al so the age and wei ght of the patient. The useful dosage varies from
1 ng to 20 ng per day in one or nore adm nistrations, preferably from
2.5 to ABbfmidtionene adm nistration per day. The phar naceuti cal
conpositions according to the invention nay al so conpri se one or nore
ot her active ingredients selected fromdiuretics such as indapam de,

cal gj u oni st scleﬁscp 1285, RN Pial 1633;3;1,,1”1 current inhibitors
suc a?ﬁgﬁﬁb‘:‘?adi ne. enotﬁ%a p?ar%ﬁceugi cal clogrrposi tions according to
t he i nveMSn al so dowihyl sdphoddpan de, the anount of indapam de is

preferably between 0.625 and,2.5 ,~the Jim bei ng i nclusive. Wen
t he pha‘?/)ﬁ‘éceuti cal ™ B‘Frﬁ’&%rﬁsie‘é)HéteangB’FWFﬁBé/‘fVSIgbie i nvention al so

conpri sgnanl odi pi nexydifie MuBknt Refomantodi pi ne is preferably between 5
and 10 ng, the limts being inclusive. 10 When the pharnaceuti cal
conpositions according to the invention also conprise ivabradine, the
anount of ivabradine is preferably between 5 and 30 ng, the limts
bei ng inclusive. The follow ng Exanples illustrate the invention.




In Exanples 1 to 4 hereinbel ovv, the perindopril arginine salt used
as starting material had a water content.q«f about 3 to 4 % isFigure
1. D ffractogramof the delta form of perindopril ar gi ni ne. Figure

2: Phas t.he de form eri.nd opr r ine

bi nary EXAMPLES: pupbsdsiaftd ftpP StpiREhlcasPelndopt W fis
spectrum of the soljgkiffe sRetlRitrae dihomof sulphdNdORS/TE vawgi' witheut
Abbrevi ations: 20 CPMASCross Pol ari zation Magi c Angl e Spinning

DVBQdi et hyl  sul phoseediagimed)i o expressed in terns of wei ght/wei ght
NMRNucl ear Magnetic Resonance EXAMPLE 1 Delta crystalline form of

the argi [ e X8 P

ncoton Tt & AFmseRopREL HIRERG e PYE30 U T R spinhoxige mnd 042, of
55. 32 gacfonpréid zﬁd(imfd(ﬂucafgﬂtmamd&al t, 297 50 g of dinethyl sul phoxide
and 94.49 g of Sacetonitrile are in dyced int reactor. The . . .
m xt urel h%mw@a&eéaﬁem Vit SR g e Sod . ?ﬂﬁé‘aﬁnscoog%‘&o tlen AL bsi Ry
to 40C ghkel4h lﬂuteﬁgtt %°@%Mﬁ?§1saﬁlte%veﬁ“ Re WXt Bnd Bltdr dak@ieFashed

over a gl ass The filter cake is washed with ethyl acetate and
dri ed owgh mt}g/ﬂ]tacatateS@ﬁ dnedofanight nt 604t iron fovenculatiq even thgichetheadelta

crystallin onn of . peri.ndopri.l [e) yield of 54 %
10EXAMPEES! ?umf)g‘?%o 811“%1 aﬁ%mf%rlgnaé’fel‘?ﬂég ?gi nine salt of
perindopril (binary m xt ure of acetonitrile/dinmethyl sul phoxide
25/75 ww, "with seeding" node) 52.2 of perindopril arginnme salt,
21610y OEXAMBLER: sR¢liherystidlingtprmeofy eprgiairedaltiof pesingpari] hiryduced
into the reactor. 15T t 1"
70C, 0.52 g of the d8& ‘éen%%%c%{o ﬁﬁeﬂﬁﬂ%ﬁg ﬁ&‘f‘%?%”ésg‘?g’a d%gg?dﬁﬁé
order to initiate ohy&éal lisation. The m xture is heated at 70C for 5
hours (until stabilisation of the turbidity curve) and then cooled to
40C at 0.5Cmn. After 30 mnutes at 40C, the mxture is filtered

t hr oughs#, i (dita ’ ufghokdtan@ ot Nbesde@d fkrite are
20 m cr%%% (%f{rP% gh@%’rgﬁg‘%lgl{ﬂees%hs?g%g OgglcngetﬁﬂlsThﬂe filter cake is washed
wi t h etimbdamdtistbeharedctdr.i ed overni ght at 50C in a fan-circul ation

oven. The delta.crystall.i.ne. form e r 0
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form of ybhienAl8hdddagn Saddr tOTniRRE cRAARIsklior b nar y mxture of
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y<Y |a6<|1]then
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acet oni fikdrlrg delaﬁhd(e@lan(létSH—@ CrﬂOﬁlTﬂaflgn thireghokl 2@ 0nhivudres jn a AL stéueleesmteel
of the addition, the m xture remains clear. The solution is seeded
wit¥ 6 ¢llof the delta fonn of 5peri ndopril argininc A stage at 70Cis
app! | edrhOfy 4%tk WIkEhed Wh SHFPEOSHE I ArCOAEidt0 a5 Aln A fliplifeultion
0. 5C e contact tinme at hours before filtration using
a 2L cebten. The filter cake is washed wth et hyI acetate and dried

over ni ght t 50C in.a fan-ci.rcul ati gn oven. del.t.a crystal Q
form of L 3?%6{%8@ g HTm L Hegng “jl W 5y 0@‘?&"’8 B2 @’\ﬁ% fjsJ]eie1 (seed
subtractge) e HOEXAMPLE 4: Delta crystalline formof the arginine salt

of peri ndopr| I” (binary m xture of acetonitrile/dinethyl sul phoxi de
10/90 ww, "at 25C' node) 25 g of peri ndoprll argl nine salt and 90

of the pinar i xt acet Ie/ . sul
ar e™J nt M—%t t)ﬁ §t2}‘ ‘éraYé Otrﬁl %ﬁﬁ m ¢ Sa egﬁdg’% ? gm(l%\d
in contact for 72 haiiaredf a%éfamiurnbvaﬁhwhm ﬂgphdi)h&e uO/an:w/m csmﬂmeedmg"

delta formis conplete. 15The reaction mxture is then filtered to
result in isolatiormede}the delta crystalline form of

280 g of perindopril arginine salt, 950 g of dimethyl sulphoxide and 97 g of acetonitrile are

introduced into a 2L reactor.



perindopril arginine in a yield of 79 % EXAMPLE 5. Delta crystalline
formof the arginine salt of perindopril_gtarting from perindopril
(free acid), in a binary mxture of acetonitrile/DVSO 25/75
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70/ 30 ww, "wth seedi ng 8er| ndopri | i ni 2%"‘3”(1

43.6 g GRS TIBEISHIGISICAPIE d%ééoc ﬁh% 6at%106 5iCranct b conterd HETRIGREC at HAvS
Of t he lpeth nﬁﬁ)ﬂ'ﬁbh RIY RiAe cbil The AleX HES id %vagl%dfswx{‘h(aﬁ‘ijlcﬁd&at@)énd dried

e mxture I's heated to about 70C and then 102 g of et hyl
ac et at GO\&II‘Iﬁ iglatckd 0°Ovie n f20 cindulattcesovenat hoddfa @ydallinatenaefaieDiSapril zogigne

w w) 5The mxturel at, 7 h 0.3 g of the delta

crystal i Oﬁg‘lﬁeérl%ayhﬁ@ﬁggeg@??pgs %?ﬁ% ‘xture is maintained at 70C,
with stirring, for 2 hours. Cooling to 20C at a rate of 0.2C/ mnis
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50C. The delta crystalline formof perindopril arginine is obtai ned
inayieldof 93 % (seed subtracted EXAVPLE 7: Pharnmaceuti cal

conposi #1 énof perinRiprhyprginies selfeAngr bag &fi A Rpary orex iy peri gl g/fimethy]

cont ai néxf‘%]ogil(%?ly(g@roo%@? Vife r{&%ﬁf’éd%% a tabet Rxﬁthflﬁédﬂa&fcalps%ﬁ*hﬂéj Ifidrlbeing in

ar gi ni ne opy | ose 2 g Wheat starch
Lact osedddfacy fdvlgriesisun2$t @ aritht stirdngy tIROFalsgiod tg th:e)d@MPlf@'ans complete

AL IR L e S T8 B S B RO o
ar gi ni NGerthfopBl &%&E&%ﬁ aRAekydoate 64.2 my 25Mcro crystalline

cel I uI ose 25 gnesium stearate 0.5 ng Anhydrous colloidal silica
- 10 - EXAMPLE 9: Thernmal stability The thermal stability of

(e B LTS, B ot B R R

Condi ti ons perindopril (free acid), in a binary mixture of acetonitrile/DMSO 25/75

Perindopril (12.5 g, 1 eq.) and L-arginine (5.32 g — 0.9 eq) are suspended in a mixture of
20  acetonitrile (20 g, d = 0.787) and DMSO (61 g, d = 1.100). The reaction mixture is heated at
50°C overnight. The product is then isolated by filtration over a frit. The filter cake is washed

and dried.

The delta crystalline form of perindopril arginine is obtained in a yield of 79 % relative to the

perindopril.

25  EXAMPLE 6: Delta crystalline form of the arginine salt of perindopril (binary
mixture of ethyl acetate/dimethyl sulphoxide 70/30 w/w, "with seeding"

mode)



I1PLC purity (%9 a formaccording to EP 1 989 182 t-0 99.8 76 hours
at 110C 98.8 f3 formaccording to EP 2 046 05 t=0 99.6 76 hours at
110C 98.3 7 form according to W2009/157018 t=0 99.7 76 hours at

100 o PRI S5 el s L PSS AR L S B AAE o

f or m acgneitRgioh O ftthe pBhi @Fphl atdiviadtin ek &slure is 25.6 % (percent by weight). The
mixture is heated to about 70°C and then 102 g of ethyl acetate are added over 20 minutes
(ratio of ethyl acetate/DMSO: 70/30 w/w).

s The mixture is seeded at 70°C with 0.3 g of the delta crystalline form. After seeding, the
mixture is maintained at 70°C, with stirring, for 2 hours. Cooling to 20°C at a rate of
0.2°C/min is applied, followed by a contact time of 16 hours.

Isolation of the product is carried out over a filtration medium (porosity 0.41 pm) in a cell.
The solid is washed once with a mixture of ethyl acetate/DMSO and twice with ethyl acetate
10 and is dried in an oven in vacuo at 50°C.

The delta crystalline form of perindopril arginine is obtained in a yield of 93 % (seed

subtracted).
EXAMPLE 7: Pharmaceutical composition

Formula for the preparation of 1000 tablets each containing 5 mg of active ingredient:

15 Delta form of perindopril arginine..........coceeveveeeeniniieniiniiiieiiciicne e 5¢g
HydroxypropylcelluloSe.......oueiiiviviiiiiiiiiiiiin e 2g
WHEat SEAICH. .....iiiiiiicie e 10g
|7 1o 10 Y] <O O OO OO U PP PPP PP PR 100 g
MAagnESIUIM STEATALE ....ceovveerurerieerit ettt ettt e e et 3g

20 TALC et e et e e e e e e s e asa e e e ae e g

EXAMPLE 8: Pharmaceutical composition

Tablet containing 10 mg of perindopril arginine, with a final weight of 100 mg:

Delta form of perindopril arginine...........cccecevieiiinininiieiiree e 10 mg
Lactose MONONYATAte .......eiviireiriiieiieeeccere et 64.2 mg
25 Microcrystalline celluloSe ..o 25 mg
Magnesium StEATALE ......ccueeueriuieieiieeiiiieite et 0.5 mg

Anhydrous colloidal S11iCa .......coooiiiiiiiiiii 0.3 mg



99.7 76 hours at 110C 99.5 These results show that the delta
crystalline formof perindopril arginine;galt has inproved thermal
stability conpared to the other known font's. CLAIMS 1. Delta
crystalline form erindopril L-arginine salt of forrmula (I):

COR2Et _M_BL%QI;}@? gﬁ the follow ng X-ray powder diffraction
peaks neasured using a 5diffractoneter with a copper anticathode and
expressed in lcons of Bragg's angle 2 theta (): 4.3, 11.0, 11.1,

13. 2, 1%Bheéthetalostantty2df e deltadetny at ¢ #9°6t &1t perf desh vhs chapasapo g of
of fornula (I ccarding to claim1, characterised by the follow ng
X-ray g}éﬁﬂéﬁoé’i%ﬁpgfﬁ?%n peaks measured using a diffractometer with a

copper anRd egdtshedes pndwexpressed in terns of Bragg's angle 2 theta:
4.3,11.0, 11.1, 11.9, 1012.5, 13.2, 14.6, 16.0, 19.2, 19.4, 20.0,

21.9, 22—2—5”@_%3%@ edorgSl @ CrystalTigg,digok Of The conppua uq{ %)
formul g (1) accor I ng ?ro claimfl, charact erlsed by the|follo qJ v (%)
X-ray powder di fer_r action géég%égm measur ed tu8i ng a di ffr act omet9é:8 with
a coppero fommni acetrdogdo dfdl sed—i-n—terms—of jnterplanar—spagi-ng—d;
Bragg's angle 2 theta, and relative Jﬁ%ﬁ??)}lg ressed as a 988
per centfage Tm retation to the St intensg_fjine:  Angle 2 theig )
I n!al tarB Mta@&ggm thqug oRebstive intensity 0 4.34 2087. 66.2 5.57
15.86 5.2 11.04 8.02 57.5 11. 15} 7. 94 76 hours at 110°C 98.3
y form according to t=0 99.7
WO 2009/157018 76 hours at 110°C 93.4
=0 99.3
Amorphous form
76 hours at 110°C 91.0
Form obtained according to the t=0 99.1
process of SI 23001 76 hat 110°C 86.9
& form according to the present =0 99.7
invention 76 hours at 110°C 99.5

These results show that the delta crystalline form of perindopril arginine salt has improved

thermal stability compared to the other known forms.



47.5 1187 7.454 35.0 12.47 7.09 17.9 13.21 6.70 33.6 14.06 6.30 6.6
14.64 6.05 31.8 - 12 - Angle 2 theta ( .);! terPlanar distance d |A]
intensity ten 16.03 5.53 17.5 17.11 5.18 5.6 18.27 4.85 4.1 19.23
4.61 100 19.44
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CLAIMS

1. Delta crystalline form of perindopril L-arginine salt of formula (I):

H
o N CoH k ul
g’ =
H3C(S) NH,
NH
®)

CO,Et

characterised by the following X-ray powder diffraction peaks measured using a
diffractometer with a copper anticathode and expressed in terms of Bragg's angle 2 theta

(©): 4.3,11.0, 11.1, 13.2, 14.6, 16.0 and 21.9.

. Delta crystalline form of the compound of formula (I) according to claim 1, characterised

by the following X-ray powder diffraction peaks measured using a diffractometer with a
copper anticathode and expressed in terms of Bragg's angle 2 theta: 4.3, 11.0, 11.1, 11.9,
12.5,13.2, 14.6, 16.0,19.2, 19.4, 20.0, 21.9, 22.2 and 22.6.

. Delta crystalline form of the compound of formula (I) according to claim 1, characterised

by the following X-ray powder diffraction diagram measured using a diffractometer with
a copper anticathode and expressed in terms of interplanar spacing d, Bragg's angle 2

theta, and relative intensity expressed as a percentage in relation to the most intense line:

Angle 2 theta (°) Interp,lan:[ig ]dlstance d Relatlv[e; sz;tensﬁy
4.34 20.37 66.2
5.57 15.86 5.2
11.04 8.02 57.5
11.15 7.94 47.5
11.87 7.454 35.0
12.47 7.09 17.9
13.21 6.70 33.6
14.06 6.30 6.6
14.64 6.05 31.8




4.57 17.8 20.04 4.43 13.6 21.11 4.21 3.7 21.93 4.05 210 22.20 4.00
16.9 22.61 3.93 21.2 2321 3.83 4.5 24.30;8.66 2.3 25.09 3.55 9.4
25.95 3.43 1.7 29.54 3.02 4.2 4. Delta crystalllne formof the

- tn el a1

4. Delta crystalline form of the compound of formula (I) according to claim 1, characterised

by a solid-state BC CPMAS NMR spectrum having the following peaks, expressed in

conpound of form-aA{)—aeccordi-ng—to—elai-mit; I.WH—%ed—by a
solid-state 13C Cp. §th8 QU chaterpl i‘ﬁ’gtaP‘FFed Vﬁgnﬁé‘é’ﬁ%,
expressed in PPLTI (Al [P]

16.03 5.53 17.5

17.11 5.18 5.6

18.27 4.85 4.1

19.23 4.61 100

19.44 4.57 17.8

20.04 4.43 13.6

21.11 4.21 3.7

21.93 4.05 23.0

22.20 4.00 16.9

22.61 3.93 21.2

23.21 3.83 4.5

24.30 3.66 2.3

25.09 3.55 9.4

25.95 3.43 1.7

29.54 3.02 4.2

ppm:
5
Peakno. | gt I([;lgf;) Feaomo. sgll;tﬂ(m;%
1 181.2 10 384
2 180.5 11 15.6
3 180.1 12 15.2
4 174.0 13 15.0
5 173.7 14 14.5
6 172.7
7 172.0
8 303
9 38.8

5. Process for the preparation of the delta crystallisation form of the compound of
formula (I) according to any one of claims 1 to 4, by crystallisation or recrystallisation
from a binary mixture of acetonitrile, ethyl acetate or methyl tert-butyl ether and dimethyl

10 sulphoxide or a ternary mixture of acetonitrile, dimethyl sulphoxide and toluene, at a

temperature higher than 20°C.



Peak no.

10 38.4
172. 7
6.
s T
8.
9.
10
10.
11.
15
12.
13.
20 14,
15.

- Chem cal ppm Peal 110. Chem cal shift4pn) , , Nen 181.2
180.5 11 15.6 180.1 12 15.2 174.0 13 15.0 173.7 14 14.5
172.0 39.3

Process according to claim 5, wherein the binary mixture of acetonitrile, ethyl acetate or
methyl tert-butyl ether and dimethyl sulphoxide has a ratio of acetonitrile/dimethyl
sulphoxide, ethyl acetate/dimethyl sulphoxide or methyl tert-butyl ether/dimethyl
sulphoxide ranging from 90/10 w/w to 10/90 w/w.

Process according to either claim 5 or claim 6, wherein the temperature of the medium is

between 25 and 80°C, inclusive.

Process according to claim 7, wherein the mixture is heated to a temperature of from 60 to

80°C.

Process according to any one of claims 5 to 8, wherein the mixture is seeded with the delta

crystalline form.

Pharmaceutical composition comprising, as active ingredient, the compound according to
any one of claims 1 to 4, in combination with one or more inert, non-toxic,

pharmaceutically acceptable carriers.

Pharmaceutical composition according to claim 10, characterised in that it also comprises

a diuretic, a calcium antagonist or an If current inhibitor.

Pharmaceutical composition according to claim 11, characterised in that the diuretic is

indapamide.

Pharmaceutical composition according to claim 11, characterised in that the calcium

antagonist is amlodipine.

Pharmaceutical composition according to claim 11, characterised in that the If current

inhibitor is ivabradine.

Compound according to any one of claims 1 to 4 for use in the treatment of cardiovascular

diseases.



38.8 5. Process for the preparation of the delta crystallisation
formof the compound of formula (1) accorgling to any one of clains 1
to 4, by crystallisation or rccrystallisation lim a binary m xture

of acctpnitrile, .ethyl. acetate or hyl .terf-butyl .ethe .
di et hyf& f%?rlﬂpé’ﬁg%aﬁ%(}/rgltngamt EPnEPY Oﬁi%igflé?el %f 1-"aflércfl %en i trﬂﬁ é?ﬁ{é%%? %Weﬂal
sul phoxi dgyaaenkioh URRAR, faikire dr k@PR&OAINIFEdilagher than 20C.  -13- 6.
Process according to claim5, wherein the binary m xture of
acctonitrile, ethyl acetate or methyl tert-butyl ether and dinmethyl
sul phoxi de has a ratio of acetonitrile/dinethyl sul phoxide, ethyl

aect at e/ di net hyl sul phoxi de or nmethyl tert-butyl ether/dinethyl

sul phoxi de ranging from90/10 wwto 10/90 ww. 57. Process according
to either claim5 or claim®6, wherein the tenperature of the nedi um
is between 25 and 80C, inclusive. 8. Process according to claim?7,
wherein the mxture is heated to a tenperature of from60 to 80C.

9. Process according to any one of clains 5 to 8, wherein the mxture
is seeded with the delta 10crystalline form 10. Pharnaceuti cal
conposition conprising, as active ingredient, the conpound according
to any one of clains 1 to 4, in conbination with one or nore inert,
non-toxi c, pharnaceutically acceptable carriers. 11.

Phar maceuti cal conposition according to claim 10, characterised in
that it also conprises 15a diuretic, a calciumantagonist or an If
current inhibitor. 12. Pharmaceutical conposition according to claim
11, characterised in that the diuretic is indapam dc. 13.

Phar maceuti cal conposition according to claim 11, characterised in
that the cal ci um antagoni st is am odi pi ne. 2014. Pharmaceuti cal
conposition according to claim1l, characterised in that the If
current inhibitor is ivabradine. 16. Conpound according to any one
of clainse 1 to 4 for use in the treatnment of arterial hypertension,;
heart failure or stable coronary disease.



