"1 NEW PROCESS FOR THE SYNTHESI S OF | VABRADI NE AND ADDI TI ON SALTS
THERECF W TH A PHARVACUTI CALLY ACCEPTABLE ACI D The present invention
relates to a process for the synthesis of ivabradine of formula (1):
"CH~O OCCH3 N, H3 | 1%%%%’ C1130 N~~/ OCH3 O or

3-{3- [{[ ( WEW.RRQCER Jk'g@Ywaﬁﬁf@leV@F&\Pa‘lElABP ADDITIGN-SALY B [THERRQF }
(et hyl ) ani no] - WITH A PHARMACUTICALLY ACCEBTABLE ACID

propyl } -7, 8-di net hoxy-1, 3, 4, 5-t etrahydro- 2H 3- benzazepi n-2-one, 5
addition salts thereof with a pharnaceutically acceptable acid, and
hydrates thereof. Ivabradine, and its addition salts with a

pharmaceuti cal |y acceptable acid, and. nore especi.al its

hydr ochl of fgeFes fecyla reiﬁéwaemémﬁﬁ%fq%dyag\eg‘apf aﬁEya@H’&%@m‘#w):
properties, especially bradycardic properties, naking those conpounds
useful in the treatnent or prevention of various clinical situations
of nyocardi al iSddem a such as 10 angi na pectori myeeqr di al

infarct and associ at)e8 di sturbancgs, andral i’n various

pat hol ogi es i nvol vi oisturbanceb,3espeﬂiall 0
supravent ri cul@&t,O0rhyy a N he ?g re Thé’
preparation and therapeut\c e of ivabradine and its Ption salts
with a pharnmaceutically accapt abl e acid, and nore especially its
hydr ochl ori de, have been 15 @escribed in the European patent
specification EP 0 534 859.

or 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-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):



"That patent specification describes the synthesis of ivabradine
hydrochl ori de starting from the conpound of formula (I11): -2 Cct 3
(Ir), OCH3 which is subjected to a reduction reaction to yield the

“conmpound of forrmula (Ill): \ OCl13/ (111), HZN OCCH3 . "C which is
converted into the conpound of fornmula-fdV): \ OCH3 5 CH3HN OCF13
which is resolved to yield the conpound of fornmula (V): OCI13 CH,
IN QCH3 which is reacted with the conmpound gfyformula (VI): CH3O I
Q (VI) CHOO 10 to yield the go of formula (VTl): -3-

(I,

P NN
N 7 OCH

3

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

AN 3 '
| [ (Im),
HN =

. HCl

which is converted into the compound of formula (IV):

o OCH;
| P ),
S CH,HN OCH,
which is resolved to yield the compound of formula (V):
o OCH;
| P [ ),
CH,HN OCH,

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

CH,0 S

Ne ] (VD
CH,O
0

10 to yield the compound of formula (VII):



"CHID OCH3 CH3 \ CH3O Il / Nu), OCH3 O the catalytic hydrogenation
of which yields ivabradine, which is then converted into its

hydr ochl ori de. The di sadvantage of that synthesis route is that it
‘results in ivabradine in a yield of the 5 order of only 0.5 % In
vi ew of the pharmaceutical value of thig conpound, it has been
inportant to be able to obtain it by an effective synthesis process
resulting in iyghkradine in a good yield. The present invention
relates to a proce: synthesis of the 0 Bf  fornul a
(M11), inracemc xhly active?lHorrr gH30 B(VII(‘I&{I)I)’(
CH3O H OCH3 DK ed i n.thain_t hee Q of formul 611,
in raeenie oréig”tica y « \ﬂ#m\/ (A OGHy reacted with
t he conpound of fornula N\ -4- CH30 Ha

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 process for the synthesis of the compound of

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

CH.O

3 \ OCH
CH ~ ’
[ [ (VIID),
N /
CH,0 Nee ocil,
10 ©
characterised in that the compound of formula (II), in racemic or optically active form:

OCH,
=
| (1n
X
- OCH,

is reacted with the compound of formula (IX):



“(IX) CH30 O in the presence of a salt of a transition netal or of a
| ant hanide, in a solvent, to yield the conpound of forrmula (X), in
racem c or optically active form CH30 OCI13 CH3 \ CH30 X | N OCH3
() N1 50 which is converted into the conpound of forrmula (VITT)
by the action of a hydride donor agent4-1In a preferred enbodi nent of
the invention, the conpound of formula (I1) is in optically active
form nore especially of configuration (S). Thedgy oduct of the
reaction of the 10 c la (X) with the hydride donor
agent is then ivabradi ne of L ~parNicul arixgase of the
conpounds of formula (VI1] HR 4 CH30O OCH3 (t) which may
optionally be converted;?nto addit+oR\salts thereof with a
pharmaceutically acceptable acid selasted from hydrochloric acid,
hydrobrom c acid, sul phuric acid, 15 phosphoric acid, acetic acid,
trifl uor oades presenet af a palbef atransittbn petalriof adentbanidal oni ¢ aci d,

in a solvent,

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

CH,O

OCH
CH, N ’
CH,0 111 | Z (),
3 N " ' ~OCH,
NH
5 O
which is converted into the compound of formula (VIII) by the action of a hydride donor

agent.

In a preferred embodiment of the invention, the compound of formula (I) 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 OCH

CH, | \[ ’
CH,0 Ne N Pz o,

O

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
acid, oxalic acid, methanesulphonic acid, benzenesulphonic acid and camphoric acid, and

into hydrates thereof.



“succinic acid, glutaric acid, fumaric acid, tartaric acid, nmaleic
acid, citric acid, ascorbic acid, oxalic acid, nethanesul phonic

aci d, benzenesul phonic acid and canphoric acid, and into hydrates
“thereof. -5- In another preferred enbodi nent of the invention, the
conmpound of forrmula (I1) is in racemcsform The reaction of the
conpound of forrmula (X) with a hydride donor agent is then followed
by a step..0 ~ u

Obt ai e dﬁflne(no%tr %@i}err%& %ﬁlb'&i n?&t qf dthlgl\?% @ ngf? n{e}go n%ﬂo%ﬁ%faf()ﬁ&r% Cél)‘-% & in
OCH3 Cl-lii&dﬂﬁﬁlf&nﬁ Orhe I‘éa(ﬁm\t\rfoQﬂib caypaptioddadniia ) Wﬁh\ad’fyﬁﬁde ﬁﬁﬁcﬁ agent is
addi tion hﬁ thereof with a pharnaceutjcally acceptable acid

cel ect od th W&F‘ S¥R1 0 @f opbicel respfafantdhs eorpquad of fptpila § Ik eptgined in
phosphorr&k N N T@qg kﬁiﬂﬁbgwn& %hhﬂﬂﬂy@?etrc acid, lactic acid,

pyruvi c acid, ni succinic d glutarrc aci d, fumaric

acid, tartaric acid, maleic acid, citric acid, ascorbic 10 acid,

oxalic aci d, nekgﬁgesulphonrc acrd benzenesulphonre acid and

canphori c aci d into hydrates thereof. Anon he GGt s of

transition nmetals or Wani des thaﬂﬂﬁay befjused to carry out the

reaction betme¢ ¢ of fornulqg(ll and the conpound (Df

formula (IX), er e : eheth—W ut i yi @ny

limtation, copper(l) chloree, copper(l) brom de, 15 copper(l)

i odi de, yttrrun(lll) trrfluogﬁnethanesulphonate, | ant hanun(111)

trif} uoromet haue- sul phonat e, "praseodym un(111)

trifluoronet hanesul phonate, neodymunm(111) trifluoro-

met hanes ViR iBdYe opEenaly | henganvenicd fntp | ageitiormesalis fberaphithad @harmaceutically

eur opi unf( i t )

trifluor oa!r(r%%l%%%gr%ges%wﬁ%%g eﬁehiag{‘ b?H%F@P’)% ?ad ggllro'gfﬂrﬁ’@( gglh sulphuric  acid,
phosphoric acrd 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 carry 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(Il) trifluoromethanesulphonate, lanthanum(ill) trifluoromethane-
sulphonate, praseodymium(IIl) trifluoromethanesulphonate, neodymium(Ill) trifluoro-
methanesulphonate, samarium(IIl) trifluoromethanesulphonate, europium(IIl) trifluoro-
methanesulphonate, gadolinium(IIl) trifluoromethanesulphonate, terbium(IIl) trifluoro-
methanesulphonate, dysprosium(Ill) trifluoromethanesulphonate, holmium(IIl) trifluoro-
20 methanesulphonate, erbium(IIl) trifluoromethanesulphonate and lutetium(IIl) 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.



“met hanesul phonate, dysprosiun(l11l) trifluoromethanesul phonate,
hohniun(111) trifluoro 20 net hanesul phonate, erbiunm(l11l)
trifluoronethanesul phonate and lutetiunm(l11) trifluoro-

“met hanesul phonate. Preference is given to the transition netal salt
used for carrying out the reaction betwgen the conpound of fonrnda
(I'1) and the compound of formula (IX) being copper(l) chloride. -6-

Among t heAﬁBh et s%hzflﬂ?sttp or}?ngﬁ e?ldfio% Q%Ig?gﬂ% hﬁﬁ! thg r&"ého{xj Bgtvxye A6 <I%'ﬁ1pound

bet ween the c npoun € compoun ornu

(1'X) thers foamulze(Ieatd cnedompbdfiouf formgdd YIXQ theery niaynbé aﬁarmbned, without
al cohol i c IEiﬂvents especially nmethanol, ethanol and isopropanol; 5

- di met hy RN ABK liedaeB0) : “- NN-di et hyl f or mani de (DVF): -

N-net hyl pyrrol i daneg(chinc soRfeﬁEsg%\%géeiﬁu cHa¥§Ncthn d&l*&ﬁ??s%@i’o%{; olused

for carrying out the reaction e conpoun a (I1)
and $he conpound -of dinssthylisalphbxide BeMig)net hanol . 10 Among the hydride

donor agents that u for .car g out the conversion of the
conpound of formil a é&%’ ﬁﬁ%ﬁ% %ﬂgﬁﬁg of fornula (VI11) there may
be menti oned, mnth@qhmhg@bﬁbﬁgnQWNNﬂqntailon sodi um
tetraborohydrlde sodi um cyanobor ohydride and also the conpl exes

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

t he hydri donor. kL ing. out the c rsion_ of the

15 compodaBTes &t Bt 45 S e R uBsing fup PEFeR A BoRRR Y sifiyne
sodi um taftfpaRah ity sHd e copend dfffemsah N beinhaéthamy. be used for

carrying out the conversion of the conpound o formula (X) into the
conmpound of forrmula (VII1) there may be nentioned, w thout inplying

any lbi m t&tnioﬁg the hydride donor agents 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 limitation, sodium tetraborohydride, sodium cyanoborohydride and

also the complexes borane-morpholine and borane-dimethylamine.

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 limitation:
20 - alcohoﬁc solvents, especially methanol, ethanol and isopropanol;
- 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 synthesis intermediates in the chemical or pharmaceutical industry,
25 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 - al coholic solvents, especially nethanol, ethanol and

i sopropanol; - N, N-di nethyl formam de (DVF); N-nethyl pyrrolidone
(NMP). The conpounds of formula (X), in racemc or optically active
“form are new products which are useful as synthesis internediates
in the chem cal or pharmaceutical industry, 25 especially in the
synt hesis of ivabradine, addition salts thereof with a

phar maceutical ly acceptabl e acid and hydrates thereof, and as such
they forman integral part of the present invention. -7- The

Exanpl es NerEtanpdéohereihbslstribiserateh@e inveatidd.on.  Li st of abbreviations
used: IR infra-red EXAMPLE 1:

3-{3-[[(3, 4-di net hoxybi cyclo[4.2.0]octa-1,3,5--trien-7-yl)nmethyl]- 5
(met hyl) aning! BbRRYbnd udqdi Met hoxy- 1, 3, 4, 5-t et r ahydr o- 2H- 3-
benzazepi'n-2-one Step 1:

N-[ 3- (7, 8Rdimfet-tedxy - 2- oxo- 1, 2, 4, 5-t et rahydr o- 3H 3- benzazepi n-3-yl ) pro
pyl]-3,4- dinmethoxy-N nethyl bicyclo

[4.2.0]octa-1, 3,5-triene-7-carboxi m dam de Under nitrogen, 2 g (10.6
mml ) of ExAnipIEihoXy -mmﬁﬁke&&&%@a Bofectall, 8B kn-A9)methyl]-
carbonitriTe are dissolved in 10 m o t hanol . 'To the resulting
solu¥ion there are aduwghyllanging]gropyl}-h¥dimethozy-d fid.ddeteabylroekt-3-
copper(s) chloride (qyritg 99%@. Then 4.6 g (15.9 mmol, 1.5

equi val ents) of enzazepin-c-one

7, 8- di met hoxy- 3-[ 3- (net hyl am no) propyl ]-1, 3,4,5-tetra-

hydr o- 2H 3- benzazepi n- 2- one di ssolved in 20 m, of nethanol are added
dr opwi se.Stepiekit Nrig-(AB-¢imlethexyiZsoxoat 2idettictiaby drom [ a-braeazepinopprapyf 8.4-
0C is cargfj 13 hydeochl o5 | ,Gd4d.s added unti |
the pH | SeneRY o pRERAEN by Al R RaB T or 1o
deconpl ex the copper salts. The pHis then brought to 8 by adding 20

% aqueous
vaq Under nitrogen, 2 g (10.6 mmol) of 3,4-dimethoxybicyclo[4.2.0]Jocta-1,3,5-triene-7-

10 carbonitrile are dissolved in 10 mL of methanol. To the resulting solution there are added
1.3 g (12.7 mmol, 1.2 equivalents) of copper(I) chloride (purity 99 %). Then 4.6 g
(15.9 mmol, 1.5 equivalents) of 7,8-dimethoxy-3-[3-(methylamino)propyl]-1,3,4,5-tetra-
hydro-2H-3-benzazepin-2-one dissolved in 20 ml. of methanol are added dropwise.
Heating at reflux is catried 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 % aqueous
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 containing 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 j(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 mg
(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



“sodi um hydroxi de sol ution. The aqueous phase is extracted with

di chl oronet hane, dried over MgSH, filtered and then evaporated to
dryness. There are obtained 6.4 g of a brown oil containing 35 %
"expected product in adm xture with 21% starting anmne. This oil is

20 used without purification in the steg that follows. Step 2:
3-{3-[[(3, 4-di met hoxyhi cycl o[4.2.0]octa-1,3,5-trier-7-yl)methyl] (neth
y| )am no] - . . . .. . .

pr opy!| }- 7 Bt ABSRy™ °8 EPUUPREARS e g ot MRS Srineds Eed gy o
g of the 1 othicts. aht argpait phasSisepashedigthdivaisgldvied over Bl SOL, fifered and then
nmet hanol . 481 (12.7 |, 1.2 equival ent s% of .sodium .

t et r abor owa?r.atr}g tor éryyﬁ@nm%@earea?b%@ ot igr P BB 9ik Whiche i pyrgfiedo by flash
over ni ght i 'E _ 0 i .

nydr ot ae” T ABRERH hoTRAE ThaiEe EPail--BlepkBodtAdaUmAALLR: s0n10)
vi gof ous Blidare miengbtemed dra ged theititle grodiukd imtheufoes. of Thre oidy ghivhcrphiabises at
is washed wi.th water, dried over MgSHA4, filtered and then evaporated
to drynes¥l I§HdFBPHARIObt ai ned 6. 6 g of an oil which is purified by

Fl ash chromat ography on 300 g of silica (cluant =

di chl or onet hane/ et hanol / NHAOH: 90/ 10/1). 5 There are obtained 1.6 g

of the tiYickl pBdducaver Bstepe) f orm of an oil, which crystallises at

anbi ent t erature. Yigld = 33,% (over 2 steps) IR (pure): v = 1633,
831, 672 %’e%E‘kA‘@IQEé S, 672 &t

3-{3-[{[(78)-3, 4- D net hoxybi cycl o[ 4.2.0]octa-1,3,5-trien-7-yl] 10

nmet hyl ] (et hyl ) am no[ propyl ] -7, 8-di net hoxy-1, 3, 4, 5-t etrahydro-

2H 3- benzazepi n- 2-one hydrochloride 2.1 g of the racem ¢ conpound

obt ai ned | e Exa . separ at.ed .o 60 c 60

ol o pARetELEZ T S BRGNS 3 Puk ek B o Auser D brerier i e 20
pm 10The el uant usednbthyB(NethyWamifd]propyl}-7,8-dimethexy-1,3,4,5-tetrahydro-

et hanol /acetonitril e/ di etyﬁ§/l am ne (1(}})909){0% 1 by vol uxge) at a 15yf | ow
rate of 50 ml/min. TR 3skenepzepint2unerydypdilexideiet ector is used at a
wavel engt h of

2.1 g of the racemic compound obtained in the Example above are 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
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, Step E).



'280 nm There are obtained 0.95 g of the enantiomer of configuration
(R) inthe formof a white neringue and then 0.95 g of the
enantioner of configuration (S), also in the formof a white

‘meri ngue.

20 The hydrochl ori de of the enantionmer of configuration (S)

is then obtained by followi ng the procedure described in patent
specification EP 0 534 859 (Exanmple 2, Step E). 9  CLAIM 1.
Process for the synthesis of the conpound of formula (VIIIl), in
racem c or optically active form CI130"H3 OCH3 \ (M1IIl), CH3O/
OCH3 5 characterised in that the conpuadM®f fornula (I1), in racemc
or optically active form OCH3 (11) j OCH3 N is reacted with the

conpound

5

10

of formula (1X): CHBOC H3 N~~/NH (I X) CH30OO

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

active form:
CH.O
3 o OCH;
CH, | [
CH,0 Ne N v (VIID),

O

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

OCH

/ 3
| (I
P N
N OCH,
is reacted with the compound of formula (IX):
CH,O (‘:H3

N~ _-NH (IX)
CH,O

3

6]
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:

11\
\

\



‘in the presence of a salt of a transition netal or of a |anthanide,
10 in a solvent, to yield the conpound of forrmula (X), in racemc or
optically active form -10- CH3O OCH3 CH30O N~/NH (X), OCH3 NH O
"which is converted into the conpound of fornmula (VIII) by the action
of a hydride donor agent. 2. Synthesiggprocess according to claiml,
characterised in that the compound of 5 formula (I1) is of
configurationdph and in that the product of the reaction of the
conpound of formuNa_£X) with the hydride donor t O6&H;vabr adi ne of
formula (1), a pay ! ase of the s offformula (M I11):

H3 OCH3 i H3 :ﬂ%{}Q%gy e verted intadX),
rmacéut ig@al |y atCeptalgilg acid 10

addi tion sal ts3t

sel ected from hydrochl orte—4ci d, hydrobromi ¢ acid, sul phuric acid,
phosphoric acid, acetic aciy, trifluoroab®tic acid, lactic acid,
pyruvi c acid, malonic acid, succi ni ¢ acid, glutaric acid, fumari c

acl g tarmich Gs siviitedBi®itife @mhsbund ol themas (VIINASCAE RicGoR 6T 8 hy@X@d d6nor
aci d,

agent.

2. Synthesis process according to claim 1, characterised in that the compound of
5 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 (I), a

particular case of the compounds of formula (VIII):

CH,O

(le3 1 \[ 3
CH,O- NN P ®.

O
which may be converted into addition salts thereof with a pharmaceutically acceptable acid
10 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.

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 racemic form, to yield ivabradine of

formula (I):



et hanesul phoni ¢ aci d, benzenesul phonic acid and canphoric acid, and
into hydrates thereof. 15 3. Synthesis process according to claim1,
_characterised in that the conpound of formula (Il) is in racemc
‘form and in that the reaction of the conmpound of forrmula (X) with

t he hydride donor agent is followed by-ld-step of optical resolution
of the conpound of fornula (VIII) obtained in racemc form to yield
i vabr adi ne of @H@mula (1): -11- CH3O CCi 13 Cl 13 CHSQ@éHN /~I'N |

1), OCH3 O which onverted int it thereof with
a pharmaceutically @ pyabl enacid sel ec 3ed fr¢n1h drochloric acid,
hydr obr oni ¢ agjido—st ric adid, phospharigrachd, tic acid®b

trifluoroacetic acid, ic acid; pyruvi c’acid, mal onPeHaci d,

suecinic acid, glutarlc 57aci\d, fumaric acid, tartaric acid, mal ei ¢
acid, citric aC|d ascorbic agld, oxalic acid, methanesul phonic

acid, henzenesulphonic acid and canphoric acid, and into hydrates

t her eof . Whiclsmthesjosvemeddmssaddﬁmorsdﬁtm@er(eof with agrhernsdcentiillymedeptablSacid

characterl ed .i t t t al ; )
o o deiceedd s Maebogd Atit o A et i ShoPhofts atifuessti
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copper(l) chl ori de, copper (i) br omi , |od|de yttrlun( 1)
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trifl h h
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thereof.

4. Synthesis process according to any one of claims 1 to 3, characterised 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 selectéd from
copper(I)  chloride, copper(I) bromide, copper(l) iodide, yttrium(III)
trifluoromethanesulphonate, lanthanum(I1I) trifluoromethanesulphonate,
praseodymium(IIl) trifluoromethanesulphonate, neodymium(Iil) trifluoromethane-

sulphonate, samarium(Ill) trifluoromethanesulphonate, europium(Ill) trifluoro-

15 methanesulphonate,  gadolinium(III)  trifluoromethanesulphonate,  terbium(III)
trifluoromethanesulphonate, dysprosium(I1I) trifluoromethanesulphonate,
holmium(III) trifluoromethanesulphonate, erbium(Ill) trifluoromethanesulphonate and

lutetium(III) trifluoromethanesulphonate.

20 5. Synthesis process according to any one of claims 1 to 4, characterised in 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 sulphoxide,

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



‘sul phonate, samarium(111) trill uoronethanesul phonate, europiun(lll)
trifluoro 15 net hanesul phonate, gadoliniunm(I11l)

trifluoronethanesul phonate, terbiurn(lll)

“trifl uoronet hanesul phonate, dysprosiun(lll)

trifluoronethanesul phonate, holmun(llip) trifluoromethanesul phonate,
erbium(Hl) trifluoromethanesul phonate and lutetiun(lll)

trifluoronet t 2 % 1 S cgor di

one of clai m{ﬂ P&?Ag&%m@%h?ﬂaqgt g(r)rlggleeg ?ﬁ%ﬁa Or%(geiﬁl%s%fl@eg © udsoe 1‘%% Bobine-

carry out thdinfedaddmion. bet ween t he conpound of forrmula (11) and the

conmpound of formula (I X) is selected from al coholic solvents,

di met hyl sui phoxi de, N, N-di net hyl f ormam de and N-net hyl pyrroli done.

6. Synt hesi (g : [ .to 5,

char act or st o Eheay: o paueiGRSid Bl QURLOL AR PR ? ooy out

t he conversion of the conpound of formula (X) to the conpound of

formula (VIII )%ﬁ% sel ected from sodi umtetraborohydride, sodium-12-

cyanobor ohydride, "\{ he.conpl ex bor ane-nor phol i ne d tloeHonpl ex

- borane- di net hyl am : pound of f@yulfa lX), n racemc or
optically actjv Cl LO\CCH, H, O (X). NH X).
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