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?d-Crystalline form of ivabradi ne hydrochloride, a
process for its preparation and pharnmaceutica
conmpositions containing it The present invention
relates to the new yd-crystalline form of ivabradine
hydrochl oride of formula (I), to a process for its
preparation and to pharnacédfical conposi tions
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_ properties, making those conpounds useful in the
. treatnent or prevention of various clinical situations

of myocardi al ischaem a such as angi na pectoris,
myocardi al infarct and associ ated rhyt hm di st urbances,

and aCH@ i n various 10 pathol ogi es involvinﬁ hyt hm

di st urbantess\ especi al |y suprayentri S Q%hnw

di st ur bang : heart fajlure. reparatiqn_ and
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nore especially 1tg hydrochl ori de, have been described

in the European patent specification EP 0 534 859. 15

In view of the pharnaceutgkal val ue of this compound,

it has been of prine inportance to obtain it with

excellent purity. It has also been inportant to be able
Ivabyasling, mnd edfiion; selth jherepd anich afpharmmcedivsly teheaptabdmacid, and more
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: : | ' : r i ght_;ar. .
i BEpRaES), S e SURDL St LSl oo
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disturbances, and in heart failure.

Q
.

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

described in 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 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

particular requirements for temperature, light or oxygen level.
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hydrochl ori de. However, that document does not specify
the conditions for obtaining ivabradine in a formthat
exhi bits those characteristics in a reproducible
manner. The Applicant has now found that a particul ar
salt of ivabradine, the hydrochloride, can be 5
obtained in a crystalline fdFmthat is well defined and
that exhibits val uable characteristics of stability
The pagnpspeciEnsadi EP tWS34W9€desplébﬂsfai gyatheyis ptdeesspﬁoe se@htadine and its
invention relates to the stalljne for
hydsoghlgrideri Hawersyd tht %‘Pm&%fyg g?? sRecidy 4he com 1P%1é9d fqgobtaining
ivabldtend ! 1‘}8% ¥k B ﬁst sd é%r%'térfsﬁ@scﬁﬂa% BuAgbRFanmer.
neasured using a ytic X Pert Pro di ffractoneter
together with an X'Celerator 10 det ect or and expressed

The S PﬂW%é‘é‘gf t% Sar}'pg@arh tl"%"g&dg’il ga,rdlrﬂ&{:hlonde can be

obtaﬁfégrlh %)ory&ﬁ}in@f(ﬁ'ﬁ‘l h8XR rv?e?ﬁ@e@ine&‘ ah@HRE Sxbi e R®R) chafa@¥ristics
w dth at” hal f-height ("PWi"M, expressed in degrees)

of stahidiity atdeprpéespahiliifi st ance d (expressed in A): Angle
Hei ght Area FWIM Interplanar Ray no. 2 theta (counts
X (counts) (degrees) distance (A) (degrees) degrees) 1
Morg: %eé@lzZl d]l e grekéﬂllnzgntﬁ:grelages@ogth@%21 - PstAl1iRs Fiml 8f T¥hbradine
1338 10.482 4 10.6 322 26 0.0836 8. 310
hydﬁ)ch]brlﬁe,mlﬁhcﬁ s Ghara3&rised dyathe Goll@wibg pevderXgap dffegtion diagram

7.069 .7 1 975 .4 0.1506..6. 619  8.14..4 82
meagined sing, 1 4 NGVESHgX Pada 0B e Inees sier St & 3¢ Galprator
detel@)? 291d29@3¥e§e&15§ ‘teﬂﬂs 5618y 1oGifioR §BrékgB4nde 2331etal?eij17es&d in

1171
degrees) ray helght (expressed in counts), ray area (expressed in counts x degrees), ray

width at half-height ("FWHM", expressed in degrees) and interplanar distance d (expressed
inA):

Inte lanar
1 4.3 1077 124 0.1171 20633
2 6.9 132 70 0.5353 12.787
3 8.4 269 35 0.1338 10.482
4 10.6 322 26 0.0836 8.310
5 11.9 733 97 0.1338 7414
6 12.5 1406 278 0.2007 7.069
7 13.4 2975 442 0.1506 6.619
8 144 825 122 0.1506 6.134
9 15.8 1036 205 0.2007 5.598
10 16.3 540 107 0.2007 5.450
11 16.9 1007 183 0.184 5.233
12 17.8 499 58 0.1171 4978
13 18.9 1062 140 0.1338 4.686
14 19.8 570 85 0.1506 4,485
15 20.2 549 63 0.1171 4.399
16 20.9 2565 635 0.2509 4241
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13 18.9 1062 140 0.1338 4.686 14 19.8 570 85 0. 1506
4.485 15 20.2 549 63 0.1171 4.399 16 20.9 2565 635
0. 2509 4.241 3- Angle Height Area FWHM I nterpl anar Ray
no. 2 theta (counts x (counts) (degrees) distance (-)
(degrees) degrees) 17 21.6 531 105 0.2007 4.104 18
22.3 213 35 0.1673 3.981 19-23.4 278 27 0.1004 3.807
20 24. 1 1404 185 0.1338 3.694 21 24.4 1526 176 0.1171
650 22 P4.8 676 [P-401 0.1506 3.591] 23 25.4 [702 =~
37 0.2349°8_ 403 FWEIMS. 3n£’e'§§lanar
3.3 7 2(ch@hts . 1368uBtsA8Y (o gér&Z) d&3nce (X)
tl 0. 1Y84 odzmss)a 1° The | -
piron [t gige o 0 @ rovEs Tur bR CpATpn
whi cH oroc 52223 characdidri sdd i85t hatl a0 urle o981
i vabr@adi ne| h¢8doch| oriz¥#@ and 2- @fhox etﬁ-éﬁ@ﬂ. a 3.807
m xtpg e of [ i vabnadijne hyetochl origke, 2- etbBdkyet hah6d4

and y\{at er, [ orHam Xt u'r_qﬁ@(gL [ vabr?_y‘g ne hygr1q>¢ [ or i dees50
fLLLféZf N TR TR 2 e e Tmied U1 SSHised O TS5 501
comidt e, andzsﬂhé“a;;’i’d&": bt al3bd dr 00280 ect ec3-BY
filt24ation| an@6dehydr atldd? 6 [In &k crysPaB#d sa}ti 0h403
procgss accordieg to thesg nventicn it [i S008I bl e 1.831
use jpyabrafings 182 24 0.1338 3.282

27 27.9 838 249 0.3011 3.193

28 29.1 152 20 0.1338 3.071

The invention relates also to a process for the preparation of the yd-crystalline form of
jivabradine hydrochloride, which process is characterised in that a mixture of ivabradine
hydrochloride and 2-ethoxyethanol, a mixture of ivabradine hydrochloride, 2-
ethoxyethanol and water, or a mixture of ivabradine hydrochloride, ethanol and water is
heated until dissolution is completé and is then cooled until crystallisation is complete, and

the crystals obtained are collected by filtration and dehydrated.

¢ In the crystallisation process according to the invention it is possible to use ivabradine
hydrochloride obtained by any process, for example ivabradine hydrochloride obtained

by the preparation process described in patent specification EP 0 534 859.
e The solution may advantageously be seeded during the cooling step.

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

gels, injectable preparations, drinkable suspensions.
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hydrochl ori de obtai ned by any process, for exanple

i vabr adi ne hydrochl ori de obtained by the preparation

process described in patent specification EP 0 534 859.

10 e The solution may advantageously be seeded during

the cooling step. The invention relates also to

phar maceuti cal conpositions4conprising as active

i ngredient the yd-crystalline form of ivabradine

hydrochl ori de together with one or nore appropriate,

inert, non-toxic excipients. Anong the pharmaceuyti ¢al
The gs#fpbdeeE® A0 he vared Agpording etheinalus and severive PEMS%Q% the
s g B g e e e ariom 1 ©
500 Ak dagn eoliesdrmadre admidistiztiohs or dragees, sublingua

tabl ets, gelatin capsules, |ozenges, suppositories,

creams, ointnents, dermal gels, injectable
The 51%5@555{%%1’65 drispkabhEinstspansi ons. -4- The usef ul

osage can be varied according to the nature and

severity of the disorder, the admnistration route and

The #E—gqﬁagg\f/ & dcggge{cﬂgltl 63{:0‘%15; \A{e{g tnlaﬁ%gltnsg Lﬁ@%ret%g Sf‘%‘ﬂ?m‘ﬁ% relx%grimental
cond@fbagni strations. The follow ng Exanples illustrate the

invention. 5 The X-ray powder diffraction spectrum was
nmeasured under the follow ng experinental conditions :

5 Iywtigal, X Pegt. Pr i.ffn t '

- Paabfel ! X2, B el oL GELRE e, ‘CrBl b yegutared
d¥mbentensity 40 m\, 10 - nmounting 0-0, - nickel (Kp)
filter, - incident-beam and diffracted-beam Seller slit

- volgge4s kK¥gintensityid@a@iangl e of divergence slits : 1/8, -

inootf MM 15 - antiscatter slit : 1/4, -

neasutenent node : continuous from 3 to 30, in

- niokdl €iPnfiserof 0. 017, - neasurenent tinme per step :
19,

- mdent%eam and diffracted-beam Soller slit : 0.04 rad,

- fixed angle of divergence slits : 1/8°,

- mask: 10 mm,

- antiscatter slit : 1/4°,

- measurement mode : continuous from 3° to 30°, in increments vof 0.017°,
- measurement time per step : 19.7 s,

- total time : 4 min 32 s,

- measurement speed : 0.108°/s,

- measurement temperature : ambient.

EXAMPLE 1: vyd-Crystalline form of ivabradine hydrochloride

40 ml of 2-ethoxyethanol are preheated to 80°C, and then 8.4 g of ivabradine
hydrochloride obtained according to the process described in the patent specification
EP 0 534 859 are added in portions, with stirring, and the mixture is heated at 80°C until

dissolution is complete. After returning to ambient temperature, the solution is stored for



- total time : 4 mn 32 s, - nmeasurenent speed :
0.108/s, 20 - neasurenent tenperature : anbient.
EXAMPLE 3 : yd-Crystalline form of ivabradine
hydrochl ori de 40 m of 2-ethoxyethanol are preheated to
80C, and then 8.4 g of ivabradine hydrochloride
obt ai ned according to the pdocess described in the
pat ent specification EP 0 534 859 are added in
8 da é)r bhP Wﬁen Wht NeiSbtalsh ifGiehedaRft tcBRedi@KtBir Eilirstidhe ah@dridded with
Cuntil 25 dissolution is conplete. After returning
cydohﬂawb|ent tenperature, the solution is stored for 5- 8

R R
up té BesmeRyateRticrigued. i s dehydrated by progre33|vely heati ng

at arate of 5 mn wup to a tenperature of 80C 5
X-ray powder diffraction diagram: The X-ray powder

rQ (diffraction angles) of the yd-form
‘XTQ%powvab&ggptB & ?@chlorlde is given by the

significant rays collated in the following table: Angle
Hei ght Area FVVHM Interplanar . t he count
ThexX-reowavdyr (dErgetinns prodil (FHEetion (aaég% @§ %?%féls? jVabradine

byedjeidoSdfpich B Gy feniipeitye &l%ae%éﬁé%z@g%%%salé 310

5 11.9 733 97 0.1338 7.414 6 12.5 1406 278 0. 2007

7 ﬂﬁg 7 13.4 2075 A42 0 1506 2 14 A’QOE 100.‘~
Interplanar
1 4.3 1077 124 0.1171 20.633
2 6.9 132 70 0.5353 12.787
3 8.4 269 35 0.1338 10.482
4 10.6 322 26 0.0836 8.310
5 11.9 733 97 0.1338 7.414
6 12.5 1406 278 0.2007 7.069
7 134 2975 442 0.1506 6.619
8 144 825 122 0.1506 6.134
9 15.8 1036 205 0.2007 5.598
10 16.3 540 107 0.2007 5.450
11 16.9 1007 183 0.184 5.233
12 17.8 499 58 0.1171 4.978
13 18.9 1062 140 0.1338 4.686
14 19.8 570 85 0.1506 4.485
15 20.2 549 63 0.1171 4.399
16 20.9 2565 635 0.2509 4.241
17 21.6 531 105 0.2007 4.104
18 22.3 213 35 0.1673 3.981
19 234 278 27 0.1004 3.807
20 24.1 1404 185 0.1338 3.694
21 244 1526 176 0.1171 3.650
22 24.8 676 100 0.1506 3.591




9 15.8 1036 205 0.2007 5.598 10 16.3 540 107 0.2007
5.450 11 16.9 1007 183 0.184 5.233 12 17.8 499 58
0.1171 4.978 13 18.9 1062 140 0.1338 4.686 14 19.8
570 85 0.1506 4.485 15 20.2 549 63 0.1171 4.399 16
20.9 2565 635 0.2509 4.241 17 21.6 531 105 0. 2007
4.104 18 22.3 213 35 0.1679-3.981 19 23.4 278 27
0. 1004 8. 807 20 24 1 1404 185 0.1338 3. 694 21 24. 4

1526‘ 176 ;O 5 2.24.18 876 100 ~3:591 -6-

ipl é(}r E Rc Hﬁh&planar

) reyp 5)  (dbpgeaps)distance (A)
distance (pdegrge)s) 47702 13 gegxysy) 3. 504 24 P6.2
oy 2303 oy olsds B0 T 20 B 8 19,8201 15 SR
o8 o1 15p 2308 13Ra A78%1 lexa e 2 e08A47 ma Qu{:-?ﬁ@g!

conpd5i tioh F@bidul a| f or23%he prepadatign 8209900] t abB3l s

each2g&ont a| ni 2§.25 ng of 18vabrjadi 1?4 bage: 0.1838%pound3.382

Exanpye 1 27.9 838 249 0.3011 3.193
98 20 152 |20 oo - 0:1338 : f - - 3.071

........................... J. OJI g VAl £T bldlbll
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EXAMPLE 2 : Pharmaceutical composition

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

Compound of Example L. 539¢g
MAIZE SEATCH ...oooveeeiierr ettt ettt b et s e s bbb nne s 20g
Anhydrous colloidal SIHCa.......cciiirereiereieetiee e 02¢g
IMAINIEOL «.ceeeevieeceneisteeeete s e ereere e eese et e b s e eae e ers s et st e s et et e b e s as et e s e besaanrnnes 6391 ¢g
1372 2O O T SO SUO O RRIO OO 10g



5 Anhydrous colloidal silica

........... N N R CLAINB 1.
yd-Crystal line form of ivabradi ne hydrochl ori de of
formula (1) : CH30 OCH H3 HA, 1Z CH3O |l NOCH3 0

characterised by the foll ow.n owder X-ray diffraction
1. vdiGy ?@W%PTSWWE&H@ gﬁéro\é\ﬂﬂpaﬁg%w}%éb g/( Pert Pro
diffractoneter together with an X Cel erator detector
and expressed in terns of ray position (Bragg's angle 2
t het &H,© pressed i n degrees), ray he|ont (pr{essed in
count s) , 0 (expressed(uq C{ oegrees) ray
wi dt h at ei ght (" FWIM, ed in degregs)
3 3 Y le .
Hei ght Area FWLI M I nterplanar Ray no. 2thé%é ?counts)
(counts x 1 11 (d\orees) di stance (r~) (degrees);
degrees) 1 4.3 1079 124 Q 1171 20.633 2 6.9 132 70
0.5353 12.787 3 8.4 269 9;5 0. 1338 10.482 4 10.6 322
iiog 0836 8.310 5 11.9 733 97 0.1338 7.414 6 12.5
chargqtc_arjfseéggy %béofgﬁg‘gg%Ggow A g(—ray fgacé%ldé% 818.%1%93’16 meag%r%d @sing a

PANalytical X'Pert Pro diffractometer together with an X'Celerator detector and expressed

in terms of ray position (Bragg's angle 2 theta, expressed in degrees), ray height (expressed
in counts), ray area (expressed in counts x degrees), ray width at half-height ("FWHM",

expressed in degrees) and interplanar distance d (expressed in A):

| FWHM Interplanar

(degrees) dlstance (A)
1 4.3 1077 124 0.1171 20.633
2 6.9 132 70 0.5353 12.787
3 8.4 269 35 0.1338 10.482
4 10.6 322 26 0.0836 8.310
5 11.9 733 97 0.1338 7.414
6 12.5 1406 278 0.2007 7.069
7 13.4 2975 442 0.1506 6.619
8 144 825 122 0.1506 6.134
9 15.8 1036 205 0.2007 5.598
10 16.3 540 107 0.2007 5.450
11 16.9 1007 183 0.184 5.233
12 17.8 499 58 0.1171 4.978
13 18.9 1062 140 0.1338 4.686
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9 15.8 1036 205 0.2007 5.598 10 16.3 540 107 0.2007

©5.450 11 16.9 1007 183 0.184 5.233 12 17.8 499 58

0.1171 4.978 13 18.9 1062 140 0.1338 4.686 8- Angle
Hei ght Area FWHM I nterplanar Ray no. 2 theta (counts x
(counts) (degrees) distance t~ ( ) (degrees) degrees)
14 19.8 570 85 0.1506 4.4858-15 20.2 549 63 0.1171
4.399 16 20.9 2565 635 0.2509 4.241 17 21.6 531 105

O 2007 4.104 , 18 22.3 213 35/0. 673 3/981 19 23. 4 278

413 SAEP 20 24elghitd04 1838 VBHED4 | It
3. §50(coBrisP4- 8(1%‘7’6“ 00 Wéﬁﬁ@ 33564

136legremshy 3.504 ~ 24 9egre7R7 401 0.

Ab.@d&ba bl g’mumrdndﬁg 26 2(71§’06184 244485

165

20051338 3. 0%2 2.\ proBiss for bhopiepliLtor

~ 174399
vd- dbyst alll i n20-9or rh of 2888abr adi n635hy5 02309 gd 4241
accarrdi ng |[to 21.4i m|1, cBaracteri¥dd in tHhA007% mi xtdulr@t

of 1ygabr adi nexnydr dchl grisde and 25 0.1673 3.981
19 234 278 27 0.1004 3.807
20 24.1 1404 185 0.1338 3.694
21 24.4 1526 176 0.1171 3.650
22 24.8 676 100 0.1506 3.591
23 25.4 702 139 0.2007 3.504
24 26.2 1737 401 0.2342 3.403
25 26.8 258 51 0.2007 3.331
26 27.2 182 24 0.1338 3.282
27 27.9 838 249 0.3011 3.193
28 29.1 152 20 0.1338 3.071

. Process for the preparation of the yd-crystalline form of ivabradine hydrochloride

according to claim 1, characterised in that a mixture of ivabradine hydrochloride and 2-
ethoxyethanol, a mixture of ivabradine hydrochloride, 2-ethoxyethanol and water, or a
mixture of ivabradine hydrochloride, ethanol and water is heated until dissolution is
complete and is then cooled until crystallisation is complete, and the crystals obtained

are collected by filtration and dehydrated.

. 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 yd-crystalline form of

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

pharmaceutically acceptable, inert, non-toxic carriers.

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

manufacture of medicaments which are of use as bradycardics.



et hoxyet hanol, a m xture of ivabradi ne hydrochl ori de,
2- et hoxyet hanol and water, or a mxture of ivabradine
hydr ochl ori de, ethanol and water is heated until

di ssolution is 5 conplete and is then cool ed until
crystallisation is conplete, and the crystals obtained
are collected by filtration”and dehydrated. 3. Process
according to claim2, characterised in that the

. Usel aftthopd-of ystallitter facth o ivabyaftimechydvodhderidesaice@dtartoclaiiony in the
t he cooli step. 4. .Pharnmaceut)cal conposition . .

TR GE 90 T AP 2 G46  B3F 1 e CEEE gt of various
cnlhmiafaﬁpﬁ&) of ¥9BEARLNBINHE L SIMLOLs! AGinA pEAbHE N ybQ@rdial infarct

claiml, in conbination with one or noré

apt assmetded ilgdlinh disnobapeszind, aldoniertarionopathargies davolvieg shythm

e e R e PR T

of medi canents which are of use as bradycardics. -9- 6.

Use of the yd-crystalline formof ivabradine. _
: *%VE“F&WHBF? é@ma%%whﬁ%e byslrerhlprideraceprdinggo eiaims lagbatretially as

HfeilBAHBOE g#itﬁ ¥ nbe &/ %y%g(aﬁ{g{% thebfe treatment or

preventi on vari ous inrc srtuations of

myocardi al i schaem a such as angi na pectoris,
ocardi al iLnfarct _and associated,rhythm di sturbances,

. G as ot cin LAHER G 8 MRSy Fefpronce o any

Sheblethaeses, especially supraventricul ar rhythm

di sturbances, and in heart failure. 7. A yd-Crystalline

form of ivabradi ne hydrochl oride according to claim!|

i.al .herein,de i b ith.refer; )
- AHBSHERT! HorBRa PGB ERE alR Y oty Bt B pibec
witth&faeideab layly asansie Gefeodfescri bed with reference to any

exanpl e thereof. 9. A pharmaceutical conposition
according to claim4 substantially as herein described

10. Mgéﬂ'acﬁglfdﬁ{gte@%giﬁl% S aifré alsﬁhngggjﬁsﬁegeﬁ IQ% cﬁy&g gvnH é?f&'eﬁlce to

accordi ng aim5 or c
aggsgampledhasetth ref erence to any exanpl e thereof



