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S- CRYSTALLI NE FORM OF | VABRADI NE HYDROCHLORI DE, A
PROCESS FOR | TS PREPARATI ON AND PHARMACEUTI CAL
Y P OGS LARTAPRIWG F TVABJRFIHEVE HBSBRO GCIAL ORI

relates to th adi ne
hydrochlorldeggikﬁﬁ%ﬁﬁﬁkgngfgggﬁgg HC  CH30
OCH3AND PHARYIACESEICAL COMPOSPAIGS CONNEAINENG IT
phar maceuti cal conpositions containing it 5 |vabradine,
and addition salts thereof with a pharmaceutically
acceptable acid, and nore. especially its
hydrochl ori de, have very val uabl e phar macol ogi cal and
therapeutic properties, especially bradycardic
Th@pegeit irvsnuimkding those scompgalingsorts ef wabiadidehBydrochloride of
treatment or prevention of various clinical situations
forgfulafybcar di al i schaem a such as angi na pectoris,
myocardi al infarct and associ ated rhyt hm di st urbances,
and al so in various 10 pathol ogi es involving rhythm
di st urdxapces, especially supraventricul ar r§§ hm

di st ur banc in heart fai re_T ati on and

t her apeut | ivabr adi ne and Pdditio salts
t her epfo

raceutd call¥ acid, By
nore especi al T y\i ﬁ%ﬂfﬁiﬁ?6ride have beeRCHdescri bed
in the European pat\gnt specification EP 0 534 859 15 In

vi ew of the pharmaceutical value of this conpound, it
has been of prime inportad@e to obtainit wth
to %Broggslggnre %SP psrgpar%_(u%l and ngl ZO ex?uec%[' co gg%tu%)%as (%o oﬂi?l% 1tab €
readily be converted to t he |ndustr|al scal e,
especially in a form that allows rapid filtration and
Ivaprafingg anttiadgilipy salihgersob riithadhesiapaitisalh eeeptpble acid, and more
d | for I
esﬁe%ﬁgg ﬂg oﬁgcﬁ)chlg Nav zﬁ bﬁ gahﬁngafcbfé?%gf %qéiu therapeutic

sta S S orage fo perio

pra@ripar ebppaladly Bredyiardoerosedios, t@hngnhmwr@xmhngbt1meﬁﬂin-me
oxygen | evel .
treatrr%/e%t or prevention of various clinical situations of myocardial ischaemia such as

angina pectoris, myocardial infarct and associated rhythm disturbances, and also m various
pathologies involving rthythm disturbances, especially supraventncular rhythm

disturbances, and 1n heart failure.

The preparation and therapeutic use of 1vabradine and addition salts thereof with a
pharmaceutically acceptable acid, and more especially 1ts hydrochloride, have been

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

In view of the pharmaceutical value of this compound, it has been of pnme 1mportance to
obtain 1t with excellent punty. 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 penods without

particular requirements for temperature, light or oxygen level.
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-2- The patent specification EP O 534 859 describes a
synthesis process for ivabradine and its

hydrochl ori de. However, that docunent does not specify
the conditions for obtaining ivabradine in a formthat
exhi bits those characteristics in a reproducible
manner. The Applicant has now found that a particul ar
salt of ivabradine, the hydrochloride can be 5

e R e TR

hy@oat@sdealiidvidver, tMar @osaResi fdo@@nby ,sFédﬂ@ ee&RBitions for obtaining
i nvention relates to the 8-crystalline form of

vapxpd e dbp fHem hylpdenisdhesq @hareﬁam%@ﬁ &t ¢ setedygibldymanner.
foll owi ng powder X-ray diffraction diagram neasured
using a PANal ytical X Pert Pro diffractoneter together

Therphlicant KisGCalwefoaahathaetpaticalr sitoflida%@inesaeHydrocHSidss can be
of line position (Bragg's angle 2 theta, expressed in

obigwgd dBsy wall defiprsi ghsta (U@x@r“@sﬁ@ﬁ eixhlbetéurﬁhseyble charectenistigs for
t d | dth at
s PSR B expressetl i n degrees) and

i nterplanar distance d (expressed in A): Angle 2 -theta

Fblght Area(counts FWIM Interplanar Line no.
Maorg| spgeaitsaily( Bwupresant yoragee gelptes de ghe dsryeiplding feran oA)ivabradine

WERNTHTTER R R Rt

usifig QPANAytlcl X'BEHS PID dlIfrd00detér 2aBthed with. & B&RfMoP 4d:8&8r and

6.214 7 14. 7 1847 274 0.1506 6.013 8 15.3 1734 315
expespedyindergsof lige pesigion {Breeg s angle 23hwia.sxpuessed i dages), Impdeight
(ex %@se@ 51% %ngg) %fgig A?r 1%#]Zre&eg 90 cdehtd x](fegrdée@, 88O widi af %al%—hmght
("FWHM expressed in degrees) and interplanar distance d (expressed in A):

1 4.1 1115 110 0.1004 21.753
2 6.8 183 145 0.8029 12.907
3 8.4 755 75 0.1004 10.531
4 10.9 1104 128 0.1171 8.087
5 12.2 195 19 0.1004 7.268
6 14.3 569 75 0.1338 6.214
7 14.7 1847 274 0.1506 6.013
3 15.3 1734 315 0.184 5.802
9 16.3 1164 154 0.1338 5.442
10 16.8 3420 734 0.2175 5.269
11 17.5 790 78 0.1004 5.069
12 17.9 3389 503 0.1506 4.960
13 19.2 2467 407 0.1673 4.635
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13 19.2 2467 407 0.1673 4.635 -3- Angle 2 theta Area

(counts FVVHM I nt er pl auar
(degrees) x degrees) (degrees) distance (A

Li ne no.

Hei ght (counts)
14 19.8

145 29 02007 4.477 15 20.4 313 52 0.1673 4.362 16 212
928 169 0.184 4.198 17 21.7 2093 414 0.2007 4.099 18
22.2 3850 635 0.1673 4.007 -39 22.5 576 76 0.1338 3.948
20 23.1 1588 236 0.1506 3.855 21 24.8 1665 247 0. 1506
3.594 22 25.2 1212 120 0.1004 3.534 23 25.6. 1507 249

01673 “Aﬁé%gfﬁ ta/b 72042 3037 0. 1506 371342 25 27.6

. ééﬁ%n 414 0% 43 %ge%@i %ﬁlté maQG)l@tQOOF VEIVB 8 Ilﬁﬁrplanar
%99 Qeegieds@n € |n\Aedﬁg|reHs)reI(dtmes§I Sdistance (. @)

nrocoa S OF Ay At 1A - Aot Al i'nr A 1m

nf'r ivabr ad:T 1§ h\/drnr‘thI]Alﬁl de,___ whi ck gnr nrei@?@ 4.477

chafactdrisd@fdin {hat ad8tonitlileddr a |mixtlFB8 of 4.362

acegsonitiril erand water 928 preheat eth9 i vabr adiigge 4.198

hygyochlioride 7 s <idded,20§j1e sofutign S5 obtg yRG 'Y  4.099

AL Gl I T i‘,.'.f‘?% s compthld> and £07

r‘r‘}' t al f olAed_ale r‘nlfl 1§r‘t pd 7f5h(= clr yé}]q?ﬁlgl sat i a4

prdeess lacc@dPdi ng|to t A& nven ion23ft i s| pdsE306l e |t 03.855

usel ivabraduige hydrochbesi de obt ap4ied by anysqer ogess,594

fomexan‘pl epkyabradine jpfrydrochl orygg obft aiggsh4dy [t g 534

%):ar dl LgTZEéOCeqS Oe%g{ﬁ ped M p?&gﬂll[ bp%iéj?)bdl I Ulé_477

10 FP0534, 899 2042 303 0.1506 3.342

25 27.6 2281 414 0.184 3.229

26 28.4 485 96 0.2007 3.138

27 29.6 599 99 0.1673 3.014

The invention relates also to a process for the preparation of the &-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

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

crystallisation is complete, and the crystals formed are collected.

ivabradine hydrochloride obtained by any process,

for example

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

1vabradine

hydrochloride obtained by the preparation process described in patent specification

EP 0534 859.
° The solution may advantageously be seeded during the cooling step.
o The acetonitrile or mixture of acetonitrile and water is preferably preheated fo 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.
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The sol uti on may advant ageously be seeded during the
cooling step. The acetonitrile or m xture of
acetonitrile and water is preferably preheated to a
tenperature between 60C and reflux, nore preferably
between 65 and 75C. 15 The dilution is preferably nore
than 15 m /g, nore preferably_between 50 and 100 ni/gqg.
-4- The invention relates also to pharnaceutica
conmpositions conprising as active ingredient the
6-crystalline formof ivabradi ne hydrochl oride together

Thennl BntturereRitesraNoetoaPRIRMIeLBE L comb&ietidns *BehpAS 0%t Bve ingredient
exci pi ents. Anmong the pharmaceuti cal conpositions

the Acwpstailing feron phiyabiadinertyidoehiode ¢ogether Bethmmet dronesd appropriate,

) re especiall. hgse that are suitable for.oral .

el 38 TERRT (PP oA 0R S e BT BLS B S gptording to the

invédBnntietd ddyohe halofts RbrdeaReR By, A suitable for oral,
tabl ets, capsul es, |ozenges, suppositories, creans,

parentpnaherigyerhas nell sgaluéaneoys)j ercnadl edpimgzatian éehdetamt dragées,
ri nkab suspensi gns. The useful. dosage can, be varie
s AR S HPTSdb (e Art BV LH Py O ST G dpoal eels
injdch®le peparhtisiishat dankane bepanedkhe age and wei ght of the
patient. The dosage varies from1l to 10 500 ng per day
in one or nore adm ni strations. The Exanpl es that

ikl ustrat el ' v '
T PR Sk kDRI 30 IR A RO e e
adreixipetatior alat and dndadd ardsweight BANalpatietaThX'dBert vRries from 1 to
di ffractometer, X Cel erator. detector,
S0G BEPET SDUPSNE 85TICE: s 2tfimber, - vol tage 45 KV,
intensity 40 rnA, - nmounting 0-0, - nickel (K$)
filter, - incident-beamand diffracted-beam Seller slit
The EQarOgles tdf folla® illusitatotetinendover gence slits
irradiated length of 10 mm - nask : 10 mm
The X-ray powder diffraction 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 6-8,

- nickel (Kp) filter,

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

- automatic divergence slits : irradiated length of 10 mm,

- mask: 10 mm,

- antiscatter shit : 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 : 0.108°/s,

- measurement temperature : ambient.
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- antiscatter slit : 1/2, - measurenent node :
continuous from3 to 30, in increnments of 0.017, -
nmeasurenent tine per step : 19.7 s, 25 - total tine : 4
mn 32 s, - neasurenent speed : 0.108/s, - neasurenent
tenperature : anbient. -5- EXAMPLE 1 : S-crystalline
form of ivabradine hydrochloyide 160 nl of acetonitrile
are preheated to 70C and then 2 g of ivabradine
hydrochl ori de obtai ned according to the process

descri bed in patent specification EP O 534 859 are

dn 6 ssolution is
EXASIEE 15 DA oot b g il 2ob o
tenperature for 2 days. The crystals are renoved by
tration Ln vacu are _spread qut ont : :
160,30} of A PRHIE GHE BT eaed e ot Rohaoh ! orvpstine yhipdoride
obtAREPIaEMin ABHERE PoBEH dBYerbed llrpﬁﬁ&{tlépedlﬁca%o§ EY0 5309906k added,

X-ray diffraction diagram The powder X-ray diffraction
in porobnd, evifidistifrimgctuitd ndissedhtes) 1so¢om1ﬁet63 Thersplutibn is then stored at

i.vabradi ne dro Iorl i S
g P fona ot s eyt i, SSPa S S ionyrguaco and are
spré¥adheentb Retpsrdigégidh phiea (Counts FWH M I nterplanar |

i nano. de rees counps x degrees) (degrees distance a 1

4.1 1115 110 0.1004 21.753 2 6.8 183 145 0.8029 12.907
3 8.4 755 75,.,0.1004 4 10. 110 7.
Thewiigheohiehs 5Py phatifpodated felprdflicd vhtdflodtlin s 38%. | o0

6.214 7 14.7 1847 274 0. 1506 6.013 8 15 3 1734 315

0.184 5.802 9 16.3 1164 154 0.1338 5. 442
Powder X-ray diffraction diagram :

The powder X-ray diffraction profile (diffraction angles) of the o-form of ivabradine
hydrochloride is given by the significant lines collated in the following table:

1 4.1 1115 110 0.1004 21.753
2 6.8 183 145 0.8029 12.907
3 8.4 755 75 0.1004 10.531
4 10.9 1104 128 0.1171 8.087
5 12.2 195 19 0.1004 7.268
6 14.3 569 75 0.1338 6.214
7 14.7 1847 274 0.1506 6.013
8 15.3 1734 315 0.184 5.802
9 16.3 1164 154 0.1338 5.442
10 16.8 3420 734 0.2175 5.269
11 17.5 790 78 0.1004 5.069
12 17.9 3389 503 0.1506 4.960
13 19.2 2467 407 0.1673 4.635




10 16.8 3420 734 0.2175 5.269 11 17.5 790 78 0.1004
5.069 12 17.9 3389 503 0.1506 4.960 13 19.2 2467 407
0.1673 4.635 -6- Angle 2 theta Height Area (counts

FWL3M | nt er pl anar
degrees) (degrees) distance (A

Li

ne no.

(degrees) (counts)
14 19.8 145 29 0. 2007

X

4.477 15 20.4 313 52 0.1673¢4.362 16 21.2 928 169
0. 184 4. 198 17 21.7 2093 414 0.2007 4.099 18 22.2

3850—635—14: "73 7—19-227 55767613383 9482
23%9;[322 . leO2 %éf 13{&@& O:.)Are%‘{c&nﬂt@gg ATV é%@erglanar
0.1673 3 3dgg)r3138% 7%8})499;'% )f‘%x %eg?gng ({R%r&?% st Qe(A)
228114414 Q. 18498. 229 2B4528. 4 482996 0| 2002087 138 2.177
29. 615599 99 020673 3. 01713 EXAMPLE22 : Phapnareut | cak 362
conpgs! t1agn F@Ii@ul a foigj.ghe DI ep@@atl on oTO’_JJBQrOO albh_§§§
23(,;:1,,7:"0[][ gror o 7:) g Ul2ob:¥du adi e base: 0 5BEpoune 90
i 222 3850 635 0.1673 4.007
1225 376, 5139 6 Mai ke 8433&h 3.948
L2200, 231000 ... 1588 - 236 .. - 01506 . ... 3.855
.. '..'2.1' e 24'8‘ N 1'6l65 - 947 - - 01506 - - 28)_594
S “%y‘””“b Cgkhordashihca 120 0.1004 3.534
S I 1507 ol A 15 | AT
24267 2042, . 1. .. 303 ... 1., 0.1506 . . 3.342
L2500 27.6.......2281 414 . 0.184. . 63.294
g P& 28.4 485 96 0.2007 3.138
Cc2T 29:6 " " it " 599 " 99 - 0.1673 3:014
....... 10 g
EXAMPLE 2 : Pharmaceutical composition

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

Compound of EXample L.....cooiiiiriei et 539¢g
Maize Starch......cccceeeecoieeiieeceee e S 20g
Anhydrous colloidal SIHCA......cceeerieirieietce et 02g
IMANDIEOL ..ottt ettt e eane 6391 ¢g
P ettt ae et e et s e eaeeeens 10g

MagnESIUM STEATALE -....vveeereeeeiieiee et ce et e e e e e e steseesee s eme e e eseseneeseenes 05¢g




Magnesi um st ear ate
.................................... 0.5 g -7- CLAIMS
1. 8-crystalline formof ivabradi ne hydrochl oride of
formula (1) CH30 OC113 iH3 HO CH3ON-,__ ~NOCH3 O
tll, characterised by the foflow ng powder X-ray
diffraction diagram neasured using a 5 PANalytica

X Pert Pro diffractometer together with an X Cel erat or
detector and expressed in terns of |line position
(Bragg's angle 2 theta, exyagssed in degrees), line

hei ght (expressed in counts), Tine area (expressed in
counts x degrees), line wdth at half-height ("FWM

expressed in degrees) and interplanar distance d
(expressed in A): Angle 2 theta Height Area (counts
1.EM&%&mMmb@ﬁﬁi@ﬂﬂﬂna&haﬁym@cmaﬁdé&ﬁmﬁ@MQ§§ X de rees g )
( g ) (degrees), distance A 1 4. 15 110 0.1004
21.753 2 6.8 183 145 0.8029 12.907 3 8.4 755 75
0. 100 .531 4 10.9 1104 128 0.1171 8.087 5 12.2 195

19 0.1 8 6 14.3 569 75 0.1338 632140CH, 14. 7
1847 274 0 5-6.043 8 15. 3<%¥34 BIF 0 184 5.802 9
- 7

% -HC
OCH

3

(D,

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 line position (Bragg's angle 2 theta, expressed in degrees), line 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 4.1 1115 110 0.1004 21.753
2 6.8 183 145 0.8029 12.907
3 8.4 755 75 0.1004 10.531
4 10.9 1104 128 0.1171 8.087
5 12.2 195 19 0.1004 7.268
6 14.3 569 75 0.1338 6.214
7 14.7 1847 274 0.1506 6.013
8 15.3 1734 315 0.184 5.802
9 16.3 1164 154 0.1338 5.442
10 16.8 3420 734 0.2175 5.269
11 17.5 790 78 0.1004 5.069
12 17.9 3389 503 0.1506 4.960
13 19.2 2467 407 0.1673 4.635
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10 16.8 3420 734 0.2175 5.269 11 17.5 790 78 0.1004
5.069 12 17.9 3389 503 0.1506 4.960 13 19.2 2467 407
0.1673 4.635 -8- Angle 2 theta Height Area (counts FWHM
(degrees) (counts) xdegrees)

I nt er pl anar
(degrees) distance ()

Li ne no.

14 19.8 145 29 0. 2007 4.477 15

20.4 313 52 0.1673 4.362 16g21.2 928 169 0.184 4.198
17 21.7 2093 414 0.2007 4.099 18 22.2 3850 635 0.1673

- 007 ‘ 192265 G576 6—0—13383- n/lQ 20 ')Q 1 1RQQ 236 i
0 ﬂg)efgg Eéggleglthgw 8 H ﬁt 24&& @&Qﬁs 2ﬁteg‘planar
0. 3806ke) 534 (cohhtfD | O dadecf 40 A
20 ok 5 oasaere 7L fodhmtdo) %Qeﬁ zgis% 29, slidinee &
3.229 26 28.49£85 96 01425007 3.138 27| 290.80BR9 P9 4.477
0.16(A3 3.0Q14 20.4Process3fpor the ppeparjati@nepf the 4362
5- crﬂﬁtalllnezlgrn1or |¥gprad|n¢1@ydrocn|%q%Qe 4198
ot il o 8t a ikt a2 of lacel thi tril 020U wht 092
preh@%ted, |v8%ﬂad|ne BpaPochl or b3fe i s| addtéel3 t he 4.007
sol uth on gbt akded iy al$@ned| to 7600l gt 0.0838 3.948
tenpar aturle, helid aff ragggt efperataire untglisos 3.855.
CrysjjalTigati gngi's COMRlEe, | 5 g The 06¥§&@'S fonugH
ehardor ',;,“1222,52 2 S o A O e I e 3534
hydridchl orli de2p® seeded58%ring t B coal i n@16t%ep. | 3.477
24 26.7 2042 303 0.1506 3.342
25 27.6 2281 414 0.184 3.229
26 28.4 485 96 0.2007 3.138
27 29.6 599 99 0.1673 3.014

. Process for the preparation of the &-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 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 d-crystalline form of

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

pharmaceutically acceptable, inert, non-toxic carriers.

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

manufacture of medicaments which are of use as bradycardics.

. Use of the 6-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



10.

11.

4. Pharmaceutical conposition conprising as active
ingredient the 6-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 8-crystalline form of
i vabr adi ne hydrochl ori de accordlng toclaiml in the
manuf act ure of nedi cament $°whi ch are of use as
bradycardics. 6. Use of the 6-crystalline form of

and aisyoatatedahithr disttbended.cand adsoridiviagouscpatiokigins invalving ghythm

nuf acture of nedica are t he
dituRh e ey Sl AT P B, e st Ahids
of nyocardi al ischaenua such as angi na pectoris,

A 9eBfding hyiintiabfile prBducad 8y apaseedsakadding yd diafm 2.
di sturbances, and also in various pathol ogi es involving

R s g R By pet B IP a1 Htantily s
hetah nagdiingd WiE FereRhrth B8y HaaPucREby a process

according to claim2. 8. A 5- crystall|ne form of

i vabr adi ne hydrochlorlde accordi ng

Ausateamcraidiig igslaimey IR, R st heefwéxjﬁerﬁ@ée% to any
AnrixabRLe thereof. 9. A process according to claim 2,

sub tantially as herein described with reference to any

exanpl e thereof. 10. A pharnaceutical conpositio

ACHEFRHCAY198h CUNRASFROR, ac%%l@g S el ty substapiillyiag ha&%% AessEbpd
Whehs Rt Jéﬁ&rtsaﬁfe;sa@nme@wnpl e thereof. 11. A use

according toclaim5 or claim®6, substantially as

herein described with reference to any exanple
Apse aegfording to claim 5 or claim 6, substantially as heréin described with reference

to any example thereof.



