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-1- yrCrystalline formof ivabradi ne hydrochloride, a
process for its preparation and pharnaceuti cal g
conmpositions containing it The present invention
relates to the new y-crystalline form of ivabradine
hydrochl oride of formula (1), to a process for its
preparation and to pharnmaceutical conpositions

C ORMCRySMIINGE forh of KEERUREHydiddhiblide, a PrzesNRIS prePbiidfon &Ky
O 5 1l vabr adi mearmduﬁaadbdmnm:tmhk:entaMetgébf with a

ar mnpceut i cal C tabl e ac r speci al.ly. .
ThellaleRy o it s o AR a e e B RibradirBERgpdride of
fom"ﬂﬂg (DG ARBEsE For B RBSEAT@SandQs PREACEMI AT @EYSHAIHINS containing

propérties, nmaking those conmpounds useful inthe
it. 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 alcsgoin various 10 pathol ogi es involvinﬁcﬁhythn1
di st ur bances peci al Iy supra gentri
[ % I heart failtrg. qhe preparathﬁcpnd

izvabr neNan doht salts -
thereof wit} Q%ﬁﬁfﬁ%ﬁglly acceptableoggsd and

nore especially 1t§ hydrochl ori de, have been described
in the European patent specification EP 0 534 859. 15
In view of the pharnaceutﬂEaI 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
Ivalredisg. défgon salus;thern@fawgh @fpharw@fe@élyma@pt@% acid, and more

oS8 PRS0, 05 AL LB o s

profEidiésd) Gespédidldy Ibyadybdraic f)ﬂjpﬁiﬁ&a,dniahmgeﬂjoeer fcﬁﬁ:tpbynds useful in the
reproduci ble, easily formulated and suff .ently
treagmw @ prsventioguel Yaricds lisise! suratioan gt By al,gstlismia such as
r
o Rl LA TR bt AL BTRR! Bt ingey, G fpogriovs
paM@giési bésvolvisy ntrhgthins  pistrksses, orespwadd]yadsumamdnquig rhythm

disturbances, and in heart failure.

t her gpeut ™3

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 férmthat is well defined and

that exhi bits val uable characteristics of stabilit )
The aatenispecidisatidy EP 0y534MS0aleserélsis fai syathkesis prdsesspioe swahradine and its

I nventi relates to the y-crystalli.ne form of ..
hydioQUlBRaR, HeVE ot RGPRGR 0§ B rEtih ApS e b figwf, obtaining
ivabldagneliflal foMh At BOMBRY thisd @MrddtdiistiacihiagBprdiadpie Manner.

nmeasured using a PANal ytical X Pert Pro diffractoneter

together with an X Cel erator 10 detector and expressed

i,n _ter of r osition.(Bragg s.anale 2.t heta .
he Shel kT8 o Rl Bhid PTG BBk o, can e
obtafifed §)crysﬁeﬁﬁn@fo@1@ thaxp heHsREnkd agdthat SxXbitteghed) chafateristics
w dth at hal f-height ("FWM', expressed in degrees) and
of stebilisr gidamaecseabilitince d (expressed in A): Angle Hei ght
Area FWFI 11~ Interplanar, Ray no 2 4heta (counts X
(counts) (degrees) distance (A) ;degrees} degrees)' 1
Moré- %eéiﬂ@ﬁl 144e %rés@ﬁ)ﬂin%@nﬂcﬁﬁ rel@ted 1§ tHe? p-cOBtANif0 2fimil 3f BBBradine
3 8.4 182 18 0.1004 10.503 4 10.7 240 32 0.1338 8,249
hydmchloride, ahieh iDcipowrrerized by the fallovgng pawder ¥-rapdiffractygpdiagram

el B LRGP0 A BP0, Rt

deteBtod GA3 &pBdhied 1d tdsQoB1dy GésiloNqBoagy'sSatkle D2 thbfn, Ixdpfkksed in
74 0.15060 5.419 13.17.0 1168 154 0.1339_5.210

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

inA):

1 4.2 1456 144 0.1004 20.762
2 6.9 125 99 0.8029 12.880
3 8.4 182 18 0.1004 10.503
4 10.7 240 32 0.1338 8.249
5 11.3 74 15 0.2007 7.858
6 12.0 644 64 0.1004 7.392
7 12.5 1476 219 0.1506 7.060
8 13.4 2691 400 0.1506 6.612
9 14.5 541 80 0.1506 6.119
10 14.8 104 17 0.1673 5.981
11 15.9 815 67 0.0836 5.559
12 16.3 501 74 0.1506 5.419
13 17.0 1168 154 0.1338 5.210
14 17.9 430 43 0.1004 4.962
15 19.0 667 121 0.184 4.672
16 19.8 527 104 0.2007 4.483
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14 17.9 430 43 0.1004 4.962 15 19.0 667 121 0.184
4.672 16 19.8 527 104 0.2007 4.483 -3- Angle Height;
Area FWHLII Intei-planar Ray no. 2 theta (counts X
(counts) (degrees) distance (A (degrees) degrees) 17
20.2 726 144 0.2007 4.392 18 20.5 282 28 0.1004 4.323
19 21.1 2255 260 0.1171 4.288 20 21.4 694 68 0.1004
4.147 21 21 6 744 86 O 1171 4 111 22 22.3 17% 35

;"282(;;?02 . uT i n\/nnt i zgor :I :
proddss faor tBblpreparaison of t3 y- (,rv@tllﬂll i ne 4248
of ippabr adi ne2hydr gchl @oude, {whi 6B pr 0ce8.3004s 4.147
chaggcterlsedzlg t hat @4q1xture gg I vabr gdine 4.111
:I‘y‘/l;ll crror uez'zlgg IA;:)L Ll(r%ye[ dn()l35 a 1mn X6§6@7 OT‘ 3.087

adin Azt hone AR |
AR IDACH ¢ A TIR DAY S e N T N
wat e i s 24.2 1635 270 0.1673 3.683
25 24.5 1335 220 0.1673 3.625
26 24.9 523 95 0.184 3.568
27 25.5 657 130 0.2007 3.485
28 26.0 933 154 0.1673 3.431
29 26.4 1549 230 0.1506 3.380
30 26.8 419 &3 0.2007 3.323
31 273 350 69 0.2007 3.267
32 28.0 1108 146 0.1338 3.186
33 29.1 144 19 0.1338 3.066

The invention relates also to a process for the preparation of the y-crystalline form of
ivabradine 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 complete and is then cooled until crystallisation is complete, and

the product is collected by filtration.

¢ 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.
¢ The solution may advantageously be seeded during the cooling step.
The invention relates also to pharmaceutical compositions comprising as active ingredient

the y-crystalline form of ivabradine hydrochloride together with one or more appropriate,

inert, non-toxic excipients. Among the pharmaceutical compositions according to the
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5 heated until dissolution is conplete and is then

cooled until crystallisation is conplete, and the

product is collected by filtration. 1In the

crystallisation process according to the invention it

IS possible to use ivabradipe hydrochloride obtained

by any process, for exanpl & i vabradi ne hydrochl ori de

obtai ned by the preparation process described in
inveptznre rthergpmal f be anansiangdp nipre 35p@idly thyse thet ats| siifable fagyoral,

dvan equsl y be le ur | W .
perefGE AR oL LU BFEARP I ot el AR DB, I Bropces.
sublﬁ?ﬁ@r iaBlefy) gaftiaCédpyeled, Ngra@ges Nfuppdditeriys, Coryshal dinthenfsp dermal

of ivabradi ne hydrochl oride together with one or nore
gels.dpjseiepleipaeraratiqnaedrinkablg SUERIIeSex ci pi ent's. Anong t he

phar maceuti cal conpositions according to the -4-

i nvention, there may be nentioned nore especially those
The bl é65ags vint Bbhvariédacoordihg to hamentrenad s¢venty af/theali®rder, the

subcut aneous) .or nasal adm ni strati.on, tablets or.
admyyisirgees routs gl the, Ak m%daWF’@P%?fs é]emspm- & ﬁts‘ﬁﬂsa%e, varies from 1 to
. ' j reans, ointnents, dernal
Soog%ﬁggg?ifbctagﬁéh%?§%§§§¥%%%§, dri nkabl e suspensions. 5
The useful dosage can be varied according to the nature
severity of the djsorder, the admnistration route
Thegﬂgwﬁﬂ% §ﬂ§¥§ﬁ&hwgﬁﬁﬁ%eﬁwaﬁﬁg“patient. That dosage
varies from1l1l to 500 ng per day in one or nore
adm ni strations. The follow ng Exanples illustrate the
The iXrvasnpdoder diffeacon apeqtemnisias dieasured tnder e dellawing wagerimental
(ﬁﬁasured under the follow ng experinmental 10
Mfi'ti ons: - PANalytical X Pert Pro diffractoneter

PARelyEEAL HIPcge PR tdoffaclogiehe) XCdleratoe gddtett@d terapanines-regulated

con

vol tage 45 kV, intensity 40 mA, - nounting 0-0, '15 -
ghiagibel. (1C{3) filter, - incident-beam and
iff . Iler slit : 0.04 rad, - fixed angle
- g BB AL T e 10 m -
-  m@ptdtaged-ber slit @ 1/4,
- nickel (Kp) filter,

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

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

-  mask : 10 mm,

- antiscatter slit : 1/4°,

- measuremerﬁ 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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20 - neasurenent node : continuous from3 to 30, in

increments of 0.017, - neasurenent tinme per step :
19.7 s, - total tine : 4 mn 32 s, - nmeasurenent speed
0.108/s, - neasurenent tenperature : anbient. -5-

EXAMPLE 1 : y-Crystalline f%rn1of i vabr adi ne

hydrochl oride 40 m of 2-efHoxyethanol are preheated to
80C, and then 8.4 g of ivabradine hydrochloride
obt ai ned according to the process described in the

xR EE L2 T Binetormgt iTadE RHGONENE heat ed a

80C until 5 dissolution is conplete. After returning to
anbi ent tenperature, the solution is stored for
40 ddysf Zaetlioxyedrmnohere ryshealel for$E, aand dein det el nylvabradme

b SR e BEE L B0 a5k YRHRE o S S sesiction
EP (°534 99RhreYaddbd 1@@(&118’&5 WAHCRirrif rﬁlﬁ&ﬁ@ﬁﬂﬁhﬁ@lsaleated at 80°C until
nmonohydr at e. ray powder diffraction diagram: The

dissoluti@zy ipesmeidetedAfiey %ummg tsra@fhwré teraperaE tthe poluie sgjored for
of th of.m a I ye
8 dofi M it PR Eviats Kl fre, WHEAEL G fideh, S Pfn Y wi
cycléigafic. Hei ght  Area FVWMAInterpIanar Rayno 2 theta
(counts x (counts) . (degrees) distance (degrees)
degrees) 1 4.2 1456 144 0. 1004 20.762 2 6.9 125 99

The &ﬁ%‘z?%rééntgcﬁg%s %r%teﬂs %gt% getég%e& %ys&%loﬂeu]}p i 3%4% which

0. 2007 858 6 07644
corr€spofidslioCdman@dfdratel 12. 5 1476 219 0.1506 7. 060

X-ray powder diffraction diagram :

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

1 4.2 1456 144 0.1004 20.762
2 6.9 125 99 0.8029 12.880
3 8.4 182 18 0.1004 10.503
4 10.7 240 32 0.1338 8.249
5 11.3 74 15 0.2007 7.858
6 12.0 644 64 0.1004 7.392
7 12.5 1476 219 0.1506 7.060
8 13.4 2691 400 0.1506 6.612
9 14.5 541 80 0.1506 6.119
10 14.8 104 17 0.1673 5.981
11 15.9 815 67 0.0836 5.559
12 16.3 501 74 0.1506 5.419
13 17.0 1168 154 0.1338 5.210
14 17.9 430 43 0.1004 4.962




8 13.4 2691 400 0.1506 6.612 9 14.5 541 80 0. 1506
6.119 10 14.8 104 17 0.1673 5.981 11 15.9 815 67
0.0836 5.559 12 16.3 501 74 0.1506 5.419 13 17.0 1168
154 0.1338 5.210 14 17.9 430 43 0.1004 4.962 -6- Angle
Hei ght Area FWHM I nterpl anar. Ray no. 2 theta (counts X
(counts) (degrees) distance6CA) (degrees) degrees) 15
19.0 667 121 0.184 4.672 16 19.8 527 104 0.2007 4.483
17 20. 2 726 144 O 2007 4.392 18 20.5 282 28 0. 1004

26 24 0 5oRQE 0 184 3 568 27 9E & 657 13002007,
3.485 28 be6. #9633 154 ®71673 3. 481 29 @6184} 1549 ‘bé?ﬂ
0. 1506 3.3B0 188 26| 8 439 83 [0. 2007 3.328.2081 27. 34.4%D
69 012007 B. 2632 726 144 0.2007 4.392
18 20.5 282 28 0.1004 4323
19 21.1 2255 260 0.1171 4208
20 21.4 694 68 0.1004 4.147
21 21.6 744 86 0.1171 4.111
22 22.3 175 35 0.2007 3.987
23 23.5 310 61 0.2007 3.784
24 242 1635 270 0.1673 3.683
25 24.5 1335 220 0.1673 3.625
26 24.9 523 95 0.184 3.568
2 25.5 657 130 0.2007 3.485
28 26.0 933 154 0.1673 3.431
29 26.4 1549 230 0.1506 3.380
30 26.8 419 83 0.2007 3.323
31 27.3 350 69 0.2007 3.267
32 28.0 1108 146 0.1338 3.186
33 29.1 144 19 0.1338 3.066

EXAMPLE 2 : Pharmaceutical composition

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

Compound of EXample ...t 539¢g
IMAIZE STATCH .oveieeeeee e b 20 g
Anhydrous colloidal SIlica........cviriirnniiiiree s 02¢g
IMIANTIEOL ... eeeeeie e e ettt et e et s s st e e st e e s e s s e e e et esbesbesasana s e b e s rnna e 6391 ¢g
oY S OO PO SO O OUOUR RPNt 10g



32 28.0 1108 146 0.1338 3.186 33 29.1 144 19 0.1338
3.066 EXAMPLE 2: Pharnaceutical conposition Formul a
for the preparation of 1000 tablets each containing 5
ng of ivabradi ne base: Conmpound of Exanple 1

........................ CH.. . — Xy - 7- "CLAI VB 1.

y- Cryst al form\of ivabra 'r%e hydr ochllori de of Hcl,
for QT ( I(ml:B/\Nidg5 . , Nom
OCH3 0 (1) chs erised by the followi ng poider X-ray
di ffraction diagr nmeasured using a 5 PANal ytical

X Pert Pro diffiacConet erptogether with an X Cel erator
detector and expressed in terns of ray position

(Bragg's angle 2 theta, expressed in degrees), ray

cra SRR G 156 5B, By a, ML, SR3FRp! v o
PANRKRICESX ®ertiPRo derfteomkted foheitiet @il ATQCeltrgbodtertet and expressed

. . (expressed in A): Angle Herght Area FWS~VI |n}erpl anar
in tepay ofigy PosiHer Brees s AR 2 thedpessedds desesy: Wy deiphtexpressed

in o)y GO B GR RN st 3R ity GRwE

exprdf¥edOBdegrees) and interplanar distance d (expressed in A):

1 4.2 1456 144 0.1004 20.762
2 6.9 125 99 0.8029 12.880
3 8.4 182 18 0.1004 10.503
4 10.7 240 32 0.1338 8.249
5 11.3 74 15 0.2007 7.858
6 12.0 644 64 0.1004 7.392
7 12.5 1476 219 0.1506 7.060
8 13.4 2691 400 0.1506 6.612
9 14.5 541 80 0.1506 6.119
10 14.8 104 17 0.1673 5.981
11 15.9 815 67 0.0836 5.559
12 16.3 501 74 0.1506 5.419
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4 10.7 240 32 0.1338 8.249 5 11.3 74 15 0.2007 7.858
6 12.0 644 64 0.1004 7.392 7 12.5 1476 219 0. 1506
7.060 8 13.4 2691 400 0.1506 6.612 9 14.5 541 80
0.1506 6.119 10 14.8 104 17 0.1673 5.981 11 15.9 815
67 0.0836 5.559 12 16.3 50] 74 0.1506 5.419 -8- Angle
Hei ght Area FWHM | nt er pl ana® "Ray, no. , 2 theta (counts

rees) distance (Ay (dpnr ppq\ degrees)

694 BP0 100214147 71189 ©74486 O 116135‘8 1IT 9710
FRTIAN A U TR TR

3 6ok 26 ba 0823 lon. 69as 1 56kl 27]25 5 ag laghtrl

0.200% 3.485 19.8 527 104 0.2007 4.483

17 20.2 726 144 0.2007 4.392

18 20.5 282 28 0.1004 4.323

19 21.1 2255 260 0.1171 4.208

20 214 694 68 0.1004 4.147

21 | 216 744 86 0.1171 4.111

22 22.3 175 35 0.2007 3.987

23 23.5 310 61 0.2007 3.784

24 24.2 1635 270 0.1673 3.683

25 24.5 1335 220 0.1673 3.625

26 24.9 523 95 0.184 3.568

27 25.5 657 130 0.2007 3.485

28 26.0 933 154 0.1673 3431

29 26.4 1549 230 0.1506 3.380

30 26.8 419 83 0.2007 3.323

31 27.3 350 69 0.2007 3.267

32 28.0 1108 146 0.1338 3.186

33 29.1 144 19 0.1338 3.066

. Process for the preparation of the y-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 product is

collected by filtration.

. 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 y-crystalline form of

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

pharmaceutically acceptable, inert, non-toxic carriers.



28 26.0 933 154 0.1673 3.431 29 26.4 1549 230 0.1506
3.380 30 26.8 419 83 0.2007 3.323 31 27.3 350 69
0.2007 3.267 32 28.0 1108 146 0.1338 3.186 33 29.1
144 19 0.1338 3.066 2. Process for the preparation of
the 7-crystalline formof iyabradi ne hydrochloride
according to claim1, charaéferised in that a mxture
of ivabradi ne hydrochl ori de and 2- ethexyethanol, a

m xture of ivabradine hydrochloride 2- ethoxyethanm

nd wat er on:a m xtur e of ride, -

S. Bt e e PSR i (9 R, AR BRY el 1 in e
GNP B8 o@ﬁfédioﬁmfeﬁﬁ&/tﬁapéredfuwaslbrﬁymﬁwsl i satl on i s
conplete, and the product is collected by filtration.

3. Process according to claim?2, characterised in that

| ution .of i.vabradi r.och] oride | e
6. U otige e wabns fPRpEhbGommiS Rt drorRiE Siinoh in e
rﬁéﬂﬁﬂdﬁrb R ndRli AfdehiavliDER M @8d intthe tr)éatﬁfeﬁﬁélafblje{/éi@loﬁ ‘M manous
of 10 ivabradine hydrochloride according to claim 1,

qlmuonabsnmanan?p ohmyib¢andishiscliemia puch qmagmaa@gﬁorléammcardlal infarct
on-t oxl| carri e

RSBt R o e R8s, paRaiomios ARGy R shythun

cﬁﬁﬁ%ﬂée@gesb@clﬁﬂl}aédﬁrélvehﬂlchﬁ?r fd@s@ﬁr@ﬁ@egfanﬂmﬂhmnt&.
whi ch are of use as bradycardics. 6. Use of the

y-crystalline form of ivabradi ne hydrochl oride
according to claim1 in the manufacture of nedicanments
whi ch are of use in the treatnent or prevention of
various 5 clinical situations of nyocardial ischaem a
such as angi na pectoris, myocardial infarct and

associ ated rhyt hm di sturbances, and also in various

pat hol ogi es i nvol ving rhythm disturbances, especially
supraventricul ar rhythm di sturbances, and in heart
failure.



