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-1- fl-Crystalline formof ivabradi ne hydrochl oride, a
process for its preparation and pharnaceutica
conmpositions containing it The present invention
relates to the p-crystalline form of ivabradine
hydrochl oride of fornmula (1), to a process for its
preparati on and to pharnacé tical conpositions

%gﬂﬁﬁ%Wm ivi rfde, a bgces%gtggéﬁ'a/rﬁlon and

Ceutlcal t' d:ﬂﬁc&ﬁﬁﬁn hereof wth a
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fornRA(T, 6 b 3RSk for ife ﬁ)@éﬁfdtioﬁsand es pﬁﬁhﬂbélﬁmﬂr @ﬂ){)@éﬂldhﬁl containing
propérti es, naklng those conpounds useful in the

it. treatnment 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 atg@ in various 10 pathol ogi es |nvoIV|Q%H§hythm
di st ur banses_especi al l'y suprayentri ‘hm
di st ur bant and T heart faiflure. 1fhe repar ati Qi and
hyabradi neNang-ad S
thereof wt maceutical ly acceptable
nore especially 1t¥

O

and
hydr ochl ori de, have been described
in the European pat@nt specification EP 0 534 859. 15
In view of the pharmaceutical value of this conpound,

it has been of prine inportance to obtainit with

excel lent purity h so_been i rtant
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rm that” allows rapid filtration and
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droch wever, that document does not specify
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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, thaf 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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ivabradine in a formthat exhibits those
characteristics in a reproduci bl e manner. The Appli cant
has now found that a particular salt of ivabradine, the
hydrochl ori de, can be 5 obtained in a crystalline form
that is well defined and that exhibits val uabl e
characteristics of stability and processability. Mre
specifically, the present invention relates to the

The ﬁatemtyspbaﬁbatm EDOH3A185P viaboribgs asynthesit proess fouiwabiaingtand its

hydraag %‘?{évlf?»:glﬂgﬁogﬁ%{% O(#oléag Wrﬁ)g %Rgc1§p g}g[\%cfnd?ﬁ'ons for obtaining
1vab1>§d1?fér1ﬁ arﬂ')ﬁl that ExiAkitsORBchate@E bR in Méﬂﬂoc&ﬁMe gehasat or

10 detector and expressed in terns of ray position
(Bragg's angl e 2 theta, expressed in degrees), ray

eight (e . - (exnr I
The Aghfitiot pESRGT ARt ol il BY 1B BB PURRSBRE e, can e
obtaﬁé@ EEQ%%@tdllﬁhdjﬁgﬁQl%)ls anll defih@l pldaharextlibst anlebld characteristics
glressed in A: Angle Ray no 2 theta Heig& Area
OfSt@@b rAnE-pro@epfabily. | nter pl anar  (degrees)' (counts) X
degrees) (degrees) distance (A) 1 6.8 130 86 0.6691
13.019 2 9.2 6141 507 0.0836 9.613 3 9.7 882 58
Mor@-s%@cﬁﬂczﬂly@&ﬁe pfesdid. idvéhfion 7i214es0B3the 3-8 #tallmelford diQBJahﬂidine
004 7.433 6 12.2 500 58 0Q.1171 7.236_ 7 13 é 224
hydrochilgade. ovigo is gharastegiseb By dbe followane Bowaw X-6ay1 difFackisn agram

o £ gt $e A S By ol Fec

detedidd ahé pi3sdl 51 s dArdy6pSsil@b4B228s tnglk73 thbta2s4preided in
18.4 5672 562 0§)4 4.82

degrees), ray height (expresse in counfs), ray area (expressed in counts x degrees), ray
width at half-height ("FWHM", expressed in degrees) and interplanar distance d (expressed

inA):

1 86 0.6691 13.019
2 6141 507 0.0836 9.613
3 882 58 0.0669 9.083
4 10 0 875 72 0.0836 8.837
5 11.9 190 19 0.1004 7.433
6 12.2 500 58 0.1171 7.236
7 13.2 224 30 0.1338 6.694
8 13.8 633 52 0.0836 6.419
9 14.3 466 54 0.1171 6.209
10 14.8 926 76 0.0836 5.977
11 15.0 716 94 0.1338 5.887
12 15.7 531 79 0.1506 5.636
13 16.1 121 16 0.1338 5.502
14 16.9 1354 223 0.1673 ~5.254
15 18.4 5672 562 0.1004 4.824
16 18.8 1328 131 0.1004 4.716
17 19.7 1617 347 0.2175 4.508
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16 18.8 1328 131 0.1004 4.716 17 19.7 1617 347 0.2175
4.508 15 -3- Angle 2 Height Area (counts FWHAM
Interplanar Ray n-o theta gr ),. ( g () c¢ (degrees)
counts) x ,de ees de rees):', distan e 18 20.4 296 34
0.1171 4.341 19 20.7 767 5] 0.0669 4.286 20 21.3 1419

211 0.1506 4.178 21 21.6 2458 243 0.1004 4.114 22
q?? 6 1737 258 0 1506 3. 937 9? 23. 0 1467 7? n 502

T 7. 7 208 A740. 1338 186215 32338. 1 /483, 141(710' 1836341

3 3273

3 1]:@5 3828 444 24 7167J.UU¢ 3. lé!fb 34 %6\8945) 7ﬂ 286
0167433649 —Fhe—inventionTreta at

for2q he mnz,\w,.f. 75 C G AR Fiogiy R E T NG

-p LILJ U
i vabl adi he &dé ochll or 2488 whi ch24% ocelss 0-K004 4.114
chazactefi se22.6n that 1287 x{ ur e28§ i viabrlaldi0fie 3.937

hydﬂ)chl ori dgg @nd wat @gg0r @ m xgure of g.o580r adi ng.865

Eygi Icnl riﬂ%7i S0 ro%@oi and %er 9 AT edl unt44q
00 i;iuul.'n:;'@i?;:; e o o0.to0d" 'Y Y 3.718

26 253° 4606 304 0.0669 3.513
27 25.7 791 91 0.1171 3.464
28 26.2 458 91 0.2007 3.406
29 26.6 221 44 0.2007 3.352
30 27.4 706 151 0.2175 3.251
31 27.7 208 27 0.1338 3.215
32 28.1 483 40 0.0836 3.176
33 28.8 242 24 0.1004 3.096
34 29.3 450 74 0.1673 3.049

The invention relates also to a process for the preparation of the p-crystalline form of
ivabradine hydrochloride, which process is characterised in that a mixture of ivabradine
hydrochloride and water or a mixture of ivabradine hydrochloride, isopropanol and water
is heated until dissolution is complete and is then progressively cooled until crystallisation

is complete, and the crystals formed are collected.

e 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 8509.

e The solution may advantageously be seeded during the cooling step.

The invention relates also to pharmaceutical compositions comprising as active ingredient

the B-crystalline form of ivabradine hydrochloride together with one or more appropriate,
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5 is complete, and the crystals fornmed are coll ect ed.
(r) 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 patenr4specification EP 0 534
859. 10 (r) The solution nay advantageously be seeded
inertd moh+tgxit hexcipiaits. ngning pthe THharravestital compekitioas agtadingoto the

har mpceuti cal conposifions co Si active
invefigh GUFEntiey Fo SHIEPYE AFTHF fSDTGHM B0 VA8 A Hgable for oral
pareﬁ‘%gﬂ OGREhSR bPIBbARANMEN 0P MBS 2adIWER AR, OfableRl 8r dragées,

-4- inert, non-toxic excipients. Anong the
sublmgaalnabbw; igekatinceappdss,t iooenges coppelitoges, ocredres, ointments, dermal

nve i.oned nmore especially those
gels’tlﬂlﬁf agﬂﬁ W%Meﬁ%@%ﬁgwenmﬁ%ﬁ’ enteral (intravenous or
subcut aneous) or nasal administration, tablets or

dragees, sublingual tablets, gelatin capsules )
The mwfghg@gge supboyhtiest pecordieg enhe napirn eRd sevsTity ef the disprder, the

ct abl
aamiffiioh P 4Bl 1fe PASRRL Bl B e g R TReC SRR e om 1 10
500 m@ﬁ;@guﬁm dne @fmdrbadﬁmﬁgfmns the admnistration route
the age and wei ght of the patient. That dosage
varies from1l to 500 ny per day in one or nore
The?&M#gb&%ﬁ%@ﬁws&gﬁtﬂ&%&’ g Exanples illustrate the
i nventron. ray po er di ffraction spectrum was
measured under the follow ng experlnental condltlons X
- _PANal y é X Pert Pro dlffractoae ﬂ1 f | er at or 1
The distacPRFder BHRSHER SPeTIBY Was fsdsuredh Jrey the folyying qxporgmenta
con¢R{ Jd.ntensity 40 mA, 15 - nounting 0-0, - nickel (K(3)
?ter - incident-beam and diffracted-beam Soller slit
0.04 rad, - fixed angle of divergence slits : 1/8, -

- %klyhcall X'Bekt lgro A ac OB er S{Cglera%or deJtec%(br temperature-regulated
chamber,

- voltage 45 kV, intensity 40 mA,

- mounting 6-6,

- 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°,

- 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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- measurenent 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, 25 - neasurenent tenperature : anmbient. -5-
EXAMPLE 1 : (i-Crystalline formof ivabradine

hydrochl oride 720 m of purﬁfied wat er are preheated to
50C, and then 250 g of ivabradi ne hydrochl ori de
obt ai ned according to the process described in the

patent specification EP Q 534 85 re. added in
Ex AR Fiesaline bragr hahiache WIS heat ed a

74C until dissolution is 5 conplete. The resulting

clear solution is heated for 2 nore hours at 74C and is
720 o efi puniisywatesire @rgheatod ke d)°C; andthen 850 g Cf ivahtrdinediydreshloride

amhi ent .te ature. The.sal.utjon is subsequentl
obta g gt BRI RlEcEs g popast aSSROGRER 01534850 are
addedOhnl ?oﬁHﬁQ% Qhrring, afid®HEAthiftte ishaatddhitn74°ay eftilodisglution is
crystallisation plate. The excess water is driven off
completterThe regdting elegusplation o hedated defeh mare hpkes @y 4iC and is then

content of th Syt AN rodugct erni y ..
sG] 5 0. B B, BB FARReRY The st 5
subsb@ich8 seirad @t abiedy tdawiairediot frdagt,i d e ghicasolid Jispension is

X-ray powder diffractiog@grofile %diffraction gngles
spregst owfia o thirs losier @F 2 povalsHisatienplaiey dhe e¥test ater is r@‘f%}f} Byder a

h lL.ond 1] t rays collated in the follow ng table :

gm“kﬁ%Péh%§?3ﬁ§gﬁ%ea (counts F~1 II M Interplanar Rays no.

2 theta tie rees (counts) X Aegrees) (degrees)

di st ance" ( A) 1 6.8 130 86 0, 6691 .019, 2 9. 2. 4 )
The gyperoe og thy) resulging .wo%gﬁ deterpyingd &ty Puaetyy lig.%&]"éwhmh
5 11.9 190 19 0.1004 7.433 o6 12.2 500
comgfof it

X-ray powder diffraction diagram :

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

1 6.8 130 86 0.6691 13.019
2 9.2 6141 507 0.0836 9.613
3 9.7 882 58 0.0669 9.083
4 10.0 875 72 0.0836 8.837
5 11.9 190 19 0.1004 7.433
6 12.2 500 58 0.1171 7.236
7 13.2 224 30 0.1338 6.694
8 13.8 633 52 0.0836 6.419
9 14.3 466 54 0.1171 6.209
10 14.8 926 76 0.0836 5.977
11 15.0 716 94 0.1338 5.887




7 13.2 224 30 0.1338 6.694 8 13.8 633 52 0.0836 6.419
9 14.3 466 54 0.1171 6.209 10 14.8 926 76 0.0836 5.977
11 15.0 716 94 0.1338 5.887 -6- Angle Height Area

(counts FW MiInterplanar Ray,no 2 theta ' (degrees)
(counts) x degrees) (degrees) distance (A) 12 15.7 531
79 0.1506 5.636 13 16.1 12%-16 0.1338 5.502 14 16.9
1354 223 0.1673 5.254 15 18.4 5672 562 0.1004 4,824

. PoU . s .
50%’3{18& 3%749‘5 ; 636 6
37 ok 7 d77g] o 4lf71 3 16 2-AEs
91 042007 3.468 20 243854221 44283200 : 30 H2H
7061451 (. 217843. 251 5812 27./7 268227 0. 1BB®43. 215 4.824
16 18.8 1328 131 0.1004 4.716
17 19.7 1617 347 0.2175 4.508
18 20.4 296 34 0.1171 4341
19 20.7 767 51 0.0669 4.286
20 21.3 1419 211 0.1506 4.178
21 21.6 2458 243 0.1004 4114
22 22.6 1737 258 0.1506 3.937
23 23.0 1467 73 0.0502 3.865
24 23.7 486 128 0.2676 3.751
25 23.9 504 50 0.1004 3.718
26 25.3 4606 304 0.0669 3.513
27 25.7 791 91 0.1171 3.464
28 26.2 458 91 0.2007 3.406
29 26.6 221 44 0.2007 3.352
30 27.4 706 151 0.2175 3.251
31 27.7 208 27 0.1338 3.215
32 28.1 483 40 0.0836 3.176
33 28.8 242 24 0.1004 3.096
34 29.3 450 74 0.1673 3.049

EXAMPLE 2 : Pharmaceutical composition

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

Compound of Example L. 539¢
MEIZE SEAICH ...cvveeeieeecieeceece ettt s e e b e st e ae e e ee b e s resnee bt e nba s sabesnnaen 20g
Anhydrous colloidal Silica........ccoviireiiiiicicinii 02¢g
IMIANNTEOL ...t ettt erre s et b e raeste st esste e sssaeesneesaaeaasesaneeanesneennessanens 6391¢g
PV Pt 10g



32 28.1 483 40 0.0836 3.176 33 28.8 242 24 0.1004
3.096 34 29.3 450 74 0.1673 3.049 EXAMPLE 2 :

Phar maceuti cal conposition Formula for the preparation
of 1000 tablets each containing 5 ng of ivabradine
base: Conpound of Exanple ;|7

......................... Qi aee......20 05
Anhydr ous col | oi dal silicglagw+S
i . .. ..........0.2g Mnnitol
et e . 63.91
1 %Crﬁﬂgme form’ of ivdbradine hydrochloride of formuila (I)
B l\/agne3| TSR ERREREAREEREE RS OCH3 .........
...................... CHy  [mof N e
....................... |...]. 0.5 d -7- CLApdS 1.
(3- et aNine f or nNef_i i hy digle of
formula (1) : SH3QYOCH3 | N3 HCl, CHO N~~ OCH3 O (1)

characterised by the foll owi ng powder X-ray diffraction

di agram measured ustng a @5 PANal ytical X Pert Pro

diffractoneter together wth an X Cel erator detector

and expressed in terns of ray position (Bragg's angle

2 theta, expressed in degrees), [ d..:
ek B s N0 5L P ROBF 368 o, Pl REBER i o
PANAYtical MiPertdtrohtfffactteieiittogetidAith an BQuleawedetedior and expressed

d d i I di d d i :
RO AR S .
3 4 a \ y 3 " "
o ohFL b0 okt AT g gemgea Gy

exprofiéd O OGR6esY ahd RiterBlafar/di G e eQp10S60 i19ANS3

1 6.8 130 86 0.6691

2 9.2 6141 507 0.0836

3 9.7 882 58 0.0669 9.083
4 10.0 875 72 0.0836 8.837
5 11.9 190 19 0.1004 7.433
6 12.2 500 58 0.1171 7.236
7 13.2 224 30 0.1338 6.694
8 13.8 633 52 0.0836 6.419
9 14.3 466 54 0.1171 6.209
10 14.8 926 76 0.0836 5.977
11 15.0 716 94 0.1338 5.887
12 15.7 531 79 0.1506 5.636
13 16.1 121 16 0.1338 5.502
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4 10.0 875 72 0.0836 8.837 5 11.9 190 19 0.1004 7.433
6 12.2 500 58 0.1171 7.236 7 13.2 224 30 0.1338 6.694
8 13.8 633 52 0.0836 6.419 9 14.3 466 .54 0.1171 6. 209
10 14.8 926 76 0.0836 5.977 11 15.0 716 94 0.1338
5.887 12 15.7 531 79 0.1506 5.636 13 16.1 121 16

0.1338 5.502 -8- Angle lie-~
no 2 theta g =P

Ianar

Ray

de

8t Area counts FWHM I nt er
ees (counts) xdeqrees)

o

A14 3] 231691750 2035k 1dos 290 4560 NS 467

0 0362 318651844 ok 72688 128 06576 B 7810045 (23 Aqéﬁm

50 061004 3.788 26 293384606 30310. 03690-130(!3113 2R DR 7

791191 0.|17119464 |28 13672 458 9370. 20070.317506 4.508
18 20.4 296 34 0.1171 4341
19 20.7 767 51 0.0669 4286
20 21.3 1419 211 0.1506 4.178
21 21.6 2458 243 0.1004 4.114
22 22.6 1737 258 0.1506 3.937
23 23.0 1467 73 0.0502 3.865
24 23.7 486 128 0.2676 3.751
25 23.9 504 50 0.1004 3.718
26 25.3 4606 304 0.0669 3.513
27 25.7 791 91 0.1171 3.464
28 26.2 458 91 0.2007 3.406
29 26.6 221 44 0.2007 3.352
30 27.4 706 151 0.2175 3.251
31 27.7 208 27 0.1338 3.215
32 28.1 483 40 0.0836 3.176
33 28.8 242 24 0.1004 3.096
34 29.3 450 74 0.1673 3.049

characterised in that a mixture of ivabradine hydrochloride and water or a mixture of
ivabradine hydrochloride, isopropanol and water is heated until dissolution is complete

and is then progressively cooled until crystallisation is complete, and the crystals

formed are collected.

hydrochloride is seeded during the cooling step.

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

pharmaceutically acceptable, inert, non-toxic carriers.

. Process for the preparation of the B-crystalline form of ivabradine hydrochloride,

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

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




29 26.6 221 44 0.2007 3.352 30 27.4 706 151 0.2175
3.251 31 27.7 208 27 0.1338 3.215 32 28.1 483 40
0.0836 3.176 33 28.8 242 24 0.1004 3.096 34 29.3 450
74 0.1673 3.049 2. Process for the preparation of the
O-crystalline formof ivabradi ne hydrochl oride,
characterised in that a nixfure of ivabradine
hydrochl ori de and water or a m xture of ivabradine

5. UydloOthblBerystallink Somi of avabtadaredhywadobioride deeatlng tarddiln 1 in the
dissolution is conplete and is then progressively
BaHaguig Al imed&ap@ggwmela@lie&# upeasIABIcadCs: and t he
crystals 5 formed are collected. 3. Process according
to claim?2, characterised in that the solution of

6. Uyabf thdiMerystalice dod of ivddrddinesieeitedh] atidei aegortihg toaddiiny in the
step. 4. Pharmaceutical conposition conprising as, )
manyfoetuien meadicamentsiehich agergfawea I the drepigicf e prevention of various
Y ' T . ' . claiml, i .
e R e s
aricepdastte rhyitinea rdisturbances Oaridcal eain vaeioss petbelogies ilsenlvihg rhythm

the (3-crystall]ine formof ivapradi ne hydroghl oride.
@é@&faapwge%psmé‘%ﬁwavepﬁw rwg”-%la ?Jé%&fanﬁé’aﬁ%ﬁéhféh‘%e-
whi ch are of use as bradycardics. 6. Use of the
O-crystalline formof ivabradi ne hydrochl oride
according to claim11 in the nmanufacture of nedi canments
whi ch are of use in the treatnent or prevention of
various 5 clinical situations of myocardial 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.




