1 ‘New process for the synthesis of ivabradine and addition salts thereof

with a pharmaceutical acceptable acid The present invention relates to a __

process for the industrial synthesis of, |vabradine of formula (1) : or
3-{3-[{[(7S) -3, 4-di met hoxybi cycl o[ 4. 2. 0 octa-1,3,5-trien-7-yl]methyl}(nethy
| ) am no]j - etﬁr%?.??ﬁ*} forthg syitase HB‘X?brald"S? %dﬁd‘ﬂ(%ans&%‘mré@fﬂﬂ‘é -PhaRs9EERIn- 2- one,
addition salts thereof with a pharfSERefis 2 |y acceptable acid and hydrates
t hereof. |vabradine, and addition salts thereof with a pharmaceutically
accept abl Bheapiesknt anvention eeletpeoi aptogesst for el nmdistriol ispahedimot ivabradineabfiabl e
phar macol gmﬁgl and therapeutic properties, especially bradycardic :
properti e$ &Dng t hose conpounds useful in the 10 treatnent or prevention
of various clinical situations of nyocardial ischaem a such as angina
pectoris, nyocardial infarct and associ ated rhythm di sturbances, and al so
of various patﬁ%%@oles |nvoIV|ng rhyt hm di st ur bancesocggpeci al | y
supraventricul ar rhy 0 urbances, amg im—t e Xveat nent of heart
failure. The prepars and therapeutld use| of|l i vapradi ne andgpaddition
salts thereof G Qhar ept Bt and nore
especially its hydrochlor',, have been described in thé European patent
specification EP 0 534 859. at patent specification describes the
synt hesi s of ivabradi ne hydro@hlorlde by reacting the conmpound of formula
(11) : (Il) -2 wth the compound of fornmula (I111) : CH30O CH30Oto yield the
compound of fornmula (I ;

or 3-{3-[{[(7S)-3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-yl]Jmethyl} (methyl)amino]-

5 propyl}-7,8-dimethoxy-1,3,4,5-tetrahydro-2 H-3-benzazepin-2-one,
addition salts thereof with a pharmaceutically acceptable acid and hydrates thereof.

“Ivabradine, and addition salts thereof with a pharmacéutically acceptable acid, and more

- - ésgecially its, hydrochlbride, have very valuable pharmacological and therapeutic
propeﬁfés, especially bradycardic properties, making those compounds useful in the

10 treatment or prevention of various clinical situations of myocardial ischaemia such as
anginé peqtoris, fnyocardial infarct and associated rhythm disturbances, and also of various

pathologies involving 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
15 pharmaceutically acceptable acid, and more especially its hydrochloride, have been

described in the European patent specification EP 0 534 859.

That patent specification describes the synthesis of ivabradine hydrochloride by reacting

the compound of formula (IT) :

OCH

/

ay

\

CH,HN OCH




OCH3 OCH3 (1V). 5 the catalytic hydrogenation of which results in

i vabradi ne, which is then converted into its hydrochloride. That nethod
has t he di sadvantage 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 nore especially its
10 hydrochloride, it has been inportant'%o,be able to obtain it by an
effective industrial synthesis process conprising a mninmal nunber of steps
and al | owiwigh theabmpdumeomfoemulaglsal ts, and nore especially its

hydrochl oride, to be obtained in a satisfactory yield. The Applicant has:
now devel oped a synthesis process allow ng ivabradine salts to be obtained
in a single step startifigof roma sa of the compound of formula (I1), in a
very 15 good yield. Mre speéffigalTy\ the present invention relates to a
process for the synthesis of adineN\QL/FDLauﬂa (1) (Mjddition salts
thereof with a pharnmaceuti rccept @bl e acid, and hydrates thereof,
characterised in that t C’conpound 0 ormula (V) : wherein R and R2,

whi ch may be the sane or different, eac® represent a |linear or branched
(d-C8)al koxy group or form together with the carbon atomcarrying them a
1, 3-di oxane, 5 1, 3-dioxolane or 1, 3-dioxepane ring, is subjected to a

catalytictgé?ﬂ@gﬁqg%#gg?i§p§ﬁ%ﬁgép@pﬁ then the conpound of fornula (VI)

t her eby obtained :
CH,0 O,
~ CH,
Iil l __ (),
CH,0 N~ OCH,
0]
5 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
10 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 (I}, in a very

15 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,



wherein RL and R2 are as defined hereinbefore, 10 is subjected to a
reaction with the conmpound of formula (M) : CHINH OCH3 HX (VID. U-C H3
wherein HX represents a pharnaceutically acceptable acid, in the presence
of hydrogen and a catalyst, to yield directly, after filtering off the
catal yst and isolation, the addition salt of ivabradine wth the acid HX
which is optionally subjected, when it desired to obtain free ivabradine,
to the action of a base. Anbng the pharnaceutically acceptabl e acids, there
may be nerchaasedsdyinwiat tiod coamgpound of forimuian@ )exanpl e hydrochl ori c,

hydr obrom ¢, sul phuric, phosphoric, acetic, trifluoroacetic, lactic,
pyruvic, malonic, succinic, glutaric, fumaric, tartaric, maleic, nitric,
citric, ascorbic, oxaldfe methanesyl phonic, benzenesul phonic and canphoric
acids. This process nakes i i or addition salts of ivabradine, and
especially its hydrochloride, tq be oqﬁaLpeﬁ\d<fgctly (W.a single step
starting fromthe correspone 3s 10 of the\am ne of fornmula (Il), with
excellent purity and i & Overy good-yiwl d. AmongRj he catal ysts which can be
used in the hydrogenation reaction of tBe conpound of fornmula (V), there
may be nentioned, without inplying any limtation, palladium platinum

ni ckel , ruthenium rhodium and their conpounds, particularly in supported
form or - f i r of
the. compoL R P g e T o o 7 PR

t enper at ur(€11§?fg)aﬂ1tm:yrgyoirmgeﬁoam wgetherawith tre Gifbanhssommapyingdherh, 4 (bﬁrmb)san(a‘\/) is
preferably nnrezfreferably from40 to 80C, even nore

>} i Fllg)golzane top 1,1'pd9c%iepane ring,

prefe?abl

is subjected to a catalytic hydrogenation reaction,

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

CH,O -

N\/\(Rl VD),
CH,0 R,

o)

wherein R; and R; are as defined hereinbefore,

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

-0 CH,
| [ o,
CH,NH _
O—CH >

wherein HX represents a pharmaceutically acceptable acid,

in the presence of hydrogen and a catalyst,



45 to 65C. 20 The hydrogen pressure during the hydrogenation reaction of
the conmpound of formula (V) is preferably from1 to 220 bars, nore
preferably froml| to 100 bars, even nore preferably from1l to 30 bars. The
hydr ogenati on reaction of the conmpound of forrmula (V) is preferably carried
out in a non-acidic solvent. 25 Anong the preferred non-acidic solvents
whi ch can be used in the hydrogenation rbaction of the conpound of formul a
(V), there may be nentioned, without inplying any limtation, acetates,

al cohol s, tpyédfiedabltly, efitrafiicdringroff tharcatalyst andsBplat@anisd additdr sbtyafriedtuadine,

tol uene, dichl oronet hane and xyl ene.  Advant ageousl.y,, the internmedi ate -
cormpound Ofith B}erﬁmc{;ﬁﬁvmhlqhsls HBPX‘?*’S]S(I S&P@Htegnﬂﬁ?’h’éﬂﬁﬁ%ééo OS@éEb%rF%hvag?’ngﬁct is
used as Sl{gtfheiaﬂ:tigﬁ'%fﬁﬁﬁslé?ti ve ami nation reaction. 5 Among the catal ysts

whi ch can be used in the reductive am nation reaction between the conpound
of formula (VI) and the conpound of formula (VII), there may be nentioned,

i t hout i npl yi li i tat di | at i i ckel t heni
hod: um - 2oy e PHacmaRutiRely” RsePBble s Yo oy Hsoheieed v B Bh el e
f or m 5 The 15atiab “eimpie hylRRhIoeld Uk§dr¥ronfié, RalpheAc, phe§IHoad, Letivasubloacetic,

conpound of formula (VI) 10 and the conpound of forrmula (VI1) is .
pr ef er abl yagiigl PERIVignMEINEG SBesiC THBtatlenfyBIaacUledars, maleic,rmiifs Cithe a5eATMIAL | on

reaction ( ad_t.he conpound of formula
(M1) is g’?‘éﬁ%?ﬁ t%%%;@@ﬂ@@%%?g&hﬂfﬁo%r%d C%%P%ﬁlcg ﬁtl{i/g'from 40 to 100C, even
nore preferably from60 to 95C. The hydrogen pressure during the reductive
am nation reaction between the_conpound. of 5 formula. (VI) and th )
conpound ofhl§ PR I{‘%}ieﬁ)“i%"sﬁﬁbgﬁf ggraaﬁgmmno?#ti o TVAPEA it ,ndnﬁ?PéCIaﬁY its

pr ef er abl yhifRRiokidk Qo ALK difdel) A Enddé SEF SARINg ffrérﬁnhelgoﬁéapéﬁhi@ ke 1N
the process according to the invention, the conpounds of formulae ( and

(V1) 1a hat ofithe anpine béfaaimiula (1B ewlitly excellhat pwitpandids vsfy gendmitlde (Va) and
(Vla), particular cases _of t he

Among the catalysts which can be used in the hydrogenation reaction of the compound of
formula (V), there may be mentioned, without implying any limitation, palladium,
platinum, nickel, ruthenium, rhodium, and their compounds, particularly in supported form
or in oxide form.

15 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.

20 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.
25 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,



conpounds of fornulae (V) and (VI) wherein R, and R2 form together with
the carbon 20 atomcarrying them a 1, 3-dioxane, 1, 3-dioxol ane or

1, 3-di oxepane ring. The conpounds of fornulae (Va), a particular case of

t he conpounds of forrmula (V) wherein R and R2 form together with the
carbon atomcarrying them a 1, 3-dioxane, 1,3- dioxolane or 1, 3-di oxepane
ring, and al so the conpounds of formula S(VI) are new products which are
useful as synthesis internediates in the chem cal or pharmaceutical 25

i ndustry, aestpes, dtdhols, préfrmblyyeihdnesirmetbinadl waliwopdipasola tetrahyidio furare, sdidns,
thereof wifh a -6 phar ceutl cally acceptable acid, and as such they form
an i nt egr 4l %faneg}an?ﬁ ﬁ‘é’éeent invention. A process which is preferred
according to the invention is the process that uses as synthesis
internmedi ate, the conpound of formula (Vila), a particular case of the 5
conpounds Advahgealsly, @hﬂ m}emmémam cmmi@ounépf &mwﬂas(\ﬂyd? nuhbdated and ithe, crudeer eby
yi el di ng n that case, the

process aéﬁac??gha?gé@gt ﬁle(g?sesélg}h H%ﬁ %%awinéf‘%fg‘)ea?}a%ram ne hydrochl ori de

inacrystalline form- the a form - mhlch is well defined and perfectly
reproduci bl e and which especially has valuabl e characteristics in terns of
filtrati orAmqmg/rh@gcatz&ysiwhnquca@n@ used iadhe r%hlcim Arinatipp feactipy begveen the

mvent | on-opRguil oF sV SRESIe M EARN? Rk PERAE it ridlCopERASHed.

character |va&d>ubymp1}mg‘ ahy dimitagion ppalthdiuny- platynuinf fnlchﬂi noherdurag rlsodivreasnd ed
usmgaP I tical X Pert Podlffratorreter ether with an X Cel erator
det ect or Qods partieufazhy g smpo'rtg§ ?)‘Hé?’ilfld’i’i“{% PA%g' s angle 15 2 theta,

expr essed THe ABIYLESD the rraauclﬁ% Qﬁﬁne(tf%ﬁ%ﬁ‘c%%ﬁ%ehﬁbeﬁo&@E%poﬁr@oiaf&ﬁula (VI)
(expressed In counts x deg reeg% ray width at half-height ("FW

expr é&sed and thpegpmapsand gh formiuk ( Ibllap@rferalbls'mamxbum ofesephasssed i n A) : Ray
no. Angle 2 theta

The temperature of the reductive amination reaction between the compound of
formula (VI) and the compound of formula (VII) is preferably from 30 to 120°C, more
preferably from 40 to 100°C, even more preferably from 60 to 95°C.

The hydrogen pressure during the reductive amination reaction between the compound of
15 formula (VI) and the compound of formula (VII) is preferably from 1 to 220 bars, more
preferably from 1 to 100 bars, even more 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

20 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

25 industry, especially in the synthesis of ivabradine and addition salts thereof with a



Hei-ght Area (counts x FWHM I nt er pl anar

(degrees) (count s)degrees) (degrees)di stance (A 14.113411770.133821. 486
27.712661460.117111. 440 38.113251970. 150610. 923 410. 416301610. 10048. 488
511.8753870. 11717. 473 612. 1292290. 10047. 301 713.29171060.11716. 709

813. 88751300. 15066. 423 915. 3281370. 13385, 790 1016. 28161080. 13385. 478

1116. 527844590. 16735. 381 -7 Ray no. Angl €2 theta Hei ght Area (counts x FWHM
I nt er pl anar (degrees) (counts)degrees) (degrees)distance (A

1217. 41308ih280ack0ddbly146epit 3118 . at# 20 @ (as 1sLTH 4heBBorhdd0iMER A0t o6 HR4prEGat

invention.

A process which is preferred according to the invention is the process that uses, as
synthesis intermediate, the compound of formula (VIIa), a particular case of the
5 compounds of formula (VII) wherein HX represents hydrochloric acid, thereby yielding

ivabradine hydrochloride of formula (Ia).

In that case, the process according to the present invention yields ivabradine hydrochloride
in a crystalline form - the o form - which is well defined and perfectly reproducible and
which especially has valuable characteristics in terms of filtration, drying, stability and

10 ease of formulation.
That a crystalline form is new and constitutes another aspect of the present invention.

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
15 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) :

Ray no. Angle 2 theta Height Area (counts x FWHM Interplanar

(degrees) (counts) degrees) (degrees) distance (&)
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 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 5.478
11 16.5 2784 459 0.1673 5.381




1520. 232824870. 15064. 389 1620. 6305450. 15064. 310 1721. 3550910. 16734. 165
1821.912662300. 1844. 050 1922.4416410. 10043. 972 2023. 0262350. 13383. 861
2123.3184270. 15063. 814 2224.4309510. 16733. 651 2325. 0362720. 20073. 566
2425.710761420. 13383. 459 2526. 529255790. 20073. 363 2626. 88211350. 16733. 325
2727.8488970. 20073. 212 2828. 46201230. 20073. 142 2929. 2428560. 13383. 057 The
I nvention relates also to pharnaceuticar%conpositions conprising as active
ingredient the a crystalline formof ivabradi ne hydrochl oride together

with one or nore appropriate, inert and non-toxic excipients. Among the
phar maceuti-cal r-nn‘pncl tions—accordi ng to—the Hventi-on—there nrayl be
nent i oned more espg (ﬁ“&lelz)ﬁhe‘lahoseﬂslgmt alMres tohbkE fPWHMAl | Mtdphagit er al
(i ntravenpus Ray ne; g ut@@@@@g;) or (ans) admdasebs)at orqdeg}a;bj ef sd,gﬁmdr(&gﬁ*es,
subl i ngua_t_a,bl_et_sv_ Upposi fori-es—creans oi-ptrent s,
dermal gels, i2njectiabl d74r pnr dri3%abl b s0dP<i dns 530 udef ul
dosage cap be Maried acddddingd to 4%e naturesand sevePiliYl of |t het-8f5sor der
the adm nistridtion]|routi®4and [t he 2Z¥e and weidght of thdé6phati ent.4.34% dosage
varies from1l 5o 10 50Qopy per dagsin one o#487nor el adoilpdét r ati oh3k9 The
Exanpl es that feol I ow i1 hogt ratle t hssi nventi ons 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

26 726.8 821 135 0.1673 3.325

27 27.8 488 97 0.2007 3.212

28 28.4 620 123 0.2007 3.142

29 29.2 428 56 0.1338 3.057

The invention relates also to pharmaceutical compositions comprising as active ingredient
the a crystalline form of ivabradine hydrochloride together with one or more appropriate,
inert and non-toxic excipients. Among the pharmaceutical compositions according to the
invention there may be mentioned, more especially, those that are suitable for oral,
5 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
10 500 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 :



The X-ray powder diffraction spectrumwas neasured under the foll ow ng
experinental conditions : -8 PANalytical X Pert Pro diffractoneter,

X Cel erator detector, voltage 45 kV, intensity 40 mA, nmounting 0-0, Ka
(Ni) filter, 5 - incident-beamand diffracted-beam Soller slit : 0.04 rad,
fixed angle of divergence slits : 1/8, mask : 10 nm antiscatter slit
1/ 4, neasurenent node : continuous from&B to 30, in increnents of 0.017,
10 - neasurenent time per step : 19.7 s, - total tine: 4 mn 32 s, -
measur enent BAdatlticallX'PeB Psq diffracamutes MO tlctatmpleteatany € . anbient. 15
EXAMPLE 1 . Al pha crystalline formof 3-{3-[{[(7S)-3, 4-di met hoxybi cycl o- -
[4.2.0] oCtayﬂl?ages‘gt&é‘H@ﬂ'yﬁ‘]o%t hyl } (met hyl ) ami no] propyl }- 7, 8-

di met hoxy-_1, 3iofinthd &br ahydr o- 2H 3- benzazepi n- 2-one hydrochl ori de Load 5.5
kg of 3-[2-(1,3-dioxol an-2-yl)ethyl]-7,8-dinethoxy-1, 3-di hydro- 2H 3- benz-
azepi n- 2- ecneKBAWiktilkdrt res of ethanol and 550 g of pall adi umon-carbon into

an aufoclave. .Purge with.nitrogen a then with hydrogen, heat to 55C and
t hen %ydrdgeﬁlﬁf(gngﬁe%%ﬁ&?gémfé Herat g&éer&ﬁtde(?f\bzgra& essure of 5 bars until
the theoreti gaéd apIetdioérgbedisagen /gras been absorbed. Then return to

anbi ent tenperature and rel ease the autocl ave pressure.
- mask: 10 mm,

- antiscatter slit : 1/4°,

- measurement mode : continuous from 3° to 30°, in increments of 0.017°,
10 - measurement time per step : 19.7 s,

- total time : 4 min 32 s,

- measurement speed : 0.108°/s,

- measurement temperature : ambient.

EXAMPLE 1: Alpha crystalline form of 3-{3-[{[(7S)-3,4-dimethoxybicyclo-
15 [4.2.0]octa-1,3,5-trien-7-yljmethyl}(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
20 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 (7S)-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-
25 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.



Then add 4 kg of

(7S) -3, 4-di net hoxybi cycl o[ 4. 2. 0] octa-1, 3,5-trien-7-yl]-N nethyl net han-

am ne hydrochloride, 11 litres of ethanol, 5.5 litres of water and 1 kg of
pal | adi um on- 25 carbon. Purge with nitrogen and then wi th hydrogen, heat
at 85C and then hydrogenate at that tenperature under a pressure of 30
bars until the theoretical anount of hydfiogen has been absorbed. Then
return to anbient tenperature and purge the autoclave; then filter the
reacti on Thett mtern ti amblendftémpdratusohnd pusgeatie dilteciave othen diltehehé vedstiani ne
hydrochl oride by  .crystallisation fr a toluene/1-nethyl -2-pyrrolidi none
m xt ur e. |W§B&lr§di%ﬂh9§r Szf’mSBfVFHté mud then S I ‘ﬁn%zlv{a\é‘?cii%&f‘ies Yop
and wi th acrﬁ&@lﬁ‘ik&tfb’nfFBHi'afté(luer_‘fé/Bh{%ﬁ{ﬁfz-ﬁﬁﬂﬁdﬁ%n%ni%uf@y powder diffraction
diagram: The X-ray powder diffractionprofile (diffraction angles ) of the
a formof ivabradine hydrochloride is given by the significant rays

collated i he. f ol |.ow table : .NQ..Angl e. 2 et a Lght, Area, (cqunts
< Fwant 1 nt B Py e Pade sy S5HubR a8 g B A FLRRanchiER SR
14. 11341174Qa1d3381 99486 27.712661460. 117111. 440 38.113251970. 150610. 923
410. 416301610. 10048. 488 511.8753870. 11717. 473 612. 1292290. 10047. 301

X-ray powder diffraction diagram :

The X-ray powder diffraction profile (diffraction angles ) of the o form of ivabradine

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

Ray no. Angle 2 theta Height Area (counts x FWHM Il.lterplanar
(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 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 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




713.29171060. 11716. 709 813. 88751300. 15066. 423 915. 3281370. 13385. 790

1016. 28161080. 13385. 478 1116. 527844590. 16735. 381 1217.413081290. 10045. 106
1318. 1455520. 11714. 885 1419. 4223370. 16734. 569 1520. 232824870. 15064. 389
1620. 6305450. 15064. 310 1721. 3550910. 16734. 165 1821. 912662300. 1844. 050
1922. 4416410. 10043. 972 2023. 0262350. 13383. 861 2123. 3184270. 15063. 814
2224. 4309510. 16733. 651 2325. 0362720. 20075, 566 - 10 Ray no. Angle 2 theta
Hei ght Area (counts x FWI M Interpl anar
(degrees)(counts)degrees)(degrees)dlstance (A) 2425.710761420. 13383. 459

2526. 529255490-20073- T

R Ang e2 theta Height Area (counts x FWHM Interplanar
ay no. (degrees) (counts) degrees) (degrees) distance (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 3.325

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 L........cooiiiiiiiiiiiiieen e 539¢g
COTT STATCR. ...ttt ettt ees 20g
5 Anhydrous colloidal SIIICA..........ccccuiiriiiiiiiiii e 02¢g
MANNIEOL ..cneiiieieet ettt st staesae st ta e etaesebeesaaeesbeeerneenneesaneans 6391 ¢g
PV et sttt ettt se e arentn 10g



2626. 88211350. 16733. 325 2727.8488970. 20073. 212 2828. 46201230. 20073. 142
2929. 2428560. 13383. 057 EXAMPLE 2: Pharmaceutical conposition Fornula for
the preparation of 1000 tablets each containing 5 ng of ivabradi ne base :
Conpound of Exanple 1

.............. 0.5 g -11 CLAIMS 1. Process for the synthesis of ivabradine
of formula (I) : OCH3 OCH3 or

3-{3-[{[(7S) -3, 4¥HhPet hoxybi cycl o[ 4. 2. 0] octa- 1, 3, 5. tri gag’/- y! ] met hyl ) (et hy
| )ami no] - 5 propyl}-7/78=di pethoxy- 1, 3, 4, & etratjydr H-3-3benzazepi n- 2- one,
addition salts thereg Mhar maceut ilcal Iy akcept abl e aci d, apnd

hydr at es t her eoftO0chaxaet eri sed—imthat co obyf ormula (V) : CH30
KI (V), CH30 R2 wherein R\and' R2, which may be the sane or different, each
represent a linear or branched\ 10 (Cl-C8)al koxy group or form together

wi th the carbon atom carrying Phem a 1, 3-di oxane,

or 3-{3-[{[(7S)-3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-ylJmethyl} (methyl)amino]-
5 propyl}-7,8-dimethoxy-1,3,4,5-tetrahydro-2 H-3-benzazepin-2-one,

addition salts thereof with a pharmaceutically acceptable acid, and hydrates thereof,
characterised in that the compound of formula (V) :
CH,0O IS
CH,O R,
wherein R; and R, which may be the same or different, each represent a linear or branched
10 (C;-Cy)alkoxy group or form, together with the carbon atom carrying them, a 1,3-dioxane,
1,3-dioxolane or 1,3-dioxepane ring,

is subjected to a catalytic hydrogenation reaction,

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



1, 3-di oxol ane or 1, 3-di oxepane ring, is subjected to a catalytic

hydr ogenation reaction, and then the conpound of forrmula (VI) thereby
obtained : -12 CH30 CH30 wherein R and R2 are as defined hereinbefore, is
subjected to a reaction with the conmpound of forrmula (VII) CHLNH O CH3 HX
(VIl), UUH3 5 wherein HX represents a pharnaceutlcally acceptable acid, in
the presence of hydrogen and a catalyst 2to yield directly, after fllterlng
off the catalyst and isolation, the addition salt of ivabradine wth the
acid HX, which is opti gHgd when it desired to obtain free

i vabradine, to the action Qf nt hgsi s pgﬂfess according to
claim1, wherein the cataly ggena¢i oh ion of the
conmpound of fornmula (Vpg s P ad ™Mo Synthe5|s process
according to either claim1 or claim2 mhereln he hydrogen pressure
during the hydrogenation reaction of th& conpound of forrmula (V) is froml
to 220 bars. 15 4. Synthesis process according to any one of clains 1 to 3,
wherein the tenperature of the hydrogenation reaction of the conpound of
formul a ( MWherainfR; aml RQ ateoasldefiGed h&rBinbefoSynt hesi s process according to claim
4, wherein the tenperature of the hydrogenation

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

0 CH,
| HX  (VID,
CH,NH _
O—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.



reaction of the conpound of formula (V) is from40 to 80C. 6. Synthesis
process according to any one of clains 1 to 5, wherein the internediate
conmpound of forrmula (VI) is not isolated. 5 7. Synthesis process according
to any one of clains 1 to 6, wherein the catalyst for the reaction between
t he conpound of fornula (VI) and the congound of formula (VII) is

pal | adi um on-carbon. 8. Synthesis proce§ " according to any one of clains 1
to 7, wherein the hydrogen pressure during the reaction between the
conpound . fymrhekia pfddeps agvdrdihe tcdainodmetherdin thé temgremarinz (f\vhd hydregdmatom 1 t o
220 bars. 9. Synthesis proces cording.to any one of claims 1 to 8§,
wherein the ﬂ@%ﬁ@?&?HFé%HHmuPEB?ﬁE§BgﬂSﬁl%é?mﬁéﬁogﬁégconpounds of fornul ae
(VI) and (VIl) is from30 to 120C. 10. Synthesis process according to claim
9, wherein the tenperature of the reaction between the conpounds of

f ormul ae (6v1 )Syatisié \firbgess acéardimg40 any IR0, claidns] 1 .to Sy rwterein she injermasdiate
according to any on cl ai lto 1 whi ch uses conpounds of fornul ae
(Va) and (VIé??%ﬁng?@%PEP%é§§%§18?m ﬁgdConpounds of fornulae (V) and (V)
wherein RL and R2 form together with the carbon atomcarrying them a

1, 3-di oxane, 1, 3-dioxol ane or di oxepane ring. 12. Synthesis process

accor 8i ng T o amshesis drefess pedopding tq anyl ene oh¢laimsyk & 61 herehy e watalyst fr the of
formula (VI : i f f I rein
i epr esenttiaBElcel ot SrfuF QI AUTHR Bl BAIY Rrknild Ve
hydr ochl or i depallddumtangobed of fornula (Va) @ -14 CH30O CH30O 5 wherein R
and R2 form together with the carbon atomcarrying them a 1, 3-di oxane,

1, 3-

8. Synthesis process according to any one of claims 1 to 7, wherein the hydrogen
pressure during the reaction between the compound of formula (VI) and the compound

10 of formula (VII) is from 1 to 220 bars. e

9. Synthesis process according to any one of claims 1 to 8, wherein the temperature of

the reaction between the compounds of formulae (VI) and (VII) is from 30 to 120°C.

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.

15 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
20 of formula (VIIa), a particular case of the compounds of formula (VII) wherein HX

represents hydrochloric acid, thereby yielding ivabradine hydrochloride.

13. Compound of formula (Va) :



di oxol ane or di oxepane ring. CH30 CH3O 14. Conpound of forrmula (M) : O
wherein R, and R2, which maybe the sane or different, each represent a

| i near or branched (G -C8)al koxy group or form together with the carbon
atomcarrying them a 1, 3-dioxane, 1, 3-dioxolane or dioxepane ring. 15. a
crystalline formof ivabradine hydrochloride of formula (la) : OCH3 , HC
OCH3 10 characterised by the follow ng '6‘5Wder X-ray diffraction diagram
measured using a PANalytical X Pert Pro diffractoneter together with an

X Cel erator detector agH,@xpressed- = terns of ray position (Bragg's angle

2 theta, expressed in degree ht (expregsed hpa)counts), ray area
(expressed in counts x degr 'w Lhei ght”/("FWHM', 15

i di stanced M expressed in A): -15 Ray
FWAM | nter pl anar

expressed in degrees) apdytnterpl ana
(degrees) (count s) degr ees) (degr ees) di st afce (A) 14.113411770.133821. 486

no. Angle 2 theta Height Area (counts i

wherein R; and R, form, together with the carbon atom carrying them, a 1,3-dioxane, 1,3-

dioxolane or dioxepane ring.

14. Compound of formula (VI) :

CH,0
R (VD
N 1
0]

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,

1,3-dioxolane or dioxepane ring.
15. o crystalline form of ivabradine hydrochloride of formula (Ia) :

CH,0 OCH

P
, HCI
CH;0 N SN = OCH,

10 0 (I2)

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",

15 expressed in degrees) and interplanar distance d (expressed in A):



27.712661460. 117111. 440 38.113251970. 150610. 923 410. 416301610. 10048. 488
511. 8753870. 11717. 473 612. 1292290, 10047. 301 713.29171060. 11716. 709

813. 88751300. 15066. 423 915. 3281370. 13385. 790 1016. 28161080. 13385. 478
1116. 527844590. 16735. 381 1217.413081290. 10045. 106 1318. 1455520. 11714. 885
1419. 4223370. 16734. 569 1520. 232824870. 15064. 389 1620. 6305450. 15064. 310
1721. 3550910. 16734. 165 1821.912662300. 1844. 050 1922. 4416410. 10043. 972
2023. 0262350. 13383. 861 2123. 3184270. 15063. 814 2224. 4309510. 16733. 651

2325. 0362720. 20073. 56 &422@;;&1076 420, 13B83. 459 25P6. MSWBOI %0073 363
1 h ea (cqunts x nterplanar
2626. 88211 35Rayl fd.33. 32(5 egzrz:gs a4 CO?]?I s? OOﬁd%g'rees) (degrees) dlstalfce 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 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
18 219 1266 230 0.184 4.050
19 22.4 416 41 0.1004 3.972
20 23.0 262 v 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 29.2 428 56 0.1338 3.057

16. Pharmaceutical composition comprising as active ingredient the a 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 a crystalline form of ivabradine hydrochloride according to claim 15 in the

5 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



2828.46201230. 20073. 142 2929. 2428560. 13383. 057 16. Phar nmaceuti cal
conposition conprising as active ingredient the a crystalline form of

i vabr adi ne hydrochl oride according to claim15, in conbination with one or
nore pharmaceutically acceptable, inert and non-toxic carriers. 17. Use of
the a crystalline formof ivabradine hydrochl oride according to claim15 in
the 5 manufacture of medi canents which!8re of use as bradycardi cs. 18. Use
of the a crystalline form of ivabradi ne hydrochloride according to claim 15
in the manufiafataifaed afsoniatidcrything disminbaﬂaesaraed atsouxfe/a'riuus pathdlogias ﬁrszroﬂvimg
prevention of arious_clinical tuati ons | al jschaem h as
angi na pect orr]‘)ggmrrﬁltf’&‘gpﬂ}cﬁi; eS'PSC‘?frlﬂf éPE’EaVS‘HHC‘&'S‘ E]‘SF‘H RS> df ences
and al so of vaLiQuUs PRILORLAGES | nvol ving rhyt hm di st ur bances, espeC| ally
supraventricul ar rhythm di sturbances, and in the treatnent of heart
failure.




