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)4, 5- di net hoxy- 1. (et hyl an ﬁ%ﬂé?ﬁil 5°’ 82n§i(HII\IulllllﬂllillllHIlu\llNI\lllll
e and addition salts ther eof an appl i catl on [ n
nrt hesi.s ,of téabﬁr 3&" %ﬂ ag\llt S reo yclobutane
oPdglﬁ?ls%?é% e ﬁﬁd ? oglw “Ié o(sl?salts thereof
(15~-4 5-di rret hoxy ﬁrne%%yfféﬁx benzocycl obut
ane and addition salts thereof, and to the application

thereof in the synthesis of i vabr adi ne and addition
The pir¢sentt Invertdn weleths do pharovesse firi thal $yptheais cefp (labHdes- -dimethoxy-1-

(m%@}irld' j Sqwgnryz)-g eCI I S?L{Szli.ryet qpfglhzagi rq%zs:ﬁrl]tg f&nve L (P to the application
thefé@ﬂ'ﬂ? sgﬁ&fthefsﬁrdllilvﬁ‘brﬁéiﬁe Qhd AR Wakd 'tlfé?ec(f%vl)th %N‘Ihaceutlcally

addition salts thereof wth an acid
aﬂﬁ%@bb@mﬂound of formula (1) obtained according to the
process of the invention is useful to in the
synthesi s of ivabradine of formula (I1) OCH3 OCH3 or
Mo3e & cEfic[a(l}S)ch fles Bl TR BROHD k<l xe %4& §r&1=,§%cf<ﬁ the Syathekis of the
- nethyl (met hyl ) am no] propyl } " -7,

COWP%WI (TBofxcomfigutation (Br:0- 2H 3- benzazepi n- 2- one,
addltlon salts thereof with a phagpgpceutically
acceptabl e acid, and hydra reof. 15 lvabradine,
and addition salts therkof| with| a pharnacé tically
accept abl e aci dg,Nand e—gspecially its
hydr ochl ori de, have Very val ableo@ngnacological and
therapeutic properties, especially bradycardic
properties, making those conpounds useful in the
treatment or prevention of various clinical situations

andpddiion salshgreof wethag e such as

The compound of formula (I) obtained according to the process of the invention is useful

in the synthesis of ivabradine of formula (I) :

CH,0 OCH

(I,

CH, | \[ ’
CH,0 NN =

or 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 H-3-benzazepin-2-one,

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

Ivabradine, and addition salts thereof 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

LT
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~ "@0002* -2 angina pectoris, myocardial infarct
and associ ated rhyt hm di sturbances, and al so of
vari ous pat hol ogi es invol ving rhythm di sturbances,
especi ally supraventricul ar rhythm di sturbances. The
preparation and therapeutic use of ivabradine and
addition salts thereof with 25 pharnaceutically
acceptabl e acid, and nore especially its
angisislpeabiq Ihh}dﬁardi‘tﬁl\fﬁfaheaﬁd gescinteb el thin difterbbdeepedlso of various
ggtent specification EP_O0 534 859. That patent
patgplogiesi clavoyined e Buithm e sdityebangess hespesiadly t pravsapisulg rhythm
la (1) by reduction of the racemc nitrite of
dlsgjrbé&Fgu(l 1)  OCH3 OCH3 N 10 using BH3 in
tetrahydrofuran, followed by addition of HO to yield
the hydr ochl ori de of the racem c_am ne of formul a

Thexiigpipiicth and. BEARRIICoHSS AL dVATRdIBR BH AGHION Sy fhfre@f with 2
phéﬁﬁacghgally acceptable acid, and more especially its hydrochloride, have been

described in the European patent specification EP 0 534 859.

That patent specification describes the synthesis of the compound of formula (I) by

reduction of the racemic nitrile of formula (III) :

o OCH;

| am
=
OCH,

7
N/

using BHj in tetrahydrofuran, followed by addition of HCI to yield the hydrochloride of

the racemic amine of formula (IV) :

OCH,
=
Iv),
H,N X
OCH,
which is converted into the carbamate of formula (V) :
OCH,
=
H | W)
EtO N .
T OCH,

O

before being reduced to form the methylated amine of formula (VI) :



OCH3 OCH3 OCH3 (V) O 15 before being reduced to form
the nmethylated am ne of formula (VI) -3 MHN OCH3
OCH3 the resol ution of which using canphorsul phonic
acid yields the conpound of formula (1). That method
has the di sadvantage of yielding the conmpound of
formula (1) in only a very | ow yield of from2 to 3 %
5 That very lowyield is due to the lowyield (from4
to 5 % of the step of resolution ofHf he secondary
am ne of formula (VI). |p-view t he” phar maceut i cal
val ue of ivabradine and jitg salt|s, it hg¥npeen

i nperative to b&ealy obfay he conpound of
formula (1) by an effective industQG® process, and
especially in a good yield and with excellent chem cal
and enantioneric purities. to The Applicant has found,

that is rruc nor. e a eous to .C
SHEhi! P b bRk o ARG KRR P g i e
(1V).
That method has the disadvantage of yielding the compound of formula (I) in only a very
low yield of from 2 to 3 %.

5 That very low yield is due to the low yield (from 4 to 5 %) of the step of resolution of the

secondary amine of formula (VI).
In view of the pharmaceutical value of ivabradine and its salts, it has been imperative to be
able to obtain the compound of formula (I) by an effective industrial process, and

especially in a good yield and with excellent chemical and enantiomeric purities.

10 The Applicant has found, surprisingly, that is much more advantageous to carry out the

resolution on the primary amine of formula (IV).

More specifically, the present invention relates to a process for the resolution of the amine

of formula (IV) :
OCH,
~
| av)
H,N X
OCH,
15 by reaction with an optically active diacidic compound, preferably with a diacidic amino-

acid compound, more preferably with N-acetyl-L-glutamic acid,

followed by filtration, or filtration under suction, of the suspension thereby obtained,
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More specifically, the present invention relates to a
process for the resolution of the am ne of fornula
(I'V) OCH3 HZN OCH3 15 by reaction with an optically
active diacidic conpound, preferably with a diacidic
am noaci d conpound, nore preferably with
N-acetyl -L-glutamc acid, foltowed by filtration, or
filtration under suction, of the suspension thereby
to 9lldiheedmpourt dfoptheladvilye conmpound of fornmula (VII)
OCH3 O O HN~~CH3 HZN OCH3 (VI'1),

OCH,
(@] (@) =
| (VID,
HN X
HO OH OCH,
HN\[(CHS
(@)

which is reacted with a base to yield the corresponding amine of formula (VIII) of

configuration (S) :

OCH

\

(VIID).

OCH,

The reaction of the amine of formula (IV) with the diacidic compound is preferably carried
out in an organic solvent, preferably an alcoholic solvent, alone or in mixture with another

organic solvent, with water or with another organic solvent and water.

The base used for converting the salt of formula (VII) into the amine of formula (VIII) is

preferably sodium hydroxide.

In order to improve the enantiomeric purity of the resulting compound of formula (VIII),
one or more steps of recrystallisation of the compound of formula (VII) from an organic
solvent, preferably an alcoholic solvent, alone or in mixture with another organic solvent,
with water or with another organic solvent and water, may be added before conversion to

the compound of formula (VIII).

In unexpected manner, of the resolving agents tested only a diacidic compound allowed the
amine of configuration (S) to be obtained with excellent selectivity, as the following Table

shows :



O which is reacted with a base to yield the
correspondi ng am ne of formula (VIIl) of configuration
(S) OCH3 (MII1). 5 OCH3 The reaction of the am ne of
formula (1V) with the diacidic conpound is preferably
carried out in an organic solvent, preferably an

al coholic solvent, alone or ™ mixture with another
organic solvent, with water or with another organic

solvent and water. The base used for converting the
(M) into the amine of fnrmllaJ\lllL\

is to ﬂés%iﬁﬁébﬁéhtsom um hde%'rQ%ftHerhcﬂi der to(s)rmiz?vﬁm

the enantioneric nurltv aof the resulting gonpound

f om]#gncl;h\% J)hgn ngr e S%ﬁ}‘%?‘% ofecryst aIIl0 éﬁ-g&b@ﬂlon

onpo or mulla Fom an organi

e L o o

W|th ot h r or an| c sol ent and wa er, maybe add
befori{P ¥ to 15 tlhe cg?ﬂ5186‘i’1 Sof formul a $5)a5

(V1. expect ed manner, t he. resolfvi ng ag
t est eﬁ'a& ﬁ“nl H&%l di ¢ cg rrpoum'PHSF‘f‘ d the am ne?@%g

cont i gur at 1 on to be gbtained wih excellTent

selNagetyl- Hgl“t&@‘t’ Reids o | dwi ng Paasidicshows | -5 93/7

Resol'ving agentNature of the acid(S)y 7 (R ratio

(R) - canmphor sul phoni ¢ aci dnonoaci di cno preci pitation

ConRitioa setsqllvcﬂ‘te reyHagbly@d tedhthechlts whis/heated at reflux until dissolved and
alinenD aci di c55/ 45

allmgﬂig}%?r)’ﬁta Bt eV H8dhoaci di ¢50/ 50

Resolution of the amine of formula (IV) is preferably carried out in a mixture of

ethanol/water or ethyl acetate/ethanol/water.

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

formula (I) of configuration (S) :

OCH,
= | @,
CH,NH NN
OCH,
which process is characterised in that the compound of formula (III) :
o OCH;
[ 1y

= OCH
V7 % 3
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N-acetyl -L-gl utam c aci ddi aci di c93/7 Condi tions
:solvent :ethanol 95 % All the salts were heated at
reflux until dissolved and allowed to recrystallise
overni ght. Resolution of the amne of formula (IV) is
preferably carried out in a m xture of ethanol/water
or ethyl acetate/ethanol /wat&. 5 The pr esent
invention relates also to a process for the synthesis
is eddutdk tcc piehbthedracdmitc cammive af (foymul (I}D)wag@ctlf at ﬂe@cﬁlvécgln accordance
%}]—% CH3NH OCH3 whi ch process. is characterised in
Withh etﬁ’é’c%nﬁéiﬁﬁ‘g’e%f hergmedore (1ol |Y)e<bdhs optigatkyz acfve -gnine of
j ed to yield the racemc am ne of formula (1V),
f°’l&‘ﬂ‘.1§: H@’ resolved in accordance with the process
whils ¢s irtretbdhwithi ethgf ciilerofernyatelid yidle thptdptiablly astd ¢empound of
n?IX%f formula (VIII),

formul
OCH,

\

H | (%),
EtO N .

\H/ OCH,

0]

the carbamate function of which is reduced

to yield the compound of formula (I).

The addition of acid subsequently yields the corresponding salt.
In particular, the addition of gaseous hydrogen chloride or HCl/ethyl acetate yields the
hydrochloride of the compound of formula (I).

The hydrochloride of the compound of formula (I) is thereby obtained in an overall yield
of 30 % (starting from the nitrile of formula (III)), with a chemical purity of more than

98 % and with an enantiomeric purity of more than 99 %.

The reduction of the nitrile of formula (IIT) may, for example, be carried out by catalytic
hydrogenation, preferably catalysed by Raney nickel, more preferably in an ammoniacal
alcohol solvent such as ammoniacal methanol or ammoniacal ethanol.

It may also be carried out by chemical reduction, for example using borane complexed

with tetrahydrofuran or using sodium borohydride/trifluoroacetic acid.

The reaction of the optically active amine of formula (VIII) with ethyl chloroformate is

preferably carried out in the presence of triethylamine or sodium hydroxide.
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which is reacted with ethyl chloroformate to yield the
optically active conpound of 5 fornmula (I X) OCH3 EtO
OCH3 O the carbamate function of which is reduced to
yield the conpound of formula (I). The addition of
aci d subsequently yields the correspondlng salt. 1o In
particul ar, the addition of gaseous hydr ogen chloride
or HO /et hyI acetate yields the hydrochl oride of the
Theorgdactivh of therdambamald Jof fHhauiay dXYCR| prefelsblpfcalh@l out using an
compound of fornmula (lI) is thereby obtained in an
alyggighua | hydride gsuph 20 Dthowe aglpmigjuimy divdeidre aii sedipm bis(2-methoxy-
aeschem cal purity of nore than 98
eﬂ{??(ggghgmﬂ%ﬁh@ena HA efic purity of nore than 99 %
15 The reduction of the nitrile of formula (I111) may,
for exa be carried out by catal ytic
T f@m@éﬁ% ¢foﬁ@nnplae(ﬁ)e¢'ammd aenozdipg éal theyprregse pf meclkresent invention

ard R B e bR ARG T afle PR YRR aaition

saléd therebwiA biphednehtidayyabesptabdd adi€duct i on, for exanple
usi ng borane conpl exed with tetrahydrofuran or using

sodi um borohydride/trifluoroacetic acid. 20 The

Th%@?{%&.;[)%e? %nﬁétiﬁw(?ﬂﬁ%ﬁ%of 6 eol?lrgré\ tle?ll gmpp:f g]; a];JIO;/rrg!a?H ed

out in the presence of triethylamne or sodium

hydroxide. -7 The reduction of the carbamate of
EXXMEL  Fisi - pnw@oammetmamneamsmyl)amcmbutane

al um ni UH}n?%QE Such as lithiumal um ni um hydride or

sodi um bi's nmet hoxyet hoxy) al um ni um hydri de

(RedAI (r)). The compounds of formula (1) obtained

to the proces f the present invention 5

Sicg gp@%f é{?qxift} @’pgf"&?m éyl&?f’ﬂzﬁ QDU medi ates i n

the synthesis of ivabradine and addition salts

thereof with a pharnaceutically acceptabl e acid.
Introduce 4,5-dimethoxy-1-cyano-benzocyclobutane (6 kg), methanol (30 litres), Raney

nickel (0.6 litres) and ammonia (7.32 kg) into a hydrogenator. After having purged with
nitrogen and then with hydrogen, hydrogenate at 60°C and at 30 bar until the theoretical
amount of hydrogen has been absorbed. After returning to 20°C, filter off the catalyst,
rinsing it with methanol, and then evaporate off the solvent. The title compound is obtained

in the form of an oil, in a quantitative yield.

Step B:  Addition salt of (15)-4,5-dimethoxy-1-(aminomethyl)-benzocyclobutane with N-

acetyl-L-glutamic acid :

Introduce the compound obtained in the previous Step (10 kg), N-acetyl-L-glutamic acid
(9.79 kg) and ethanol 95 % (200 litres) into a reactor. Heat at reflux, with stirring, and then
return to 20°C. Stir overnight at 20°C, filter off the precipitate and wash it with
ethanol 95 %.

Recrystallisation :
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The Exanpl e hereinbelow illustrates the invention.

EXAVPLE :

(1S) -4, 5- D net hoxy-1 - (et hyl am nonet hyl ) - benzocycl obut

ane hydrochloride |10 Step A :

4, 5- Di net hoxy- I - (am nonet hyl ) - benzocycl obut ane

| ntroduce 4, 5-di met hoxy- | - cyaho- benzocycl obut ane (6

kg), nethanol (30 litres), Raney nickel (0.6 litres)
Intashcaniosuliaprieviodslykabraihdd sndaethyrl 909ep a8 litreHf ih@r a reactor. Heat at

havi ng purged with nitrogen and then with hydro

re il il ShF RNt AT AN B020%: St PYemiaht (et 6 i fier off the
g 0 bed. Aft t i
pré B, vk IXATPBRAITES BRI RAROT D, At o T et T

nmet hanol , and then evaporate off the solvent. The
e conpound is obtained in the formof an oil

Th%'tﬁ{?mma%é Fecolpgieg) in Bedpmpof a efid, in aaieddhipt 4076 Qsﬁart'inng from the
cox\?\n&)%)ﬁnd Ngotgf g?tnkﬂgge?f) A) 'ﬂ@%tﬂ%ﬁ@lfﬂ%l algp%ﬁﬁﬁé%%g %g%ﬁ%gof more than

cet utam c aci ntroduce
99dkbt ai ned in the previous Step (10 kg),
N-acetyl-L-glutamic acid 20 (9.79 kg) and et hanol95 %

(200litres) into a reactor. Heat at reflux, with

St% CrY19%, 5-Bleinben 1 f(@kﬁfo%ef}?fl)z%zoc%lioﬁuﬁﬂg rni ght at

filter off tthe precipifate and wash 1t with
et hanol 95 % Recrystallisation -8 Introduce the salt

revioysl y _obt ai.ned and ethanol 95 %/(80 Jitres) int .
ik oS ormP B B U reitsy Bl (e bl (3 i)
didh@drofmRttafe 2X¥Qitred) hiid 92SNNHqEEGus abdidRChydkddid@sor@idn (tZBjQIjrt]res) into a

e

precipitate, wash it with ethanol 95 % and dry it.
reactqr} Witk si#ignd is collected in the formof a solid, in

yi f 40, %A star tihng: m. 1 he n bt aj.n .
Af?eﬁ é?iégng) agn%joév)(v‘l(t OEPC r?g %&gg{eg’aﬁégeﬁ%ﬁt% ?%p r%sg gsur?)itfagged with
didfloromethahd) dThe DDgHhic fliadp iddried and then evaporated. The expected compound

. (1.S)-4,5-Di et hoxy-| - (am.n t hyl ) - benzocycl obut ane

1 éﬂf@?@é&%@etfggne A otbriB adﬁ?lgiggg%y/?-n the previous Step
(10 kg), water (23 litres), dichloronethane (371litres)
and 3. 25N aqueous sodi um hydroxi de sol ution (23

Stdpi B r- ¢5Y)-4, Momethbxy-i eboncarbanylamstdameathyidigbenzocyclobutane :

Introduce the compound obtained in the previous Step (10 kg) and dichloromethane
(100 litres) into a reactor under nitrogen. Pour in, successively, triethylamine (6.17 kg) and
ethyl chloroformate (5.49 litres). When all the starting material has been consumed, wash
the reaction mixture with water (2 x 80 litres) and 1N aqueous hydrochloric acid solution
(2 x 80 litres). Dry the organic phase, and then evaporate. The solid obtained is dried to
yield the title compound.

Step E : (15)-4,5-Dimethoxy-1-(methylaminomethyl)-benzocyclobutane :

Introduce lithium aluminium hydride (1.41 kg) and tetrahydrofuran (32.5 litres) under
nitrogen into a reactor and then pour in at 20°C a solution, in tetrahydrofuran (50 litres), of
the compound obtained in the previous Step (5 kg). Heat at reflux for 1 hour and then cool

to a temperature of less than 15°C before hydrolysing the reaction mixture with water
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After reacting at 20C for 30 m nutes, the aqueous
phase is extracted with di chl oronet hane. The organic
phase is dried and then evaporated. The expected

conmpound is collected in the formof an oil, in a

yield of 98 % Step D; (1 S)-4, S-D nethoxy I
(ethoxycarbonylan1nonethy|) %enzocyclobutane 15

I ntroduce the conmpound obtained in the previous Step

(1 (i%®), 58 acwedustiodiine hodmk e lutibaQ L litrepand fheh & aterl(€ 3R Filter off
under nitrogen. Pour in, successively, triethylamne

the solwolkt@yl%nﬁvwrﬁw theh PEgaBcophase- eThestithe compewns) is aublseted in the
terial has been consuned, wash the
fbﬁ%é%&ﬁ@%%%?&%%@%f%?{ water (2 x 80 litres) and 1N
aqueous hydrochloric acid solution (2 x 80 litres).

% ani ¢ phase, and then evaporate. The solid
(1 So‘ 3-Dimethexy-{-Grofylgminaneating -benepeyclobiisea hadrostletide :

S) 4 5 D net hoxy- | - (net hyl am nonet hyl ) - benzocycl obut an

Inteodunt thedeongpduind fobtann el mrthm pwmdmy Grepd€S Kgd, étlhyk@)etawcﬂo litres) and
tetr?@¥grofuran (32.5 1t ynder nitrogen int
ethagdle {6F IrR) ¥R frasior it 268L o et ming 2 amsi then add. gascous

hyd® tgé@@ﬁ[lgﬁ@é b .61 IES%)QJZJJ lah ru?lét) in £ bBH@mcbqq?{ P'BF ? ana%dlmmersed

in the previous kg). Heat at
tu@nahﬁfﬁ@ﬁp@emh Cﬂﬁalngd aS S@qulblatatl 6128° G ffot ésheut laadl 1&51€én ﬁltered, or

bef.or d react xture wth ter -
g Beray o6 s PR Pt B Ak R ab bt phepyficEietian 4/
(2 kistlitees), andistthendnet @ryidld thd t‘itleeaomﬂ:duh& & a Pfefd (SFEQ gol id
obt ai ned. Evaporate the organic phase. The title

conmpound is collected in the formof an oil, in a
yield of 93 % Step F :

(1'S)-4,5-D nmet hoxy-1 - (nmet hyl am nonet hyl ) - benzocycl obut
ane hydrochloride 5 Introduce the conpound obtained in
the previous Step (5 kg), ethyl acetate (40litres) and
ethanol (10 litres) into a reactor. Stir at 20C for 30
m nutes and then add gaseous hydrogen chloride (1.012
kg) via an inlet in the bottomof the reactor or via
an i mersed tube. The suspension obtained is stirred
at 15-20C for 1 hour and is then filtered, or filtered
under suction. The precipitate is washed with a

m xture of ethyl acetate/ethanol 4/1 to (2 x 5
litres), and is then dried to yield the title conmpound
inayield of 92 % -10 CLAIMS 1. Process for the
resolution of the amne of formula (1V) OCH3



(N) OCH3 by reaction with an optically active diacidic
conpound, 5 followed by filtration, or filtration
under suction, of the suspension thereby obtained, to
yield the conpound of formula (VII) OCH3 O O HNC ~CH3
HZN OCH3 (VIn, which is reacted with a base to yield

t he correspondi ng am ne of f-o%nul a (Vi) of
configuration (S) OCH3 (VIl11). 10 OCH3 2. Process
according to claim1, wherein the diacidic conmpound is

a diaci dic am no-acid conmpound.
CLAIMS

1. Process for the resolution of the amine of formula (IV) :
OCH,
=
N | av)
2 NN
OCH,

by reaction with an optically active diacidic compound,

followed by filtration, or filtration under suction, of the suspension thereby obtained,

to yield the compound of formula (VII) :

OCH,
o) o = | v
HN . (VID,
HO OH OCH,
HN\H/CH3
0

which is reacted with a base to yield the corresponding amine of formula (VIII) of
configuration (S) :
OCH,
Z
| (vim.
OCH

2. Process according to claim 1, wherein the diacidic compound is a diacidic amino-acid

compound.
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3. Process according to claim?2, wherein the diacidic
am no-acid conpound is NacetylL-glutamc acid. 4.
Process according to any one of claims 1 to 3, wherein
the reaction of the amine of formula (IV) with the

di aci dic conpound is carried out in an organic
solvent, alone or 5 in nmixtul& with another organic
solvent, with water or with another organic sol vent

. apdodtRd Sdcording Y 61689, WEERINIMS Aidei€ hkiy-4oid %}ﬁ{)ﬁiﬁd is N-acetyl-
e

the reaction of the amne of formula (1V) with
dilaglutmic @gpound is carried out in an al coholic
solvent, a m xture of an al coholic solvent and water,
a mxture of an al coholic solvent and another organic

. S@PryRed acording Go Bhx bhé f Bfairdd) 1 ab GoRdletein $18d ¥@Eon of the amine of

anot her organi ¢ solvent and water. 6. Process
adegdr () oty digridie compeayndsis tarrigdmut ifharr enganie [jelvent, alone or

L TR

7.an®Pwagess according to any one of clains 1 to 6,
wherein the salt of formula (VII) is recrystallised
once or nore than once froman organic sol vent, al one
£ foocibinh 1, ANSERehe LB Of R MERE of Whddhia (1v) with
wat er or W th another’ organi c solvent and water,
bélicodieciBiei cogpoond & daeded ouitdn thalcobohposoiennfa fixturelod an alcoholic

(M J1). 8 Process, accaqrdi to claim7, wherein the

S apveiond gydfes & TS of &0 AR S1VsrEald aEBeGH eAYP golvent or a
t RARANEEanf JIQTHAB selvERhM diiter SREMER olvedt Mddviee of an

al coholic solvent and water, a m xture of an al coholic

sol vent and anot her organic solvent or a m xture of an

S N R A NG K —

f eiggaltadf @Aduld (V1Y) inky e afsne e gVIIP) i8 Bydifmeydfoxide.
claine 1 to 8, wherein the amne is resolved in a

m xture of ethanol and water or in a mxture of ethyl

. a‘f’%c%%@acc@{déﬁ%iﬂ% ﬁlz{{] gréi\.(‘g&‘ %[aéms 118, & \}Qeéelﬁ\rl\tﬁg r%gl? ﬁf tf(lzlr(renula (VID) is

accordi ng or cldim
s adcrystdllifedr oncle sor (fbie) this ones fipai ah lorgadit soleent 04lof®bE in mixture

than once from. a Txture of ethangL%n water or from

a "HIXANSFET OF S8 Vet e Vil SV ateR faWBh aaAthentaapic spivent and water,
(P:b)efa?e%&iﬁ@&oﬁvlaﬁe@ Wi h%ssefﬁlpeﬁn& berosatRyRg). of formul a

of configuration
Process according to claim 7, wherein the salt of formula (VII) is recrystallised once
or more than once from an alcoholic solvent, a mixture of an alcoholic solvent and
water, a mixture of an alcoholic solvent and another organic solvent or a mixture of an
alcoholic solvent, another organic solvent and water, before being converted into the

compound of formula (VIII).

Process according to any one of claims 1 to 8, wherein the amine is resolved in a

mixture of ethanol and water or in a mixture of ethyl acetate, ethanol and water.



CH3NH starting fromthe conmpound of fornmula (111) OCH3
which is reduced to yield the racemc am ne of fornula
(Iv) OCH3 (n, OCH3 (N), 10 OCH3 which is resol ved
according to the process of any one of clains 1 to 10,
to yield the optically active amne of formula (VIII)
OCH3 OCH3 which is reacted wilth ethyl chloroformate to
yield the optically active compound of 15 fornmula (1X)

10. Process according to either claim 8 or claim 9, wherein the salt of formula (VII) is
recrystallised once or more than once from a mixture of ethanol and water or from a

mixture of ethyl acetate, ethanol and water.

11. Process for the synthesis of the compound of formula (I) of configuration (S) :

OCH,
= | @,
CH,NH X
OCH,
5
starting from the compound of formula (I1I) :
o OCH;
| [ am,
=
Y OCH,
N
which is reduced
to yield the racemic amine of formula (IV) :
_ OCH,
V),
N | [ )
OCH,
10

which is resolved according to the process of any one of claims 1 to 10, to yield the

optically active amine of formula (VIII) :
OCH,
~
| (vim),
H,N X
OCH,

which is reacted with ethyl chloroformate to yield the optically active compound of

15 formula (IX) :




10

15

12

13.

14.

15.

-13 HEtO ~~N O the carbamate function of which is
reduced to yield the conmpound of formula (1). OCH3
OCH3 12. Process according to claim1l1l, wherein the
compound of forrmula (I11) is reduced by 5

hydr ogenati on catal ysed by Raney nickel, or by
reaction with borane conpl exé# with tetrahydrofuran or
wi th sodi um borohydride/trifluoroacetic acid. 13.
Process according to any one of clainms 11 or 12,
wherein the reaction of the amne of formula (MII)
with ethyl chloroformate is careied R¢Hin the
presence of triethylanjne dr g6di um hydroxi de. ~0 14.
Process accordipgyto any ope af cldinms 11 613,
wherein the carbaﬁhﬂé’o or mul | R reduced using
[ithium al um ni um hydride or using sodi tfm

bi s( 2met hoxy- et hoxy®al umi ni um hydri de. 15. Process for
the synthesis of ivabradine, pharmaceutically
acceptabl e salts thereof and hydrates thereof, wherein
B GAARAW Ineford S WMbRis(tbddckd! S converted into the 15
i nternmedi ate conpound of formula (1) according to the
ptaoyeldshe¢onspaindiof formavid(D.hen the internedi ate
conmpound of formula (I) is converted into ivabradine.

. Process according to claim 11, wherein the compound of formula (III) is reduced by

hydrogenation catalysed by Raney nickel, or by reaction with borane complexed with

tetrahydrofuran or with sodium borohydride/trifluoroacetic acid.

formula (VIII) with ethyl chloroformate is carried out in the presence of triethylamine

or sodium hydroxide.

formula (IX) is reduced using lithium aluminium hydride or using sodium bis(2-

methoxy-ethoxy)aluminium hydride.

hydrates thereof, wherein the compound of formula (III) is converted into the

intermediate compound of formula (I) according to the process of claim 11, and then

the intermediate compound of formula (I) is converted into ivabradine.

Process according to any one of claims 11 or 12, wherein the reaction of the amine of

Process according to any one of claims 11 to 13, wherein the carbamate of

Process for the synthesis of ivabradine, pharmaceutically acceptable salts thereof and



