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7d-Crystalline formof ivabradi ne hydrochl oride, a
process for its preparation and pharnmaceutica
conmpositions containing it The present invention
relates to the new yd-crystalline form of ivabradine
hydrochl oride of formula (), to a process for its
preparation and to pharnaceutlcal conposi tions

c ohCaistalling form ofNyaDGrHBneJGtdBochldriTe, Dprovessifaits @epatibn and
addi ti on sal tRhatmasedtieal mmnosaﬂq@ﬁapm«aem:t cally

Theﬁﬁ:rogﬁﬁ%@fggag%ave Sggﬁﬁegﬁﬁﬁi e afﬁ%@o %%n%%WhOd%fndCOf
fomidl‘eeﬂﬁ e dtprecesfon pie pirépasation e ¢ plhdrmab&mdyl&ﬁmijo@mons 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 associated rhythm di sturbances,
and aCB@® i n various 10 pathol ogi es |nvoIV|q%}§hythm
di st ur banges )\ especi al |l y SuprgyentH *hm
di st ur ban im heart fallurt he reparatlgﬁnand
habradi pevan S
Ar maceutically acceptable and
nore especially it® hydrochloride, have been described
in the European pat@nt specification EP 0 534 859. 15
In view of the pharmaceuti'cal val ue of this conpound,
it has been of prine inportance to obtain it with

excel lent purity. |t has also been inportant to be_abl e
Ivabquimfy ﬁth% @§§ iGign; Sﬂltqoghﬁr%ém@l pph fan:ﬁia%l@@liv peesptablenacid, and more

e !y .
cpel B89, 1, B SO ek P AR S, g, trpen
propeirties,ngspekializl bradydahdit yﬁropertwsadnalong)e‘hqmr t@opdunds useful in the

r epr oduci bl e, asi .| Iated and. suf fi i nt )
treatfrell, 0 PRey BT AF P PLiOls RLEE SBRIpRn e BEPFEgiel wePkoie such as

angiR® pRAGHAd, eloskrdl8 tihice AR sSodiREd SRS aﬁhﬁsﬁme&, Iagatalserin various
oxygen fevel . -2 The patent specification EP ‘0 5 59

pathalegies| Hiawolaingy nthiydign s distatbesesss oespevially adlupmvmmcmlms thythm
9 ver, that document does not specify
dwu?%gmc%ﬁggPlfﬁnggr obtalnlng i vabradine in a formthat
exhi bits those characteristics in a reproducible

manner, The plicant has_now found that a particul ar
The gppargftory gahr PPF‘é‘UCtWé Al dvabeading: perd addigignpealts sthereof with a

phzut Akl 'eﬁc S&c@t} nflo% 'Esi)é@ﬁlly) %sm%&oaﬁgﬂl&e%a@g peen

at ex b|t aracte I'stics
described in the European patent spec1ﬁcat10n EP 0 534 859.

kIJ

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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of stability and processability. Mre specifically, the
present invention relates to the yd-crystalline form of
i vabradi ne hydrochl oride, which is characterised by
the follow ng powder X-ray diffraction diagram
measured using a PANaIytica? X Pert Pro diffractoneter
together with an X Celeratof 10 detector and expressed
in terns of ray position (Bragg's angle 2 theta,
The pxtpnws@ﬂcatmn QrSéé@w desgyibes p§hie e%&pm@%% der jvabradine and its

essed. i r
hydrwqra 5& tH r,h ab &t%cx?mi@ﬁﬁ%ﬁ rQ)t g) tggrr%)efgg dB¥aining
1vab?a@ﬁ16' iR b6 BARExHEbiSS tﬁﬁééechdra@&)ﬁ@ﬂi@Sﬁ edeprbdlucﬂ)le maAngl e

-leight Area | WII~I Interplanar Ray no.2 theta b

(counts x (degrees)distance (A

e

obtafhb8 if 3223260103068, tB4Qs Sl .RBR3aDAN that8hiktb4aluable characteristics
612. 514062780, 20077. 069 713. 429754420. 15066. 619

of stahilityvgwprocessabdBe. 134 915. 810362050. 20075. 598
1016. 35401070. 20075. 450 1116.910071830. 1845. 233
1217.8499580. 11714. 978 1318.910621400. 13384. 686

More specifically, the present invention relates to the yd-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 4.3 1077 124 0.1171 20.633
2 6.9 132 70 0.5353 12.787
3 8.4 269 35 0.1338 10.482
4 10.6 322 26 0.0836 8.310
5 11.9 733 97 0.1338 7.414
6 12.5 1406 278 0.2007 7.069
7 13.4 2975 442 0.1506 6.619
8 14.4 825 122 0.1506 6.134
9 15.8 1036 205 0.2007 5.598
10 16.3 540 107 0.2007 5.450
11 16.9 1007 183 0.184 5.233
12 17.8 499 58 0.1171 4.978
13 18.9 1062 140 0.1338 4.686
14 19.8 570 85 0.1506 4.485
15 20.2 549 63 0.1171 4.399
16 20.9 2565 635 0.2509 4.241
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1419. 8570850. 15064. 485 1520. 2549630. 11714. 399

1620. 925656350. 25094. 241 -3 Angl e Hei ght Area FWHM
Interplanar Ray no.2 theta (counts)(counts X
(degrees)di stance (A) (degrees)degrees)

1721. 65311050. 20074. 104 1822. 3213350. 16733. 981

1923. 4278270. 10043. 807 2024:114041850. 13383. 694
2124. 415261760, 11713. 650 _2224. 86761000 15063 591

CTysigim ne fs3qm of '
i—cre vhi—ch—pr €SS TS GHardacte gﬁﬂln 3 d
v A adi mp droecH 0:3. ge '1.“.d(H 3581
i

2- et}ﬂ)xvet andt4 a |ni Xt2l[|§9 ofl i vaBr adil neQ-hO% odhl +-$We
2-_elhoxyel hadbl and wa#@d, or aldfi xt Ur €0.5338 vabr ati69e
hydrpchl ori dep4 et hanol 18281 wat eri176 5| he@l &l unti l13.650

[l ssz)i ution | §4§orrp| et %%nd I[s tp@p cool gdsamt 1|l 3501

erysiattisat 5:«4 3 Ia,:mpwi cmumC e cryzb@} S jobtakfed

re ol |l ec PN
—afre— o+l

Ty aRefehyenat g 3.403
25 26.8 258 51 0.2007 3.331
26 27.2 182 24 0.1338 3.282
27 27.9 838 249 03011 3.193
28 29.1 152 20 0.1338 3.071

The invention relates also to a process for the preparation of the yd-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 completé and is then cooled until crystallisation is complete, and

the crystals obtained are collected by filtration 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 yd-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.
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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 patent ,specification EP 0 534 859.
10 0 The sol uti on may advah?égeously be seeded during
the cooling step. The invention relates also to

phar maceuti cal conpositions conprising as active

in ient the yd-crystalljne f [ ' .
The i GRFRY et 0F e Sl o R Bha SUEREP! B cisonder, he
admini@fation ReRe LAX ite SoeChd RHight ofHBNGtitite Thixadosage vdries dtom 1 to
conposi tions according to the invention, there may be
500 mgrmer daeid: ansros esp adnalititipkose that are suitable for
oral, 15 parenteral (intravenous or subcutaneous) or
nasal adm nistration, tablets or dragees, subl i ngua
The falhehgExgapiat iistapshd @sentloazenges, suppositories,
creanms, ointnents, dermal gels, injectable
preparations, drinkable suspensions. -4 The useful :
I .
The SEEA%0 60 LG SEAREPLA Bitaiied MAIGANITEIARRe cxpermontl
condifiensage and wei ght of the patient. That dosage varies
froml to 500 ng per day in one or nore
adm ni strations. The foll ow ng Exanples illustrate the
- PANERLEEATX TR THR %ifaYioRRW e A1EdafoR Cddtors ReGhEti s ulated
nmeasured under the foll ow ng experinental conditions :
dhanibeyti cal X Pert Pro diffractoneter, X Cel erator
det ec t rapure-regul ated chanber, voltage 45
- Fg?%$%¥5F$%E§%2 “*» 10 - mounting 0-0, nickel (K(3)
- thbhudtBig.e-6,nci dent - beam and di ffracted-beam Sol | er slit
0.04 rad, fixed angle of divergence slits : 1/8, mask
- nicked (k) i, - antiscatter slit : 1/4, measurenent node
. conti nuous, § L Q. nts of 0.017, -
- ipgBRTIRHRHR R Sl Sl Ry JEUARET 2 2 D
- fikdd adglesof diverpanuskrReNI8°speed @ 0. 108/ s,

- mask: 10 mm,

- antiscatter slit : 1/4°,

- measurement mode : continuous from 3° to 30°, in increments Aof 0.017°,
- measurement time per step : 19.7 s,

- total time : 4 min 32 s,

- measurement speed : 0.108°/s,

- measurement temperature : ambient.

EXAMPLE 1: yd-Crystalline form of ivabradine hydrochloride

40 ml of 2-ethoxyethanol are preheated to 80°C, and then 8.4 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 80°C until

dissolution is complete. After returning to ambient temperature, the solution is stored for



20 - neasurenent tenperature : anbient. EXAMPLE | :
-yd-Crystal line form of 1lvabradi ne hydrochl oride 40 ni
of 2-ethoxyethanol are preheated to 80C, and then 8.4 g
of ivabradi ne hydrochloride obtained according to the
process described in the patent specification EP 0 534
859 are added in portions, “Witth stirri ng, and the
m xture is heated at 80C until 25 dissolution is .
8 dagnpicetthen Aht ecrystelsuforired e anlbéotedt byedibeationuped finsed with
solution is stored for -5 8 days, and then the crystals
cyclohsXa are col lected by filtration and rinsed with
The gi/&duehﬂé%f; obﬂﬁ%dws QHdrafed %ryqby%x@m\@mﬁ@mg ol @ g roAtsed/min
progressively heating at a rate of 5C/mn up to a
uptdetqnmeaatume®f6ﬂ°@oc 5 X-ray powder diffraction diagram
. The X-ray powder diffraction profile (diffraction
angl es) of the yd-form of ivabradine hydrochloride is
X_m?iggwe,byﬁmwglamyégmqant rays collated in the follow ng
e: Angl e Height Area FWHM I nterplanar Ray no. 2
theta (counts)(counts x (degrees)di stance O

R TR e —

hydﬂ@ﬂoﬁ@g?sg%no&g@gs icaAilraly SRl id JB6118wihg table:
612.514062780.20077. 069 713.429754420. 15066. 619
814. 48251220. 15066. 134

1 4.3 1077 124 0.1171 20.633
2 6.9 132 70 0.5333 12.787
3 8.4 269 35 0.1338 10.482
4 10.6 322 26 0.0836 8.310
5 11.9 733 97 0.1338 7.414
6 12.5 1406 278 0.2007 7.069
7 134 2975 442 0.1506 6.619
8 14.4 825 122 0.1506 6.134
9 15.8 1036 205 0.2007 5.598
10 16.3 540 107 0.2007 5.450
11 16.9 1007 183 0.184 5.233
12 17.8 499 58 0.1171 4.978
13 18.9 1062 140 0.1338 4.686
14 19.8 570 85 0.1506 4.485
15 20.2 549 63 0.1171 4.399
16 20.9 2565 635 0.2509 4.241
17 21.6 531 105 0.2007 4.104
18 22.3 213 35 0.1673 3.981
19 23.4 278 27 0.1004 3.807
20 24.1 1404 185 0.1338 3.694
21 24.4 1526 176 0.1171 3.650
22 24.8 676 100 0.1506 | 3.591




915. 810362050. 20075. 598 1016. 35401070. 20075. 450
1116. 910071830. 1845. 233 1217. 8499580. 11714. 978
1318. 910621400. 13384. 686 1419. 8570850. 15064. 485
1520. 2549630. 11714. 399 1620. 925656350. 25094. 241
1721. 65311050. 20074. 104 182%:3213350.16733.981
1923.4278270. 10043. 807 2024."114041850. 13383. 694

2124

415261760 11713 650 2224 86761000 15063 591 6

'262723218.2%40. 35383, 282 2327, 9838p%00. 801030093 | 3.504

2829, T152200.73 838307 T{EAVPLE 23 Phal magagkj cal 3403
3 268 258 51 0.2007 3331

26 27.2 182 24 0.1338 3.282
27 27.9 838 249 0.3011 3.193
28 29.1 152 20 0.1338 3.071

EXAMPLE 2 : Pharmaceutical composition

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

Compound of EXample L., 539¢g
IMRIZE STATCH «.evvieieeereereieser e ceseeessaessseesase e s et s s bsbe s s be s e s ane et s e e s na e e s s e e s nnannntas 20g
Anhydrous colloidal SiliCa.....ccoviimiinnieeie e 02¢g
IMIANTIEO] v.vvvevierereereeneterneseene st etrere st s e e sesae st s b e st s sb et a s r e s s ba s et b e e s 6391¢g
YA O OO PUOR PO P PP 10g



Formula for the preparation of 1000 tablets each
containing 5 ng of ivabradi ne base: Conpound of
Exanmple 1

................................................. 20 g 5
Anhydrous col loidal silica
A e ol
e .......83.91
g PWP

1. yd-Crystalline form of ivabradine hydrochlotide of formuta(D-:- == - - - - - - - -
........ |0 g Magnesium stearate T
LU CHO ... 0,59 DAELAM 1.
yd- Cryst af S of i vabr &;ne hyTro oride of
formul a H3 CHBO N-_ , + (i1) MCl. HODCH3

chafFH er Naedlby t et of TowrRy~pdwder~SET o f f ract i on
di agr am neasur &d ‘\i ng a 5 PANalyti cal X' Pert Pro

di ffractoneter together with an X Cel erator detector
and expressed in t & ns ofpray position (Bragg's angle 2
theta, expressed in degrees), ray height (expressed in
counts), ray area (expressed in counts x degrees), ray

wi.dt h .a | f Lght (" ' 3 ed: i X
charfifi ety o ol ahulenMouny BERSERSCGalnf FALEERA using 2
PAN#y Al XMNeadPrb\dHiatoiretep tegetter Rath amoX Telchatbmdetector and expressed

counts) (counts x (degrees)di st ‘
in teg'rns of ray)p(osition (Bragg'(s angle 2 tﬁc)ata,l esxp?er;(s:eed i_gl%)egrees), 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 4.3 1077

2 6.9 132 70 0.5353 12.787
3 8.4 269 35 0.1338 10.482
4 10.6 322 26 0.0836 8.310
5 11.9 733 97 0.1338 7.414
6 12.5 1406 278 0.2007 7.069
7 13.4 2975 442 0.1506 6.619
8 14.4 825 122 0.1506 6.134
9 15.8 1036 205 0.2007 5.598
10 16.3 540 107 0.2007 5.450
11 16.9 1007 183 0.184 5.233
12 17.8 499 58 0.1171 4.978
13 18.9 1062 140 0.1338 4.686
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(degrees)degrees) 14.310771240.117120. 633

© 26.9132700. 535312. 787 38.4269350. 133810. 482
410. 6322260. 08368. 310 511.9733970. 13387. 414
612. 514062780. 20077. 069 713. 429754420. 15066. 619
814. 48251220. 15066. 134 915. 8§10362050. 20075. 598
1016. 35401070. 20075. 450 1116.910071830. 1845. 233

1217, 8490380 11714 978 1Q19,91“G714”” 13384. 686 8 Angle
963 4. 399 1620 ‘ 340/ 25 ‘
172]1465311050192g)074 10474822. 321§§50 L67($$5(9581 4.485
‘“1"9‘2?1—427‘85 70" jﬂ&ms 8U7 54424, 14U6§.8bu 15(§§§7le 4.399
16 20.9 2565 635 0.2509 4.241
17 21.6 531 105 0.2007 4.104
18 22.3 213 35 0.1673 3.981
19 23.4 278 27 0.1004 3.807
20 24.1 1404 185 0.1338 3.694
21 24.4 1526 176 0.1171 3.650
22 24.8 676 100 0.1506 3.591
23 25.4 702 139 0.2007 3.504
24 26.2 1737 401 0.2342 3.403
25 26.8 258 51 0.2007 3.331
26 27.2 182 24 0.1338 3.282
27 27.9 838 249 0.3011 3.193
28 29.1 152 20 0.1338 3.071

2. Process for the preparation of the yd-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 crystals obtamed

are collected by filtration and 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 yd-crystalline form of

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

pharmaceutically acceptable, inert, non-toxic carriers.

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

manufacture of medicaments which are of use as bradycardics.



2124. 415261760. 11713. 650 2224.86761000. 15063. 591
2325.47021390. 20073. 504 2426.217374010. 23423. 403

2526. 8258510. 20073. 331 2627.2182240. 13383. 282
2727.98382490. 30113. 193 2829. 1152200. 13383. 071 2.
Process for the preparation9of the yd-crystalline form
of ivabradi ne hydrochl oride” "according to claim1,
characterised in that a m xture of ivabradine

6. Usedfobydrrsellinedomm ofivebradineaidsochleride; aeeendgnggp claim 1 in the

| vabr adi ne_hydroch] or.i.de, 2-.ethoxyeth : :
TR AL T PO AR A AL e iy Faaent Rt gl of Ghrious
MR sinmtibaabesysdddibl Brigsaliabichrnsiasghageoltisf @yeaedidlsnfarct
then cool ed until crystallisation is conplete, and the
andyessatiated rydim désturhprees,indedtodia W8§ioRs Ptaglogiss inpdving rhythm

hydrated. 3..P i - _ o
SR rostan BRER R RERE A RgPeediond i hear Rt

hydrochl ori de is seeded during the cooling step. 4.

Phar maceuti cal conposition conprising as active

i ngredient the yd-crystalline formof 10 ivabradine
hydrochl ori de according to claim1, in conbination with
one or nore pharmaceutically acceptable, inert,
non-toxic carriers. 5. Use of the yd-crystalline form
of ivabradi ne hydrochl oride according to claim1l in the
manuf act ure of medi canents which are of use as
bradycardics. -9 6. Use of the yd-crystalline form of

I vabr adi ne hydrochl oride according to claiml in the
manuf acture of nedi canents which are of use in the
treatment or prevention of various «clinical situations
of nyocardi al ischaem a such as angi na pectoris,
nmyocardi al infarct and associated rhythm di sturbances,
and al so in various pathol ogies involving rhythm 5

di sturbances, especially supraventricular rhythm

di sturbances, and in heart failure.



