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-1- /3d-Crystalline formof ivabradi ne hydrochloride, a
process for its preparation and pharnaceuti cal
conmpositions containing it The present invention
relates to the new Rd-crystalline form of ivabradine
hydrochl oride of fornmula (1), to a process for its
preparation and to phar rraceth-i cal conpositi ons
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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, 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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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 uable
characteristics of stabil+2y and processability. Mre
specifically, the present invention relates to the
The pa€nCipssiFiohtidTEP DN 830 devaiveadis eﬁy grooedsl for ivdBradine and its
whi ch is characterised by the follo powder X-ray . .
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(Br agg S angl e 2 theta expressed in degrees) ray
hei expressed in counts), ¥ area. (expressed in

The mﬂ@@t ageQyy syl th @ta'@yparw%rwah abrading, Higthydraehlqede, can be
obta 1? *:i%gsg dﬁllﬁhedﬁ%;xqﬁgt) S %ﬁ mdzrﬂgge%{s a)'%]ﬁﬁbg characteristics
ofstlablh@rz{ﬂd@mmesmyhmo 2 -theta (counts)(counts X

(degrees)di stance (A) (degrees)degrees)

14. 0244800. 334622. 139 25.9377560. 150614. 829

Sy R0SES, R 05 ERR3 PSR BARy, o o

hydrédBofd8 34308 % darafer#ed b§ ke filbAG0y gOLSEG. X418y 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 4.0 244 80 0.3346 22.139
2 5.9 377 56 0.1506 14.829
3 6.9 94 50 0.5353 12.835
4 9.2 1975 293 0.1506 9.623
5 11.8 136 27 0.2007 7473
6 12.5 1826 241 0.1338 7.083
7 13.6 1834 303 0.1673 6.491
8 14.5 51 20 0.4015 6.119
9 16.0 1441 214 0.1506 5.525
10 17.3 4472 738 0.1673 5.134
11 18.4 546 108 0.2007 4.8308
12 19.6 1025 169 0.1673 4.524
13 20.0 688 91 0.1338 4.448
14 20.4 1027 186 0.184 4.362
15 214 102 24 0.2342 4.143
16 22.3 1903 283 0.1506 3.990
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916. 014412140. 15065. 525 1017. 344727380. 16735. 134

1118. 45461080. 20074. 808 1219. 610251690. 16734. 524

1320. 0688910. 13384. 448 1420.410271860. 1844. 362

1521. 4102240. 23424. 143 1622. 319032830. 15063. 990 3 Angl e
Hei ght Area FWIM Interplanar Ray no.2 theta
(counts) (counts x (degr ees)‘éi'st ance (A
(degrees) degrees) 1722.8674890. 13383, 897 _

197 Interplanar
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19 24.4 845 56 0.0669 3.647
20 25.0 3749 557 0.1506 3.554
21 25.5 512 84 0.1673 3.497
22 26.6 289 76 0.2676 3.346
23 28.3 275 91 0.3346 3.151
24 29.1 126 21 0.1673 3.066

The invention relates also to a process for the preparation of the Bd-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 thereby formed are collected 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 Pd-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.

The useful dosage can be varied according to the nature and severity of the disorder, the
administration route and the age and weight of the patient. That dosage varies from 1 to

500 mg per day in one or more administrations.
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hydrochl ori de and water or a m xture of ivabradine
hydr ochl ori de, isopropanol and water is heated until
di ssolution is conplete and is then progressively
cooled until crystallisation 5 is conplete, and the
crystals thereby fornmed are coll ected and dehydr at ed.
In the crystallisation procégs according to the
invention it is possible to use ivabradine
hydrochl ori de obtai ned by any process, for exanple
ivabr.adine hydrochl orjde obtained by the preparation
Theﬁ?@’c‘@é‘%%&@@%ﬁ it tb%{“é(ﬁ‘i‘“‘%“peci fication EP 0 534 859.
The sol uti on may advant ageously be seeded during the
cooling step. 10 The invention relates also to
The phanyrpewder ¢akactionposstrun ves cerepired underakhe follpwimg experimental
comﬁﬁ%ﬁfﬂient the (3d-crystalline formof ivabradine
ochl oride together with one or nore appropriate,
inert, non-toxic excipients. Anong the pharmaceutica
conpositions according to the invention, there may be
- Iytiadd Xrhstle Pess sliidiagtometerh gseclenatpr datecteri teappratireregulated
8ﬁﬁler parenteral (intravenous or subcutaneous) or
nas§1’adn1nistration, tabl ets or dragees, 15 sublingua
- ‘alhlgets kg eltaisity 40apayl es, | ozenges, suppositori es,
creans, ointnments, dernmal gels, injectable
Hp “Fons, drinkabl e suspensi ons. The useful dosage
e l.ed according to the nature and severity of
§§§ﬂ352¥§§§$, the admnistration route and the age and
- ineidght-beatn drdediffedcteeldbeamibaier diits@gi rady i es from 1 to

00 per..day in gne or nore admnistrations. 4 The

} g%ﬁq%ﬁQQquﬁﬁgéﬁP€§ﬁﬁFﬂ%£trate the invention. The X-ray
- pawderg did fraction spectrum was neasured under the

foll ow ng experinmental conditions : - PANal ytica
- oatieatter Fnto 1Y f r act oneter, X Cel erator detector,

t enper at ure-requl ated .5 r . - voltage V,
- Ry Pt RS e a0 40 in meliraeiP6
- ﬁkﬁﬁ@ﬁmmnﬁhﬁqkagﬁp1b9gmgand di ffracted-beam Soller slit

: 0.04 rad, 10 - fixed angle of divergence slits :
- tpfgdtime : 4 min 32 s,

- measurement speed : 0.108°/s,

- measurement temperature : ambient.

EXAMPLE 1: Bd-Crystalline form of ivabradine hydrochloride

720 ml of purified water are preheated to 50°C, and then 250 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 74°C wuntil dissolution is
complete. The resulting clear solution is heated for 2 more hours at 74°C and is then
progressively cooled, first to 40°C, and then to ambient temperature. The solution is
subsequently stored at ambient temperature for 2 days, and then the solid suspension is
spread out in a thin layer on a crystallisation plate. The excess water is driven off under a

gentle current of nitrogen.



- mask : 10 nm - antiscatter slit : 1/4, - measurenent
node : continuous from3 to 30, in increnents of 0.017,
- measurenent tine per step : 19.7 s, 15 - total tine :
4 mn 32 s, - neasurenent speed : 0.108/s, -
nmeasurenent tenperature : anbient. EXAMPLE 1 _:
Rd- Crystal l i ne form of ivabradi ne hydrochl oride 720 m
of purified water are preheated to 50C, and then 250 ¢
The pfoduetitherady rbtdiyed is cehydratdd byagogbssivalie ieating gt diratg of ¢ °C/min
th rocess scribed in the patent specification EP O
upt%%%r%@%ﬁeo@go@d in portions, wWith stirring, and the
m xture is heated at 74C until dissolution is
conplete. The resulting clear solution is heated for 2
X-roppowdbiodiffsaciion fidagramd i s then progressively cool ed,

forst to,40 and thep to.anbj.ent tenperat The,. . .
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out in athin’layer on a crystallisation plate. The

excess water is driven off under a gentle current of

har ol ot o el o Adolua e ot oA

is gilven by tHel sidnifidnt rlays 800l | at e@3B46 t e 22.139
foll gw ng tablseg: Angl eg7Fei ght Arsga FWIHM1504 erpl anapo
Ray BO.Z thetgg 94 50 0.5353 12.835
4 9.2 1975 293 0.1506 9.623
5 11.8 136 27 0.2007 7.473
6 12.5 1826 241 0.1338 7.083
7 13.6 1834 303 0.1673 6.491
8 14.5 51 20 0.4015 6.119
9 16.0 1441 214 0.1506 5.525
10 17.3 4472 738 0.1673 5.134
11 18.4 546 108 0.2007 4.808
12 19.6 1025 169 0.1673 4.524
13 20.0 688 91 0.1338 4.448
14 20.4 1027 186 0.184 4362
15 21.4 102 24 0.2342 4.143
16 22.3 1903 283 ©0.1506 3.990
17 22.8 674 89 0.1338 3.897
18 23.0 623 62 0.1004 3.866
19 24.4 845 56 0.0669 3.647
20 25.0 3749 557 0.1506 3.554
21 25.5 512 84 0.1673 3.497
22 26.6 289 76 0.2676 3.346
23 28.3 275 91 0.3346 3.151
24 29.1 126 21 0.1673 3.066




(counts) (counts x (degrees)distance (A
(degrees) degrees) 14.0244800. 334622. 139
25.9377560. 150614. 829 36.994500. 535312. 835
49.219752930. 15069. 623 511. 8136270. 20077. 473
612.518262410. 13387. 083 713.618343030. 16736. 491
814.551200. 40156. 119 916. 01£412140. 15065. 525
1017.344727380. 16735. 134 1118. 45461080. 20074. 808
EXAIMPI.F62 0 2Bhiiademticdl caddpoldidh. 0688910. 13384. 448
1420. 410271860. 1844. 362 1521. 4102240. 23424. 143
1622. 319032830. 15063. 990 1722. 8674890. 13383. 897

s

nipddhd 62Beffle 26.7.63..346..2328..3275910...33463..151......5.39 g
2429 126210. 16733. 066 -6
MaiZe SEArCH .. eeeeeeeeeee e e e 20g
Anhydrous colloidal SIliCa......c.ceverruereineeeicrenrenr e 02g
IMAIIETOL 1. e ceiee ettt et e sne et e s e san e n e nr e e se e e e enr s 6391¢g
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EXAMPLE 2: Pharnmaceutical conposition Formula for the
preparation of 1000 tablets each containing 5 ng of
i vabradi ne base: Conpound of Exanple 1

................................................. 20 g 5
Anhydrous col loidal silica
NS e tol T
e .......83.91
g PVP

1. Bd-Crystalling form of ivabradine hydrochioride of formula(@: - - - -~~~
........ |0 g Magnesium stearate o
LLCHO . ........... 059 JOGA M5 1.
(3d-Cryst a m of i vabreHii ne | oride of
formul a HCl cha sed by they,
f ol 161 ng “Raw N i N diagramgeasur ed
using a 5 PANg {cal X Pert Pro diffractoneter

together with an Cel erator detector and expressed in
terms of ray positﬁ%n (Br@gg's angle 2 theta, expressed
in degrees), ray height (expressed in counts), ray
area (expressed in counts x degrees), ray width at

hal f.- hei ght (% ' d . r :
e IR, g SRR OBl v
PAMMISEcaF W Piat dffplcanadterRayeting vatl feKaCdaaton tistp{tonamt sxpressed
. (degrees)distance (~i) (degrees)degre%f) )
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 4.0 80 0.3346 22.139
2 5.9 377 56 0.1506 14.829
3 6.9 94 50 0.5353 12.835
4 9.2 1975 293 0.1506 - 9.623
5 11.8 136 27 0.2007 7.473
6 12.5 1826 241 0.1338 7.083
7 13.6 1834 303 0.1673 6.491
8 14.5 51 20 0.4015 6.119
9 - 16.0 1441 214 0.1506 5.525
10 17.3 4472 738 0.1673 5.134
11 18.4 546 108 0.2007 4.808
12 19.6 1025 169 0.1673 4.524
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14. 0244800. 334622. 139 25. 9377560. 150614. 829

36. 994500. 535312. 835 49. 219752930. 15069. 623

511. 8136270. 20077. 473 612.518262410. 13387. 083

713. 618343030. 16736. 491 814.551200. 40156. 119 9- -
16. 014412140. 15065. 525 1017.,344727380. 16735. 134
1118. 45461080. 20074. 808 121§f610251690.16734.524 8

Angle Height Area FVHNI Interplanar Ray no 2 theta

-1622..31903283t 0:1727. 3654389

1823,623620. 1§043.1866 438 91 0.1338 4.448
14 20.4 1027 186 0.184 4.362
15 21.4 102 24 0.2342 4.143
16 22.3 1903 283 0.1506 3.990
17 22.8 674 89 0.1338 3.897
18 23.0 623 62 0.1004 3.866
19 24.4 845 56 0.0669 3.647
20 25.0 3749 557 0.1506 3.554
21 25.5 512 84 0.1673 3.497
22 26.6 289 76 0.2676 3.346
23 28.3 275 91 0.3346 3.151
24 29.1 126 21 0.1673 3.066

. Process for the preparation of the Pd-crystalline form of ivabradine hydrochloride
according to claim 1, 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 thereby formed are collected and then 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 pd-crystalline form of
ivabradine hydrochloride according to claim 1, in combination with one or more

pharmaceutically acceptable, inert, non-toxic carriers.

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

manufacture of medicaments which are of use as bradycardics.

. Use of the Bd-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



1924. 4845560. 06693. 647 2025. 037495570. 15063. 554
2125.5512840. 16733. 497 2226. 6289760. 26763. 346

2328. 3275910. 33463. 151 2429. 1126210. 16733. 066 2.
Process for the preparation of the fad-crystalline form
of ivabradi ne hydrochl ori deq_according to claim1,
characterised in that a m xture of ivabradine
hydrochl ori de and ter or ni xture of. i.vabradi ne
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cool ed unt f crystallisation’is 5 conplete, and the
crystals thereby fornmed are collected and then
dehydrated. 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 (3d-crystalline formof ivabradine
hydrochl ori de according to claim1, in conbination with
one or nore 10 pharmaceutically acceptable, inert,
non-toxic carriers. 5. Use of the (3d-crystalline form
of ivabradi ne hydrochloride according to claim1 in the
manuf act ure of nedi canents which are of use as
bradycardics. .6. Use of the (3d-crystalline form of

i vabr adi ne hydrochl ori de according to claiml in the
manuf act ure of medi canents which are of use in the
treatnment or prevention of various 15 clinica
situations of nyocardial ischaem a such as angi na
pectoris, myocardial infarct -9 and associ ated rhyt hm
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.



