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-1- pd-Crystalline formof ivabradi ne hydrochloride, a
process for its preparation and pharnaceutica
conmpositions containing it The present invention
relates to the new Pd-crystalline form of ivabradine
hydrochl oride of formula (I), to a process for its
preparati on and to pharnacedtical conpositions

cont ai ni ng g

AT HOR st brsine HERSpIoFS @ Frocest fos B grers TR an
phar maceut i cgﬁ%y g% 'ca pé’s'ggnsgmtg%e Sro?g especial ly

The presenyidvantionoelatte fo tlnameW\M@rystalﬂmalﬁ}rm @fmbm@nt byreehloride of
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it. treatnment 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 abgq)ln various 10 pathol ogi es involving rhythm

di stur espeC|aIIy supraventric AYEHhm

di st ur bang s heart fafHur . Jhe r epar ati on and
t her di neyand Jaddj t | salts -HCl
thereGh w ¥ eal 'y acceptabl eoadj d, and

hydrochlorlde have been descri bed
in the European patgnt specification EP 0 534 859. 15
In view of the pharnaceutﬂbal val ue of this conmpound,

it has been of prine inportance to obtain it with
excellent purity. It has also been inportant to be able

Tvabrisd, Hndemldsifonl dalth YheréoTanish @fpharmceeResytdadpt4tdd acid, and more
readlly be converted to the industrial scale,

espe@ablerc iits| hydioghlerifler Mave heary avalaside rhlpﬁrmamloglﬁ%t iaBdh Hheerpeutic
prop epr bg:u%é:%@ Ib¥ady££-§fc I)l%'b@tl@?dmtaﬂngethegé 881&3 ¥nds useful in the

treatment or prevention of various clinical situations of myocardial ischaemia such as
angina pectoris, myocardial infarct and associated thythm disturbances, and also in various
pathologies involving rhythm disturbances, especially supraventricular rhythm
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 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.



10

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, thaf-docunent does not specify
the conditions for obtaining ivabradine in a formthat

The ﬁ%t tbépEéiggﬁﬂﬁleE]]ﬁ b‘ﬁ’:@%ﬁ@e%ﬂb‘ﬁ a s%ﬁeﬁ@ﬂo@é@é GhbdvEbradine and its

I cant as now found that a partl cul ar
hydreelbridd. Ii{madmea,dthae dotumeﬂHycthesatdtmpﬁd‘é' theaportslétions for obtaining

tained in.a c n1that S deflned and
ivebPe TR RAPEA 8t Ui Db e st pedpro et By
and processability. Mre speC|f|caIIy, the present
invention relates to the (3d-crystalline form of
The A\pghceam haenow g?@:imdcthdlt@rpadteCUIMakt lof ingbradineathe éwﬁ@@hlomie can be

Obtaﬁ’E é{J g Iéb’%%lﬂr%g&)gn i VFﬁ éﬁfm%{ @?&ﬁ‘gt%?%l T ach Shiapgpristics

Ofstg}gg@téjﬁrprwetsﬁbﬁﬁy)(' Cel erator 10 detector and expr essed
terms of ray position (Bragg's angle 2 theta,
expressed in degrees), ray height (expressed in

Mo S ish B PG VP R g i B L B of Malpaine
hydﬂo@ﬁl@ﬁﬂ’é 3AE N SHaAlteRised gyxm ﬁﬂmﬁng E@w&ér X-rd‘}n@ﬁﬁad'tbhghigram
Area r. Interplanar’ no eta' (count

meagued) NIEIQB ?(d’ééﬂaal}gtgc)al J{'Berh fre: ctlﬁfragctongqj@ ‘gogg@yr with %Pé@%l rator

skt 8 S0P 0P o0l 1580 e

degrées%,lra@ hedfht 2&x2es0D Tn dovhls, rdy da 5@)&138&63(12'4\10@1111‘53}8 @legrees), ray
7.083 .

width at half-height ("FWHM", expressed in degrees) and interplanar distance d (expressed
inA):

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 5.2 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 4.362
15 214 102 24 0.2342 4.143
16 22.3 1903 283 0.1506 3.990
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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 4.362 15 21.4 102 24 0.2342 4.143 16 22.3
1903 283 0.1506 3.990 -3- Ahgle geight T Area FWHM
Interplanar Ra not theta -(counts x (counts) (degrees)
f 22.8|674 89
VP "I‘ntérlﬂﬂﬁar

20-3;275 510,390 |5 155, 20120, 15126 2
orepgdratidn o#3-0he (?d O2Byst al | f ] adi98
hydriechl orli de24.4hi dh prédéess|is 8haratt ed-P66 iln B’ a
m xtyy e of| i vappadijne 3edr ochl gg37de andd.hslcer |or 38654

mXtfre of[ Tvapgadiine mygrochlorggde, |soprepangl anb7

el 26.6 289 76 0.2676 3.346
23 283 275 o1 0.3346 3.151
24 201 126 21 0.1673 3.066

The invention relates also to a process for the preparation of the fd-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 Bd-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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Is heated until dissolution is conplete and is then
progressively cooled until crystallisation 5 is
conplete, and the crystals thereby forned are coll ected
and dehydrated. |In the crystallisation process
according to the invention it is possible to use
i vabradi ne hydrochl ori de ofitai ned by any process, for
exanpl e i vabradi ne hydrochl ori de obtained by the
preparation process described in patent specification
EP 0 .534 859.  _The sol ution. may advant ageously be
The Ellaydne Bxrmplgs ihstrats dhs MYedO8p. 10 The i nventi on
relates al so to pharnaceutical conpositions conprising
as active ingredient the [3d-crystalline form of
The iXradyr potvee diffchctioh spedtnien tveg etcasrednder dhe following experimental
ropriate, inert, non-toxic excipients. Anong the
Comﬁﬁ maceut i cal conpositions according to the
i nvention, there may be nentioned nore especially those
that are suitable for oral, arenteral (intravenous or
-  RANelytieale¥{Fsjt Bro diffrabtometarniXCeleratos ndetecigs dempepture-regulated
qragees, 15 sublingual tablets, gelatin capsules,
es, suppositories, creans, ointnments, dernal
- @ffage 45 Riveatt@itg apmepar at i ons, drinkabl e suspensi ons.
The useful dosage can be varied according to the nature
- mputgweePi ty of the disorder, the admnistration route
a e. and wei ght of the patient. That dosage
) ]§§%#ggﬁ}ﬁgﬁ%l to 500 ng per day in one or nore
- iacide-Isdafedridatiffracte@-bekheSdltet blawiontg ltanpl es il lustrate
the inventijon. The X-ray powder diffraction spectrum
- {ed anglesefrdiveresnga slitshd /& ol | owi ng experi nent al
) §@§£jﬂjﬁﬁ§ . PANalytical X Pert Pro diffractoneter
1'erat 6r detector, tenperature-regulated 5 chanber,
- amistagesdts K42, intensity 40 mA, nounting 0-0, nickel

- éx%%se?}er};%llt t@}eprcfp ébggt%n%%ﬁg frgren tg gg",qril Hcge%(l:etn%sd 6fb(ﬁ3 f9°,80| Ler
- measurement time per ’step :19.7 s,

- total time : 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 until 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.



10 - fixed angle of divergence slits : 1/8, mask : 10
mm antiscatter slit : 1/4, neasurenent node :
continuous from3 to 30, in increments of 0.017,
measurenent tinme per step : 19.7 s, 15 - total tine: 4
mn '32 s, neasurenent speed : 0.108/s, neasurenent
tenperature : anbient. EXAMPLE 1 : ad-Crystalline form
of ivabradi ne hydrochloride 720 m of purified water

The produgtrtbéreby etitained59 Gehyalrated he propsessiyehf hdating paarate of 5°C/min
h drochlorigg .20 obt ai ned according to the process

up tofHlepPEEHCe P S He pat ent specification EP 0 534 859 are
added in portions, with stirring, and the m xture is
heated at 74C until dissolution is conplete. The

X-ray pewdlari diff actieariogtimt i on is heated for 2 nore hours at

A4C and s t.hen. progtressiyely cool.ed, fir 0 4 .
The Stivt HeriE S ilireR ey @ittt SIS0 ) Bf artofy ot fvabradine
hydrSSHRISERUS Bt bYHRE §BniBika i sQidliafel TR Bl FbNEWInk @dble: days,

and then"the Solid suspension is 25 spread out in a

thin layer on a crystallisation plate. The excess water

5 q eth “‘trotgenr—"5=
l¢]
angl &s) of| t hd.Q 3d-|f or @44f i Vabr &88i ne| 50.A¥4fr odhl 82132
is gpven hy the signifizgant naysseol | at egl1506 t He 14.829
forTewing [Tablee) ™ Angl égftel gt Teg FWIM § 55y pljanas g3s
oY O ETTE] FOUNES fohs-OUt STod3 — VIS5 | 0.625°°
Vs 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




(degrees) ; degrees) 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 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-%38 0.1673 5.134 11 18.4
546 108 0.2007 4.808 12 19.6 1025 169 0.1673 4.524 13

— 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

Pornil iyl Bepaigior Ay ha Bypng Aot jgipredg il

Con%%ﬁnﬂﬁfEkéﬂ@ﬂ@lS 346....23..28..3..275..91..0..3346..3..1515.324

1 126 21 0.1673 3. 066 -6-

Maize Starch .....ccoceeevcenminrinciiinrcese e eree ettt e 20g
Anhydrous colloidal SiliCa.....c.ccovrimmeieiieeen s 02¢g
IVLANTHEOL ..o eeveeetce it e ceeeeeeseeeese e s seebe s s e seesaeeaeesmee s reesbs et e s aeseaa s s b s et ebesasnannnaan 6391¢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

5 Anhydrous colloidal silica

1. Pd-Crystalline form of 1vabrad1ne hydrochloride ‘of formula ()

..... CH,O .......................... 0.0 “dcr.CLAI MG 1.
(3d-Crysta ar m of i vabr@gi ne—hydr oride of

for nul a OCH3 H3 HCI, |CH3O O (Lucy,
chaK&t@er|~ .10 ' er O@hffractron

'|ng a 5 PANalytical X Pert® Pro
di ffract onet er tog ther with an X Cel erator detector
and expressed in trns qf ray position (Bragg's angle
2 theta, expressed in degrees), ray height (expressed
in counts), ray area (expressed in counts Xx degrees)
ray f- he| (", PVH\I expr.essed
charae@rleés&y B owin ahket Petan e o, RELEe iRy, sing o
%Jl(%l W&Wroﬁr%cﬁ%éﬂ to %éﬂﬁe@ rvﬁﬂﬁﬁﬁX'Ce‘fﬁatoﬂ Qet@ctbhﬁ{daexpressed

ts s. -77, Y (counis) (degrees) distance; (A)"
in termd ef reelerm)smoanwegrseaesbe Atmtammasseblnoiegms) pay hewgit (grpressed
in cgm%s) Za?y gr6ea e}élpsrcgsﬁsed1 jhil 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 59 377 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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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 1%.4 546 108 0. 2007 4.808 12
19.6 1025 169 0. 1673 4.5247°8- Angle Height Area FWHNI

Interplanar Itay ng 2-theta (counts x (counts)
Fegrensy o ¢ :
) 2494 845 =q.68382616 I.46487
ZZ 4By P 289 31g6 [2304843 470 g36bol
102 24 0.2342 4.143
1903 283 0.1506 3.990
674 89 0.1338 3.897
623 62 0.1004 3.866
845 56 0.0669 3.647
3749 557 0.1506 3.554
512 84 0.1673 3.497
289 76 0.2676 3.346
275 91 0.3346 3.151
126 21 0.1673 3.066

. Process for the preparation of the Bd-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 fd-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 Pd-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



24 29.1 126 3.066 2. Process for the preparation of the
(3d-crystalline formof ivabradi ne hydrochl oride

according to claim1, characterised in that a m xture

of ivabradine hydrochloride and water or a mxture of

i vabr adi ne hydrochl ori de, éopropanol and water is

heated until dissolution is conplete and is then
progressively cooled until crystallisation is

apd mpdoetatsd daythnt distwbansealasd takserin byripes patkplagies wpl\'éreﬁ gyythm

d.then d
D iy e et s

hydrochl oride is seeded during the cooling step. 4.

Phar maceuti cal conposition conprising as active
ingredient the (3d-crystalline formof ivabradine
hydr ochl ori de according to claiml1, 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 claiml in the
manuf acture of nedi canents which are of use as
bradycardics. 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
treatnment or prevention of various 15 clinica
situations of nyocardi al ischaem a such as angi na
pectoris, nmyocardial infarct -9- and associated rhyt hm
di sturbances, and al so in various pathol ogi es invol ving
rhyt hm di sturbances, especially supraventricul ar

rhyt hm di sturbances, and in heart failure.



