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8d- CRYSTALLI NE FORM OF | VABRADI NE HYDROCCHLORI DE, A
PROCESS FOR | TS PREPARATI ON AND PHARMACEUTI CAL

I r - i on
Ry A N R T S
hydr ochl ori da pROCESITHO® (19 PREPO FOCHEON] x_ O 11
t1 CH30 00x OA&Q% to a(Erocess for its preparation and

0 PIE RHARMAGH UTERpbE OMBRASELIRNS G N TALNENG IT
i vabradi ne, and addition salts thereof with a
pharmaceutically acceptable acid, and nore especially
its hydrochl oride, have very-val uabl e pharmacol ogi ca
and therapeutic properties, especially bradycardic
properties, making those conmpounds useful in the ,
The rregeenfernt cBonprcdaientd 81 ot -cvalpllsgsioohi ofl wabradipe datioghloride of
fbgﬁﬂggfcardial i schaem a such as angi na pectoris,
myocardi al infarct and associ ated rhyt hm di st urbances,
and also in various to pathol ogies involving rhythm
di sturbances, especially supraventricular rhythm
di st urYafces, and in heart failure. The pre wation and
e _of~i vabradi ne @nd addfti sal t's
t her eof wi phar\raceut i cally a¢cept ablle aci d, apg
¢ its Rydrechl orl: have Been,descri bed
pat €nt specification EP 0 534 15 In
view of the pharnmaceutical value of this conpound, it
has been of prine id%ortaqge to obtainit with
excellent purity. It has al'so been inportant to be able
. ¢ ! e £ o Ny s
o e era LS Rl AR o iine e
especially in a form that allows rapid filtrati.on and

rying. Finally, that formhad to be perfectl i
Ivz?bé%inbeg aJaq? 63%}10¥ salts ﬁdereo? with a pharmaceut?caﬂy accep%gbl(_a acid, and more

especially 1ts hydrochloride, have very valuable pharmacological and therapeutic

properties, especially bradycardic properties, making those compounds useful in the
treatment or prevention of vanous clinical situations of myocardial ischaemia such as
angina pectorls, myocardial infarct and associated rhythm disturbances, and also in various
pathologies 1involving rthythm disturbances, especially supraventricular thythm

disturbances, and in heart failure.

The preparation and therapeutic use of ivabradine and addition salts thereof with a
pharmaceutically acceptable acid. and more especially its hydrochloride, have been

described 1n the European patent specification EP 0 534 859.

In view of the pharmaceutical value of this compound, 1t has been of prime importance to
obtain it with excellent punity. It has also been important to be able to synthesise it by
means of a process that can readily be converted to the industnal 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 1ts storage for long peniods without

particular requirements for temperature, light or oxygen level.
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easily fornmul ated and sufficiently stable to allowits
storage for long periods wthout 20 particular
requi renents for tenperature, |ight or oxygen |evel.
-2- The patent specification EP 0 534 859 describes a
synthesis process for ivabradine and its
hydrochl ori de. However, that2document does not specify
the conditions for obtaining ivabradine in a formthat
The)pbtebt {pecificaisen EPar 582t $39i deksérites lal’éyﬁthézﬁ@?%@%' Bt ?Vabradme and its
er.. The Applicant has now found that a particul ar
hygrQF]il Oge. ﬁ%‘HF‘é‘& Hat dogempiiddens mahripaefy dlam Cbledltl@s for obtaining
e ine_ form.t
VARKEITES 1 Bl Pl Rt sty S era B0 B
processablllty More specifically, the present

3@ FtloH relates to the 6d-crystalline form of
Th Jpphest fies NHY Rwhe @ Resticwds salh of mﬁb@émebﬁleﬂwerochlonde can be

bila@leli O 2% &P df ha
TR e T T
stabulityharglpra¢ «Bedbdlitst or det ect or and 10 expressed in terns

of line position (Bragg's angle 2 theta, expressed in

degrees), line height (expressed in counts), line area
Mdr€ )é?éc@%saglgt 2 Lﬁ'&%?n%gﬁ&? é@g%%j o tﬁengd-créfe%aﬁin%t form of ivabradine

hydrnd;lﬂmpdlea nhu:ramieﬁsted I‘b@/&hﬂ fc(lbﬁ@ﬁ@ﬁ@ﬁdkr DXpraA) diffilcBan dAREINE ntdasured
Llne ht (counts) (counts FWHM
us111 2 eP.,%lﬁ alxty )?g% PER %}fﬂﬂct@a}@@r heg ivgthapie X' Celyrator detector and
eQEERSY i ing hei
e 1%1%067%81%1%0%%1; 9 (Bh20 e 2000 oyt 18343 Jing eient
(exp@spdig3gugtshdine abeal@xpre@@d iBRotnid 33RgBed)) Oine Gvidth. & HafFheight
"Fm"%%%sﬁ7 92 7 4ang 1r%tz1r7pélIr 45&1881‘12-665 ?exgregs?e% m%k)lS 3

1 4.1 414 41 0.1004 21.672
2 6.8 176 139 0.8029 13.078
3 8.6 1020 101 0.1004 10.305
4 9.1 323 43 0.1338 9.687
5 10.9 224 30 0.1338 8.100
6 11.7 354 47 0.1338 7.592
7 14.6 2774 458 0.1673 6.074
8 15.3 1805 328 0.184 5.800
9 16.6 586 163 0.1673 5.345
10 17.2 3821 946 0.2509 5.153
11 18.1 2250 378 0.1673 4.898
12 19.1 440 73 0.1673 4.649
13 19.6 289 38 0.1338 4.526
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9 16.6 986 163 0.1673 5.345 10 17.2 3821 946 0.2509
5.153 11 18.1 2290 378 0.1673 4.898 12 19.1 440 73
0.1673 4.649 13 19.6 2889 38 0.1338 4.526 -3- Angle 2

theta Area Line no.
(degrees) (counts) degrees) g
20.1 650 86 0.1338 4.408 15
16 21.4 3112 565 0.184 4.147 17 22.1 1708 254 0. 1506

Hei ght (counts x FWHM I nt er pl anar

degrees) distance (A

14

20.9 887 146 0.1673 4.252

- 4.027 18 22.5 1191 275 0.2342 3. 945 19 Z3. 4;619 1UZ
- 0,1673 3./4yugle 23heta3 9 a4z, 22% Ares73 3puagy 2ty |
bpmy (. 1338 3. GOf 5‘%%) ©Quuits x(). gg? )' ' é’:nce (A) |
26.2 1899 GleEres) 673 7 2hdagess) 155879830 11"2‘i ;
3340552761357 224‘“;1e7u'3.231'“26 29 1149 37
03876 3 069207 29 5 168 20 § 2807 B 0PL%Re i hvenfiieh
reldt es lal s02@9 a nrocé@@'for t hietopr eparfaltt’dan of t hd.252
6d16rystalI|bb4forn1of31ﬂ2abradhnﬁ hydr oghgpri de, whijgh
progess |is characterisadpgn t1at25§ce onigtisok€ of a 407
e Tl DI S T P i
rg: S\lo é oved to ol _at r ’m PrTrQ \3ur el heP§00
at 900n1tenﬁ%}%tur= unt!B#3  cryst2RRl i sat i0o$78s clonpl 81788
andlt he [crystdals for medssr e dehyslt at ed. 0.1338 3.604
22 25.6 309 4] 0.1338 3.482
23 26.2 1899 313 0.1673 3.397
24 26.9 1588 183 0.1171 3.310
25 27.6 1357 224 0.1673 3.231
26 29.1 140 37 0.2676 3.069
27 29.5 145 29 0.2007 3.023

The invention relates also to a process for the preparation of the 8d-crystalline form of

ivabradine hydrochloride, which process is characterised in that acetonitrile or a mixture of

acetonitrile and water is preheated, ivabradine hydrochloride is added, the solution

obtained is allowed to cool at room temperature, held at room temperature until

crystallisation is complete, and the crystals formed are dehydrated.

ivabradine hydrochloride obtained by any process,

for example

In the crystallisation process according to the invention it is possible to use

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 acetonitrile or mixture of acetonitrile and water is preferably preheated to a

temperature between 60°C and reflux, more preferably between 65 and 75°C.

. The dilution is preferably more than 15 ml/g, more preferably between 50 and 100

ml/g.

tvabradine
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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 vabradi ne hydrochl ori de obtai ned by the preparation
process described in patent specification 5 EP 0 534
859. The solution may advanfageously be seeded during
the cooling step. The acetonitrile or m xture of

o aceThaddhyidt@ioansprersr iy berfpntieralRhindr eheated to a
tenperature between 60C and reflex, nore preferably
between 65 and 75C. 10 The dilution is preferably nore

\ e erably between 50 and 100 .m/qg. ..
o P B R L P KB R S ane 100 Tl
the BlecryMMBA tmh 6N MrBEndh$@otoRMMIIBEEUNItE Bhe or more appropriate
conpositions conprising as active ingredi ent t he ’

inegand mpsittakic ereipientsmAghorigy tib mhdimesehy@it oahbasitiete according to the

. ther with, one or re appropriate, 5 inert and

1nvhlg[%ff‘1[ gl??lrep n&?’c?%i%ﬂﬁ??%ﬂbﬁp E?Péglﬁh&r .ﬁ:é)é% dhatcype suitable for oral,

par€i6aD Yitia0afoud CEO bk Oush NG hase rhtdhﬁﬁstrrﬁﬁ)ﬁ,e,tm%ﬁs b@rf dragées,
e for

mentioned, nore especially, those that are suita
subjpgyal tablgise repsdgs, (Iprangesy evppesitories upeangnentsdntgr dermal gels,

s 100 St L tablets or dragees, sublingua
nj ét?:ga%%l eqr?&ﬂlt%n% aﬁﬁ“dh dble sus

, capsules, ozeng%%?“%ﬁppositories, Creans,
ointrments, dermal gels, injectable preparations and
| e suspensions. 10 The useful dosage can be

dri nka
Th‘“v‘_éﬁegg dﬁé%%?o‘?a&i ‘?‘nggtr’&d_tal‘iéorﬁié{tgdp dhey pafureqs sevgritgfoftthe disorder, the
adnghﬁ&%l@cﬁ{ routd &nd %@ﬁ{ﬁﬁ%ﬁ%é@gof t(ﬁgtp%tlgﬂdTB%] Aodh %Vfamggs figy 1 to

wei ght of the pati sage-‘varies fro

500y g perrdayay one oomereadminiseatiehgi ni strati ons. The Exanpl es
that followillustrate the invention. The X-ray powder
diffraction spectrumwas neasured under the follow ng

TheeB e 8RRAAb1oW3116RaR/d the fRSntionr, PANal ytical X Pert Pro
diffractoneter, X Celerator detector,

tenperature-regul ated chanber, - voltage 45 kV,
The ﬁlrg{;%llowﬁer‘l gifgg‘ction spectrum was measured under the following experimental

conditions :

- PANalytical X'Pert Pro diffractometer, X'Celerator detector, temperature-regulated
chamber,

- voltage 45 kV, intensity 40 mA,

- mounting -6,

- nickel (Kf) filter,

- incident-beam and diffracted-beam Soller slit : 0.04 rad,

- automatic divergence slits : irradiated length of 10 mm,

- mask: 10 mm,

- antiscatter slit : 1/2°,

- 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 : 0.108s.
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- mounting 0-0, 20 - nickel (K(3) filter, -

i nci dent - beam and di ffracted-beam Seller slit : 0.04
rad, - automatic divergence slits : irradiated |ength
of 10 mm - mask : 10 nun, - antiscatter slit : 1/2,
25 - neasurenent node : continuous from3 to 30, in
increnents of 0.017, - neasdrement tine per step :
19.7 s, - total tine: 4 mn 32 s, - neasurenent speed

YA @iﬁF{E rm of
Iimbliri%fsf%‘?le&%yro)r or i g%ofllézggr[ﬁ‘iﬁﬂfﬁgd on| | le are
preheated to 70C and then 2 g of ivabradine
ro hIorLd obt aj ned. accordi ng to the process
160 R et ﬂ‘fepa&eew@fl%ﬁs@cror 7% P TP D ZSeliiveBBdge diydrochloride
ob@ﬁﬂg%cor&ﬁ%_ Etess d@s&x@beﬁtlh Eﬁst x Iplé{:}hc%tloq]' Bp ng |5§11 ?9@ are added

lete utlon I's the

in Peﬁmm,awuh estlﬁmg 2nthyssolitien ¢ ysihplese. aFle Ecﬂﬁtﬁuﬁ@k B¥n stored at
mng é ation | 3 d are spread out onfo a

8] CE}HB’@HF pffaé(ﬁ Chergrystals y’%? Kmaoved it Aliatine 41 e@cuocand are
spréad 6HIP&t& tal 0 ef
P 85C for ah%rﬁ?tgfhs%t%cpl%{e fTrhgyhgta?{ ra%ecﬁe%ﬁ%ﬁ%gg? gme%p%ﬁme of
85ébﬂméﬁmxﬁﬂleﬁnﬁﬁn@bdd@hSﬁKbhrHéo@dlffract|on angl es)

of the 6d-form of ivabradine 10 hydrochloride is given

by the significant lines collated in the foll ow ng
Poﬁ@éﬂ)ﬁ)a)&ﬁﬁc@nznw’@?@m/w ea Line no. Height (counts)

(counts FWHM I nterpl anar (degrees) x , (degrees)
di stance (A) degrees) 1 4.1 414 41 0. 1004 21.672 2

Thé pgwdngXJrgg d%ffrga%gicg)n %?ofﬁz 8(dif§ac§10(131 g'nog es) ]b(% the '8 Ofgﬁm 10% 1§gb5radme

hydrochloride is given by the significant lines collated in the following table:

1 4.1 414 41 0.1004 21.672
2 6.8 176 139 0.8029 13.078
3 8.6 1020 101 0.1004 10.305
4 9.1 323 43 0.1338 9.687
5 10.9 224 30 0.1338 8.100
6 11.7 354 47 0.1338 7.592
7 14.6 2774 458 0.1673 6.074
8 15.3 1805 328 0.184 5.800
9 16.6 986 163 0.1673 5.345
10 17.2 3821 946 0.2509 5.153
11 18.1 2290 378 0.1673 4.898
12 19.1 440 73 0.1673 4.649
13 19.6 289 38 0.1338 4.526




4 9.1 323 43 0.1338 9.687 5 10.9 224 30 0.1338 8.100
6 11.7 354 47 0.1338 7.592 7 14.6 2774 458 0. 1673
6.074 8 15.3 1805 328 0.184 5.800 9 16.6 986 163
0.1673 5.345 10 17.2 3821 946 0.2509 5.153 11 18.1
2290 378 0.1673 4.898 12 19.1 440 73 0.1673 4.649 13
19.6 289 38 0.1338 4.526 -6-6Angle 2 theta Area Line

no. Hei ght (counts x FWHM I nterpl anar (degrees)
- (counts)| d glrees) (ldegrees) distance ;,,);.;'__L;,:4;,g./,_u 1 650
86 0.133%Augla@ghetas 2 7 148102 16734357 %ﬂé
- Binenges 0.184 4. 147 Oﬁ%:&gg 1 |Co0Bts354 . 1 4 O 8 %DA)
22,5 1191 pRgresp342 adag'}eés)blé igye) 1671 stance (4
*n’onn —29-22 0 1244 2‘_‘_ "n_ 15:7: 37298 .. 21 24 7 ')-\R eV
0.1438 3 604202 25 ¢ 3% 41 ( 1888 k AfI33B3 2h 2 4468
31350. 1673 32897 24 268% 1588 18% 0] 11711633310 254.252
2716 1357 224 .9. 1673 3.3331 20 251 140 @784. 26[/6 34049
271429. 5 145 2P1 0. 2007 37083 254 0.1506 4.027
18 22.5 1191 275 0.2342 3.945
19 234 619 102 0.1673 3.800
20 23.9 1343 222 0.1673 3.728
21 24.7 256 34 0.1338 3.604
22 25.6 309 41 0.1338 3.482
23 26.2 1899 313 0.1673 3.397
24 26.9 1588 183 0.1171 3.310
25 27.6 1357 224 0.1673 3.231
26 20.1 140 37 0.2676 3.069
27 29.5 145 29 0.2007 3.023
EXAMPLE 2 : Pharmaceutical composition

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

Compound of EXamPIe ©...ccooioieiiiiiiieiieeeceeeeeeeeeet et 539¢
MaiZe SEATCH.....cuiietiicee ettt ee e, 20¢g
Anhydrous colloidal SIHCA ......eoieeeveeieeeecetet e en e 02¢g
MaANIEOL ...ttt ettt et ee e en e e st n e 6391¢g
PV P ettt ettt e ee e 10g

Magnesium STEATALE .........ccueuerieeeneeeeee ettt ettt e st et et e e eeeeeas 05¢g



EXAMPLE 2: Pharnmaceutical conposition Formula for the
preparation of 1000 tablets each containing 5 ng of
i vabradi ne base: Conpound of Exanple 1

................................................. 20g 5
Anhydrous col loidal silica
i i . .. ... CIAM§ Maunitol
... 8301
g PWP
1. . dd-crystalline form of ivabradine hydrochloride of formula (). . . ... ... ...
....... | og Magnesium stearate
e  GHO L.+ ... 0.59-7- CLAING
1. 5d-crys (ne_form of ivabé di ne @ti de of
formula (1) l'aoo ZQiI—B|%HSON+11C1 Ol(]g,
' oW di f fradtGlon

char agteri® by thelfol Lewi n ter-X-
di agram neasured uyrﬁ/ae% ytical” XP&GHPr o

di ffractoneter togéhher with an X Cel erator detector

and expressed in tergrs of |ine position (Bragg' s angle

2 theta, expressed in degr@es), line height (expressed

in counts), line area (expressed in counts x degrees),

line width at half-height ("FWIM, expressed in
ch#R9ErRe8 ) by ek IfBM&IR | RLANCRAh 6K R dp| i usi

Angle 2 £i %ht Ar eaé mdﬁ? sﬁ E%—I%T{%Cé%ﬁg%g%ﬁ’ Il_lllléra]sé@)ré]%.usmg a
PAN@gﬁlﬁal(}é'B aritPs) difraeigmetes jogethegwathsin XICskeetaaletdcthegneé espressed

m g@na%%tél ‘li%ie 4;%"04sit140]ﬁ 9Br%3g9§ a%%leﬁzzthe%, Géx%re%ge% 1%13%egré§sg,2?ine height

(expressed in counts), line area (expressed in counts x degrees), line width at half-height

("FWHM", expressed in degrees) and interplanar distance d (expressed in A):

1
2
3
4
5
6
7 14.6 2774 458
8 153 1805 328
9 16.6 986 163
10 17.2 3821 946
11 18.1 2290 378
12 19.1 440 73
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3 8.6 1020 101 0.1004 10.305 4 9.1 323 43 0.1338 9.687
5 10.9 224 30 0.1338 8.100 6 11.7 354 47 0.1338 7.592
7 14.6 2774 458 0.1673 6.074 8 15.3 1805 328 0. 184
5.800 9 16.6 986 163 0.1673 5.345 10 17.2 3821 946
0.2509 5.153 11 18.1 2290 378 0.1673 4.898 12 19.1

440 73 0.1673 4.649 -8 Angle82 Interplanar Height Area
(counts FWHM Li ne no. theta distance (degrees)
(counts) x degrees) (degrees) (A) 813 1886 529238 e
0.1338 4.52 20.1 650 B6 0.1338 4.
146L9,e:l,§,7\;.%]:2g§§2‘ 16Hsight pAne (sgunty| 1 VM 47 dfs a],g‘%rl
1705 Jod I dthh (AU pdeure) prdlgrasiz 5 ogn
é. 72813 21 124 1655134287 1388 33801 o 3433 3dg 21*15‘2'6\)
0.11338* 3. 482 2008 26, 263&090| 31380, 1673 303838 Ja #6108
1588 183 (. 112019 3. 3108825 P7. 614857 2240.0671%573 3.4232
16 21.4 3112 565 0.184 4.147
17 22.1 1708 254 0.1506 4.027
18 22.5 1191 275 0.2342 3.945
19 23.4 619 102 0.1673 3.800
20 23.9 1343 222 0.1673 3.728
21 24.7 256 34 0.1338 3.604
22 25.6 309 41 0.1338 3.482
23 26.2 1899 313 0.1673 3.397
24 26.9 1588 183 0.1171 3.310
25 27.6 1357 224 0.1673 3.231
26 29.1 140 37 0.2676 3.069
27 29.5 145 29 0.2007 3.023

. Process for the preparation of the dd-crystalline form of ivabradine hydrochloride

according to claim 1, characterised in that acetonitrile or a mixture of acetonitrile and
water is preheated, ivabradine hydrochloride is added, the solution obtained is allowed
to cool at room temperature, held at room temperature until crystallisation is complete,

and the crystals formed are 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 8d-crystalline form of

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

pharmaceutically acceptable, inert, non-toxic carriers.

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

manufacture of medicaments which are of use as bradycardics.



26 29.1 140 37 0.2676 3.069 27 29.5 145 29 0. 2007
3.023 2. Process for the preparation of the
3d-crystalline formof ivabradi ne hydrochl ori de
according to claim1, characterised in that
acetonitrile or a mxture of acetonitrile and water is
preheat ed, i vabradi ne hydroﬂﬁtoride i s added, the
solution obtained is allowed 5 to cool at room
. (&epéiat dd-erystaling fatm 6o diabiadineeydidehriddtactording to claim 1 in the
crystallisation is conplete, and the crystals forned
araushiyepbmedicagentpygedsse abewra thegireagmentr prevention of various
I act i i R i . i . g -
A Ra by dcRl NG aaRtahlinls Byt BRNAR, Wogarcial inforer
Rhéa nssaciatedi ragihne divfudtsint ¢ and AP lih $hM@isgmtiadddiveinvolving thythm
ingredient the 6d-crystalline formof 10 ivabradine
THEKED CPRRS 1Y SePAY ergrieWarahyibm disturbaneesndidyaichean faifure
one or nore pharmaceutically acceptable, inert,
non-toxic carriers. 5. Use of the 8d-crystalline form
of ivabradi ne hydrochl oride according to claiml in the
manuf act ure of medi canments which are of use as
bradycardics. -9- 6. Use of the 3d-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,
myocardi al infarct and associated rhythm di sturbances,
and al so in various pathol ogies involving rhythmb5
di st urbances, especially supraventricular rhythm
di sturbances, and in heart failure.



