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-1 fl-Crystalline formof ivabradi ne hydrochloride, a
process for its preparation and pharnmaceutica
conmpositions containing it The present invention
relates to the P -crystalline formof ivabradine
hydrochl oride of fornula (l), to a process for its
preparation and to pharmaceutical conpositions
B-Coyitalling fgrm bf ivabfAdiBe Btkbchidrfde, & pryeddsadr fte prépitation and

addi ti on sapharmdveutiosl serhpositiphacomaming ial | y

The%‘r@%{ ablcatiaf irelatcBnd AR Rcry8@RBE! lhYofl flibradine hydrochloride of
Rhydr ochl ori de, have very val uabl e pharnmacol ogi cal and

formile (yde atirecesp Faypsirerssaticasmd b ahinymabeutbptenmafiasitions containing

.. properties, making those conpounds useful in the

% treatment 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 afB&n various 10 pat hol ogi es |nv-IV|n@Cﬁhythn1

oreparath&nand
t her@pPut i add ts

t hereof with a\_pharnmaceutically acceptable acid, and
nore especially it& hydrochl oride, have been descri bed
in the European pat@nt spgfeification EP 0 534 859. 15
In view of the pharmaceutical value of this conpound,

it has been of prine inportance to obtain it with

Ivab??ﬁﬁ% la?l tadﬁﬂirohts%élt% ltﬁer&) % §%h%%%%eﬁﬁ’8%ﬁ§ &*&)’ta{b?e chd ag:\d more

eslse neans  of rocess
espercfaalgh lity hedrocilveds, edlaw e valdalﬂé rplalxm%ﬂbgcal and therapeutic
especially _in a form that allows rapid f||trat|on and.

pronfrtﬁSng%Spqci%lw ppdyeadic P@Pﬁﬁ“ﬁ%dm@]émée pes cemppynds useful in the
st abl glﬁ}%@g P%vs??‘t;d?o}si% c?r age %gfgﬁ| 0 %ﬁ\r}m&%}%em%a such as
angine ppetotis, cunoaardia duiarod mehassoélaned tleytiardidtorbencek, egltltalsmrm various
en ] evel The patent specification EP 0 534 859
pathgIhs] SOl AR s GRS oo R U AR SRECHES  thythim
dist¥pEERE HnQkh Heurt fAauRVEr, that docunent does not specify
the conditions for obtaining ivabradine in a formthat
exhibits those characteristics in a reproducible
nt has

TheS%ﬁeParg?m} K: %ﬁggﬁaﬁ%‘% S B3 I% dyé%rﬁff gpld Eihadtdl ar {si ereo% with a

pha®iticantially i accaptebly sidd, bne ﬁ@rentstphawy sits\/\awxodmﬁnﬁ@dh@radbeen

t hat exhlblts val uabl e characteristics
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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of stability and processability. Mre specifically, the
present invention relates to the (3-crystalline form of
i vabradi ne hydrochl oride, which is characterised by
the follow ng powder X-ray diffraction diagram
measured using a PANal ytical_ X Pert Pro diffractoneter
together with an X Cel erator“10 detector and expressed
in ternms of ray position (Bragg's angle 2 theta,
Theepaters speaifi¢ationddyp 684 $59 desgrihen gbintlifasispressse toriimabradine and its

by, oo AORERERPe! Bap RS b CHRGRE 6pf Thipinine
ivabiradi@e  Fam WhiShHANER tlibsé eXRERESRMs i MrefoduciBROhEnndRay

no.theta Height Area (counts FWHM I nterpl anar 2
(counts)x degrees), (degrees)di stance (A) (degrees)

oS BE30EER S520IR AP SRR AR, IR oo,

obtdhddd MIDEYNAIHE Fdrin #iaBis6del]l AF0RIAAI It xhiBBSvaluable characteristics
7%3. 2224300. 13386. 694 813. 8633520. 08366. 419

of stppity apG BURSeSIIE- 209 1014. 8926760. 08365. 977
1115. 0716940. 13385. 887 1215. 7531790. 15065. 636
1316.1121160. 13385. 502 1416.913542230. 1673-5. 254

More specifically, the present invention relates to the B-crystalline form 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 6.8 0.6691
2 9.2 6141 507 0.0836
3 9.7 882 58 0.0669
4 10.0 875 72 0.0836
5 11.9 190 19 0.1004
6 12.2 500 58 0.1171
7 13.2 224 30 0.1338
8 13.8 633 52 0.0836
9 14.3 466 54 0.1171
10 14.8 926 76 0.0836
11 15.0 716 94 0.1338
12 15.7 531 79 0.1506
13 16.1 121 16 0.1338
14 16.9 1354 223 0.1673
15 18.4 5672 562 0.1004
16 18.8 1328 131 0.1004
17 19.7 1617 347 0.2175
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1518. 456725620. 10044. 824 1618. 813281310. 10044. 716
1719.716173470. 21754.508 15 3 Angle 2 Height Area
(counts FWi M Interplanar Ray no, theta (counts)x
degrees) (degrees)di stance (A) (degrees)

1820. 4296340. 11714. 341 192037767510. 06694. 286
2021. 314192110. 15064. 178 2121. 624582430. 10044. 114

9372323 01467730- 05023865
061 325 127 7208970 113383 215]

3228 14834008363. 17696328 8242240 10043L1G%6 4.341
3428 345074Q016733. 04F6The i nventli on |r elgadess al so 4t286a
Proggss Tor g priepajgig onfor sfye (3- croysios! | 1 ne 4T1aigm

chathorop s et ot xlor ey ot Ao | 112

X TT258 701506 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

The invention relates also to a process for the preparation of the B-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 0 534 859.

® 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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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 formed are collected. In the crystallisation
process according to the invention it is possible to
use ivabradi ne hydrochl ori de obtai ned by any process,

inert,oRoTESOIfp IeBCipigats Atnprg tlhw@huoiak:@mcdle cmmpemm imcotdimg to the

ar,ati on process..descri bed in. ci fication
inv@liBB B 3P R CRRRASER rores et N8 (B, DRE cie GRS or oral,
par@:ﬁﬁdle dinetavdriogs t dte seatanBehsy L@ Prasih %dmﬁlﬁﬁfﬁtioﬁn 412418 &S dragées,
so to pharmaceutical conpositions conpr|5|ng as
Sub]e\%&qalx dablets,r selptimcapsules, fozengest suprosdonasy ereams] vhments,ndermal

gewg]g&?ﬁ%g{eb?&lgl%gg}lﬁﬁblwth Qne or nore appropriate, -4

OXI C’excl %sgensmng t he pharnaceuti cal
conp05|t|ons accordlng to the invention, there may be
oned nore especially those that are suitable for
Theo‘%sﬁ OE?&Féﬁflé}ea‘faﬂ@fi r@P?Qi lélﬂdaéh%natg%@dt gHasyf the disorder, the
dnﬁﬁa%ét A ' '
R 51 0 g S 1 e HAASEC g UL AR 1 1

SOOm@persiaym nheremnmsre zaﬂmmmratlcﬁasgel s, injectable
preparations, drinkable suspensions. The useful dosage
can be varied according to the nature and severity of

ThelfBBowWing lestiltgstrafOiik v%hﬁ%f.i on route and the age and
wei ght “of the patient. a osage varies from1l to

500 ng per day in one or nore admnistrations. The

fol | ow \ les illustrate the invention, 10. The
The, ) BB et AR PP ABeTHi s craiiedd e up U™ icapermental
condifiend 0l | owm ng experinmental conditions : PANal ytica
XPert Pro diffractoneter, X Cel erator detector,
tenperature-regul ated chanber, voltage 45 kV,

) unt i
?W@ﬁ by 5‘2? ° bdégrr%"%oﬁn e f)?‘??}@%ag% g%%?&%o‘?’?l&?’)a&r‘? egulated

¢hathber,ad, fixed angle of divergence slits : 1/8, mask
. .10 Hykgz - antlscatter slit : 1/4, - neasurenent

- Yritsge eI 40mR8m 3 to 30, in increnents of 0.017,

- mounting 6-0,

- 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.



10

- measurenment tinme per step : 19.7 s, - total tine : 4
mn 32 s, - neasurenent speed : 0.108/s, 25 -
nmeasur enent tenperature : anbient. 5 EXAMPLE 1 :
(i-Crystalline formof ivabradine hydrochl oride 720 m
of purified water are prehegted to 50C, and then 250 g
of ivabradi ne hydrochl oride obtained according to the
process described in the patent specification EP 0 534
859 are added in portions, with stirring, and the
EXANVPIY £ | ﬁ—d}z%ﬁﬁle%rﬁﬁl%rbhm‘é'h%ﬁ%dlﬂdl@db i's 5
— conptete. Thé resulting clear solUtion is heated for 2
nore hours at 74C and is then progressively cool ed,

f to 40 d [ t
720 G0 b 96 B SR s e SE AR I grgpioie
obtafrd a%célamg toaHéjpid@@ﬁ di&itseal ihdhé F@t@ﬁr@eaﬂcmson EP roem 859 are
out in a thin layer on a crystallisation flate

addeéxmegmlm emth stintingy end ol mixineeels heategedit TECe umledﬂﬁsmtlon is

comglfz%d ¢ realé Th eﬁremg(g]gvoﬁ gg:hga%(% ?or ipﬁor 31%3#% /latn94°.C ﬁnd is then

progﬁé&%ﬁv@@p@cﬂﬁéﬂ tfrs@td a0P@hyl @ied. to&mﬁﬁnmm[‘atdﬂef fihacdoliion is
di agram : The X-ra omder diffraction profile

subseqiently geqrpd gt amgi g}emerqthl@ For 2cslaps. nd |t‘8§!b ﬂﬁ-‘dﬁﬂ@ suspension is

spre!t]cy g{lthl‘ﬁhaffﬂH ﬂgﬂerl oh ?bﬁf?&lﬁxaé%{]?la@ gl E}k&%ﬁgvg{e?gsz%ﬁ\ggl (ﬁ%‘/\ﬁﬁﬁler a
gmﬁknmaknt@mﬁﬁogaw no.2 theta (counts)x

degrees) (degrees)di stance (~) (degrees)
16. 8130860. 669113. 019 29.261415070. 08369. 613

The g%glg%ge%g 8??8%%319%3%%&§7é?e%&&§3§80%eny, is 12.4 %, which

47.43
corresponds to a tetrahydrate.

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




612. 2500580. 11717. 236 713.2224300. 13386. 694
813. 8633520. 08366. 419 914. 3466540. 11716. 209
1014.8926760. 08365. 977 1115. 0716940. 13385.887 -6 Angl e
Hei ght Area (counts Fa-IMInterplanar Ray no.2 theta
(counts)x degrees)(degrees)djstance (r~) (degrees)
1215. 7531790. 15065. 636 1316.71121160. 13385. 502
1416. 913542230, 16735, 254 1518, 456725620. 10044. 824

54. 5p8
24237480178 525 70Y, 75337523 9504500 10043448 | 5636
mi;ﬁgﬂgggvzbzfﬁ 2725 TP O A 64— 0
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
18 20.4 296 34 0.1171 4.341
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
26 253 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
30 274 706 151 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.....cccocoemmeneierieeeeeeeeeceeee e enes s 539¢
MaIZE STATCH ..ottt ettt et ettt e e 20g
Anhydrous colloidal STHCa. ......cevirrererereecrecececececceee et ee e e 02¢g
MANNIEOL ..ottt ettt eer s s eeen 6391 ¢g
PVttt ettt st et et e et aenn 10g



2926. 6221440. 20073. 352 3027.47061510. 21753. 251
3127.7208270. 13383. 215 3228. 1483400. 08363. 176

3328. 8242240. 10043. 096 3429. 3450740. 16733. 049 EXAWVPLE 2
. Pharnmaceutical conposition Formula for the
preparation of 1000 tablets,;ach containing 5 ng of

i vabr adi ne base: Conpound of Exanple 1

................................................. 20 g 5

Anhydrous col |l oidal silica

i ... ... ...........0.2g Mnnitol
1. B-Crystalline form of ivabradine hydrochloride of forhula @) -~ - 63 91

g PW

L JOCH, < -« - -

........ esi um st ear @Hg N

....................... Lol e

o GEOT N o N TN 0EA0 Yo&hAl M5 1.

(3- Crystall|ne s of ivabradine hydrochlorldb of

formula (1) : OCH3\\. HClI, OCH3 characterised by the

fol  owi ng powder XfPay dlﬁfractlon di agr am neasur ed

using a 5 PANalytical X Pert Pro diffractoneter

together with an X Cel erator detector and expressed in

0 S
chab SRRy B RIBWL BebbE M Mfhebich HIEHR, REBLERSEne
PAI\Mﬂﬁ:a( KiﬂareBm&Hfﬁaatanmﬂmtsgethﬁagm}eas )(,'Cdlﬁytomde‘tbd’toﬁztnd expressed
. . half-heig 45 ressed i n ees) and
in terge of fﬂyé??é’r“ ( %ﬁgééna e( Bbﬁiae@%a%? mAéegreﬁ?Pgraé( haight gxpressed
in C&EI& "
egge gaéx)a%gg Sﬁ’g\élié;% t;pgﬁ{:ngé %El@éreg@}’re@ow?dﬂ hehAr hGEHEERNEM,

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

1 6.8 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
12 15.7 531 79 0.1506 5.636
13 16.1 121 16 0.1338 5.502




(degrees) 16.8130860.669113. 019 29.261415070. 08369. 613
39. 7882580. 06699. 083 410. 0875720. 08368. 837

511. 9190190. 10047. 433 612. 2500580. 11717. 236

713. 2224300. 13386. 694 813. 8633520. 08366. 419

914. 3466- 540. 11716. 209 1014.,.8926760. 08365. 977

1115. 0716940. 13385. 887 1215.77531790. 15065. 636

1316.1121 ] ( col
182Q44296340145714] 34133920.|7763530. 066911 @86 5954
20245312192 11R41oUP4. LT, 2131 05582450 gy 114 4824
6 T8 1308 131 0.1004 4.716
17 19.7 1617 347 0.2175 4.508
18 20.4 296 34 0.1171 4.341
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 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
30 274 706 151 0.2175 3.251
31 27.7 208 27 0.1338 3215
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

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

. 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 B-crystalline form of
ivabradine hydrochloride according to claim 1, in combination with one or more

pharmaceutically acceptable, inert, non-toxic carriers.



2323. 01467730. 05023. 865 2423. 74861280. 26763. 751
2523. 9504500. 10043. 718 2625. 346063040. 06693. 513
2725.7791910. 11713. 464 2826. 2458910. 20073. 406
2926. 6221440. 20073. 352 3027.47061510. 21753. 251
3127.7208270. 13383. 215 3228¢1483400. 08363. 176
3328. 8242240. 10043. 096 3429. 3450740. 16733. 049 2.

5. e oAb lEHel R drBLA DEPOBINe ToNEHAF G FettP (o Rig] in te
_ Hallsg dorgehl PSR
e e R B R ol “and

water is heated until dissolution is conplete and is
t hen progressjively cooled until crystallisatjon is. .
6. Uenel e -crypiglling dorgy p5ivaprpding hskoRblpride acgy e p slpiml in the
Pr oGess . . . . _
R S el ab B e s B F AL fyEyprfiSh cf Sfious

dliecal edldtiogs 8f BFocatdiaPheliderie sidhcal angmappestotis,anyocardial infarct
conprising as active ingredient, the (3-c tall.ine .for

¥ Bracaasr NG SR EYAaiot PR GRS OTving iy
1 ' i failure.
GTRNRs) el o R AR B ] PUBbEREG Ml oot il
(3-crystalline formof ivabradi ne hydrochl oride
according to claiml in the mnufacture of nedicanents
whi ch are of use as bradycardics. 6. Use of the
(3-crystalline formof 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.



