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6- CRYSTALLI NE FORM OF | VABRADI NE HYDROCHLORI DE,

coPbR 1 ekl BRRATRIAE | ¥ ABRRRTE ST i

relates to th@PMEgts%Rﬁ@sfm&Mﬂ@w adi ne
hydrochl oride of formula (1) 0 CCH3 J" \ CH3 HC

CH ADOCHRARMACEUTRIE AL W%ITT@@NS@OD}M@{G th and
to pharmaceutical conpositions containipg it 5
| vabradi ne, and addition salts thereof with a
phar maceutical ly acceptabj e acid, and nore especially
its hydrochl ori de, have very val uabl e pharnacol ogi ca
and therapeutic properties, especially bradycardic
Thepppen tinestiorratiaienglot W@s@cﬁ’@%ﬁ@l@ nigsn e pragine thygrochloride of
f trf ment or prevention of various clinical situations
ongfayjocar di al i schaemi a such as angi na pectoris,
myocardi al infarct and associ ated rhyt hm di st urbances,
and al so in various 10 pathol ogi es involving rhythm
di st uthghces, especial ly supraventricular rbgtihm
di st ur banc n heart faidhyre: ) eparatlon and
t her apeuti/c us i\vabr adi ne land n salts _Ha
t her €B§0 W R phanaaceuti.calhy dccep eo@gi d, and
nor e especi al | y\i hydrochl ori de, have been descri bed
in the European patent specification EP 0 534 859 15 In
vi ew of the pharnac@utlcal val ue of this conmpound, it
has been of prinme inporta ce to obtainit with
to aeﬁ%@ésg eititsRi¥EHat Mion lahd R@Bh A SeubigBRoopBafirdontatnipgitabl e
to synthesise it by neans of a process that can
readily be converted to the industrial scale,

IVag?e\g}enr%lg %4;%@1 nﬁn? sglr[%rhg%re%) o}N}ﬁhﬁgl%hoatx\AF’n 3%8&91 fzicc%;{t‘?[glle %@1dag.1qd more

espe€RNPOAME | B}ochloride, have very valuable pharmacologwal and therapeutic

properties, especially bradycardic properties, making those compounds useful m the
treatment or prevention of various clinical situations of myocardial ischaemua such as
angina pectoris, myocardial infarct and associated thythm disturbances, and also n various
pathologies involving rhythm disturbances, especially supraventricular rhythm

disturbances, and in heart failare.

The preparation and therapeutic use of ivabradime and addition salts thereof with a
pharmaceutically acceptable acid, and more especially its hydrochloride, have been

described mn the European patent specification EP 0 534 859.

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 1t by
means of a process that can readily be converted to the industrial scale, especially i 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

particular requirements for temperature, light or oxygen level.
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easily fornmul ated and sufficiently stable to allowits
storage for long periods without 20 particular

requi renents for tenperature, |ight or oxygen |evel.
-2- The patent specification EP 0 534 859 describes a
synthesis process for ivabradine and its

hydrochl ori de. However, that2docunent does not specify
the conditions for obtaining ivabradine in a formthat

Thexhieht &ifecifitenén BPar st &9 &bérites lasyAthEPHRIVG! B} & abradine and its
manner. The Applicant has now found that a partlcuﬁ

hygrgplglogfle i Hawaqm et Cioh@mhlylddmhﬂlmrspdafy d¢lzen chygditidns for obtalmng
l.i ne fogn1that

1va"'e(3)%“ | s v ﬂlb St{hgscet Wag sf”dr“e%rf’ Bl mpnggy
processabillty Nbre speC|f|caIIy, t he present

gﬁgntlon relates to the 8-crystalline form of
The (apheant has ncrw dowdrhar nfém@amah@f efabeémebmeﬂﬂyérochlonde can be

|ffract a asur ed
om0 R0 Bt LY TR SR Ao e o
stabmlﬁ)hamirplbfce@edbelﬁtg,tor detector and 10 expressed in terns

of line position (Bragg's angle 2 theta, expressed in
degrees), line height (expressed in counts), line area

Mc(rg l"s?&ﬁﬁéa?lﬁ/t s ﬁ]%\%i"f\tﬂ 1n2§en‘?%g J¢ Sage)a llaeﬁgpré/égﬁmg fgrm of ivabradine
hydrntlﬂom)dlea nHz[racdeﬁsted l‘bﬁy&héi fdlﬁ&«@ﬁgeﬁ&ﬁﬂjer 30rdY) difREDE dR gt i asured

Area counts FVW17M I nterplanar ~ Line no.

usipgy é%’r%@%‘}“l%aé Stnes Pro difaetemypter degsihes yithdans Mﬂi@aKOA)detthor and

ey e R0 AR et g ek g i o). e gt

(exgre@@ﬁ inFoli@tsy 11he GrcheRprbaad 117 cdtlts xﬁiekéeeg) 368 vxﬂ@thQ}t lﬁﬁﬁlelght
" 7 14. d7 1847 274 0.15 6.013 15. 3 173i
CFQEM ebiised iy deares?) g anmlangr daesst (ppicssed i A)

1 4.1 1115 110 0.1004 21.753
2 6.8 183 145 0.8029 12.907
3 8.4 755 75 0.1004 10.531
4 10.9 1104 128 0.1171 8.087
5 12.2 195 19 0.1004 7.268
6 14.3 569 75 0.1338 6.214
7 14.7 1847 274 0.1506 6.013
8 15.3 1734 315 0.184 5.802
9 16.3 1164 154 0.1338 5.442
10 16.8 3420 734 0.2175 5.269
11 17.5 790 78 0.1004 5.069
12 17.9 3389 503 0.1506 4.960
13 19.2 2467 407 0.1673 4.635




10 16.8 3420 734 0.2175 5.269 11 17.5 790 78 0.1004

5.069 12 17.9 3389 503 0.1506 4.960 13 19.2 2467 407
0.1673 4.635 -

3 - Angle 2 theta Line no.
(counts) Area (counts FWIM Interplanar

degrees) (degrees) distance
4.477 15 20.4 313 52 0.1673
0.184 4.198 17 21.7 2093 414 0.2007 4.099 18 22.2

Hei ght
(degrees)

14 19.8 145 29 0.20 77
4 362 16 21.2 928 169

3850 635 0.1673 4. 007 19 22.5 576 76 0. 1338 3. 948 20

. 23.1. 158&]]%&62&131506 3.855 21 ; L5( I
Zlﬁtgdu i ggggplanar
0.1673 g é?greémmﬁ%%ig%% ox sg?@esi 34@6}22@8)27 déstance (A)
2281 414 0. 184 3.229 26,78 4 D07 50675“ 27 77
29. oYY UU 673 3. 0% The i P&

é?uuca \524{ he pf Spa.%z.gL i o0 6 3\/c jg?f -3\@2

r ::ml de i cﬂu %r ocess 6134 4.198

chd7act éri s€d. i n that 2088oul t i | e4dd a I x0.20€7 of | 4.099
acégoni tri |l @2and V@Ier:ﬁgopreheateegsivaara@qgﬁg 4.007
hydpochTlor i ge s's added, s§d1€ SOIUTI of 5 O [aQQ§§3 3043
?| b@V\?G T 0 gg 1 ; LSB?HPUI d.l. tit 57 Q.fléo)é,un f:)h&ss
L O - C AN IR 5 S 01506 3.594

22 25.2 1212 0.1004 3.534

23 25.6 1507 0.1673 3.477

24 26.7 2042 0.1506 3.342

25 27.6 2281 0.184 3.229

26 28.4 485 0.2007 3.138

27 29.6 599 0.1673 3.014

The invention relates also to a process for the preparation of the d-crystalline form of
ivabradine hydrochloride, which process is characterised in that acetonitrile or a mixture of
acetonitrile and water is preheated, ivabradine hydrochloride is added, the solution

obtained is allowed to cool at room temperature, held at room temperature until

crystallisation is complete, and the crystals formed are collected.

ivabradine hydrochloride obtained by any process,

hydrochloride obtained by the preparation process described in patent specification

EP 0 534 859.
] The solution may advantageously be seeded during the cooling step.
e The acetonitrile or mixture of acetonitrile and water is preferably preheated o a

temperature between 60°C and reflux, more preferably between 65 and 75°C.

. The dilution is preferably more than 15 ml/g, more preferably between 50 and 100

ml/g.

for example ivabradine

In the crystallisation process according to the invention it is possible to use
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In the crystallisation process according to the
invention it is possible to use ivabradine
hydrochl ori de obtai ned by any process, for exanple

i vabradi ne hydrochl ori de obtai ned by the preparation
process described in patent %pecification 10 EP 0 534
859. The solution nay advantageously be seeded during
the cooling step. The acetonitile or m xture of
acetonitrile and water is preferably preheated to a

T, EYRER §aadfForE Ehatercelia! Hied i S TB e 8P gy ippgdient

the 50@PstdEnédrth oMRESraBine AR HRE toMRER: SRR KQfore Top@priate,
-4-"The invention relatés also to pharnaceutica

inert enp eenitdxansxcipieptsi dinmgpgabe abiineecitingl eatieositions lmecording to the

. 5-crystalline form.of jvabradine drochl oride t t her
iR BE Bt SYEF S RGO M (o GREble Tof oral,
par@riﬁ&‘apgﬁl'ﬁtaﬁenoﬁmg siHREtRBA Bz CRsh C AHmGASRARDL! itMddts or dragées,
according to the invention there may be nentioned,
subhpgus! eigleisi ahpsplest Hozsmgesh atupposeiones, t abires, f ointnogndd, , dgmal  gels,
.. nteral . (intravenous or subcutaneous) or nasa
i B R RS P A RSP heriiti eee.  subl | ngual
tabl ets, capsul es, | ozenges, suppositories, creans,
oi ntments, dermal gels, injectable preparations and

Thegpsefil losegestsd feneiriGh siccoriiag e e natigsagescr ety sd thediserger, the
' 0 nat S [ f [
ARG A0S R TR 0 e 1
500pag penday il loge domageadndinisestidnsom 1 to 10 500 ng per day
in one or nore administrations. The Exanpl es t hat

followillustrate the invention. The X-ray powder
ThiEE i AC! thA o HHG Gl T NS ifVReASH €d under the fol | owi ng
expe#?nen?gP con |tf5ns . - PANalytical X Pert Pro

diffractoneter, X Celerator detector,
The% %?Jépe{gqat Eﬂzel_élrf éﬁo%t Sep%C'[I'l}l‘?l vgar;argeoaes{lr’ed_undgl t(haegfc‘)lléo‘rgvinkgvéxperimental

conditions :

- PANalytical X'Pert Pro diffractometer, X'Celerator detector, temperature-regulated
chamber,

- voltage 45 kV, intensity 40 mA,

- mounting §-4,

- nickel (K@) filter,

- incident-beam and diffracted-beam Soller slit : 0.04 rad,

- automatic divergence slits : irradiated length of 10 mm,

- mask : 10 mm,

- antiscatter slit : 1/2°,

- measurement mode : continuous from 3° to 30°, in increments of 0.017°,

- measurement time per step : 19.7 s,

- total time: 4 min 32 s,

- measurement speed : 0.108%/s,

- measurement temperature : ambient.
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- mounting 0-0, - nickel (K(3) filter, - incident-beam
and diffracted-beam Soller slit : 0.04 rad, 20 -
automatic divergence slits : irradiated | ength of 10
im, - mask : 10 nm - antiscatter slit : 1/2, -
measur enent node : continuous from3 to 30, in
increnments of 0.017, - neas@renent tinme per step :
19.7 s, 25 - total tine : 4 min 32 s, - neasurenent
speed : 0.108/s, - neasurenent tenperature : anbient.
-5- EXAMPLE 1 : S-crystalline form of ivabradine
EXAMPLEL] b1 9-weystgbineforat obivabradine hydroghlerideeheat ed t o
70C and then 2 g of ivabradi ne hydrochl ori de obtained
according to the process described in patent
166 peoiff dcemhitdle &R Reldkd8hY7@aatldrRd 2 oidT ﬁ%rﬁdhﬁgfhydrochlonde
Wth stirring until dissolution is conplete. The
ObtgFd EFORINS 1 e Rrasesrdsaorahedsn aﬁﬂ@nfe&pwﬁeﬁmrl%ﬁ (34 B ar2 added,
T, a v b at| in.v
in §8¥ns oM SEETLA LGP IS BT B oBbpleles atoreTicht i Bffitored

amb\iantetenm@mtmtfonfz dahe mfeoﬁysxms@aé adnie@d 1@rram>m@dvmm and are
coulonetry, is 2.8 % Powder X-ray diffraction diagram-
spreacdgy o Vﬁ%hﬁﬁvndﬂﬁFractlon profile (diffraction
angl es) of the 5-formof ivabradine 10 hydrochl oride
is given by the significant lines collated in the
The whienedntent tof Hegrodreg bletaih et hiztaxmlisedébyrouldeielyt isA &%.
(counts 1+ Wi M Interplanan no. (degrees) (counts)
xdegrees) i (degrees) distance (A) 1 4.1 1115 110

PoWdek QA 2diffilRBon did@rdn 183 145 0.8029 12. 907

The powder X-ray diffraction profile (diffraction angles) of the §-form of ivabradine
hydrochloride is given by the significant lines collated in the following table:

1 4.1 1115 110 0.1004 21.753
2 6.8 183 145 0.8029 12.907
3 8.4 755 75 0.1004 10.531
4 10.9 1104 128 0.1171 8.087
5 12.2 195 19 0.1004 7.268
6 14.3 569 75 0.1338 6.214
7 14.7 1847 274 0.1506 6.013
8 15.3 1734 315 0.184 5.802
9 16.3 1164 154 0.1338 5.442
10 16.8 3420 734 0.2175 5.269
11 17.5 790 78 0.1004 5.069
12 17.9 3389 503 0.1506 4.960
13 19.2 2467 407 0.1673 4.635




3 8.4 755 75 0.1004 10.531 4 10.9 1104 128 0.1171

8. 087
6. 214
0. 184

5 12.2 195 19 0.1004 7.268 6 14.3 569 75 0.1338
7 14.7 1847 274 0.1506 6.013 8 15.3 1734 315
5.802 9 16.3 1164 154 0.1338 5.442 10 16.8 3420

734 0.2175 5.269 11 17.5 790 78 0.1004 5.069 12 17.9
3389 503 0.1506 4.960 13 1962 2467 407 0.1673 4.635
-6- Angle 2 theta Height Area (counts FVWHM | nterpl anar

Line no. C o be 4 ) _(counysj). X degrees) (degrees)
di’ apce %Snr St) 8 Haighpg M@O@BumStWW\’VIﬁVIZO DntBﬁ;ﬂanar
‘ s%ﬁggES (ﬂﬁgreed)(s Zf(c(ﬁuﬂs’a8 168efredd4 | 4(dég8eesl7 diktance (A)
2033~ 4J_‘+ - 2GC 10 2219 2060 g35 16734007
o St oo 208 1998 altus |20 231 12880588 0 1806477
3.85B 21 24. 80#665 [247318 1506 3.394 22 996231212 1362
0.104 3.534 222 25./6 188/ 249 0.18673 3. 47018424 26. 4.198
20421803 Q. 1506 B. 342 2493276 2481 314 0gEBf73- 229, g99
18 22.2 3850 635 0.1673 4.007
19 22.5 576 76 0.1338 3.948
20 23.1 1588 236 0.1506 3.855
21 24.8 1665 247 0.1506 3.594
22 25.2 1212 120 0.1004 3.534
23 25.6 1507 249 0.1673 3.477
24 26.7 2042 303 0.1506 3.342
25 27.6 2281 414 0.184 3.229
26 28.4 485 96 0.2007 3.138
27 29.6 599 99 0.1673 3.014
EXAMPLE 2 : Pharmaceutical composition

Formula for the preparation of 1000 tablets each containing 5 mg of ivabradine base:

Compound of EXamPIE 1....cooiuiieeieieereieeceee e eeere e eee e 539¢g
Maize Starch........c.coeeeeereemrieeceeecee e, ettt e s 20g
Anhydrous colloidal SIHCA.........ceueiieieceeeeieeeeceeece e, 02¢g
IMIANMNIEOL ..ottt et e ee e 6391 ¢g
PV ettt et 10g

Magnesium SEEATALE ........e.evrvriereeetitete ettt et e e e s en e eeee e 05¢g



26 28.4 485 96 0.2007 3.138 27 29.6 599 99 0.1673
3.014 EXAWMPLE 2: Pharnaceutical conposition Formula
for the preparation of 1000 tablets each containing 5
rng of ivabradi ne base: Conpound of Exanple 1

................................................. 20 g
5 Anhydrous colloidal silica
.......................... AIMS. ... ... ..
.......................... 0.2 g Mannitol
... 8301
1. “8-crystalline form of ivabradine hydrochloride of formula.(I).:. . ... .. ... ...
ZZZZZZZ'ibg"Nﬁghééiuhiéiéé}éié ........................
...... CHLO, o o ot e e e e
........... e OCH,CLAI M5
8- cryst of ivabradi ne h dro hl ori de of

\T%&kgerqHC X3 al O C-HClo
e foll owi'ng powder XGHy

diffraction diagramy nmeasured using a 5 PANalytica
X Pert Pro diffract@reter together with an X Cel erator
detector and expressed in®ernms of Iine position
(Bragg s angle 2 theta, expressed in degrees), line
(expressed in counts), line area (expressed in
Chaé%‘?ﬁ@d oo dlegy deldwing i posvde dXhaBatdlffalbﬁerheTua;gnmn (rndéWrM ;using a

{e St an

P

i R ST T —
in terms of line position (Bragg's angle 2 theta, expressed in degrees), line height
(expressed in counts), line area (expressed in counts x degrees), line width at half-height

("FWHM", expressed in degrees) and interplanar distance d (expressed in A):

1 4.1 1115
2 6.8 183
3 8.4 755
4 10.9 1104
5 12.2 195
6 14.3 569
7 14.7 1847
8 15.3 1734
9 16.3 1164 154 0.1338
10 16.8 3420 734 0.2175
11 17.5 790 78 0.1004
12 17.9 3389 503 0.1506
13 19.2 2467 407 0.1673
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Line no. WHM Interplanar y (degrees) (counts) x
degrees) (degrees) distance(A) 1 4.1 1115 110 0.1004
21.753 2 6.8 183 145 0.8029 12.907 3 8.4 755 75
0.1004 10.531 4 10.9 1104 128 0.1171 8.087 5 12.2 195
19 0.1004 7.268 6 14.3 569 75 0.1338 6.214 7 14.7
1847 274 0.15 6 _ 6.013 8 1§.-3 1734 315 0.184 5.802 9
16.3 1164 154 0.1338 5.442 10 16.8 3420 734 0.2175

200 l_f'\ﬂ

5.269 1T 8 0. 100475-069 1271793389756
0. 35064, 9 oBTERZMEGS gt ﬁ{m& (6. EEWHM-

‘theta Mo ght(dégmes)(cotqmlmtﬁ M Hagreed)! ingdegkéd@? ';'"'stzih:c‘e‘ &)
\ueg"GGS) (eounts—x—degrees) {degrees istancel (A); ~
14 19 g 145 2498 2047 al%77 115 B 4 313 62007 1673 4477
4.36% 16 |21. 20928 169 E13184 4.198 17|210762093] 414362
0. 2007 4.G99 218 222 38HD 635 014673 4 0G718419 22. 5193
576 176 0. 133837948 z%g T[ 1588236 - 1596,7 855 449
- 24750 ,150673 5358 635 0.1673 4.007
19 22.5 576 76 0.1338 3.948
20 23.1 1588 236 0.1506 3.855
21 24.8 1665 247 0.1506 3.594
22 25.2 1212 120 0.1004 3.534
23 25.6 1507 249 0.1673 3.477
24 26.7 2042 303 0.1506 3.342
25 27.6 2281 414 0.184 3.229
26 28.4 485 96 0.2007 3.138
27 29.6 599 99 0.1673 3.014

- Process for the preparation of the 8-crystalline form of ivabradine hydrochloride

according to claim 1, characterised in that acetonitrile or a mixture of acetonitrile and
water is preheated, ivabradine hydrochloride is added, the solution obtained is allowed

to cool at room temperature, held at room temperature until crystallisation is complete,

_ and the crystals formed are collected.

. Process according to claim 2, characterised in that the solution of ivabradine

hydrochloride is seeded during the cooling step.

. Pharmaceutical composition comprising as active ingredient the §-crystalline form of

ivabradine hydrochloride according to claim 1, in combination with one or more

pharmaceutically acceptable, inert, non-toxic carriers.

. Use of the 3-crystalline form of ivabradine hydrochloride according to claim 1 in the

manufacture of medicaments which are of use as bradycardics.

. Use of the é-crystalline form of ivabradine hydrochloride according to claim 1 in the

manufacture of medicaments which are of use in the treatment or prevention of various

clinical situations of myocardial ischaemia such as angina pectoris, myocardial infarct



22 25.2 1212 120 0.1004 3.534 23 25.6 1507 249 0. 1673
3.477 24 26.7 2042 303 0.1506 3.342 25 27.6 2281 414
0.184 3.229 26 28.4 485 96 0.2007 3.138 27 29.6 599

99 0.1673 3.014 2. Process for the preparation of the
8-crystalline formof ivabradi ne hydrochloride

according to claiml1, char aéterised in that

acetonitrile or a mxture of acetonitrile and water is
piceieadigdd rhythlnrdstinmbendey darsicdisoin daious patidegjestitveolving rhythm

solution obtaiped is allo 0 cqgol at roagm _
fisipRangES PRCCRLY gurteY %fglﬁaﬁéméﬁﬁv affige 10 i heart failure
crystallisation is conplete, 5 and the crystals forned
are collected. 3. Process according to claim 2,
characterised in that the solution of ivabradine
hydrochl oride is seeded during the cooling step. 4.

Phar maceuti cal conposition conprising as active
ingredient the 5-crystalline formof 10 ivabradi ne
hydrochl ori de according to claim1, in conbination with
one or nore pharmaceutically acceptable, inert,
non-toxic carriers. 5. Use of the 8-crystalline form of
i vabr adi ne hydrochl oride according to claiml in the
manuf act ure of nedi canents which are of use as
bradycardics. 6. Use of the 5-crystalline form of

i vabr adi ne hydrochl ori de according to claiml in the

15 manuf acture of nedi caments which are of use in the
treatnment or prevention of various clinical situations
of mnyocardi al ischaem a such as angi na pectoris,
myocardi al infarct -9- and associated rhythm

di sturbances, and al so in various pathol ogi es invol ving
rhythm disturbances, especially supraventricul ar

rhyt hm di sturbances, and in heart failure.



