10

20

6d- CRYSTALLI NE FORM OF | VABRADI NE HYDROCHLORI DE, A
PROCESS FOR | TS PREPARATI ON AND PHARMACEUTI CAL
COMPQS T TNS { GRNTAORING I TVABRADNCE M epRIICHNVANDKN

relates to the hd-crystalline form of ivabradine
hydr ochl or i ded 8ROEEAD HIQR (T PHERARAFION C1130 I—i o:D
o b e Cbhricha e PERIEIONS LERPLEAREY
| vabradi ne, and addition salts thereof with a
pharmaceutical Iy acceptable acid, and nore especially
its hydrochl oride, have ver§ valuable phar macol ogi ca
and therapeutic properties, espZC|aII¥ bradyfﬁrdlc
nds_.use _
e T FU0%s L3R 57 RO S T hl wbrigi droshionize of
fomfiulmyfpcar di al i sehaem a such as angi na pectoris,
myocardi al infarct and associated rhythm di sturbances,
and al so in various 10 pathol ogi es involving rhythm
dlstunQ@@ces especi al l'y supraventricular rhythm

di st ur bantes—~and in heart failure The prepad@H,ion and
t herapeuti s rvabr adi ne addition salts
t her eof ¢ wi mceutically agceptablle acid, au
more especi a ochbori der hav ee (}descrlbed
i n the European nt speC|f|cat|on EP 0 534 859 | = In
view of the pharmaceytical value of this conpound, it
has been of prime inportante to obtain it wth
excellent purity- It has also been inportant to be able
to ¢ pros¢mtidressigepdrttidyandieansmoteaicpr @cﬁﬁ?&nﬁd’ﬁ@%orﬁﬂﬂmg i
readily be converted to the industrial scale _
especially in a form that allows rapid filtrati-on and
Ivﬂmﬁiiﬂ'&g and:ig{[kﬁhbﬂ asalttshfﬂerefo@Rh%h?ghir&a@&t&%l{/ %gctelpt\éble acid, and more
uci bl e
espregfalrb? 1ts hydroch]onde have very valuable pharmacological and therapeutic

properties, especially bradycardic properties, making those compounds useful in the
treatment or prevention of various clinical situations of myocardial ischaemia such as
angina pectoris, myocardial infarct and associated rhythm 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.

[n view of the pharmaceutical value of this compound, it has been of prime importance to
obtan 1t 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, i sht 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 -7-
The patent specification EP O 534 859 describes a
synthesis process for ivabradine and its
hydr ochl ori de. However, that2docunent does not specify
the conditions for obtaining ivabradine in a forn1that
' ragten st i
S RN ) Poan SRt iR bR ERLS 18 Frupige ama i
hy(kﬁthlomdedlﬂme\aﬂl ‘ldlmt dbhlﬁnk%tddldm hlo® lrs:pdcﬁfy ?1@1 C&ﬁiﬁtl&’ls for obtaining
tained_.in a we ined crystalline form_.that
vaadingitp & forg %&b@éﬂ@ﬁé{l%ﬁ@ﬁ%éﬂ&csﬂ%ﬁ repy pusiitle mpnagrd
processability. Mre specifically, the present
invention relates to the Sd-crystalline form of
Thé¢ habhicdi has ndw trund tha ri deticuthranlaof Bngﬁiddlebﬂleﬂllyerochlogde can be
fol L awi n r X-ray diffraction diagram _neasure
Obta@ﬁlﬁu ga? %wﬁ#ﬁ?ﬁm% ﬁifYS{@ g forpy $hay; ehibatst saruthde chageterigics for
Smyﬂgyhﬁa r&xggmgﬁﬁtor detector and 10 expressed in terns
of I|ne position (Bragg's angle 2 theta, expressed in
degrees) i ne hei ght (expressed in counts), line area
counts X rees wi dth at half

n
M eers % ca y,F{ih@'mreseg;( B}Vé:g‘g relﬁte%é@ﬂg’e% -CeysHL st fé\r@ @fixpbradine
BGSES alSSBLISS U, Bl IR IR
usnyg @d?eégﬂ dpagal di'Bera Roe d{fAjctonietgr ec@)hei withl al KACAdrafdr Hefdétor and
8029 13,078 3 8.6 10
exBHGE g ydine pogiin 42isia’s S8 adcte psse aegemdinggiciah
(exPredsdd8n &oﬂa@c@) 1#e blea(cRPresdd iR c4338 x7deg'9e%5) ng:‘bvlgthza%?ﬁlf “height
458 0.1673 074 8 15 3 1805 328 0.1
("F@\g@l\dj_ﬁqg(pmsg_@iﬁg dsg@eas) and interplanar distance d (expressed n A)

Interplanar :
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
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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 -3- Angle 2 theta Area Hei ght FWHM

I nt er pl anar
degrees) (degrees) distance (A

Li ne no.

(counts x (degrees) (counts)
14 20.1 650 86 0.1338

4.408 15 20.9 887 146 0.1648-4.252 16 21.4 3112 565
0.184 4.147 17 22.1 1708 254 0.1506 4.027 18 22.5

faVWaVWal

TT9T 275 0. 23423945 19 23° ‘voliyl ; éoug 6¢uk
- 23.9 134&1&&2 ¥ 728 20 Rfe .
Eée&ﬁ» 61309 4%%&?3381562'8'2 E&nﬁﬁsiﬂ X planar
3.397 24 @BeRed58B 169U88Y17] lichr&d ' 3histanee (A)
Q16733 231 26 201 140 37 0 9676 9.5 145
29149, 2007 _3.2023 The i nvdhtion| red@t es ald8380 a pro¢dss
forsthe |preparati opn of gge 3dtcrystal i pgeffor miof 4252
I vppr adiine hydy ochlori g€ WNI'EN sgE OCESS ( Fg4 . 4147
ZC:‘C g.c..tt” b?ialng llﬂeﬁ@ :LIL gﬁgdm QS0 nd 4027
hyﬁ& ochllori s aidpdllglhp S | dt’Ponl oBt2afhed lis 3.945
al 19wed [to @3 at | roomilPenpef atl@2e, | heDd6a8 rdom 3.800
temperature 23stil |cryss4d | isptiogp ils conphete,| andsyhe
crystals forped are dehydrated. 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

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.

In the crystallisation process according to the invention it is possible to use
tvabradine hydrochloride obtained by any process,

hydrochloride obtained by the preparation process described in patent specification

EP 0 534 859.

for example

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.

ivabradine
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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 nay advangageously be seeded during
t he cooling step The acetonitrile or m xture of

) ace'h?é"deil &H}a‘a r‘é%&%&&perfoglneggprﬁg%ty reheated to a

era re preferably
betmeen 65 and 75C. 10 The dilution is preferably nore

than 15 nmor e preferabti between 50 and 100 nug. _
The mventiqa ré@?ﬁ;ﬁcﬁl%?t ﬁOdﬂlaﬁgacsn@cf caibpysifiensf empeigingyestaetivd mgredient

the B I T SR RU PR POt e ot mre spproprite,

ine®dng mysiiatit |e§l@1pfe@fsmA91floﬂgVﬁ@ RGN kYA @&Hb@é’lﬂlﬁﬁ accordmg to the
together with one or nore appropriate, 5 inert and

Inveygient dirtec I@chfimnémt@nedmmn{? especiphnr these dbatcat sultable for oral,
ccor he |nv ntion there
pargl&g?f)g nhja{? Yor eoreglﬁ)ecé:1 | F?VS Yhoya taﬂgilmﬁt[f%logwt{l@%tﬁ or¢ drageées,
subing@lal talflase rbpdudds, (1oF¥nbay egPSsiBfies UBCahANSRURINtOT dermal gels,
nasal administration, tablets or dragees, sublingua
injeciBlegyreparatinns ane §rinkablenigpansionspposi t or i es, cr eans,
oi ntrments, dermal gels, injectable preparations and
dri nkabl e suspensions. 10 The useful dosage can be

Theveseiig dosageoradi bfegvehﬁdtaheorﬂ'altgub ehangtuseMel debyri9f oftthe disorder, the
ddlsorder t he n1n|strat|on route and the age and
adnyisERHOn oS ang, Hic; agan dKe s oYade npdrniedhs desase veges Bom 1 to

SOU'EEG @Irda ¥ oh& PRI dniiBisRaidill Ni strations. The Exanpl es
low illustrate the 1 nvention. The X-ray powder

dlffractlon spectrum was neasured under the foll ow ng

TR R B i ccror, o

tenperature-regul ated chanber, - voltage 45 kV,

intensity 40 mA,
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,

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

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

: MPLE 1 ; 6d-crystalline form of
m&t&i dnﬁﬁrsEE?éxﬁll%fqr&éOf%@brrﬂdmﬁhﬁk@?’b‘ﬁrlﬂﬁ ile are
preheated to 70C and then 2 g of ivabradine
hydrochl ori de obtai ned according to the process
16 ed ofi dsetdnitnlepat enthenpreiciof 7@°at arahtheR D ¢5F4iva&Adiat diydrochloride

added [.N o tions, tirring until dissolutionis
oo @ sputina bt B e A en AP B i ticn TEB5 LhESS are added,

in ?&@Bﬁé’ al ik &tibHe nFeYRsollhieh & X&hglg*{& A goefﬁpo\ﬁeg B¥n stored at

iltration in nacuo and are spre out onto
amblpytstempbxaga@ ifon2 plags. €l lleThgstdB)a&t sinsovad ebyt ﬂmtlblle al edibtand are
erature rate of 10C/ m n and hel d at
Spr%aéd’ tg 2 h%ﬁ%tgﬁls‘ﬁkﬂ}ad%lﬁtex 18;?%???% F"ﬁc‘gf?’é hegedde anempaugiire of
85°Md&ﬁte>6f'l@%C/ﬂhﬁ bh@RdIn ANg POt b gofdi ffraction angl es)
of the 6d-form of ivabradine 10 hydrochloride is given
by the significant lines collated in the foll ow ng

I t.heta Area Line no. Height (counts)
Po%g%lﬁia%%%"f{mrgp‘f'anar (degrees) x (degrees)
di stance (A) degrees) 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
The powder X-ray diffraction profile (diffraction angles) of the 8d-form of ivabradine

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=gAngle 2 theta Area Line

no. Hei ght (count s X FWHM I nterpl anar (degrees)
_,\L.UUIIL b) ucgl E’Eb) IUC\‘JI Sc§é7u52£ci( ;é\\ 4 %éZZOlé gio
0 0.1 5 20 D :
g?ﬂezn(ﬁgg&ﬂgllgg&]ft%zw Height ¢ (%39&1%34 N6 4|0 IzlﬁerM@lar
22501 pisa.pad: gc:ogwss)_lcadégqyg% 61ddegeeq). 157distance @
_3.800 1343 222 0. 1673 21 24.7 256 34 :
0. 1838 3. 60420.22 25.6 3@ 41 0. 18838 3. 48213383 26. 2 11.8199
31350. 1673 @97 24 263 1588 183 0] 11611633310“2?4.,2;;\
coig 1397 R I0IS 543t 29 25T 10 G {sh 2575 3499
214975 HA55p, 07200703 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
EXAMPLE 2 : Pharmaceutical composition

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

Compound of EXamPIE L....ccc.eeirieieieieiiiieieeceeee e 539¢
MaIZE SEATCH. ....veiiii ettt et 20g
Anhydrous colloidal SIlICA .....ouvuivieriereeeeeceteeeeeeeeeee et 02¢g
MAENNITOL ..ottt ettt n et et e e e e e e e ena 6391 ¢g
PV P ettt ettt e ee e 10g

MagnESIUM STEATALE ......c.cueueuerirerreeeieeeieteetet ettt se e ee e eee s eeeeeeeenae 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

.......................... 5.39 g Maize starch

............................ £7
................................................. 20 g

5 Anhydrous colloidal silica

1. .3d-crystalline form-of.ivabradine hydrechloride-of-formula (¢ - - -+« - -« -+ -
....... 10 g Magnesium stearate

0.5 g -7- CLAI M

1 6d-chP9 ine form of ivabradine h ocltiGdt,i de of
fornula(l N OCH3 CICH_’BBO ‘ 13 O

char agtes foI I W n povder X- di f f r agi on
di agraim nes PANAf yt i cafF” X' Pro

di ffractoneter ther vvlth an X Cel erator detector
and expressed in tgrns of line position (Bragg's angle
2 theta, expressed in degies), |ine height (expressed
in counts), line area (expressed in counts x degrees),
line width at half hei ght ("FWIM, expressed in

[ a | anar, distan ressed in
Cha%%%nggcg)blyn S p P8 Rowder rﬁyhgffgra qng B R é‘smg a
PANwatail}spaﬂ el dl(fﬁla‘cwrﬁaeﬂ togERLNKE) aX XOCAELRRT MeleB él%ﬁéﬁpressed

4.1 414 41 0.1004 21.672 2 6.8 176 139 0.80

(A
n ‘gpgn@ﬁ line gogitiop odBragels @ngleod thetal@spressed in dogeesd hne height
(exﬁegséégn %mﬁﬁg), 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 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
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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- Angle 2 Interplanar Height Area
(counts FWI M Line no. thetagdi stance (degrees)
(counts) x degrees) (degrees) (A 13 19.6 289 38

0. 1338 4.526 14 20.1 650 86 0.1338 4.408 15 20.9 887

145 01673 4. 2 éﬁ oq‘ 24 BIT2 565 07184 4 H'Igﬁélzfﬁﬁr'
TRy e ot B i) s s
3. 7@ng 2(4"022)228 22%8453 )2@&%% %09 4@2;%3
0. 1338: 3.z82 196 26.228899| 313 1. 1673 303978 24 2628
1588 183 0. 113011 3. 31065@5 P7. 6 86357 2240033673 342R%
26 2914 140 3 §- 2676587060  2{429. 5145 12% 0-2007%5,
3.P231¢ 21.4 3112 565 0.184 4.147
17 22.1 1708 254 0.1506 4.027
18 225 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 &d-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

tvabradine 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.
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2. Process for the preparation of the ad-crystalline
form of ivabradi ne hydrochloride according to claim1,
characterised in that acetonitrile or a m xture of
acetonitrile and water is preheated, ivabradine
hydrochl ori de is added, the solution obtained is
allowed 5 to cool at room tegmperature, held at room
tenperature until crystallisation is conplete, and the

r | s .for are dehydrat.ed, 3. Process according to
{0re 8o SereRistin e foracer ibritians hidaciland porergne fo ot 1 1n e
Vel g Tal | Of ' i the cool i :
A Y I RER P B TSP RES Bl i EQon Mlarions
aifical eitiatigne df ewybedriial Bohamis swdhl dsnegfrer yacdris, #ocardial infarct

i vabradi ne _hydroghl oride according to claim1, i'n ]
%@nﬁ?%@‘gff@%ﬂﬂ Hh%l%a%?esnﬁdealsop%‘fmé peihodgdiss involving thythm

I L: ' rder .. Us f
BEARLER, fpebify borfAd Bt e difRimcts, 7 Teat Bure
according to claim11 in the manufacture of nedi canents
Ahiiebradie HtirdeaRrie PasAeYE By BeGSocesPaccBrdib ) gé'mi e
3d-crystalline formof ivabradine hydrochloride
according to claim1 in the manufacture of nedi canents

' ' t . t] f )
NRacy BB ontioet B e L ABMIPAN BLocPERE T o LR adthpigntialy as
Isweih dessribed)ivith refesdnos tsanynskeedledha@tkof. nf arct  and

associ ated rhyt hm di sturbances, and also in various
pat hol ogi es invol ving rhythm5 di sturbances, especially

- rai ks ar
R b e R b PR 020 Dt Bifogoc o any
exhmppertberesS according to claim?2. 8. A 3d-crystalline
form of ivabradi ne hydrochl oride according to claim
substantially as herein described with reference to

AMa@XRBRIAR] ERBpESfion Secollifg RFQE 80 t&ﬁcrs%?gu)? O ﬁérgfgn%eﬁgﬁbed

substantially as -herein descri be reference

 eikarpftrencetie e fxample thergfar maceut i cal  conposi tion

11.

according to claim4, substantially as herein described
with reference to any exanple thereof. 11. A use
ARasHicdording 1 cldidi 305 clim 6| aibetabtial BUHeddth idaddribe@Nith reference
herein described with reference to any exanple

P RBY s¥pmple thereof.



