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3 0 OCT 2007 1 New process for the synthesis of

i vabradi ne and addition salts thereof with a 3 U OCT 2007

pharmaceutical acceptable acid The present invention
relates to a process for the industrial synthesis of
Nev REsrcasti fidhe $ynthegip ativaprqdineg and ajqdiion Gaje3hanpd witiCrBDarmZceutical
NOCH3 (1), O or 3-{3- [acceptable acid
{[(7S) -3, 4-di net hoxybi cycl o[ 4. 2. 0] octa-1, 3,5-Bi en-7-yl ]
Thengreseit inven@dm yth@B1t0 Q] prodess for the industrial synthesis of ivabradine of
propyl } -7, 8-di net hoxy-1, 3, 4, 5-tetrahydr o- 2H 3- benzazep
3mn%m2(%he addition salts thereof with a pharmaceutically
acceptabl e acid and hydrates thereof. |vabradine, and
addition salts thereof with a pharmaceutically
acceftsd] e acid, and nore especially its, CH
hydrochl orFde, bave very val gyabl ephar Pogical and
t her apeu propeiti es, especralfly krad cardic

pr o0 es N.hose~copPaynds bggthe 10D
treatnment or pyevention of various clinical~situations
of myocardi al iscRaenia such as angina pectoris,
myocardi al infarctOand associ ated rhyt hm di st ur bances,
and al so of various pathologies involving rhythm
di sturbances, especially supraventricular rhythm
I8t : [Mc f { i :
o R e e T et T e b e yomino)
proddi’ Bidimegaky-d ,3,hértetodhydid- 23 -béapparraagut i cal |y
acceptabl e acid, and nore especially its hydrochlori de,
have been described in the European patent
2ddi%iBg Ghifs tBakb ORIER pRamitedrAlly 102btaBRIRM and S aiatdsAREESN
descri bes the synthesis of 1vabradi ne hydrochl oride by
reacting the conpound of fornula (I1) : OCH3

Ivabradine, and addition salts thereof with a pharmaceutically acceptable acid, and more

'esgecianlly its. hjdrochloride, ‘have very v?luable pharmacological and therapeutic

prope‘rties', especially bradycardic properties, making those compounds useful in the
treatment or prevention of various clinical situations of myocardial ischaemia such as

anginfi pectoris, myocardial infarct and associated rhythm disturbances, and also of various

- pathologies iﬁvolving rhythm disturbances, especially supraventricular rhythm
“disturbances, and in the treatment of 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 Furopean patent specification EP 0 534 859.

That patent specification describes the synthesis of ivabradine hydrochloride by reacting

AN > |
| [ @
=

CH,HN OCH

the compound of formula (IT) :
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I ~ CH3HN OCx3 3 0 OCT 2001 wth the conmpound of ] Q OCT 2007
formula (I11) CH30 CH30 Q O to yield the conpound”o
formula (I1V) CHBOOCH ~ QCH3 CHN----- (1v), OCH3
0 5 the catalytic hydrogenation of which results in
I vabradi ne, which is then co?verted into its
hydr ochl ori de. That nethod has.the di sadvant age of
yi el di ng ivabradnie hydrochloride in only a very | ow

witl ithe epmpoled sf fomanlai#1Ps over the 3 steps as a whole. In
vi ew of the pharmaceutical value of ivabradine and its
salts, and nore especially its 10 hydrochloride, it
has been i g9 a e~able to obtain it by an
ef fective indus synt esi s process conprising a
m ni nal nunber o ps andNal | efing-i'vabr adifhe and its
salts, and re al ly /its hydrochloride, to be
obtai ned in satisfactory\vield. The Applicant has now
devel oped a synthesis proce$s allowi ng ivabradine salts
to be obtained in a single step starting froma salt
of the conmpound of fornmula (Il), in a very 15 good

u)%&ﬁh%c &hggggﬂyﬂngy the present invention relates
to a process for the synthesis of ivabradine of
formula (1), addition salts thereof with a
phar%ﬁggutically acceptabl e acid, and hydrates

t her €of OCH,
~ C]:Hz ~ [

CH,O NP

0]

the catalytic hydrogenation of which results in ivabradine, which is then converted into its

hydrochloride.

That method has the disadvantage of yielding ivabradine hydrochloride in only a very low

yield - less than 17 % over the 3 steps as a whole.

In view of the pharmaceutical value of ivabradine and its salts, and more especially its
hydrochloride, it has been important to be able to obtain it by an effective industrial
synthesis process comprising a minimal number of steps and allowing ivabradine and its

salts, and more especially its hydrochloride, to be obtained in a satisfactory yield.

The Applicant has now developed a synthesis process allowing ivabradine salts to be
obtained in a single step starting from a salt of the compound of formula (II), in a very

good yield.

More specifically, the present invention relates to a process for the synthesis of ivabradine
of formula (I), addition salts thereof with a pharmaceutically acceptable acid, and hydrates

thereof,



3 0 OCT 2007 -3 characterised in that the conpound %b 1 2007
formula (V) CHBON-RI M CH3OR O wherein R and3 OC
whi ch nmay be the sane or different, each represent a
i near or branched (G -C$)al koxy group or form
together wth the carbon at om carrying them a
1, 3-di oxane, 5 1, 3-dioxolane or 1, 3-dioxepane ring, is
subjected to a catal ytic hydrogenation reaction, and
chatdeéamsedan thatirtho comdpamdfodfomivda (WI:) t her eby obt ai ned
CI1I30R (M), CH3OR 2 Owierein R and R2 are as
defi ned hereinbefore, 10 is subjected to a reaction
with the cogppund of formula (VI1) OCH 3 CH3NH |/
FIX (M1), OC het ei 1 \HX represents a
phar maceutical | y gpt abl eNagi ;™ e pré¥knce of
hydr ogen and e OCT 200 -4 to yield
directly, arts ng off the caRal yst and
i sol ation, the addition saltOof ivabradine

wherein R; and R,, which may be the same or different, each represent a linear or branched
(C1-Cg)alkoxy group or form, together with the carbon atom carrying them, a 1,3-dioxane,
5 1,3-dioxolane or 1,3-dioxepane ring,

is subjected to a catalytic hydrogenation reaction,

and then the compound of formula (VI) thereby obtained :

CH,0 |
N\/\(RI (VD,
CH,0 R,
o 2

wherein R; and R, are as defined hereinbefore,

10 is subjected to a reaction with the compound of formula (VII) :

0 CH;
’ HX (VID),
CH,NH s
0—CH,
wherein HX represents a pharmaceutically acceptable acid,

in the presence of hydrogen and a catalyst,
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with the acid 13X, which is optionally subjected, when

it desired to obtain free ivabradine, to the actﬂb@ @ﬁT 2007

a base. Anpong the pharmaceutically acceptabl e acids,
there nmay be nentioned by way of non- 5 limting
exanpl e hydrochl oric, hydrobyom c, sul phuric,
phosphoric, acetic, trifluoroacetic, lactic, pyruvic,
mal oni ¢, succinic, glutaric, fulmaric, tartaric,
to ynelfl directlyniafte] &lfermigtaff the ca@éy;;t midisolabem|the addition salt of ivabradine

Wi TIeCRp BRe 0 e o8 P TOGRIBIe: T B LATISton CORit Lopfabiadine,

to thy/@oadifA®asand especially its hydrochloride, to be
obtained directly in a single step starting fromthe

correspondlng salt 10 of the am ne of fornula (II)

| L It
A TSP aE AR ke a5 el T el SR b Byt BT BRY of non-
hmftﬁ@(‘etxhﬁi@leqlfydl dldRMRoUBBroafic, suhtbt 3pho¥horich@letic,@iYlub®acetic,
menti oned, w thout inplying any limtation, palladlum

lactis), AYTUVIAMakgTE e NCCiRigH ﬂ@tﬂn@nﬁnnaﬁ@diaaﬁmc avaleiehiric, citric, ascorbic,
d
orsf SRR RRELSHL ALl i HRROER SEAL B, 7 [ ot de

t he compound of fornula (V) is preferably
pal | adi um on-carbon. The tenperature of the
Thlh yRIPERFE maeksSnitr BRwSIlG rfObfadfiﬁ@nc%ﬁo% dvabradigg, ngjda cpnppially its

i SRS P20 {905, uPielaohl Lot

of thy emogerd fpness (If)ewuth reix ogjlenhyenrfty dndopenatry good wakit i on of
the conpound of fornmula (V) is preferably from1l to
220 bars, nore preferably froml to 100 bars, even nore

AmBhEHRS &@lysts fNMé‘H‘ chn @ u36d in‘ﬂlé hya-ﬁ?el{hy (dh eaRrABh bPﬂle compound of
reaction of the conpound of fornu is preferably

formakan(Ved thene  hay de mmmilggq:d;h W1t13@1tvmlymg5au.§rrdmg1tatll®g, palladium,

referred non-.ac s wWhi C d_in the
plafih SHUREMERRE, B SRR Mol eafu g e fom
or ihbelde fomy. be nmentioned, w thout inplying any
limtation, 0 OCT 2007 -5
The catalyst for the hydrogenation reaction of the compound of formula (V) is preferably

palladium-on-carbon.

The temperature of the hydrogenation reaction of the compound of formula (V) is
preferably from 20 to 100°C, more preferably from 40 to 80°C, even more preferably from
45 to 65°C.

The hydrogen pressure during the hydrogenation reaction of the compound of formula (V)
is preferably from 1 to 220 bars, more preferably from 1 to 100 bars, even more preferably
from 1 to 30 bars.

The hydrogenation reaction of the compound of formula (V) is preferably carried out in a
non-acidic solvent.
Among the preferred non-acidic solvents which can be used in the hydrogenation reaction

of the compound of formula (V), there may be mentioned, without implying any limitation,
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acetates, alcohols, preferably ethanol, nethanol or
i sopropanol , tetrahydrofurane, tol uene, 3 0 UCT 2007
di chl oronet hane and xyl ene. Advant ageously, the
i nternmedi ate conmpound of formula (VI) is not isolated
and the crude reaction prodyct is used as such in the
reducti ve anmination reaction. 5 Anbng the catal ysts
whi ch can be used in the reductive am nation reaction
aceegswelephal eprefemabppoethenadf medhamell i igogrpannld tettabydrofipanen doluene,
di qf.fanuIa éVIf there may be nentioned, w thout
icRlgradRthaie #nd X¥iehtt at i on, pal I adi um platinum ni ckel
rut henium rhodium and their conpounds, particularly
in supported formor in oxide form The catalyst for
Advdnéageeehlintthey entenmiedits evmpaadtaf dormyda (b ns hofeseleiep e dhe crude
qf for&ula]%ygé 1g.aﬂd t e.comgoupd of gornula (Vi)
reagton RIS LSy BRFICadT tnTBHiEEy BH T Ef W ber at ure of
the reductive am nation reaction between the conmpound
of formula (VI) and the conpound of fornmula (VIIl) is
Ampngfils applysts vdnelgoan be 19@IoN e reduchye peitbpy réactmm Agtwasn the
0] nr.ef ro ... 1he Qge
conkBl oF S5TR I B8 B Bobobia " BitubR (R gl B ARRloneca
with@it ielyih § en¢ dirpioativa, ehlladhomf eratibhd, aikel, amledib@, rhodium, and
conpound, of forrmula (VII) is preferably froml to 220
theip gprapoysis eparsidarby Bsuprarked fome 8T Mowrideafosn. even nore
f : - '
R TP PR rn e R Sior! S, AEREEBDLE ST (v
and(thé forhp@tndant dornpriae (il pis lpye farsbly patleditineorccarpaunds  of
formul ae (Va) and (Vla), particular cases of the
conmpounds of fornulae (V) and (VI) wherein R, and R2

Thd C’céﬁgeﬂaﬁgtgt HErthd feudthe GaHiRen 2AcREPMEREY IthY E8Bund of
a 1, 3-di oxane, 1, 3-dioxol ane or 1, 3-di oxepane ring. The

foryplad¥inayl dfe fampavndeof (foaylagVPans peefirably deme 36f tot Ha9°C, more

refeGTRY HaP o OB e b B Bt ol o
1, 3-di oxane, 1, 3- dioxol ane or 1, 3-di oxepane ring, and

al so the conmpounds of formula (VI), are new products
Thepmydepeeay ressyes duringsthe yoftugbss aminatien magiien bafween thigecompound of

TSP RS Kby S P B ) Dl . o

prefordblly o DtoQUD BAR) évenrhore preferably from 10 to 60 bars.

In the process according to the invention, the compounds of formulae (V) and (VI) that are
preferably used are the compounds of formulae (Va) and (VIa), particular cases of the
compounds of formulae (V) and (VI) wherein R; and R; form, together with the carbon

atom carrying them, a 1,3-dioxane, 1,3-dioxolane or 1,3-dioxepane ring.

The compounds of formulae (Va), a particular case of the compounds of formula (V)
wherein R; and R, form, together with the carbon atom carrying them, a 1,3-dioxane, 1,3-
dioxolane or 1,3-dioxepane ring, and also the compounds of formula (VI), are new
products which are useful as synthesis intermediates in the chemical or pharmaceutical

industry, especially in the synthesis of ivabradine and addition salts thereof with a
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pharmaceutically acceptable acid, and as such they form

an integral part of the present invention. A proc OCT 2007

which is preferred according to the invention is the
process that uses, as synthesis internediate, the
compound of fornula (Vila),mﬁ particul ar case of the 5
conpounds of fornmula (VII) wherein HX represents
hydrochl oric acid, thereby yielding ivabradine

phanydeaitindlyr pebepiablef anidndnd sl ich they fdrat aic agegralt pat of the present

rocess according to the present invention yields

in 4Bt adi ne hydrochloride in a crystalline form- the a
forn1- which is well defined and perfectly reproducible
and which especially has valuabl e characteristics in

A p@lcnee which | is t prafeied, acdengingg fo ;ﬂtmm\flenmqn inthe pOcessdabfises, as

syl P RRietnoPlor o RS it Mt Hefharoffse of the

comp@mds 6F Yerhalld (VE) fwﬂfef@lﬁ’fHX Y@?é@ﬂis\f;\lﬁrd%’c%[&f‘ché&d i &b yielding
characterised by the follow ng po X-ray

ivaiafiine ydioghlodia gf mmmteddar ed using a PANal ytical X Pert
Pro diffi-actonmeter together with an X Celerator
detector and expressed in terns of ray position (Bragg
In thet ¢pagy|te NHCess pheqraingdy greayessdt inMeivgriedd) ivapraging énygmhlonde

i A SEPABES S0k AR 5 SR R S B o

whicﬂ e;éwﬁﬁgfsmasa{muam@bﬁﬁ@&t@ﬁefcs dh SERRCE ﬂltﬁaﬁ&ﬂrcﬁ%ﬁ%‘j staBility and
theta Height Area (counts x

ﬁﬂPﬁfﬁK@PéﬁQﬁ Ray no. (degrees) ) (degrees) ( ) counts
degrees) distance ~i 1 4.1 1341 177 0.1338 21.486 2
7.7 1266 146 0.1171 11.440 3 8.1 1325 197 0. 1506

That @ &23allifte fdnthis H8RQind @lnsﬂmit@é)é’noﬁleﬂ 8%)6050&33 §re§e’§§ ifréntion.
0.1171 7.473 6 12.1 292 29 0.1004 301 917

106 0.1171 6.709
The o crystalline form of ivabradine hydrochloride 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) :

ng ne. Angle 2 theta | Height Area (counts x| ~FWHM Interplanar
, (degrees) (counts) degrees) (degrees) | distance (A)
1 4.1 1341 177 0.1338 21.486
2 7.7 1266 146 0.1171 11.440
3 8.1 1325 197 0.1506 10.923
4 10.4 1630 161 0.1004 8.488
5 11.8 753 87 0.1171 7473
6 12.1 292 29 0.1004 7.301
7 13.2 917 106 0.1171 6.709
8 13.8 875 130 0.1506 6.423
9 153 281 37 0.1338 5.790
10 16.2 816 108 0.1338 5.478
11 16.5 2784 459 0.1673 5.381
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8 13.8 875 130 0.1506 6.423 9 15.3 281 37 0.1338 5. 790

10 16.2 816 108 0.1338 5.478 11 16.5 2784 459 0.1678 0 QCT 2007

5.381 3 0 OCT 2007

-7 Angle 2 theta Height Area

(counts x FWBM I nterplanar Ray no. (degrees) (counts)
degrees) (degrees) distance gA) 12 17.4 1308 129
0.1004 5.106 13 18.1 455 52'0..1171 4.885 14 19.4 223
37 0.1673 4.569 15 20.2 3282 487 0.1506 4.389 16 20.6
305 45 0. 1506 4.310 17 21.3 550 91 0.1673 4.165 18

21 _Q 1’)£2£2 oon f\ 1Q 4 _OEN 11 ’)’) 4 /I1R 41 ﬂ 1ﬂﬂ/| Q 07’)

Oﬂg%ﬁ 0 Z%Egl%%ﬂﬁ’tal 338 H3igh Xﬂea%@ouﬁtslﬁg‘l ﬁWIQVI]BC 6Interplanar
0: 2007 %252% ﬁ'ﬁs}og: 7c9101%Q73 2 ’-‘?Q ’zzfl(g%r&g% QZdlStance(A)
209% 579 0_2ddz 3 B3 198 26l8 82%9 1350084 3 305 5366
2718 488 97 13.2007| 3. 23 28|28. 42620 123 00.12007 |3. 14.885
29129.2 1428 B 0. 1838 32057 The iXfvention xl&liat eg al $669
t o1phar nacewoixal fonpesdti ons cappri Siing ¢asoectijve 4389
i nggedi gnt 206 305 45 0.1506 4310

17 21.3 550 91 0.1673 4.165
18 21.9 1266 230 0.184 4,050
19 224 416 41 0.1004 3.972
20 23.0 262 35 0.1338 3.861
21 23.3 184 27 0.1506 3.814
22 24.4 309 51 0.1673 3.651
23 25.0 362 72 0.2007 3.566
24 25.7 1076 142 0.1338 3.459
25 26.5 2925 579 0.2007 3.363
26 26.8 821 135 0.1673 3.325
27 27.8 488 97 . 0.2007 3.212
28 284 620 123 0.2007 3.142
29 29.2 428 56 0.1338 3.057

The invention relates also to pharmaceutical compositions comprising as active ingredient
the o crystalline form of ivabradine hydrochloride together with one or more appropriate,
nert and non-toxic excipients. Among the pharmaceutical compositions according to the
mvention there may be mentioned, more especially, those that are suitable for oral,
parenteral (intravenous or subcutaneous) or nasal administration, tablets or dragées,
sublingual tablets, capsules, lozenges, suppositories, creams, ointments, dermal gels,

injectable preparations and 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. The dosage varies from 1 to
500 mg per day in one or more administrations.

The Examples that follow illustrate the invention.

The X-ray powder diffraction spectrum was measured under the following experimental

conditions :
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the a crystalline formof ivabradine hydrochloride J () (JCT 2007

together with one or nore appropriate, inert and
non-t oxi ¢ exci pi ents. Anmong the pharnmaceutica
conpositions according to the invention there may be
menti oned, nore especially, those that are suitable for
oral, 5 parenteral (intravendus or subcutaneous) or
nasal adm nistration, tablets or dragees, sublingua

- thdNaytecal EfestiRresliffitacwemtresX ' Celeppasddtantdres, cr eamns,

der el.s, 1injectable preparations and

i nt , |
- ?Pﬂﬁgegﬁlgv’slﬂgeﬂg s%cg?i‘és‘ The useful dosage can be vari ed

- 3k&GRdbpgp to the nature and severity of the disorder,
the admnistration route and the age and wei ght of the
- gt NenfilterThe dosage varies from1 to 10 500 ng per day

I.n.one.or nore.adm nistratj.ons., anpl es that

" F%‘ilﬁg%ﬁibﬁl? &gé ﬁﬁ%@?%e%%hfﬁ S@h: J’Qﬁ@%— ray powder

- dixell bASE 0PAIvERRELS 4R WBge neasured under the fol | owi ng
experinmental conditions : 3 0 OCT 2001 -s

- peNfralQmimsal X Pert Pro diffractometer, X Cel erator

. ...vpktage 45 IN, intensity 40 mA, nounting
i %ﬁﬁgﬁaﬁé?%n¥§ filter, 5 - incident-beam and

- dhdafiiragkattnd@anobehh@is fionh 8° fo 1°0i4 ih@ementk bked1 700l e of
di vergence slits : 1/8, mask : 10 nmm antiscatter slit

- MepsUEMARANDS BFRStAP nkdeks:: continuous from 3 to 30, in
) kgﬁgﬁﬂgphﬁﬁggzg;017, 10 - neasurenent time per step :

s, - total’tinme : 4 ruin 32 s, - measurenent speed
- mdsiofkst speedeE@si°enent tenperature : anbient.

- measurement temperature : ambient.

EXAMPLE 1: Alpha crystalline form of 3-{3-[{[(7S)-3,4-dimethoxybicyclo-
[4.2.0]octa-1,3,5-trien-7-yl] methyl} (methyl)amino] propyl}-7,8-
dimethoxy-1,3,4,5-tetrahydro-2H-3-benzazepin-2-one hydrochloride

Load 5.5 kg of 3-[2-(1,3-dioxolan-2-yl)ethyl]-7,8-dimethoxy-1,3-dihydro-2H-3-benz-
azepin-2-one, 27.5 litres of ethanol and 550 g of palladium-on-carbon into an autoclave.
Purge with nitrogen and then with hydrogen, heat to 55°C and then hydrogenate at that
temperature under a pressure of 5 bars until the theoretical amount of hydrogen has been
absorbed.

Then return to ambient temperature and release the autoclave pressure.

Then add 4 kg of (75)-3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-yl]-N-methylmethan-
amine hydrochloride, 11 litres of ethanol, 5.5 litres of water and 1 kg of palladium-on-
carbon.

Purge with nitrogen and then with hydrogen, heat at 85°C and then hydrogenate at that
temperature under a pressure of 30 bars until the theoretical amount of hydrogen has been

absorbed.
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3-{3-[{[(7S) -3, 4-di net hoxybi cycl o-

Al pha crystalline form of

15

[4.2.0]octa-1,3,5-tries-7-yl]nethyl}(nmethyl)
am no] propyl }-7, 8-
di met hoxy-1, 3, 4, 5-t et rahydr o- 2H 3- benzazepi n- 2- one

hydr ochl ori de Load 5.5 kg

of

3 0 0CT 2007

3-[2-(1,3-dioonan-2-y|)ethy|]¥7,8-dinethoxy-l,s-dihydr
Then 2¢tu3- tye ambicay éphper@uonmend Trde et adsclofe; ehbarfiler dina reaction

miiien i

| .adi u

rggé

- b
i s8VEREn 208 1R

into an a

crybtBBRatbdE Qg %g@lg@neaf —1ﬁeﬂﬂfl—2%%nfo@iﬁ%ﬁ@hﬁfﬁré? nder a

pressure
hydr ogen
er.at

Ivaglaeﬁgglg hlyaro(gglo%lag isr

of ars
has been
ur

unt |

t'He theoreti cal

it Bisame Rubta i dmelcthiifiae by

anount of

absorbed. Then return to anbi ent

285 Srhalea it QS &Y Ps P8

ess
o an

re.

Tpen .
with a chemical purity

greftéSlms 9494li met hoxybi cycl o[ 4. 2. 0] octa-1, 3,5-tries-7-yl]-

N- et hyl
et hanol ,
25 carb

under a pressure of 30 bars until

met han-

am ne hydrochl ori de,

11 litres of

5.5 litres of water and 1 kg of pall adi um on-
with nitrogen and then w th hydrogen,

y 0N... Purge. W
XTRR RV C@@écgﬁg‘%flﬁ’eaﬁ "hydr ogenat e at that

anount of hydrogen has_been al _ i
TherRerpyr ravider didragiion erafile ddifeaciionrangtesd pluthgeo.tthan of ivabradine

hy ut

L ave:.th fil
B E g b BY e gigth

the reagt.i on

FER S 6P tted g

t enperat ure

the theoretical
absorbed. 3 0 OCT 2007
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e

hydrochl oride by <crystallisation froma
toluene/l-methyl-2-pyrrolidinone mxture. |vabradine
hydroch oknae? theta her gy, obt Bl NG dolRs| Yi PWAT $5m%rplanar
o T t h_ ag&@ﬁ:@é)ca' Rwdn‘sy P QfeEPJe_ r th e C'ges% Xiiktddece A
powder diffraction diagram :| The”X-ray|powder ‘
di fif ractlion piofille (didftractionldhgl es ) 0038 he |a f20rf6
of 2i vabrjadi né7 hydfochi266i de|i s géeven by tohie71 11.440
signifidant gays cll | asesl in|the1$pl | oW ng.tsabl e|: 10.923
Angl e 2 {t heti@4Ray no. 1igeo ght | Areag count s pqofAWN TV 5483
I ntser pl gnar 13 g 753 87 0.1171 7.473
6 12.1 292 29 0.1004 7.301
7 13.2 917 106 0.1171 6.709
8 13.8 875 130 0.1506 6.423
9 15.3 281 37 0.1338 5.790
10 16.2 816 108 0.1338 5478
11 16.5 2784 459 0.1673 5.381
12 17.4 1308 129 0.1004 5.106
13 18.1 455 52 0.1171 4.885
14 19.4 223 37 0.1673 4.569
15 20.2 3282 487 0.1506 4.389
16 20.6 305 45 0.1506 4.310
17 21.3 550 91 0.1673 4,165
18 21.9 1266 230 0.184 4.050
19 224 416 41 0.1004 3.972
20 23.0 262 35 0.1338 3.861
21 23.3 184 27 0.1506 3.814
22 24.4 309 51 0.1673 3.651
23 25.0 362 72 0.2007 3.566




(degrees) (counts) degrees) (degrees) distance (A

4.1 1341 177 0.1338 21.486 2 7.7 1266 146 0.1171 [} OCT 2007

11.440 3 8.1 1325 197 0.1506 10.923 4 10.4 1630 161
0.1004 8.488 5 11.8 753 87 0.1171 7.473 6 12.1 292 29
0.1004 7.301 7 13.2 917 106100 1171 6.709 8 13.8 875
130 0.1506 6.423 9 15.3 28137 0.1338 5.790 10 16.2
816 108 0.1338 5.478 11 16.5 2784 459 0.1673 5.381 12

17.4 1308 129 O 1004 5.106 13 18.1 455 52 0.1171 4.885

A ﬂﬂn nv on A1 =0 1 20 9 Q"QO AQ7 n 15na

1A 10
14 13 D19 . J0UJ LTI 20U &

389 16 %e é tlge(% 45 Highb06 Are?alﬂmnﬂs& 21 FvEaM0 9liInterplanar

673 4| 16degrek® 21. 9(cdidfi§ 230 Qogt@d) 4.|05Qegrt)22. 41514.;1& A)

41-0- 1004 2 Q79 20230 262135 01338138641 271

184927 ol 15085 g1h oW/ 41300143 0 1679-83851 2353450
2520 362/ 72 #¥:2007(3. 58853 0| OCT 52907 | 1(P-2084Agl & 2 3.363
théba Hei ght26/ ea (couifs x FWHMIB#Ht er pl anki673 3.325
27 27.8 488 97 0.2007 3.212
28 28.4 620 123 0.2007 3.142
29 29.2 428 56 0.1338 3.057

EXAMPLE 2 : Pharmaceutical composition

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

Compound of EXample 1.......ccouciviniieiiiieeeeeeeeee e 539¢
COTT STAICR. ...ttt e 20¢g
Anhydrous colloidal SILCA..........ccvuirucueiricrirrr e 02¢g
MANNIEOL ...ttt es e st enee e eeeene 6391 ¢g
PV ettt ettt 10g
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Ray no. de reel ( g ) (counts) degrees) (degrees)

di stance (A) 24 25.7 1076 142 0.1338 3.459 25 26.5 :
2925 579 0.2007 3.363 26 26.8 821 135 0.1673 3. 323@@61 200?
27.8 488 97 0.2007 3.212 28 28.4 620 123 0.2007 3. 142

29 29.2 428 56 0.1338 3.057 EXAMPLE 2 : Pharnaceutica

conposi tion Fonnul a for the'%?eparation of 1000 tablets

each containing 5 ng of ivabradi ne base Conpound of

Exanmple 1

.................................................. 20 g
5 Anhydrous colloidal silica
1. " Procéss fof the syrithéis Sf vabiading of fyngila ini tol
Y -1c W -
N OCH,
]/ ........... .(D
OCH

0.5 g 300CCi 200T
-11 CLAIMS 1. Proékss for the synthesis of ivabradine
of formula (1) CH3OOCH3 CH30 | N~~/N3 M HOCH3 O

or
or 3~ {BF{{75)-2 B} didredrokiybRyflopayhi oyl 10f,4-tH2e® ot Indetidy] Bnfethyljagmino]-
n-73yl]nethyi}fnethyl)anin%]- ,
propyl}-7,8-dimethoxy-1,3,4,5-tetrahydro-2H-3-benzazepin-2-one,

addition salts thereof with a pharmaceutically acceptable acid, and hydrates thereof,
characterised in that the compound of formula (V) :

CH,O =

CH,0 R,
wherein R; and R,, which may be the same or different, each represent a linear or branched
(C1-Cs)alkoxy group or form, together with the carbon atom carrying them, a 1,3-dioxane,
1,3-dioxolane or 1,3-dioxepane ring,
1s subjected to a catalytic hydrogenation reaction,

and then the compound of formula (VI) thereby obtained :



5

propyl } -7, 8-di net hoxy-1, 3, 4, 5-t etrahydro- 2H 3- benzaéeﬂi UCT 200‘[
n-2-one, addition salts thereof with a pharmaceutic y
acceptabl e acid, and hydrates thereof, characterised

in that the conpound of fonglila (V) CH30 NVRI (V),

CH3O Rz 0 wherein R and ;. which may be the sane or

di fferent, each represent a linear or branched 10

(d -C8) al k&¥yOgr oup~or together with the carbon

atomcarrying th oxan 1g3-dio ane or
1, 3-di oxepane ri _ '@%eﬂﬁ%g tatal yttc
hydr ogenat ic@horea ony_and then the_conpound of

formul'a (V) *thereby obtained : 3 0 Bcr 2007 -12. cH O
N~R] (M), CH3OR Z O wherein RL and R, are as
defi ned hereinbefore, is subjected to a reaction with
t he conpound of fornmula (M1) : OCH3 HCH3IVII X
wheGH anB Rateee ad defli¥d hepirdsémt,s a pharmaceutical ly
acceptable acid, in the presence of hydrogen and a
cat al yst,

is subjected to a reaction with the compound of formula (VII) :

0 CH,
T > om
CH,NH _
0—CH,

5 wherein HX represents a pharmaceutically acceptable acid,

in the presence of hydrogen and a catalyst,

to yield directly, after filtering off the catalyst and isolation, the addition salt of ivabradine

with the acid HX, which is optionally subjected, when it desired to obtain free ivabradine,

to the action of a base.

10 2. Synthesis process according to claim 1, wherein the catalyst for the hydrogenation

reaction of the compound of formula (V) is palladium-on-carbon.

3. Synthesis process according to either claim 1 or claim 2, wherein the hydrogen
pressure during the hydrogenation reaction of the compound of formula (V) is from 1

to 220 bars.

15 4. Synthesis process according to any one of claims 1 to 3, wherein the temperature of

the hydrogenation reaction of the compound of formula (V) is from 20 to 100°C.
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15

20

to yield directly, after filtering off the catalystéﬁﬁdggf 2007

isolation, the addition salt of ivabradine wth th
acid HX, which is optionally subjected, when it desired
to obtain free ivabradine, to the action of a base. 10
2. Synthesis process accordigg to claim1, wherein the
catal yst for the hydrogenatf n. reaction of the
conpound of formula (V) is palladi umon-carbon. 3.
5. Shynthesss oprss cessdmgdorhimg, whemint tertempantmelofohe bydogenation

e Bgenary b aRR T O B ARA e formi a (v

is from1l to 220 bars. 15 4. Synthe5|s process
according to any one of clains 1 to 3, wherein the
6. téﬁﬁbﬁ?ﬁ@t priogessf acceldenghind ripgerapf ohimeactoi arwhdreinttbe intermediate

20 100C. 3 0 QCT
1&%ﬁa§?§nngvavﬁ§§%%%b¥%%%£gn;cco:8ing to claim a4,

mhereln the tenperature of the hydrogenation reaction
of the conmpound of formula (V) is from40 to 80C 6.
7. SYwthests rropess ceeydmede rady wge 06 clahiys drie Gpfvhetedt s c_ataﬂb:t for the

L0 LR, bR FETROHAS Lo AU v

apakﬁﬂ@noﬁc@ﬁanns lto 6 wherein the catal yst for t he
reacti on between the conpound of formula (VI) and the
compound of formula (VI1) is palladiumon-carbon. 8.

8. Sgﬁ\l\ﬂer A roQE%C gﬁ:;ac?ﬁ% qQp di ggoﬂe o d¥i E]el of 7Ly ]th% glydro gen

ressure urln the react
bmemeendmhg the maoﬂmdbﬂﬁveémﬂmbmp(mﬂd) ofafnﬂnmlh €éVDanp diengbmpound

f for a (Vi) roml to 220 bars. 9. Synthesis
gygaéggéﬂ%éﬂﬁlﬂBZaH& 4%ne of claims 1 to 8, wherein
the tenperature of the reaction between the conpounds

of formulae (VI) and (VI1) is from30 to 120C. 10.
9. Symthesss propess ceswdmgdorady rege tob clafimi rh 19, 8, witeren thet ﬂqmperature of

RGeS B MRS & oo

Synt hesi s process according to any one of clains 1 to

10, which uses conpounds of
10.” Synthesis process according to claim 9, wherein the temperature of the reaction

between the compounds of formulae (VI) and (VII) is from 40 to 100°C.

11. Synthesis process according to any one of claims 1 to 10, which uses compounds of
formulae (Va) and (VIa), particular cases of the compounds of formulae (V) and (VI)
wherein R; and R, form, together with the carbon atom carrying them, a 1,3-dioxane,

1,3-dioxolane or dioxepane ring.
12. Synthesis process according to any one of claims 1 to 11, which uses the intermediate
of formula (VIla), a particular case of the compounds of formula (VII) wherein HX

represents hydrochloric acid, thereby yielding ivabradine hydrochloride.

13. Compound of formula (Va) :
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formul ae (Va) and (Vla), particular cases of the

conpounds of fornulae (V) and (VI) wherein R and Z?U UCT 2007

form together with the carbon atom carrying them

1, 3-di oxane, 1., 3-dioxol ane or dioxepane ring. 12.

Synthe3|s process accordlngl4o any one of clainms 1 to

11, which uses the internediate 20 of formula (VIla),

a particular case of the conpounds of forrmula (VII)

wher ei n HXCH,@pr esent s fiydt ochl oric acid, thereby

yi el di ng i vabrad oride, 13R_Cbnp gd of

formula (Vva) : 3.0 OQ N ?%% CH30 R

O wherein Rigard R2 Loget her 'th the carbon atom

carrying theﬁl a 1, 3- dloxé\;, 1, 3- df'oxol ane or

di oxepane ring. 14. Conmpound of formula (VI) CHIO N-R
(M) CH30 Rz 5 0 wherein R and R2, which may be the
same or different, each represent a |linear or branched

wher€in-KoHrall Ikﬂfoymgtcxgatﬁlex)with ohearb@gabherarmyirtghtheea ¢ Ardioxane, 1,3-
at.om c them a 1, 3-dioxane, 1, 3-dioxolane or

dio¥glaBGy: Zﬁﬁy M&5. a crystalline formof ivabradine
hydrochlorlde of forrmula (la) 01430 OCH3 3 CH30 N~~H
HCl

14. Compound of formula (VI) :

CH,0
R
N 1 (VD)
CHBOm \/\(Rz
0O

wherein R; and R,, which may be the same or different, each represent a linear or branched

(Cy-Cg)alkoxy group or form, together with the carbon atom carrying them, a 1,3-dioxane,

1,3-dioxolane or dioxepane ring.

15. o crystalline form of ivabradine hydrochloride of formula (Ia) :

CH,O OCH

] \[ 3
, HCl1
CHL0 N SN Zocw,

0 (Ta)

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):



OCH3 10 0 (la) characterised by the foll ow ng po
X-ray diffraction diagram neasured using a

PANal

ViRLaCT 2007

X Pert Pro diffractometer together with an X Cel erat or

det ect or and expressed

int

erns of

ray position

(Bragg's angle 2 theta, expressed in degrees), ray
hei ght (expressed in count 31)5 ray area (expressed in
counts x degrees), ray width at half- hei ght ("FWI M,
15 expresﬁmiethedegre gndﬁea%fgl 9n< gm e Pnterplanar
(fea_yypmess d %} ( rpe Fra distance (A)
Hei ght Ar e S €t6Unt 5 >{( | ht 18T %5Har Iﬁgﬁ/g
(degrees|) (counts)| degriees) (degnees) di stoalggg (1) 2ba4se
4.5 1341 17770. 1338 21,486 2 7. {4d266| 146 Q71171 11.440
ooy oo aantloe0 (VIS SUp U19rs L T I506 00 016,923
6106473010713 2 o1 306 o 145k 5. rog 4045 4" g 8 A58
138 0 1506 61423 b 1572 281137 Fl1338l5. 9dd’I 10116 5473
g1é 108 0. 13948 5 4ag 392 16. 5 2798 459|0 PP 5 331 7301
_17.74 1308 129-20. 1004 59106 13 1804 45% 528.1071171 4. 88%
14 819. 4 223 B8 0. 1673 &47%69 |15 2802 3282 041876 0. 15066.423
4. 389 15.3 281 37 0.1338 5.790
10 16.2 816 108 0.1338 5.478
11 16.5 2784 459 0.1673 5.381
12 17.4 1308 129 0.1004 5.106
13 18.1 455 52 0.1171 4.885
14 19.4 223 37 0.1673 4.569
15 20.2 3282 487 0.1506 4.389
16 20.6 305 45 0.1506 4.310
17 21.3 550 91 0.1673 4.165
18 21.9 1266 230" 0.184 4.050
19 22.4 416 41 0.1004 3.972
20 23.0 262 35 0.1338 3.861
21 23.3 184 27 0.1506 3.814
22 24 .4 309 51 0.1673 3.651
23 25.0 362 72 0.2007 3.566
24 25.7 1076 142 0.1338 3.459
25 26.5 2925 579 0.2007 3.363
26 26.8 821 135 0.1673 3.325
27 27.8 488 97 0.2007 3.212
28 28.4 620 123 0.2007 3.142
29 20.2 428 56 0.1338 3.057

16. Pharmaceutical composition comprising as active ingredient the o crystalline form of
ivabradine hydrochloride according to claim 15, in combination with one or more
pharmaceutically acceptable, inert and non-toxic carriers.

17. Use of the o crystalline form of ivabradine hydrochloride according to claim 15 in the

manufacture of medicaments which are of use as bradycardics.

18. Use of the a crystalline form of ivabradine hydrochloride according to claim 15 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



16 20.6 305 45 0.1506 4.310 17 21.3 550 91 0.1673 30 0C]
4.165 18 21.9 1266 230 0.184 4.050 19 22.4 416 41

0.1004 3.972 20 23.0 262 35 0.1338 3.861 21 23.3 184

27 0.1506 3.814 22 24.4 309 51 0.1673 3.651 23 25.0

362 72 0.2007 3.566 24 25.q 1076 142 0.1338 3.459 25

26.5 2925 579 0.2007 3.363 56 26.8 821 135 0. 1673

3.325 27 27.8 488 97 0.2007 3.212 28 28.4 620 123

Onfog Aang  agrriat@orhythn? dspgbages) . and 3&onf0ATodGpathologies involving

Phar maceut i cal conposj.tion conprisin S actiyve .
B oo Sy 2 S PHECRBP IR iy i ARl ges. and in the
hygieetlodhtgemnaaeor ding to claim 15, in conbination
with one or nore pharmaceutically acceptable, inert
and non-toxic carriers. 17. Use of the a crystalline
form of ivabradi ne hydrochl oride according to claim15
in the 5 manufacture of nedicaments which are of use
as bradycardics. 18. Use of the a crystalline form of

I vabr adi ne hydrochl oride according to claim115 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,
myocardial 3 0 OCT 2007 -16 infarct and associ at ed
rhyt hm di st ur bances, and al so of various pathol ogi es

i nvolving rhythm di sturbances, especially
supraventricul ar rhythm di sturbances, and in the
treatnment of heart failure.

2007



