NEW PROCESS FOR THE SYNTHESI S OF | VABRADI NE AND ADDI TI ON SALTS
THEREOF W TH A PHARMACEUTI CALLY ACCEPTABLE ACI D The present invention
relates to a process for the synthesis of ivabradine of formula (1):

or 3- {34{e\ Eﬁ&E%s‘}-‘dH it mﬁﬁ’ﬁ’ééﬁg ®FQUABRAORHND ApBiTfor BhEFs TadkeoF

met hyl ) (et hyl)am nowgtgQ ARMACEUTICALLY ACCEPTABLE ACID
-7, 8-di met hoxy-1, 3, 4, 5-t et rahydr o- 2H 3- benzazepi n- 2- one, addition

salts t her eof mnth a pharmaceutically acceptabl e acid, and hydrates
thereof. lvabradine, and its addition salts with a pharnaceutically
acceptabl e acid, and nore especially its hydrochl oride, have very

val uabl e Phapresatliegntish rélags t&@ﬁm@w fof tHY SYRfekisOF ivabedsd ¢t fo¥mula (I):
bradycardi c properties, naking those conpounds useful in the
treatment or prevention of various clinical situations of myocardi al
i schaeni a such @g(;o anglna pectoris, nyocardial infarct and

- associated rhythmd bances and al so in varioue $lHggi es
i nvol ving rhythm di especi al | prave ul ar rhythm
di st ur bances, ) fe p 3 QN and (D,

t her apeutic use “of T ok _
- pharmaceutically acceptable—agid, and nore especially its
hydrochl ori de, have been. 15desg rlbed in the European patent
specification EP 0 534 859. That pat ent specification. describes the
synt hesi s of ivabradine hydrochlorlde starting fromthe.conpound of
formula- (I which i s subjected to a reduction

reacti onof ogyﬁ:‘ei{d(’/tghé ‘bémhﬂ?éb’lmycﬂ‘l{ﬂrﬁméc'@tll 3,p:trien-7-yljmethyl} (methyl)amino}- |

propyl}—?,S-dnmethoxy-l,3,4,5-tetrahydro-2H 3-benzazepin-2-one,

-5 addition salts thereof with a pharmaceutically acceptabte acid, and hydratcs thcre_of.

Ivabradme and its addmon salts w1th a pharmaceuncally acceptable acid, and more

espectally its hydrochloride, have very valuable pharmacologlcal and . therapeuttc_

propcrtles especially bradycardlc propertles makmg those compounds useful in the

treatment or preventton of various chmcal situations of myocardial ischaemia such as

10 angina pectoris; myocardlal infarct and assoc1ated rhythm disturbances, and also in vanous:

pathologies involving rhythm disturbances, especially supréventricul'ar‘i, rhythm

dlsturbances and in heart fanlure

‘The preparation and. therapeutic use of ivabradine and its addition salts with a

pharmaceutically acceptable acid, and more especxally 1ts hydrochlorlde have been

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

" That patent specification describes the synthesis of 1vabrad1ne hydrochloride startmg from

the compound of formula (ID:



OCH3 (I11), 0C113 which is converted into the conpound of fornmula
(I'V): OCH3 CH3HNOCH, 5 which is resolved to yield the conmpound of
formula (V): OCH, (V), CT 13HNOCH3 which is reacted with the conpound
of forrmla(VI) Cl 130 CH3O 5

OCH

/ 3
l[ (I,
N
=

F OCH,

~which is subjected to a reduction reaction to yield the compound of formula (III):

AN 3 | '
1 [ (IID),
, P
H,N OCH

HCI

which is converted into the compound of formula i(I'V)i

N OCH, | _
o B /[ v,
5 CH3HN. OCH, o ,
which is resolved to yield the compound of formula (V):
OCHs |
| '/[ ).
CH,HN | OCH,

which is reacted with the compound of formula (VI):

CH,O =
N~ (VD)

CH.O
0

10 to yield the compound of formula (VII):



(M) the catalytic hydrogenation of which yields ivabradi ne, which
is then converted into its hydrochloride. The di sadvantage of that
.synthesis route is that it results in ivabradine in a yield of the
order of only 0.5% In view of the pharpaceutical value of this
conpound, it has been inportant to be abte o obtain it by an
effective synthesis process resulting in ivabradine in a good yield.
The present in (on relates to a process for the syptpesis of the
conmpound of formul in racem c ©H, Optt active form 10

& al
OCH3 0C113 (VIIl), acte ised in thht the ';]orrpound of for 112
(11), in racedil® orNopti cal | ynactive Y (TR0 jjS reacte

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

hydrochloride.

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

5 order of only 0.5 %.

In view of the pharmaceutical value of this compound, it has been important to be able to

obtain it by an effective synthesis process resulting in ivabradine in a good yield.

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

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

CH,O | : : : " OCH

\ 3 :
™ [ (v,
CH,0 NN = OCH, |

10 | 0
characterised in that the compound of formula (II), in racemic or optically active form:

OCH, :
= | :
| (In

N
OCH,

is reacted with the compound of formula (IX):



-4- in the presence of a salt of a transition netal or of a

| ant hanide, in a solvent, to yield the conmpound of fornmula (X), in
racemc or optically active form which is converted into the
conmpound of forrmula (VII1) by the action of a hydride donor agent. In
a preferred enbodi nent of the invention?the conmpound of forrmula (11)
is in optically active form nore especially of configuration (S).

The product of the re@qﬂ)on LQconpound of CHornula (X) with the
hydri de donor agent is £ her Y & of forrmlléH(I) a particul ar
case of the conpounds of fo A (V1IN (1X)

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:

CH.O

, ~N
3 ) N\/\/ " SOCH '

NH
- which is converted 1nto the compound of formula (VIII) by the action of a hydride donor

agent

In a preferred embodiment of the invention, the compound of formulé (II) is in optically
active form, more especially of configuration (S). The product of the reaction of the
10 -compound of formula (X) with the hydride donor agent is then ivabradine of formula (I), a

particular case of the compounds of formula (VIII):

CH,O

L
CH,0 Nee NN 7 @
o]

which may optionally be converted into addition salts thereof with a pharmaceutically
~acceptable acid selected from hydrochloric acid, hydrobromic acid, sulphuric acid,

15 : phosphoﬁc acid, acetic acid, trifluoroacetic acid, lactic acid, pyruvic acid, malonic acid,
| sucqinic acid, glﬁtaric acid, fumaric acid, tartaric acid, maleic acid, citric acid, ascorbic
acid, oxalic acid, methanesulphonic acid, benzenesulphonic acid and camphoric acid, and

into hydrates thereof.



whi ch may optionally be converted into addition salts thereof with a
pharmaceutically acceptable acid selected from hydrochl oric acid,
hydrobrom ¢ acid, sulphuric acid, 15 phosphoric acid, acetic acid,
trifluoroacetic acid, lactic aC|d pyrUV|c aci d, mal oni ¢ aci d,

succinic acid, glutaric acid, funarlc aerd, tartaric acid, naleic

acid, citric acid, ascorbic aC|d oxalic aC|d, nethanesulphonic aci d,
benzenesuhphmnh@-pe&@ednﬂn@ﬁmm&mrﬁ&ﬂﬁmkﬂemﬂﬂdthmEOmbymﬂhbﬁﬁmhhﬁaQH}isin
-5- In another preferred enbodi nent of i nventjon, e ound of
formul a (Tae§micsormy. Theeastion of the cmowgéeﬁe fo élﬁ“@f@)ﬁ’é‘ﬂb%gﬁ Qgor agent is
formul a (ghbn wildiva Bbsl6r JANAT 1c301Eby bP ik RBMRbAL] VBB (316 @&aﬁated in
optical resolution e npound ?ornu ) obtained

racem ¢ fmcemictforny) telyield vabraiiens fofmflar(hul a (I). S OCH3 OCHB Whl ch
may optionally be converted into addition salts thereof with a
pharmaceutically acceptable acid selected from hydrochl oric acid,
hydrobrom c aci &u,eul phuric acid, phosphoric acid, acetic acid,
trifluoroacetic acio 3 aC|d pyruvbg acid, ¢ cid,

succinie acid, gluta Ay umari c acl artpric acid, maleic

acid, citric acHgb ;ng/»QigLN o ncsulphonﬁ%

aci d, benzenesulphonl acid apd canmphofic atid, and i nP&thydrates
_thereof Anong the salts of transition metals or of |anthanides that
may pe used to carry out the rgaction between the conmpound of formula
(I'")"and the conpound of fornmula (ix), there

which may optionally be converted into addition salts thereof with a pharmaceu’ucally

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.

Among the salts of transition ‘metals or of lanthanides that may be used to éarry out the
reaction between the compound of formula (II) and the compound of formula (IX), there

may be mentioned, without implying any limitation, copper(I) chloride, copper(I) bromide,'

15 copper(l) iodide, yttrium(III) trifluoromethanesulphonate, lanthanum(III) trifluoromethane-
sulphonate, praseodymium(IIl) trifluoromethanesulphonate, neodymium(Ill) trifluoro-
methanesulphonate, samarium(IIl) trifluoromethanesulphonate, europium(Iil) trifluoro-
methanesulphonate, gadolinium(Ill) trifluoromethanesulphonate, terbium(I1I) trifluoro-
‘methanesulphonate, dysprosium(1II) triﬂuorbmethanesulphonate, holmium(III) trifluoro-

20 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 (II) and the compound of formula (IX) being copper(I) chloride.



may be nentioned, wi thout inplying any limtation, copper(l)

chl oride, copper(l) brom de, 15 copper(l) iodide, yttriun(lll)
‘trifluoronet hanesul phonate, lanthanun(Il11) trifl uonmet hanesul phonate,
praseodym un(l11) trifluoronmethanesul phonate, neodym unm(111)

trifl uor onet hanesul phonate, samariun(l19y trill

uor orret hanesul phonat e, europiun(l11) trifluoronethanesul phonate,

gadol i ni usfdohf xhd solf/éms)t}mrratalyaxeesed firanatmg duethd reagtidn l)etween the compound

oo g b ot R k) (139 s, my be mentoned, without
20nmet hanegi) gg Al §mitkiBhun(111) trifluoronmethanesul phonatc and
Iutetlun(lllg’ I Iuoro- nmet hanesul phonate. -6- Anobng the sol vents
that may be used forlwhpliysagentyespcemllyeachimoh digneband sberopambound

ment boned i thout IHBFYY RN de P Fon. (o Lo o T P

al cohol i ¢ sol vents, Nﬁﬁgﬁﬁkﬁbhﬁnﬂﬁhﬂ@wghﬁ?ethan0| and |sopropanol 5-
di et hyl sulphOX|de (DVS0) ; "N, N—dlnethylfornanlde (DVF) ;

N—nethylpyrrol|doneﬁ(mwﬁWhnpﬂéﬂbn@ﬁﬁkﬂﬂs given to the sol vent used
for carrying out the reaction between the conpound of fornmula (11)
~and the compound of fornmula (1X) being nmethanol 10Anong the hydride

donor agepeferédiatis BR¥%n 86 thes@tehOlisedabi G‘cirg@hg)bhit thé feacO6Y Bt onthefcoipdund
conmpound of formula (X) into the conpound of formula (VIII) there may

“be nent i orfdarmylat(Hpeand thwpmpﬁgn%ﬂﬁlformﬁiat(m bring msthagal-

t et rabor ohydri de, sodi um cyanoborohydride and al so the conpl exes

bor ane- nor phol i ne and bor ane- di net hyl am ne. Preference is given to—— —

t helbydr i Asodgnies hadréde dammedgéns taniayi gusedtiot barydogwet gieanneérsionef the

15conpound of f la (X) _int h VI [

sodi Lrﬁq »l[J é%ogrg}%lpg &pm&a)@(‘) mtg tLe 201(1:18&11)1? Qfd fonnuI O(r\F?Ilf) a%hegre ma§) bebl%leggoned,
without implying any limitation, sodium tetraborohydride, sodium cyanoborohydride and

also the complexes borane—mofpholine and borane-dimefhylamine.

Preference is given to the hydride donor agent used for carrying out the conversion of the
15 compound of formula (X) into the compound of formula (VIII)' being, sodium

tetraborohydride.

Among the solvents that may be used for carrying out the conversion of the compound of
formula (X) into the compound of formula (VIII) there may be mentioned, without
~ implying any‘ limitatién: | |
20 - alcéholic solvents, especially methanol, ethanol and isopropanol; - R
- N,N-dimethylformamide (DMF); | |
- N-methylpyrrolidone (NMP).

The compounds of formula (X), in racemic or optically active form, are new products

which are useful as synthésis' intermediates in the chemical or pharmaceutical industry,

25 especially in the synthesis of ivabradine, addition salts thereof with ka pharmaceutically
| acceptable aci‘d and hydrates thereof, and as such they form an integral part of the present

invention.



Anong the solvents that may be used for carrying out the conversion

of the compound of fornmula (X) into the conmpound of fornmula (VIII)
there may be nentioned, without inplying any Iimtation: 20-

al coholic solvents, especially methanol, ethanol and isopropanol; -
N, N- di et hyl f or mami de (DMF); - N-nethyl pyrrolidone (NMP). The

conpounds of formula (X), in racemc or optically active form are

new products whi ch are useful as synthesis internediates in the

chemi cal L har Utl%gLﬂ dustr 25 espeC| ally in the synthesis

of ivabradPhExamyg "YQ“@‘H@P in§ERtena phar maceuti cal |y

acceptabl e acid and hydrates thereof, and as such they form an

integral part of the present invention. The Exanpl es hereinbel ow

i |'lustrat bist bfeabhw‘éaﬂﬁdrmmsed.i st of abbreviations used: IR infra-red
EXAMPLE 1IR LJ(B 4- di met hoi cybi eyel 0[4 2.0jueta-1,3,5-trien-7-yl
met hyl ] mira-r

S(net hyl)am nolpropyl}- 7 8- di nmet hoxy- 1, 3, 4 5-tetrahydro- 2H 3-

benzazepl n- 2-ope Step 1:

NA3- (7, 8- BXAYIREN/10- ax{a- I3A- dl,n&—thexmqm{é%hlQct3=lbéﬁitaxpeﬂ—ﬁl)mﬁslmb}~op
yl]

di me?hoxy N- et hyl bi C%Ft&[’lﬂaﬂn’b‘}]%‘f@d}l?i'? %’W‘?’tp%Wel’% d%lt%&hyr%raaﬂée :
‘Under nitrogen, 2 g (bbafazepmld-oné

3, 4- di met hoxybi cycl o[ 4. 2. 0] oct a- 1, 3, 5- trlene 7- 10 carbonitrile are

di ssolved in 10 mL of methanol . To the resul ti ng solution there are
added 1.3¢g. (12 iyal ) i .
(purity 9%—%—1- {37 L} égu&etﬁciégg o 8! 1?2&? tgf?éfnhd&l? §|b):3x2%9!f\;9£ 3d}q)propyl] 3.4
7, 8- di met dimeyhdd3V{mehiplcaoiof) Piainy 13; Sltrﬂsné—75c-alrl(a¢mmmmnde 2H 3- benzaz
epi n-2-one dissolved in 20 nL of nmethanol are added dropw se. heating
at reflux is carried out for 24 hours. Cooling to OCis carried out,
concent r afjRder %ﬁr@éﬁroﬂﬁf({ﬁb% ﬁﬁhcﬁ)'& %‘iﬂgﬁlnét!ﬁﬁﬂylbl @ﬁ)[@b’lopo%tazl@rﬁjmene -7-
stirring 1s carried out 10 mnutes in order-"to deconpl ex

copp@r satarkonitFile apHlissolvddeim wmugiﬁmctbal&lbi]o datdienglting sobutiqu élaare are added

- sodi um h | Th Pphasg | t ed wi t.h
i ehl or onEo A7 P der NGUBRS B oBPaD aho e P Spey speden 46 &
dryness. (B&r@nwile 100eqhiNen®) 4 97, 9iBetBboMB-[0l(nec@BMAinB )83 P 1 F4,5-tetra-

expected product in adm xture Wi th 21% starting amne. This oil i s
‘ hydro-2H-3-benzazepin-2-one dissolved in 20 mlL of methanol are added dropwise.

Heating at reflux is carried out for 24 hours. Cooling to 0°C is carried out, concentrated

15 “hydrochloric acid is added until the pH is 2 and stirring is carried out for 10 minutes in
order to decomplex the copper salts. The pH is then brought to 8 by adding 20 % aqﬁeous

sodium hydroxide solution. The aqueous phase is extracted with dichloromethane, dried

over MgSQy, filtered and then evaporated to dryness. There are obtained 6.4 g of a brown

- oil contéining 35 % expected product in admixture with 21% starting amine. This oil is

20 used without purification in the step that follows.

Step 2: 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 |

6.4 g of the product obtained in Step 1 are dissolved in 65 mL of methanol. 481 vmg
(12.7 mmol, 1.2 equivalents) of sodium tetraborohydride are then added at 25°C. Stirring is

25 carried out overnight at ambient temperature. 26 mL of 20 % aqueous sodium hydroxide



20used without purification in the step that follows. Step 2: 3
-{3-[[(3, 4-di met hoxybi cycl o _

[4.2.0locta-1,3,5-trien-7-yOret hyl | (net hyDam no

propyl)-7, 8-di net hoxy-1, 3, 4, 5- tetrahydro 2H 3- benzazepi n- 2- one 6.4
g of the product obtained in Step 1 are 8di ssol ved in 65 nL of

met hanol . 481 ng (12.7 mml, 1.2 equival ents) of sodium

t et rabor omwdrﬂmdar(}é) mherf d&ﬂﬂmdmthaﬁs Gre Stded mhdyigosodstaring esdeaoid out for

over ni ght _at  anbi tenperature. 26 ni) % a
Py ox i delS IS | i B EhaEne HEs i s s e S0 S et Dy then
Vi gorous Shihbfatdd9td ﬁrﬁl%sr IafrOube t)gfanijeﬁ Fbsi®San dewRaanI Iﬁlrm&és@ 'ﬂ%sh

washed with water, dried over MgSH, filtered and then evaporated
dryness. dftremetogra@hmbtnamibgl 06 stlicg (efuaan= allthlutmtﬂmans/eﬁmnpmedOHy 90/ 10/ ).

flas romat ogr a of

di onf or onL AL D0 BRI gifes oo d ot IS HE Ao pE apusl i grogtefis
the titl eyppiefiepbinifie formof an oil, which crystallises at
anbi ent tenperature. Yield = 33 % (over 2 steps) IR (pure): v =1
831, 672 cml. EXAI\/PLE 2: 3- (3 1{1(7S) 3,4-Di m t hoxybi cycl o[ 4. 2. 0.

ta-L3, 5-t
10i net hyI?l(eﬁd;etgfzny )(%Vreélznsgipp)r opyl}-7, 8-di net hoxy-L3, 4, 5- tetrahydro-

2H 3- benzgez@hid): ¥=0183 hgAr, gehkgerlide 2.1 g of the racem ¢ conpound
obtained in the Exanple above are separated on a 60 cm x 60 mm col um
packed with:2.1 kg of Chiral pak AD phase (particle size 20 um). The
eluant used is a mxture of ethanol/acetonitrile/diethylamne
(10/90/0.1 by volune) at a

EXAMPLE 2: 3-{3-[{[(7S)-3,4-Dimethoxybicyclo[4.2.0]ecta-1,3,5-trien-7-yl]-
10 . methyl}(methyDamino]propyl} -7,8—dimeth0xy—1,3,4_,5—tetrahydr0-

633,

2H-3-benzazepin-2-one hydrochloride

2.1 g of the racemic compound obtained in thév Example above are separated on a 60 cm X
60 mm column paéked with 2.1 kg of Chiralpak ® AD phasé (particle size 20 pum). The
eluant used is a mixture of ethanol/acetonitrﬂe_/diethylamine (10/90/0.1 by volume) at a
15 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
meringue and then 0.95 g of the enantiomer of configuration (S), also in the form of a

white meringue.

- 20 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, Stép E).



15flow rate of 50 nmL/m n. The associated ultra-violet detector is
used at a wavel ength of 280 nm There are obtained 0.95 g of the
.enantionmer of configuration (1) in the formof a white neringue and
then 0.95 g of the enantionmer of configuration (S), also in the form
of a white meringue. 20The hydrochl ori d@-of the enantiomer of
configuration (S) is then obtained by follow ng the procedure
described in patent specification EP 0 534 859 (Exanple 2, Step E).
-9- CLAIMS 1. Process for the synthesi f. the conpound of fornula
(VIT'1), inracemc or optically actié’—‘é&%& 0 5characterised in
that the conmpound of forrmula (I1), in racemc or optically active
form OCH3 (11)

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

active form:
CH,0
OCH
abeh
N _ (VIID),
CH,0 | Nee o,
0
5 characterised in that the compound of formula (II), in racemic or optically active form:
OCH,
~
| _ (In
/ NN
F OCH,

is reacted with the compound of formula (IX):

CH.O : , (|3H3
Ne_~"~_~NH (IX)

CH,0

o

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

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



OCH3 is reacted with the conpound of fornula
presence of a salt of a transition netal
.sol vent,
optically active form
formula (VI11) by the action of a hydri-4&

or of a | anthanide,
to yield the conmpound of formula (X),
which is converted into the conpound of .
donor agent.

in the
10in a

(1X) 0

in racem c or

2.

Synt hesi s process according to claim1, characterised in that the

conpound of 5f@Hg a (11)

product of the reacCtFen he conpound

is of configuration (S)

hydri de donor agen

vabr adi ne of for[mil a

of the conpowi]e0
addition salts thereof
sel ected from hydrochl oric agi d, hydrobro

la (YL11)1~_0

phosphoric acid, acetic acidotrifluoroacetic acid,
d, ) glutaric acid, C
t ar whichds geierteddntei the gemgound of foemals (/111 by sho peticaceion hydeide donor
met hanesul phoni ¢ aci d, benzenesul phoni ¢ acid and canphoric

pyruvic acid, malonic acid, succinic acid,
- acid,
aci d,

acid, and

A4t o hydr at es t hereof.

2.

A\th & pharnmaceutic@ally accepta

and bﬁ t hat the
f ormf P wWth the
(1), a pparticular e
ma n¥ rted iﬁ?g
s3acid 10

acid, sul phuric acid,
lactic acid,
fumaric

Synthesis process 'acco_rding “to claim 1, characterised in that the compound of

formula (II) is of configuration (S), and in that the product of the reaction of the

compound of formula (X) with the hydride donor agent is ivabradine of formula (), a

particular case of the compounds of formula (VIII):

OCH

s

W,

\

OCH

~ which may be convér“ced into addition salts thereof with a pharmaceutically acceptable acid

10 selected from hydrochloric ac'id,b h'ydrobrdmic acid,

acid, trifluoroacetic acid, lactic acid, pyruvic acid

Suvlp”huric acid, phosphoric acid, acetic

, malonic acid, succinic acid, glutaric

acid, fumaric acid, tartaric acid, maleic acid, citric. acid, -ascorbic acid, oxalic acid,

methanesulphonic acid, benzenesulphonic acid and vcamphori'c acid, and into hydrates

thereof.

15

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

formula (II) is in racemic form, and in that the reaction of the compound of

formula‘(X) with the hydride donor agent is followed by a step of optical resolution of

the compound of formula (VIII) obtained in

formula (I):

racemic form, to yield ivabradine'of



153. Synthesis process according to claiml, characterised in that

t he conpound of fornula (Il) is in racemc form and in that the
.reaction of the conmpound of formula (X) with the hydri de donor agent
is followed by a step of optical resolution of the conpound of
formula (MI11) obtained in racemic formlto yield ivabradine of
formula (1). 0 which may be converted into addition salts thereof
wi th a pharnaced@Ht,Qal |y acceptabl e acid selected from gﬁOCh|OrIC

aci d, hydrobrom c acy uric acid, @@psp.nr.c acetic acid,
trlfluoroacetlc acid tic agid, pyruvifc’ ac d,{nal nlc aci d,
succini c aci d,Cgla i

k\LurnQLyN cya, cid, ng}elc
acid, citric acid, |d oxal Ic acrd, nethane§%¢€hon|c aci d,

benzenesul phoni c acid and ca hori ¢ acid, and into hydrates thereof
4. Synthesis process accordingto any one of clains 1 to 3,

characterised in that the salt of a transition metal or of a
| ant hani dwhigheway be eanviesteduntto additipr aaltsi therepfovitle 8 phatmeaceicahp eaerptable acid

copper ( 1) S ek SRSy RiR 144 spliyBE P PlipphPR acid. acetc
trifluor omedhaifhruiebonatid, ladt it yWyhklit ktid derioneid anesnit plat) ailetaric

praseodym um(LI1) trlfluoronethanesulphonate neodym un(|l11).
trifPuor ofdfhiyBarig @Fﬁhdﬁ’ﬁr&c aglgmﬁaq glﬁ-((pqlq‘l) citric aci ascorbic acid, oxalic acid,

trifluoro e trif
ot hanoEfHIABGRBHCAROBAS befAh ORI HElq %%lsr%ﬂ&%%ﬂ%&m aidnand o Brdees

(rer) trﬂmhmﬁoronethanesulphonate dysprosiun(l11)
trifl uoromet hanesul phonate, hol mi un{111) trifl uor omet hanesul phonate,
erbiun(l11) trifluoronethanesul phonate and lutetiun(lIl)

trifluor OXT'Et banpsid pReBAtReording to any one of claims 1 to 3, characterlsed in that the salt
of a transition metal or of a lanthanide used to carry out the reaction between the

10 'compound of formula (II) and the compound of formula (IX) is selecte'd from
copper(I)  chloride, copper(I)  bromide, copper(I)  iodide, - _yttrium(III)
trifluoromethanesulphonate, lanthanum(I1I) triﬂuoromethanesulphonafe,
praseodymium(IIl) trifluoromethanesulphonate, neodymium(IIl) trifluoromethane-

sulphonate, samarium(III) triﬂuoromethahesu_lphonate, ~ europium(IIl) trifluoro-

15. methanesulphonate,  gadolinium(Ill)  trifluoromethanesulphonate, terbium(I1l)
trifluoromethanesulphonate, dysprosium(IIl) triﬂuoromethanesuiphonate,

holmium(Hil) trifluoromethanesulphonate, erbium(IIl) trifluoromethanesulphonate and

lutetium(11I) trifluoromethanesulphonate.

20 5. Synthesis process according to any one of claims 1 to 4, characterised ih‘that the
solvent used to carry out the reaction between the compound of formula (II) and the
compound of formula (IX) is selected from alcoholic solvents, dimethyl sulph(')xide,

N,N-dimethylformamide and N-methylpyrrolidone.

6. Synthesis process according to any one of claims 1 to 5, characterised in that the
25 hydride donor agent used to carry out the conversion of the compound of formula (X)

to the compound of formula (VIII) is selected from sodium tetraborohydride, sodium



205. Synthesis process according to any one of clains 1 to 4,
characterised in that the solvent used to carry out the reaction
. between the conpound of fornmula (I1) and the conpound of fornula (IX)
is selected from al coholic solvents, dinethyl sul phoxide,
N, N - di met hyl f or mani de and N-net hyl pyr rb}-i done. 6. Synt hesi s
process according to any one of clains 1 to 5, characterised in that
t he 25hydri deyadob@ohpdreie! theedoinplaxarboyarehotphelic®nyel sthen cohpleRe borane-
cormpound of forrmula (X) to the conpound of forrmula (VII1) is selected
from sodi um $EIYRBRYdr i de, sodi um -12- cyanoborohydri de, the
conpl ex bor ane- nor phol i ne and the conpl ex boranedirnet hyl am ne. 7.
Compound of formula (X), in racemc or optically active form

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

CH,O

3 \
CH,0 111 _ NG )
T3 ‘ N\/\/ : OCH3

NH



