"-1- NEW PROCESS FOR THE SYNTHESI S OF | VABRADI NE AND ADDI TI ON SALTS
THERECOF W TH A PHARMAEUTI CALLY ACCEPTABLE ACI D The present invention

relates t:@e@ P?ig%%%gﬁé & 8% BaBkAbKEA A ABSITRIN SR T4 TAEREDF
CH30 OCHS ™ 5 | - WITH A PHARNAESTIORL L TACCEPTABLE AC
[ (7S)-3, 4-di met hoxybi cycl o] 4. 2. octa-f, , -trien-%-yp1nethyl}(nethyl
) am no] - propyl }-7, 8-di met hoxy-
1,3,4,5-tetrahydro-2H 3-benzazepi n-2-one, 5 addition salts thereof
wi th a pharnmaceutically acceptabl e acid, and hydrates thereof.
| vahr adi nghe pueserit irs/eatieli telaxs 6 alprscess fd tiee PhecsB O Blabedideyofdeeani dlbyl e
acid, and nore especially its hydrochloride, have very val uabl e
phar macol ogi cal and therapeutic properties, especially bradycardic
properties, nakbﬁg)those conmpounds useful in the treatnent or
prevention of varflows—elinical situations of i aPCHschaeni a
such as 10 angi na pe njocardi al i and apsoci ated rhythm
di st ur bances, 2 us at h i v i ng rhyt hm(D,
disturbances,(gggécia‘ y\Supr a Eﬁff??ﬁ(ér ythn1'9fst@CH§nces, and
in heart failure. The preparation and therapeutic use of ivabradi ne
and its addition salts with a pharnaceutically acceptable acid, and
nore especially its hydrochl oride, have been 15 described in the
Eur opean patent specification EP 0 534 859. That patent specification
descri bes the synthesis of ivabradi ne hydrochl oride startin? from

m

t he conpofind-ot{HorSniidadimethoxybiepalobd- 3 0ToctazN3 Setrign-7-iopethyl} (methyl)amino]-
propyl}-7,8-dimethoxy-1,3,4,5-tetrahydro-2 H-3-benzazepin-2-one,

5 addition salts thereof with a pharmaceutically acceptable acid, and hydrates thereof.

Ivabradine, and its addition salts with a pharmaceutically acceptable acid, and more
especially its hydrochloride, 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
10 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 its addition salts with a
pharmaceutically acceptable acid, and more especially its hydrochloride, have been

15 described in the European patent specification EP 0 534 859.

That patent specification describes the synthesis of ivabradine hydrochloride starting from

the compound of formula (II):

OCH

I A am,
HN OCH
. HCI

\



“-2- which is converted into the conpound of fornn.da (Il1l1): \ OCH3
(11), CH HN OCH3 which is resolved to yield the conpound of formnula
(rvy: \ OCH3 (1V), CH3HN OC113 5 which is reacted with the conpound
of formula (V): CHO N-/1 M CH30 O to yield the conpound of
formula (M): CH30 OCH3 (C1430 QNH3 (VL), OCH3 the catalytic

hydr ogenati on of which yields ivabradine, which is then converted
intoits 10 hydrochloride. The di sadvantage of that synthesis route
is that it results in ivabradine in a yield of the order of only 0.6
% -3 | nwiicki ahvthel phahsroepbivebdf feahule (0f): t hi s conpound, it has
been inportant to be able to obtain it by an effective synthesis

process resulting in ivabradine in d.
(1),
S
CH,HN OCH,
which is resolved to yield the compound of formula (IV):
o OCH;
» [ vy,
CH,HN OCH,
5 which is reacted with the compound of formula (V):
CH,O =~
CH,O
o)
to yield the compound of formula (VI):
CH,0 ocH,
X CH, | N
CH,0 N — (VI),

the catalytic hydrogenation of which yields ivabradine, which is then converted into its
10 hydrochloride.

The disadvantage of that synthesis route is that it results in ivabradine in a yield of the

order of only 0.6 %.



"The present invention relates to a process for the synthesis of the
conmpound of formula (M), in racemc or optically active form C
LOOCH3 N (VIl), CH30O ~ N\~ OCH3 5 O wherein R represents a
“hydrogen atomor a nethyl group, characterised in that the conpound
of formula (MIl): CH3ON (MIl) CH3Q/ O is reacted with the
conpound of forrmula (IX), in racemc or optically active form in the
10 form . e : t: I

is as de]E)fit[l n‘é%gﬁféﬁlgﬁ %%%ﬁg?egl,ﬁc%n eeOfpt%'s_%ﬁn elc:\))u ;(Q) ’>9ahassa|_é{g t %‘pgﬁ%%g% 'La Pl?r%o
nmet al or diftaia il gndrhefdcdes synthiesi ppodegerebyltihd it valiading it Bgosdpipiund of
formula (X), in racemc or optically active form -4- CH30O V OCFI 3

The present invention relates to a process for the synthesis of the compound of

formula (VII), in racemic or optically active form:

CH,O
3 o OCH;
R
; | [ (VID,
: N ’ =
CH,O N~ OCH,
5 O
wherein R represents a hydrogen atom or a methyl group,
characterised in that the compound of formula (VIII):
(VIID)

is reacted with the compound of formula (IX), in racemic or optically active form, in the

10 form of the free base or a salt:
o OCH;
R X
HN OCH,

wherein R is as defined hereinbefore,
in the presence of a salt of a transition metal or of a lanthanide,
in a solvent,

15 to yield the compound of formula (X), in racemic or optically active form:



"OCH3 NH O which is converted into the conpound of fornula (V1) by
the action of a hydride donor agent. In a preferred enbodi nent of
the invention, the conmpound of formula (I1X) is in optically 5 active
“form nore especially of configuration (S). In the case where R
represents a hydrogen atom the product4of the reaction of the
conpound of forrmula (X) with the hydride donor agent is then the
conpound of fegreula (XI), a particular case of the conpounds of

formula (V1): . CH3O 1 OCH (XI), O1 i ciWGHRyY be
iV-methylated to y| hvabradi ne of fofmnul g (I&: O CCH3 (CH3
CH: O N~~/ N rt

optional | ywbe gonverted into addi t(xan
salts thereo ﬁnth t%cé??xg/ac pt abl e"aci &gl ected from
hydr ochl ori ¢ aci d, hydro- i ¢ acid, Isul phuric acid, phosphoric

acid, acetic acid, trifluoropcetic adit, lactic acid, pyruvic acid,
nalonic acid, 15 succinic acid, glutaric acid, fumaric acid, tartaric

aci d, mal @heha§ clavebtell 1hte AE b&np&ﬁﬁ%fbﬁoﬁnuﬁgwn kI8t GE bla hydride donor
nethanesulphonlc aci d, benzenesul phoni ¢ aci d "‘canphoric acid, and

into hydragees thereof. -5-

In a preferred embodiment of the invention, the compound of formula (IX) is in optically
5 active form, more especially of configuration (S).

In the case where R represents a hydrogen atom, the product of the reaction of the

compound of formula (X) with the hydride donor agent is then the compound of

formula (XI), a particular case of the compounds of formula (VII):

CH,0
N
CH.O § = (XD),
3 N— 7 OCH
0]
10 which may be N-methylated to yield ivabradine of formula (I):
CH,O
OCH
e
D,
CH,0 NN ZocH

which may optionally be converted into addition salts thereof with a pharmaceutically
acceptable acid selected from hydrochloric acid, hydrobromic acid, sulphuric acid,
phosphoric acid, acetic acid, trifluoroacetic acid, lactic acid, pyruvic acid, malonic acid,
15 succinic acid, glutaric acid, fumaric acid, tartaric acid, maleic acid, citric acid, ascorbic
acid, oxalic acid, methanesulphonic acid, benzenesulphonic acid and camphoric acid, and

into hydrates thereof.



“In the case where R represents a nethyl group, the product of the
reaction of the conpound of formula (X) with the hydride donor agent
is then ivabradine of fornmula (1), a particular case of the

“compounds of formula (M1): H3 C OCH3 |h CH30 ZN~~/N OCH, (D, OJ5
whi ch may optionally be converted into-&ddition salts thereof with a
pharmaceutically acceptable acid selected from hydrochloric acid,
hydr obrom ¢ acid, sul phuric acid, phosphoric acid, acetic acid,
trifluoroacetic acid, lactic acid, pyruvic acid, malonic acid,
succi ni ¢ Iadhelgasgiwitear Reemesed(s & mathyi groagitbs prodn¢tarfitiee meétibn afdhedampound

acid, citric aci asgorbic, .acid, oxali.c aci.d t hapesul phoni c .
2ot pertelik i SR e e ae Sor kg S oSiiporahae OF B Thy drsticatar
t her eof . JRe 8n@kkempBhilseriagh@body: nent of the invention, the
conmpound of forrmula (TX) is in racemc form In the case where R
represents a hydrogen atom the product of the reaction of the
conpound of forgﬁk? (X) with the hydride donor agent is then the
racem c conpound © 5. formula (XI1), a particu ca®€Hof t he

conpounds of forrrul 0 03 KX I ] 1/ OCH3 Z

@,

N /
O
5 which may optionally be converted into addition salts thereof with a pharmaceutically

acceptable acid selected from hydrochloric acid, hydrobromic acid, sulphuric acid,
phosphoric acid, acetic acid, trifluoroacetic acid, lactic acid, pyruvic acid, malonic acid,
succinic acid, glutaric acid, fumaric acid, tartaric acid, maleic acid, citric acid, ascorbic
acid, oxalic acid, methanesulphonic acid, benzenesulphonic acid and camphoric acid, and

10 into hydrates thereof.

In another preferred embodiment of the invention, the compound of formula (IX) is in
racemic form.

In the case where R represents a hydrogen atom, the product of the reaction of the
compound of formula (X) with the hydride donor agent is then the racemic compound of

15 formula (XII), a particular case of the compounds of formula (VII):

CH,0O

o OCH,
CH,O N | % [ (XID).
3 N— 7 OCH,

0

which may be N-methylated to yield the racemic compound of formula (XIII):



dt
N
y

"O which may be N-nethyl ate yield the racem ¢ conmpound of fornmula
(XH): -6- CI10 OCH3 iH3\ (X1r1rr), CH3O N~/\/ OCH3 O the
optical resolution of which yields ivabradine of fornmula (1): CI3
"ClI3 CCH3 C1 (, 300CH3 Owhich nmay optionally be converted into
addition salts thereof with a pharnaceugically 5 acceptable acid

sel ected from hydrochloric acid, hydrobrom c acid, sulphuric acid,
phosphori c acuggoacetlc acid, trifluoroacetic acid, lactic acid,
pyruvi c aci d, mal ol succi ni c %gid al i c-9eild, Fumaric
acid, tartaric aci Ic™acid, citriysac|d,{lascgrbic acid, oxalic

aci d, net hangguhphs benzeqesu e—agci dland canphor 241,
Tﬁfjﬂ%bfh tHe case”wher@CR represents a

acid, and into hydrates

nethyl group, the produc the reaction of the conpound of formula
(X) with the hydride donor agent is then the racem c conpound of
formula (XIl11), a particular case of the conpounds of formula (Vii):

Cl-130 OCH3 CHs al

0
/
e

the optical resolution of which yields ivabradine of formula (I):

CH,O

waBth
CH,0 NN = M,

O

which may optionally be converted into addition salts thereof with a pharmaceutically
5 acceptable acid selected from hydrochloric acid, hydrobromic acid, sulphufic acid,
phosphoric acid, acetic acid, trifluoroacetic acid, lactic acid, pyruvic acid, malonic acid,
succinic acid, glutaric acid, fumaric acid, tartaric acid, maleic acid, citric acid, ascorbic
acid, oxalic acid, methanesulphonic acid, benzenesulphonic acid and camphoric acid, and

into hydrates thereof.

10 In the case where R represents a methyl group, the product of the reaction of the compound
of formula (X) with the hydride donor agent is then the racemic compound of

formula (XIII), a particular case of the compounds of formula (VII):

CH,O

\ AN
|
(XIIT),
CH,0 N SN = OCH,

0O

the optical resolution of which yields ivabradine of formula (I):



CH3O N\/ (XIll), OCH3 Othe optical resolution of which yields

i vabradi ne of formula (1): 7 CH, ocx; 1Z QCH3 \ CH 30 N~\/N 1D,
OCH O which may optionally be converted into addition salts thereof
“with a pharmaceutically acceptable acid selected from hydrochloric
acid, hydrobrom ¢ acid, sul phuric acid;-7- phosphoric acid, acetic
acid, trifluoroacetic acid, lactic acid, pyruvic acid, malonic acid,
5 succinic acidcrgbutaric aC|d fumaric acid, tartaric §§§ d, maleic

d

acid, citric acid, aseonbi aC|d oxal i g aci | phoni c
aci d, benzenesulpho gid and canphor|p3aC|d,|and i nto hydr E
thereof. Anmongctile of tr@gnsi n a5 o nt hani dest hat

reacti o betWeen t he coﬁﬁg&nd of
formula (MI1) and the conmpoiyd of formula (I1X), there 10 naybe
mentioned, without inplying amy |imtation, copper(1l) chloride,
copper (1) brom de, copper(l) iodide, yttriurn(lIl)

trifluor %%Hqﬁ hym ug(lfe F%lﬂl@l’tg Weud t} nt §dhfs t?i@fegmﬁa@%harmaceutlcaﬂy

sul phonat e, praseo trifluoromethanesul phonat e
neodymtﬂﬁdwpﬁbbrad&umkm&ﬂnﬁmhad@ﬁukhhmmaaed $gdwbramicl béijl, sulphuric acid,
hanesul phonat c, eur |11 | uor,o-

trifluoro i f.
et hanesuﬁ’qgﬂ%‘%%%cew 261 At OOEFHS i bikie R BYUsioRfid-gmalonic acid,

ter bF un 1 dkedintd hdikt Uélﬁ%r1é5&cmatfbﬁﬂﬁ§ Wkigh Qﬁ'l%h@’acﬂﬂ $R1188 11 Ichikid acid, ascorbic
trifluoromet hanesul phonate, hol mun(I11) trifluoro-

met hanes qunch(mahe ;cmér tmuemar(ntslulghomcu deldi beoresehdpiesid phidaed eamplepric acid, and
lutctiun(l {Iﬂ é é
into hydrates hereor

Among the salts of transition metals or of lanthanides that may be used to carry out the
reaction between the compound of formula (VIII) and the compound of formula (IX), there
10 may be mentioned, without implying any limitation, copper(I) chloride, copper(l) bromide,
copper(l) iodide, yttrium(1IT) trifluoromethanesulphonate, lanthanum(III) trifluoromethane-
sulphbnate, praseodymium(IIl) trifluoromethanesulphonate, neodymium(lll) trifluoro-
methanesulphonate, samarium(II) trifluoromethanesulphonate, europium(lll) trifluoro-
methanesulphonate, gadolinium(IIl) trifluoromethanesulphonate, terbium(Ill) trifluoro-
15 methanesulphonate, dysprosium(IIl) trifluoromethanesulphonate, holmium(Iil) trifluoro-
methanesulphonate, erbium(IIl) trifluoromethanesulphonate and lutetium(Ill) trifluoro-

methanesulphonate.

Preference is given to the transition metal salt used for carrying out the reaction between
the compound of formula (VII) and the compound of formula (IX) being copper(l)
20 chloride.

Among the solvents that may be used for carrying out the reaction between the compound
of formula (VIII) and the compound of formula (IX) there may be mentioned, without
implying any limitation:

- alcoholic solvents, especially methanol, ethanol and isopropanol;

25 - dimethyl sulphoxide (DMSO);



"met hanesul phonate. Preference is given to the transition netal salt
used for carrying out the reaction between the conpound of formula
(V1) and the conmpound of formula (1X) being copper(l) 20 chloride.
“Among the solvents that nmay be used for carrying out the reaction

bet ween the conpound of fornmula (VIII)8and the conpound of formula
(I'X) there may be nentioned, without inplying any limtation: -

al coholic solvents W§E5 et hanol and isopropanol; 25
- di et hyl sulphoxrdéﬁgﬁﬁg%#fg lﬁéppkgg i met byl f onnam de (DVF); -
N-nethylpyrrol|doneA(ﬂ%EWkwﬂmhﬂekamaéP)s given to the sol vent used
for carry out .the re betmggn t he, cgggqynd of fornmul %YII
and the Thed l%glVF%F éo PR USEEIHFAEIS © rgackiop Dgtvrgsa ¢

donor age@ﬁnﬁﬁakvﬁ@)’aﬁ%yé&iﬁ]ﬁ&ﬁ &%Ml&‘@é(?%r tfgf}ﬁetﬁa%l/ew' on of the

conmpound of formila (X) into the conpound mula (VI1) there may
he nentroned mnthout inplying any limtation, sodium

t et d d I t h I

ot 1 200r ol i e B B h P e e Ror YR SO B GrE ! the
may be us@hfdihd GAHMhNE ([YlinthBe COMPEURI ONfRulah@/ IEOIHBRUREY Bt mdi¥ioned,
formula (X) into the conﬁpund of formula (VIl) there may be

ment i onedwithputHoplying miigtiemysoidjum tféltab@whydncéﬂ codivim eyagebareltdside and

especi al | t.hanol hanol Iﬁé
N, N- di rret%ly‘f SrCPr%‘ % m"%’ h“g?ﬁ‘{ ?‘F’)r ?"r ol m%%PH%mH\elNP) . 15 The
conpounds of fornulae (VIII) and (X) are new products which are
useful as synthesis
ong the solvents that may be used for carrying out the conversion of the compound of
10 formula (X) into the compound of formula (VII) there may be mentioned, without
implying any limitation:
- alcoholic solvents, especially methanol, ethanol and isopropanol;
- N,N-dimethylformamide (DMF);

- N-methylpyrrolidone (NMP).

15
The compounds of formulae (VIII) and (X) are new products which are useful as synthesis
intermediates in the chemical or pharmaceutical industry, especially in the synthesis of
ivabradine, addition salts thereof with a pharmaceutically acceptable acid and hydrates
thereof, and as such they form an integral part of the present invention.

20 The Examples hereinbelow illustrate the invention.

List of abbreviations used:
DMF: N,N-dimethylformamide
IR: infra-red

The melting points (m.p.) were measured using a micro Kofler (MK) apparatus.



“internmediates in the chem cal or pharmaceutical industry, especially
in the synthesis of ivabradine, addition salts thereof with a

phar maceutically acceptable acid and hydrates thereof, and as such
"they forman integral part of the present invention. 20 The Exanpl es
hereinbelow illustrate the invention. .-pist of abbreviations used:
DMF: N, Ndinethylformamde IR infra-red The nelting points (mp.)
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propanenitrite 2 g (9prupahgniaile
7, 8- di net hoxy- 1, 3, 4 5-tetrahydro- 2H 3- benzazepi n- 2-one are di ssol ved

in 30 nL_of DIVF t he resultlng solution there are added, at 25C,
432 ny (1084° FBpl) of 3, 81d1216 Vilal-Artsyahyrres dH irhspaninte-one afe digsajyed in
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50C is then carried out for 24 hours, and then the_solvent  is
evapor at et dPRueTHE ?’@§168héefpgerf‘tél¥'eﬁn tge’ien igithem afdsdef nipheion @6 by mL
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There are obtai ned 4 a residu
chr omat ogis dlpdnycarmed QGGOQZ%EOLES,Iand dhenatheialtent is evaporated off. The residue is taken

di chl or onet hane tha : 95/ re ar e obtain 0 of he title

pr oduct i 1P {Thd 4‘@ arﬁn MG ed ‘é{ eﬁ dipe ?\Yeéj@gg(g il and evaporated o
7, 84di net (9xyss 1TRerd aRe oﬁtﬁhédihyldg of & rks&khRENRABER plrific® B flash Eﬁféﬁl\é&{ hy

(vvhlte solid, mp. = 196-198C). Yield = 26 % 15 IR (pure) : 4

1648, 160 3A&2af silizageluanto, mili@mm@axan@zethmms@ here are obiained 630 mg’ of

L0 g ARG S OSAA e B DY

tetrahydro-2H-3-benzazepin-2-one is recovered (Whlte solid, m.p. = 196-198°C).

Yield = 26 %
15 IR (pure) : v =2247, 1648, 1609, 1518, 1246, 1220, 1104 cm™".

EXAMPLE 2: 3-[3-({[(7S)-3,4-Dimeth0xybicyclo[4.2.0}octa-l,3,5—trien-7—yl}methyl}-
amino)propyl]-7,8-dimethoxy-1,3,4,5-tetrahydro-2H-3-benzazepin-2-

one

Step 1: N-{[(7S)-3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-ylJmethyl } -3-(7,8-
20 dimethoxy-2-0x0-1,2,4,5-tetrahydro-3 H-3-benzazepin-3-yl)propanimidamide

Under nitrogen, 630 mg (3.27 mmol, 1.5 equivalents) of 1-[(7S5)-3,4-dimethoxybicyclo-
[4.2.0]octa-1,3,5-trien-7-yllmethanamine hydrochloride are dissolved in 10 mL of
methanol. To the resulting solution there are added 0.46 mL (3.27 mmol, 1.5 equivalents)
of triethylamine and 260 mg (2.62 mmol) of copper(l) chloride (purity: 90 %). Then
25 600 mg (2.18 mmol) of 3-(7,8-dimethoxy-2-0x0-1,2.4,5-tetrahydro-3 H-3-benzazepin-3-
yD)propanenitrile dissolved in 10 mL of methanol are added dropwise. Heating at reflux is
carried out for 12 hours, then cooling to ambient temperature, and 5 mL of 35 % aqueous

sodium hydroxide solution and 30 mL of dichloromethane are added. The organic phase is



“one Step 1:
N-{[(7S)-3, 4-di met hoxybi cycl o[ 4.2.0]octa-1,3,5-trien-7-yl]nmethyl}-3-(
7,8- 20
~di net hoxy- 2- oxo-1, 2, 4, 5-t et rahydr o- 3H 3- benzazepi n- 3-yl ) propani n dam
de Under nitrogen, 630 ng (3.27 mmol, 1106 equival ents) of
1-[(75) -3, 4- di met hoxybi cycl o-
[4.2.0]oc M | r i
d altegl ﬁnéd _Il_\ég%’?;l, TRl Q’{H fhen @&% 9&[@&[ HBMed qhgﬂg(sjazg Iogﬁ%%ed

in 10 nL o ano € resulting solution there are a
m. (3.27 hii®lg of.dSbequm\m] eontsiningoft7t Yol etpegtednproduand’h60ilnty <2d6Rithout

mol ) of copper.(| hl ori de rity: 90 % . Then 25 600 ng (2.18
mol ) of @lfffgﬁ,a g’a% ftgRyhas &B"'sl 2, 4, 5-tetrahydro- 3H 3- benzazepi n- 3-

yl ) propanenitrile dissolved in 10 m - of methanol are added dr opwi se.
Heating at reflux is <carried out for 12 hours, then cooling to

anbi ent tStepér ét[@lf(é[(7@ﬁﬁ45)imeth0®§’bi8§01%4823]®l]99‘1351,3 §odensiithiyattion } abeino)-
sol uti on and dic added he organi c phase is
10- (E:Xt ra%rpgﬁl?gﬁlgﬁ?% rpklgéodﬁng g?fe bS?ﬁfV?Wé% “®aporated to

dryness. There are obtained 1.08 g of a brown oil containing 47 %

expected product. This oil is used w thout F})uri fication in the steE
t hat foll g\g,spf tlgy ppdpet obtained in Step 1 (containing 47 % amidine) is dissolved in 15 mL of

3-[3-({I (%.z?&qaéolf‘ tl?é TRLNAKY RofitBhOls* 1fenOLSiER b 8°C~ 4dd 80 ‘! 138F Mhihnot,

}am no) -

propyl ] - 71.8equivelehox yf doddurd ,t&trdbetahaipide @re2z%dd3d h&itziag epediried oticovker@ghf at
the product obtained in Ste &)@1 (cont al ni E{Co’ % am_ di ne) i s, dissolved
in 15 ni ¥rbichelemprmure: #dl hes i pHg oL P tPiaghequs s Bpdrsidersslutien and

and 1600 5@ 1(11% &ldlmgxlometﬂan% a?é"a'd&é@l N 0§3us(1{§1trﬁtg%ils%&lt &ﬁt}&r ?&'Xﬂﬁﬁtgsc The

are adde Stirring is carried out overni I ent tenperature,
and t hen &gdniniphede 20hén extrretds w&dmdumthwwmx dded swedruVligh, afiitbrdd a0 then

mL of dlchloro tha are S rrln arrie ut for
15 o nut CDTRE 6 GRices phUe 3ot BrT drer ab o B aowtictaps fish
dried ov eéhrb&&@gmphy Iohqlbﬁ% mmtaf‘(@mamey aﬁﬁfcﬁ‘éﬁ&hﬁ&/&ﬁé&ﬂﬁ@@hoﬁe}mﬁ 0/8) to
obtained 1 g of an oil is purified by flash chromatography on

100 g of wrlidid¥8 I(lgpﬁ@meﬂﬂd@mdf\ibbndh@fmaé/aemanol/NH4C]—I 90/10/1) to
yield 300 ng of expected product in the formof an oil.

15 Yield =30 % (over 2 steps)
IR (pure) : v = 3302, 1649 cm™.

EXAMPLE 3 : 3-{3-[{[(75)-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

20 Step 1: 3-[3-({[(7S)-3,4-Dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-ylJmethyl } amino)-
propyl]-7,8-dimethoxy-1,3,4,5-tetrahydro-2 H-3-benzazepin-2-one hydrochloride

300 mg (0.65 mmol) of the amine obtained in Example 2, Step 2, are dissolved in 10 mL of
acetonitrile. To the resulting solution there is added 0.65 mL (1.3 mmol, 2 equivalents) of
2M hydrochloric acid solution in diethyl ether. Stirring is carried out at 25°C for
25 15 minutes, and then evaporation to dryness. The product is crystallised from 20 mL of

acetone. The solid is filtered off and dried. 230 mg of white crystals are obtained.



"15 Yield = 30 % (over 2 steps) IR (pure) : v = 3302, 1649 cm - 1.
EXAMPLE 3 :

3-{3-[{[(7S)-3, 4-Di net hoxybi eyel o[ 4. 2. 0] oeta-1, 3,5-trien-7-yl]-

“net hyl } (met hyl ) am no] propyl }-7, 8-di met hoxy-1, 3,4, 5-tetrahydro- 211-3
henzazepi n-2-one 20 Step 1: -11-

3-[3-({[(7S) -3, 4- D net hoxybi cycl o[ 4.2.0]octa-1, 3,5-trien-7-yl]nmethyl}
am no) -

propyl]-7, 8-di net hoxy-1, 3, 4, 5-tetrahydro-211- 3- benzazepi n- 2- one

hydr ochl oYiette=3006nmg (0. 65 mMmol ) of the amine obtained in Exanple 2,
Step 2, are dissol vcgé in 10 nL of acetonitrile. To the resulting

sol uti on PieFe¥%208dded 0.65 m, (1.3 mol, 2 equival ents) of 2M
hydrochl oric acid solution in diethyl ether. Stirring is carried out
at 25C for 25 15 minutes, and then evaporation to dryness. "the
product iStepr ¥st aH{BiHIEASF-B drdi@bthokylmtycled et @nea-1The-tsol-7V-¢ljnsthyil } (retted)-

O oo i & £ B SR A A i 2 e Y1 €10 = 7
3-{3-[{[(7S)-3, 4-di net hoxybi cycl o[ 4. 2.0]octa-1, 3,5-trien-7-yl]methyl}

(et hyl) -
ami nd] pr o g 7(0odinmet hok ydroghlaride pbipimgdyid rSder? H-Be desselaed pi p-1Bixgure of

e 150,75 (0 B YR TP B s

di chl or on@bhanie (0.59 thiel, ries ehtivaignsPbitdranldehede (3 ¢ addatr) thd4 gidin of
(0.54 mol, 1.5 equival ents) of formal dehyde (37 %in water) and a
grai n of brBpwaisselegisEn gl eniveany hrfliedierig peidowiytion & added woil dhe obl iss4

added unt [ i . C [,on) LIri

is carri e@%%%v?%g?ﬂﬁ%o?ﬁ&%%h?ﬂ?% ggrﬁﬂé%dﬁ%gé&%hpgtr %@tﬂﬁfé% @?QB%&%B‘T%@:

(0. 36 mMmodr} tlen sloldd 20 oy @8k atrably df seHumsdyansbonghyidside adtirtiggl isoeHrri@d out at

25C for 12 hours il st intainjng the pH at 4, and then evaporation

to dr ynesé Esyorc%%@a VeIt PR e gh &t e g ST VHIOrEPNo dRAFEHS

is purifi ; I r : : fon Sk =

i chi'or orat hana et Ranar e ere S61% f 55 of gt Pip s BF 1o #F0Aaleraphy
on 100 g of silica (eluant = dichloromethane/ethanol/NH4OH: 90/10/1) to yield 100 mg of

the title product in the form of a colourless oil which crystallises at ambient temperature.

15 Yield = 58 %
m.p. = 98-100°C

EXAMPLE 4: 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

20 The hydrochloride of the product obtained in Example 3, Step 2, is prepared by following
the procedure described in patent specification EP 0 534 859 (Example 2, Step E).



"the title product in the formof a colourless oil which crystallises
at anbient tenperature. 15 Yield= 58 % MP. = 98-100C EXAVPLE 4:
3-{3-[{[(7S)-3, 4-D nmet hoxybi cycl 014. 2. 11]octa-1,3,5-trien-7-yl[-

“met hyl } (net hyl ) am no] propyl }-7, 8-di met hoxy-1, 3, 4, 5-t et rahydr o-

2f 1- 3- benzazepi n- 2-one hydrochl ori de 242The hydrochl ori de of the
product obtained in Exanple 3, Step 2, is prepared by followng the

pr ocedur oy danepi bad ggg&@@i.sapsﬁhéﬁ@mmhﬁﬂ 201534- BRS-diExampie 2.

3-{3-[{[(79)-3,4-Di Wﬂhﬁbxl}bnetshsl)ewmﬂpﬁt}mdl-és&dlm@&m1535475~Sell)ahydre-
met hyl } (et hyl ) am no] % |rrethoxy 1, 3,4, 5-tetrahydro-

2M 3- benzazepi n- 2-on g{? azepm- -one

N-{[(7S)-3, 4- D net hoxybi cyel o[ 4. 2. 0]octa-1, 3,5-trien-7-yl]nmethyl}-3-(
7,85

di met hoxyStep dxd- {1(@)43 GDimethakyexsldH2d)] pead Sz pian- ByYmethnl (Rt pr op
im[ (7S daméij Hle Und g?%&e {égaﬁ)ygdlro%{ g%enzazepm—?f yl} ]\5 m%ﬁlu p\fgllza%ri]r%is hnide
[4. 2. 0]octa 1, 3 5- trlen 7-yl]-Nnet hyl met hanam ne hydrochl oride are
dissolved in 10 nL of methanol. To the resulti ngésol ution there are

added 0. 4Upder (mtrgzpnmeBl ma (B82dungh| lehegyivalsats} pf delf(Yad-dimethexypaclo-

(m% (83 m(g]))ctgfl §9RH§‘H (7—|yl] ol %8ﬁ§lg{%tﬂaﬂ% eyhydg(pch?@rldeq}g thjsglvég(?n 19 mL

of 3-(7, 8- (ﬁﬂrﬁahamﬂy}“éﬂﬁ)fesﬂm& hldtidrethe@hyel nddedH. 8nh €A 3An@poIN1 3-equivalents)
yI)propanenltrlle di ssalved in 10 nL than dded. dr S
Heatl ng ! Fethyigming and374 8w Guto F’HPOlgzP HORPS h%\é?fl@ 81 ?@\% “hen
gnt t ﬁ'@gﬁ u f UsQM 7%l -3-
sol ut| on an %0 I ggeomﬁiggc%fgkgﬁe?ﬁ%%hﬁ( g(rie adg’géw%ltﬂgﬂ%}ggr{? g bgﬁgaggplps3

ext r act edyl)mtopamenionile rdlsvgsea in fl 0 Intle pEohethadolt dre nddadagropwisedHeasingrap m@‘b& is

pr oduct . cRAT o7 &7 DS e R e AT kAT RO H- oG 4Pl ORGE datkous

fol | ows. QRPN Bydroxide solution and 30 mL of dichloromethane are added. The organic phase is

3-{3-[{[(7S)-3, 4 Di met hoxybi cycl o[ 4. 2. 0] octa-1, 3, 5-trien-7-yl ] nethyl}

(et hyl ) - extracted dried over MgSQO,, filtered and then evaporated to dryness. There are obfained
15 1.08 g of a brown oil containing 46 % expected product. This oil is used without

purification in the step that follows.

Step_2: 3-{3-[{[(7S)-3,4-Dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-ylJmethyl } (methyl)-
amino]propyl}-7,8-dimethoxy-1,3,4,5-tetrahydro-2 -3-benzazepin-2-one

1 g of the product obtained in Step 1 (containing 46 % amidine) is dissolved in 15 mL of
20 methanol and then 86 mg (2.26 mmol, 1.2 equivalents) of sodium tetraborohydride are
added at ambient temperature. Stirring is carried out overnight at ambient temperature, and
then 5 mL of 20 % aqueous sodium hydroxide solution and 20 mL of dichloromethane are
added. Vigorous stirring is carried out for 15 minutes. The organic phase is then extracted,
washed with water, dried over MgSQy, filtered and then evaporated to dryness. There is
25 obtained 1 g of an oil which is purified by flash chromatography on 100 g of silica (eluant
= dichloromethane/ethanol/NH4OH: 90/10/1) to yield 210 mg of the title product in the

form of an oil.



“am no] propyl }-7,8-dinmethoxy-1,3,4,5-tetrahydro-2H 3- benzazepi n- 2- one
1 g of the product obtained in Step | (containing 46 %amdine) is
dissolved in 15 nL of 20 nethanol and then 86 ng (2.26 nmmol, 1.2
“equi val ents) of sodiumtetraborohydride are added at ambi ent
tenperature. Stirring is carried out ovgyni ght at ambi ent

tenperature, and then 5 nL of 20 % aqueous sodi um hydroxi de sol ution

and 20 nL digh \%rl]r%t are added. Vigorous stirring is carried
out for 1¥?Jrlr?nuzge}§?5 esgbg)gani c phase is then extracted, washed with

wat er, drireghuasiery My&4 83167t ered and then evaporated to dryness.
There is 25 obtained 1 g of an oil which is purified by flash
chromat ography on 100 g of silica (eluant =

di chl or ongi angl4 NFAQ Ly, 90/ 10/ 1), L 0 Vi 210 f the.title
pr oduct :TE alud élmn%{é'iﬁf ogg)'l334'-%i}§-e H{ﬁx@lﬁygxB@‘&Of%ﬁé’gg?&?f’é%w' | R
(pure) : v = 1633, 83dheth§R (aicthlyl)abiAdfprbp@}-7,8-dimethoxy-1,3,4,5-tetrahydro-
3-{3-[{[(7S)-3, 4-D net hoxybi cycl o[ 4. 2. 0] octa-1,3,5-tricn-7 yl]-

met hyl} (net hyl ) ani no?}Hp*r%ﬂW}ew} -nahxdreghlonidg 4 5-tetrahydro- 5
2H- 3- benzazcpi n- 2- one hydrochl ori de The hydrochl ori de of the product
obtained in Exanple 5, Step 2, is prepared by followng the

pr ocedur eThebpdrpdddridanofiht @ndduspelahihcd &t EramplP 50 SEPL, 85 Breplicd gyl foll@wing
Step E). EXAMPLE 7. . . . .

3 (3§ ([ (HProSedipdasseibnis BHeycPefcaion il £345%) Goiemnlant F5a )

met hyl ) (et hyl ) am no] propyl } -7, 8-di nct hoxy-1, 3, 4, 5-tetrahydro- 10

2H 3- benzazepi n- 2-one hydrochloride Starting fromracemc

(3, 4- di neEXAMBLEVT| 03-43-2{[(10SteDimsthsxybiceele [4.2:0 Jonti- h3Satriene]-yHnd
Lol Lowt ng Lhe pr ot oco] feht bl Dainb ioFii S fn Sho 5 TP Eecfuidiflo™

di mephoxybi cycl o[ 4. 2. firach@rmzzepir-2t sty diodibaE hyl ] (met hyl ) ami no] pro
pyl }-7, 8- dinethoxy-1,3,4,5-tetrahydro-2H 3-benzazcpi n-2-one is
obtained. 15 2.1 g of this racem c conpound are then separated on a

60 cm x 6§ta{ﬂ-n% fsth 9@3&@@‘5Aﬁgimethoxybicyclo[4.2.O]octa—1,3,5-trien-7—yl)methanamine, and

following the protocol described by the sequence of Examples 2 and 3, 3-{3-[[(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-2 H-3-benzazepin-2-one is obtained.

15 2.1 g of this racemic compound are then separated on a 60 cm x 60 mm column packed
with 2.1 kg of Chiralpak ® AD phase (particle size 20 um). The eluant used is a mixture of
ethanol/acetonitrile/diethylamine (10/90/0.1 by volume) at a flow rate of 50 mL/min. The
associated ultra-violet detector is used at a wavelength of 280 nm.

There are obtained 0.95 g of the enantiomer of configuration (R) in the form of a white

20 meringue and then 0.95 g of the enantiomer of configuration (S), also in the form of a

white meringue.

The hydrochloride of the enantiomer of configuration (S) is then obtained by following the
procedure described in patent specification EP 0 534 859 (Example 2, Step E).



‘with 2.1 kg of Chiral pak (r) AD phase (particle size 20 m. The
eluant used is a mxture of ethanol/acetonitrile/diethylam ne
(10/90/0.1 by volune) at a flowrate of 50 nL/m n. The associ ated
“ultra-violet detector is used at a wavel ength of 280 ran. There are
obtained 0.95 g of the enantionmer of comtiguration (R) in the Form of
a white 20 neringue and then O. 95 g of the enantioner of

confi gur al .

hydr ochl M f%am 7‘-822’ conf{%u%{)@?nﬁ?g‘)an?ggt l-e%lle?o%lt]al ned
by followi ng the pr Qﬁéﬂgl}ﬁndﬂ@@)bhﬁﬁd}plrﬂpﬁam&qﬂmﬁwﬁyf 1,88t 3-cardHy dPo-
534 859 (Exanple 2, St ep . -14-

3-{3-[{[(7S)-3, 4- Di neAlk &Wew*w?@@m]d&eﬁlamds 5-tricn-7-yl]

met hyl ) (et hyl ) am no] propyl}-7, 8-di met hoxy-1, 3, 4, 5-tetrahydro-

21- 3- benzazepi n- 2- one hydrochl ori de Starting fromracemnc

(3, 4- di me$thodagbi &yol o[rélceﬁqié)] aGtdadiipeBhdxybicy enf472.9 JortaNk, Bt thigh~7- 35)-N~methyl—

{Tﬁér n:'irsn Iglg'[glal?&ﬁ%l&e 3and y P Wow?ng t@le r(gt%g&cc%scrqa Cr | xamp. es Eﬁere 1S obtamed 3-
{3-[[(3,4 ﬁ[@hﬂ%&hb%ﬁ[@% 2.090 954 &; sLirtbnD7-Y yinihy Vi bchPBARMb Loy hy |

) am no] pr opyl

7, 8-di netﬁ&ﬂs«n@_thsxyﬂ,@#t etetehydioc 23-Bnbaspazepia- 2-one. 2.1 g oP

this racemc conmpound are then separated on a 60 cm x 60 mm col unm
packed with 2.1 kg of Chiral pak (r) AD phase (particle size 20 pm.

The el uant.1 ysehisSradeicxdoipuad addtheh RepRhteaoat060 til + 60 dhat dyilmiphcked
(10/90/0.1 by volune) at a flowrate of 50 nL/m n. The associ ated

uLt ra- vi ovih 2dekgeefi Ohirdlpaku8 D ghasg (mmelbféwgt% ton). 280 clant s isea wiure of
5
of 10" o oy PSR FRTE w805 LU Eh AR el gl S 2. the

conf | gur adsk@UiatePhiltraatisRt ddtedthibis fu@édﬁt(éfwa'i'ele\ﬁfg!htcﬁ“ 2rxermngue 15 The
hydrochl ori de of the enantioner of configuration (S) is then obtained

by fol | owllge erfeobtpingd Sfidr @ ofi e enamtigmen op e igurapaciR) 1in dhe fom epa gvhite
534 859 (m Card theh %@SEé -of the enantiomer of configuration (S), also in the form of a

white meringue.

15 The hydrochloride of the enantiomer of configuration (S) is then obtained by following the
procedure described in patent specification EP 0 534 859 (Example 2, Step E).



"CLAIMS 1. Process for the synthesis of the conpound of forrmula (VII),
in racemc or optically active form CH30 ocx; JlaOCH3 CH30O 5
wherein R represents a hydrogen atomor a nethyl group, characterised
“in that the conmpound of formula (MIIl): CI130 CH30 (VIIl) Ois
reacted with the conpound of forrmula (IpX), in racemc or optically
active form in the formof the free base or a salt: OCH3 R ( |
(I'X), 10 xN ocH3 wherein Ris as defined hereinbefore, in the
presence of a salt of a transition nmetal or of a |lanthanide, 1in a
solvent, to yield the conmpound of focmuha&%X), in racemc or
optically active form -16- CH3O J:a 3 CH3OZ NN (X), N\HO
which is converted into the conpound of forrmula (VII) by the action
of a hydride donor agent.

1. Process for the synthesis of the compound of formula (VII), in racemic or optically

active form:
CH,O
OCH
I'{ l AN [ 3
CH,0 NN P (VID,
OCH,
O
5 wherein R represents a hydrogen atom or a methyl group,

characterised in that the compound of formula (VIII):

CH,O *
N
, . (VIID)
O
is reacted with the compound of formula (IX), in racemic or optically active form, in the

form of the free base or a salt;

OCH

\ 3
R
, | /[ 1X),

HN
{0 OCH,

wherein R is as defined hereinbefore,

in the presence of a salt of a transition metal or of a lanthanide,
in a solvent,

to yield the compound of formula (X), in racemic or optically active form:



“2. Synthesis process according to claim1l, characterised in that the
compound of 5 fornmula (I1X) is of configuration (S). 3. Synthesis
process according to claim2, characterised in that R represents a
-hydrogen atom and in that the product of the reaction of the
conmpound of forrmula (X) with the hydrijde donor agent is the conpound
of fornmula (XI), a particular case of the conpounds of fornula
(M1): CH3O OQﬁ@ CHIC) OCH3 1Z 1 N\/N(XI) 10 0O which may be

N- et hyl at ed toyi | vabradine of formula (1) ~H3ACHHCH3 113
CH3O N Q ~~\~N (t) ¥ S, whi ch may ptlcnaWIy be converted into

addi tion sal pharmaceyyi caly- ac tabl e aci dX),
'd\/ﬁ gmdb c aC| 7 suloggiyric acid,
acet acid, trifil uoroacetic acid, lactic acid,

sel ected fromhydro

15 phosphoric acid, v

pyruvi c acid, mal oni ¢ aci d, .ueC|n|c &kid, glutaric aC|d fumaric
acid, tartaric acid, mal ei ¢ acid, citric aC|d ascorbic -17- acid,

oxal i ¢ acygich @E&Wéﬁé&‘ iRBARd BorBfdithd (ﬁ%ﬁﬁlﬁlﬁ%‘im e a@ﬁérﬂoﬁ@@ydnde donor
canphoric acid, and into hydrates thereof. 4. Synthesis process
accordlngﬁﬁotclaln12 characterised in that R represents a nethyl

2. Synthesis process according to claim 1, characterised in that the compound of

5 formula (IX) is of configuration (S).

3. Synthesis process according to claim 2, characterised in that R represents a hydrogen
atom, and in that the product of the reaction of the compound of formula (X) with the
hydride donor agent is the compound of formula (XI), a particular case of the

compounds of formula (VII):

CH,O

3 o OCH;
CH,O N\/\/ﬁ | P [OCH3 (XD
10 ©
which may be N-methylated to yield ivabradine of formula (I):
CH,O o OO,
CH,O ‘N~\~//”\\V/?$ | ///[:cxn{ M,

which may optionally be converted into addition salts thereof with a pharmaceutically
acceptable acid selected from hydrochloric acid, hydrobromic acid, sulphuric acid,
15 phosphoric acid, acetic acid, trifluoroacetic acid, lactic acid, pyruvic acid, malonic acid,

succinic acid, glutaric acid, fumaric acid, tartaric acid, maleic acid, citric acid, ascorbic



"group, and in that the product of the reaction of the conpound of
formula (X) with the 5 hydride donor agent is then ivabradi ne of
formula (1), a particular case of the conpounds of formula (VIl):
"CH, O OCH3 CH30O Nom ~ (1), H OCH3 O which may optionally be
converted into addition salts thereof Mi7th a pharmaceutically
acceptabl e acid selected from hydrochloric acid, hydrobromc acid,

sul phuri Geagidalic 40dPhegRAQNIhoRE adid, BERichSsusHodic ddid hhdI@ARRERIC £id, and
acid, lactic acid, pyruvic acid, malonic acid, succinic acid,

gl ut ari c iawilydrétemtheicof.aci d, tartaric acid, maleic acid, citric acid,
ascorbic acid, oxalic acid, nethanesul phonic acid, benzenesul phonic
acid and canphoric acid, and into hydrates thereof. 5. Synthesis
process afCogyHigist @o@és@iaﬁédkdingh@rcﬂﬁhﬁﬂj siegadtdtisban theR ceipRunida afethyl
15 formula (1'X) is in racemc torm 6. Synthesis process _according to
claimb5, chasraenenfldethet thetpreducRot g reastinr of therppapoyehof Browia @ ifhthe
that 5t he pr flie Ociontope LEag! L Rjabltaﬁﬁiecgmgﬁlﬂga C¢), faor gH{cﬁla Qa dNihe
t he ~hydri de”donor ageﬁg I's the racem ¢ conmpound of” formul a ¥ , a
particul ar casgoahdd bformeaPviinds of fornula (VI1): -18- CH30O OCH3
CH3O/ 4 HI [/ (XIl), OCH3 0 which may be N-nethylated to yield the
racem c conpound of formula (XI11):

CH,0

- OCH;
&'3 | //[: O,
CH,O N ocH,

which may optionally be converted into addition salts thereof with a pharmaceutically
acceptable acid selected from hydrochloric acid, hydrobromic acid, sulphuric acid,
10 phosphoric acid, acetic acid, trifluoroacetic acid, lactic acid, pyruvic acid, malonic acid,
succinic acid, glutaric acid, fumaric acid, tartaric acid, maleic acid, citric acid, ascorbic
acid, oxalic acid, methanesulphonic acid, benzenesulphonic acid and camphoric acid, and

into hydrates thereof.

5. Synthesis process according to claim 1, characterised in that the compound of

15 formula (IX) is in racemic form.

6. Synthesis process according to claim 5, characterised in that R represents a hydrogen
atom, and in that the product of the reaction of the compound of formula (X) with the
hydride donor agent is the racemic compound of formula (XII), a particular case of the

compounds of formula (VII):



"CH3O OCH3 iH3 \ CHBO N~/N ( (Xill), OCH3 O the optical resolution
of which yields ivabradine of fornmula (1): CH3IOCH3 H3'l \ CH3O 1Z
Qr/ OCH3 (1), 5 0 which may optionally he converted into addition
"salts thereof with a pharmaceutically acceptable acid selected from
hydrochl ori ¢ acid, hydrobrom c acid, sulghuric acid, phosphoric
acid, acetic acid, trifluoroacetic acid, lactic acid, pyruvic acid,
mal oni ¢ acid, cguscinic acid, glutaric acid, ftunaric acid, tartaric

acid, maleic acid, ic_acid, ascorbic 10 aciegxQxaPttsacid,
met hanesul phoni ¢ a¢ Enze esulphoniééacid ajd canphoric acid, and
i nto hydrat egf fetrsg hesis_prggess/-aeor di to clai mgD,

characterised Pn tﬁ> ’ , Eﬂ(§§5Vﬁ%t group, a@dH{n that the
product of the reaction ¢ he conmpound of formula (X) with the

hydri de donor agent is the rgcem c conpound of fornula (XIIl), a
particul ar case of 15 the conpounds of formula (VII1): -19- CH3O OCH3

C H3 X I | whichi3€ayNbe\ Mhetsttdted td yield@he racemic compound of formula (XIIT):

CH,0

N [OCH3
|
CH,0 N~ P (XIID),
OCH,

the optical resolution of which yields ivabradine of formula (I):

CH,0 OCH

bt
CH,0 NN = O
5 0

which may optionally be converted into addition salts thereof with a pharmaceutically
acceptable acid selected from hydrochloric acid, hydrobromic acid, sulphuric acid,
phosphoric acid, acetic acid, trifluoroacetic acid, lactic acid, pyruvic acid, malonic acid,
succinic acid, glutaric acid, fumaric acid, tartaric acid, maleic acid, citric acid, ascorbic
10 acid, oxalic acid, methanesulphonic acid, benzenesulphonic acid and camphoric acid, and

into hydrates thereof.

7. Synthesis process according to claim 5, characterised in that R represents a methyl
group, and in that the product of the reaction of the compound of formula (X) with the
hydride donor agent is the racemic compound of formula (XIII), a particular case of

15 the compounds of formula (VII):



"the optical resolution of which yields ivabradine of formula (I):

CHO QCH3 H3 1 CHION-\/NOCI 131 ), Owhich may optionally be
_converted into addition salts thereof with a pharmaceutically 5
acceptabl e acid selected from hydrochl oric acid, hydrobrom c acid,

sul phuric acid, phosphoric acid, acettl®-acid, trifluoroacetic acid,

| actic acid, pyruvic acid, nmalonic acid, succinic acid, glutaric
acid, fumaric @gjad, tartaric acid, naleic acid, citriﬁ ﬁcid, ascorbic
acid, oxalic acid, ane quhonlc acig; benz GHi ¢ aci d and
canphoric acid, ang rates therjeof. 10|8. nt hesi s process
accordi ng tocany oOne i Té;)Alﬁg/ aractey| in that tfdlalt
of a transition netal ol a 1 ant harii de Used to carr9CBut the
reacti on between the conpownd of formula (VIII) and the conpound of
formula (1 X) is selected from copper(l) chloride, copper(l) brom de,
copper (1) iodide, yttriun(lIl) trifluoromethane- sul phonate,

| ant hanunthk loblicdl r¢sbluiion efethidneslds phbridire, of fomsdady:m un( 11 1)
trifluoro 15 nethanesul phonate, neodym un(l11)
trifluoromet hanesul phonate, samariun(lI1)

trifluoronet hanesybphonate, europiun(lll) tr|fluoronet§ esul phonat e,
gadolinium(111) trifNuoronethanesul phon ? er ?H3
trifluoromethanesul p s 0 spr05|un?? 1) |

trifluoromet hage \ ho},m u | 1)Ngri ane- O

sul phonate, erbiun(I1] i f | yor ofret hanesu phonate andotidt etium(111)
trifluoro- 20 nethanesul phonage. 9. Synthesis process according to
any one of clains 1 to 8, characterised in that the  solvent used to
carry out the reaction between the conmpound of formula (VII1) and the

which may optionally be converted into addition salts thereof with a pharmaceutically

5 acceptable acid selected from hydrochloric acid, hydrobromic acid, sulphuric acid,
phosphoric acid, acetic acid, trifluoroacetic acid, lactic acid, pyruvic acid, malonic acid,
succinic acid, glutaric acid, fumaric acid, tartaric acid, maleic acid, citric acid, ascorbic
acid, oxalic acid, methanesulphonic acid, benzenesulphonic acid and camphoric acid, and

into hydrates thereof.

10 8. Synthesis process according to any one of claims 1 to 7, characterised in that the salt
of a transition metal or of a lanthanide used to carry out the reaction between the
compound of formula (VII) and the compound of formula (IX) is selected from
copper(I) chloride, copper(l) bromide, copper(l) iodide, yttrium(III) trifluoromethane-
sulphonate, lanthanum(III) trifluoromethanesulphonate, praseodymium(Ill) trifluoro-

15 methanesulphonate, neodymium(IIll) trifluoromethanesulphonate, samarium(I1I)
trifluoromethanesulphonate, europium(III) trifluoromethanesulphonate,
gadolinium(I1I) trifluoromethanesulphonate, terbium(IIl) trifluoromethanesulphonate,
dysprosium(Ill)  trifluoromethanesulphonate, = holmium(Ill)  trifluoromethane-
sulphonate, erbium(Ill) trifluoromethanesulphonate and lutetium(Il) trifluoro-

20 methanesulphonate.

9. Synthesis process according to any one of claims 1 to 8, characterised in that the

solvent used to carry out the reaction between the compound of formula (VIII) and the



"-20- conpound of forrmula (I1X) is selected from al coholic sol vents,

di met hyl sul phoxide, N, N-di met hyl formam de and N-net hyl pyrrolidone.
11). Synthesis process according to any one of clains | to 9,
“characterised in that the hydride donor agent used to carry out the
conversion of the compound of fornmula {280 5 to the conpound of
formula (M1) is selected from sodi umtetraborohydride, sodium

cyanobor ohy qlnfund ¢ f&%m bR rs@fa@remo@lfﬂfaidoﬁ&@&qv&ﬂ@ cﬁfﬂ@@ﬂyﬁéul hoxide,
bor ane- di et hyl am ne. i npound of fornula (VI

(VI11). CHON- d@etlﬂ;@fob@am@@rqndu%dledfylmmm}rMbm (X), | n r acem c or
optically active form CH30 OCH3 CIBONN/ (X)> OCH3 NH O
wherein Ris as defined in claim1l.

10. Synthesis process according to any one of claims 1 to 9, characterised in that the
hydride donor agent used to carry out the conversion of the compound of formula (X)

5 to the compound of formula (VII) is selected from sodium tetraborohydride, sodium
cyanoborohydride, the complex borane-morpholine and the complex borane-

dimethylamine.

11. Compound of formula (VIII):

CH,0
N
~ (VIID).
CHSO]@Q \/\\N
O

10 12. Compound of formula (X), in racemic or optically active form:

CH,0
OCH
et
X,
CH,0 N\/\H/N ZNoch,
NH
0

wherein R is as defined in claim 1.




