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-1- rCrystalline formof ivabradine hydrochloride, a
process for its preparation and pharnaceutica
conmpositions containing it The present invention
relates to the new y-crystalline form of ivabradine
hydrochl oride of formula (I), to a process for its
preparation and to pharmaceiti cal conpositions
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nor e espeC|aII hydrochl ori de, have been descri bed
in the European pa ;nt specification EP 0 534 859. 15
In view of the pharmaceutdncal value of this conpound,
it has been of prine inportance to obtain it with
excellent purity. It has also been inportant to be able
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parti cul ar requirenents for téﬁg@rature l'ight
angnmmems,smcard@ mt pad éﬁpmgfﬁé & ale%rﬁmmﬁs,cﬁnslﬂsogeganous
descri bes nt for ahc.a ifef  rhythm
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&m&ﬂﬁn&%nﬁkthﬁéiﬁﬁmﬁﬂbta|n|ng i vabradine in a formthat
exhi bits those characteristics in a r epr oduci bl e

manner. The Applicant has now found that a particular

Thei%lfeé)l hvﬁﬁr adl @utuf hee RYCRAGHAQE | M8, addiiord Raltd thereof with a

inacr l'tne formthat is well defined and
phahhﬁdeuﬁ'l(d?llyb inteepebleuabide anthamarst esfesiallgsits diydechloridps pave been

desgggedplg%eeﬁgrggéa!nl 13ta¥ent 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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More specifically, the present invention relates to the

y-crystalline formof ivabradine hydrochloride, which

i s characterised by the follow ng powder X-ray

d! ffraction diagram neasured using a PANal yti cal

X Pert Pro diffractonmeter together with an X Cel erat or

10 detector and expressed ih-terns of ray position

(Br agg's angle 2 theta, expressed in degrees), ray '
The %a%rg rgéec(iﬁ LESEEE 550 859 UBIcBibes 4 htiMsBApro€asp f@sisgttadine and its

e rees ray wdth at” hal f-height (" PWM"

hydréohioriis eﬁ)wmerj etgmeésc)unmml dons eoblisperaly Hieseauditong for obtaining

bR B oot e B s oA i

(degrees)di stance (A) (degrees)degrees)
14.214561440. 100420. 762 26.9125990. 802912, 880
The ABpHckBRHRM0LOMLL0 1503 pan.t@u?az sggDivaladmepthg hydrochloride, can be

obtaqsaéé ug; géfgt%ylg’%o %é& @%ﬁ% 2% %gé%}f}ﬁ%é&?@%% é/alélalile characteristics

of st Er@éé sshBIfpp. 119 1014. 8104170. 16735. 981
%}? %5670 08365. 559 1216. 3501740. 15065. 419

igig 011681540. 13385. 210 1417.9430430. 10044. 962
More spemP ca?lgll 160 p%essgfn 1gzgnti]b%1rgeia§§sz‘701 91%0 &Q:%ﬁm% 8Rrm of ivabradine

hydrochloride, which is characterised by the following powder X-ray diffraction diagram

measured using 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):

1 4.2 144 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
8 134 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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3 Angle Height Area FWIM Interplanar Ray no.2 theta

(counts) (counts x (degrees)di stance (A

(degrees) degrees) 1720.27261440. 20074. 392

1820. 5282280. 10044. 323 1921. 122552600. 11714. 208

2021. 4694680. 10044. 147 2121.6744860.11714. 111

2222.3175350. 20073. 987 2323.35310610. 20073. 784
.216352700 16733 683 2524, 513352200 16733 625

el b s a 39 TR a Tt for p .

:;\7";.! :: I p?’nte£:§ .'Iél :\:h: 1"Q T .lJI TV lgl au; II;OI dLIL::;:I : 35
i vabt®di ne| hyd8doch] ori2déS and 2- %@%ox»etﬂéhﬁl a 4.208
m xt20 e of| i vabdadi he hggdr ochl ori68e, 2- e1bokyet hahdd7
and yg@t er, or2@6n1xtureppﬁ | Vabr ggi ne [hygrenl orideqyg
compiete a3t heh—oonbetnt oot yat abRod bt b 3457
atbte VLI M D AR TR \2093?“ NN
24 24.2 1635 270 01673 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 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

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.

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 0 534 859.
¢ 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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(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 vabr adi ne hydrochl ori de obtained by the preparation
process described in patent4$pecification EP 0 534 859.
10 (r) The solution may advant ageously be seeded during
. the cooling step. The invention relates also to
invepHem.nthesumayabe coepiosed imers eoppellsithepeathaberd weitable for oral,
[ ed Yo &I [ 1y ne f f. i r adj .
pare I Bhfalengl Ry bRl doe), 88 A el ARhFolsPosy or drasees.
sublinp@bl tabhedd)- gedatinC capsliep) Ratifzes APOsitdfies,PEamBCaHinG®, dermal
conmpositions according to the -4 invention, there may
gelspiwiqeiabls R atiisediaalsble sHFROpsioRBse that are suitabl e

for oral, parenteral (intravenous or subcutaneous) or
nasal adm nistration, tablets or dragees, subl i ngua
Thetisbfubtissagg ehatbie vatiap acdoeding tozengese avdBpasity of iesdisorder, the

creans, ointnents, dermal . gels, injectabl i
admﬁ}létﬁ%watrpawsa,%&il? 465,504 Wsialp & Bicoprilens hAbdosse ypries from 1 to
500 99858 @a¢ AloREorAblelnaticRidhng Lo the nature and

severifg o? tﬂ% J%sor er, the adm ni stration route and

the age and weight of the patient. That dosage varies

from.l to 500. per. day inh one or nore
Thegglﬁqugﬁ?'xgppgeﬁéﬁ%?ﬁ@t}n% 8%y Exanples illustrate the

i nvention. The X-ray powder diffraction spectrum was

measured under the follow ng experinmental 10 _

The Jowial powdey diffragqianspeativea wax nasure@rupdeti the rigdewimgtegperimental

comﬁﬁ%@_erator detector, tenperature-regulated chanber, -
vol'tage 45 kV, intensity 40 mA - nounting 0-0, 15 -

- PABKBhicAIKKDerf Prd liffractonitédrd eMCelbREN @diettor, temperature-regulated
diffracted-beam Sol ler slit : 0.04 rad, - fixed angle

“kergence slits : 1/8, - mask : 10 mm -

_ [ bt 4 4, 20 - neasurenent node :
'@gﬁﬁ?%g%ﬁgﬁFégﬂ&ﬁoféAgo’ in increments of 0.017, -

-  meastinggd¥ent tinme per step : 19.7 s, - total tinme : 4

m S,..- measurenent speed : 0.108/s, - neasurenent
) %@ﬁﬂéﬁﬁ}ﬁ?@%; ambient. 5

- 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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EXAMPLE 1_: y-Crystalline form of ivabradine

hydrochl oride 40 m of 2-ethoxyethanol are preheated to
80C, and then 8.4 g of ivabradine hydrochloride
obt ai ned according to the process described in the
patent specification EP 0 534 859 are added in
portions, with stirring, arfi® the mixture is heated at
80C until 5 dissolution is conplete. After returning to
anbi ent tenperature, the solution is stored for 8

Ex SR 3 R R B (bRt At he vt or
content of the crystals obtained, determ ned by

coulonetry, is 3.5 % which corresponds to a _
40 minehytedprycthapg! are aprepenigrerto dB0C, aand dherdi &gr anof ivefbeadine

- ..powder diffraction.profile (diffractjon angl es). .
byaffeh gl PRTbed ko b B0R ok, i e RO P ebipoation
EP 0 b® 859 aief dddadin péyisns, oliktak@eing NarddhBe hakheMsigatealtk 80°C until

) A@gle_kbight Area FWVEIM Interplanar Ray no.2 theta
dissplgon ds §eplatet SiRr rdegingelo) anbientriemperagure, the solution is stored for

B S OB pon s s i

cycléhéxar@40320. 13388. 249 511. 374150. 20077. 858
612. 0644640. 10047. 392 712.514762190. 15067. 060
813. 426914000. 15066. 612 914. 5541800. 15066. 119

Thellxg%{ér_ g%rg%}% «%lg Z)%%?%% ébéaﬂe‘é; 28 2Rif0d ¥838RicRSry, is 3.5 %, which

corresponds to a monohydrate.
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 12.380
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
i1 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




1317.011681540. 13385. 210 1417.9430430. 10044. 962 6 Angl e
Hei ght Area FNVIIM Interplanar Ray no.2 theta
(counts) (counts x (degrees)di stance (A)
(degrees) degrees) 1519.06671210. 1844. 672

1619. 85271040. 20074. 483 1720, 27261440. 20074. 392
1820. 5282280. 10044. 323 1921.922552600. 11714. 208
2021. 4694680. 10044. 147 2121.6744860. 11714. 111
2222.3175350. 20073. 987 2323.5310610. 20073. 784

3228 146013388 1863320/ 11441 901133830661 EXAMPLE
2. pPharmaceut ilddl co ] 080t i on| Foddhl a If or0-18fe 4.672
prepdpati on ofl900|t abbZt s epch 166nt di ni0PHP0B my of.483
i vabnadi ne| bao®: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 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 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 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 1......ccoviiriineriieresn s 539¢g
MaIZE STATCH ...t s ras 20g
Anhydrous colloidal SiliCa.......cccoeverierieriininneice s 02¢g
Manmitol.......oocieiei e e et e n s 6391 g
PV B e sttt e b e n e r e e nn e ae 10 g



Conpound of Exanple 1

.......................... _7_2095
Anhydr ous colloidal silica
... .. ...........0.2g Mnnitol
........................ CLAIMS
.................................................. 63. 91
g PV

1. y:Crystatline fOmPof VRSAEBE WHBERBFAL 6f formula (1)
......................IIIIIIIII'bI's'g"?"c:LAi'NS'iI """

ﬁﬁgl li ne form of ivabradi ne hydrochl ori de of

for CH3O H3 CH30 N~/ N (1) OCHC! , OCH3
character e follow 3powde[: -fay diffraction
dia‘rglgI ‘ edurnga 5 Nalvrr al_X Pert ProCl
di f her WA ansK Cel ®Fat 0 aiigt ect or

and expressed MA errrB of ray position (Bragg's angle 2
theta, expressed |n,degrees) ray hei ght (expressed in

counts), ray area expre$1sed in counts x degrees), ray

wi dth at hal f-height ("FWHM', expressed i n degrees)

and interplanar distance d (expressed in A): Angle

Lo NG p r

char{S R Y 25 o 100hg pONELEIARE AIRRIR dabAf dueasured using o
PAN@brexgaleté@):n &Fgo g jctomeRt m@n@mm elpgator detector and expressed

in terzrr?s 0 r%? %891t1§19 a?]éég s8 gngle 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):

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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38.4182180. 100410. 503 410. 7240320. 13388. 249

511. 374150. 20077. 858 612. 0644640. 10047. 392
712.514762190. 15067. 060 813. 426914000. 15066. 612

914. 5541800. 15066. 119 1014. 8104170. 16735. 981

1115. 9815670. 08365. 559 1216. 8’5501740. 15065. 419 8 Angle

Hei ght Area FWHM I nterpl anar®Ray no.2 theta b (counts x
{degrees)distance (A (degrees)(count q\ dpnr 999\

192 4. 20; ’ J 0'10044 qarl T

212116744860, 13614, 111 @282, 3175360, 20073, 833 5510

ZSZSIQSLUb U. 49@/5 o4 &ﬁf4.élbdQé/UU lbéﬂﬂoggd 4.962
15 19.0 667 121 0.184 4.672
16 19.8 527 104 0.2007 4.483
17 202 726 144 0.2007 4392
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 | 216 744 86 0.1171 4111
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
28 260 933 154 0.1673 3.431
29 264 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.



2524.513352200. 16733. 625 2624. 9523950. 1843. 568
2725.56571300. 20073. 485 2826. 09331540. 16733. 431
2926. 415492300. 15063. 380 3026. 8419830. 20073. 323
3127. 3350690. 20073. 267 3228.011081460. 13383. 186
3329. 1144190. 13383. 066 2. Pgocess for the preparation
of the 7-crystalline form of ivabradi ne hydrochl ori de
according to claim1, characterised in that a m xture
of ivabradi ne hydrochl oride and 2- ethoxyethanol, a
5. Tf@e)gf YHE yQbystIRRY RFHNNGF WasH0i8B h98icdEIoride atdiading it 2l 1 in the
water,” or a mxture of ivabradine hydrochloride,
nmdummre afithedimaments swhidkeare of vgetas|brasiyea8icat i on is 5
conplete and is then cooled until crystallisation is
conplete, and the product is collected by filtration.
6. G%ﬁ ik tﬁ@ OSTyRALR | erﬁgoft ﬂaﬁﬂaéinmhgdrdéhl@h% betdraig treldihat in the
e sol utlon of 1vabradi ne rochloride is seeded
mhmifaegurt loé medidamegtsstlegh arg .of Flhtamrth@ eatmenl ol AR jobarious

L S5l BT e S LS ALL bRl A
anf SRR RN Wi dibAN8s, tnd HNEIn \mﬁaﬁmpaﬁ@ubg@almolvmg thythm

acceptabl e, inert, non-toxic carriers. 9 5. Use of the
djstarbysees) ¢speaaliosupraeniticalsr duithre disferbaichs. G dg heart failure.
according to claiml in the mnufacture of nedicanents
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 nedi canents
which are of use in the treatnent or prevention of
various 5 clinical situations of nyocardial ischaenia
such as angi na pectoris, nyocardial infarct and

associ ated rhyt hm di sturbances, and also in various

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



