9 NOV 2007 1 New process for the synthesis of

(1S) - 4, 5- di net hoxy- 1- (et hyl am nonet hyl ) - benzocyclobdtg NOV 2007
ne and addition salts thereof, and appllcatlon |n t he

synt hesi s of ivabradine an addltlon salts the

f lobut
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(1S) - 4, 5- dunet H\g rma@eu ically accep ab[e acid

(nethylanlnonethyl) benzocycl obut ane and addition salts
thereof, and to the application thereof in the

The pn}é@édﬁ asientioh ickaky adiangoasyd faeldhd |sgmhml v$ (154, dimethoty-1-
pharmaceutically _acceptabl e ac

(metteRnpRERD DY eﬂ???é’cb%bé@éﬁ Rind gGion oM BrREbEntldo ghe application

there%’{ %C‘%g%g% ?1% %?a % esgfd g@@f %&%ﬁﬁ%@%ﬁéﬂf %@iﬁ'}é&eﬁtmally

accepdghlé di@n salts thereof with an acid. The conpound of
formula (1) obtained according to the process of the
invention is useful to in the synthesis of ivabradine

5 More%%%ﬁﬂ%rathg fjr)esént B R 1264810 a(&gaé!ess Saci o) %%/ﬁthesN 6f the

compdufiBef folhidB)(I) X f4odfi guretidro¢Sybi cycl o[ 4. 2. 0] octa- 1, 3, 5-t he

n-7-yl ] methyl } (et hyl )am no] - g5§£gl} -7,
8-di net hoxy-1, 3,4, 5-tetrahy
S t her eof @Wth a

enzazepi n-2-one, addit
pharnaceuticahixupcceo 2 d, and hydrates thereof.
OCH,

and addition salts thereof with an acid.

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

10 in the synthesis of ivabradine of formula (IT) :

CH,0 . OCH

CH, I\[ ?

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.

15 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



15 Ivabradine, and addition salts thereof with a . ‘
phar maceutical ly acceptable acid, and nore especia1|9/NUV 200?
its hydrochloride, have very val uabl e pharmacol ogi ca
and therapeutic properties, especially bradycardic
properties, making those conpounds useful in the
treatment or prevention of warious clinical situations
of nyocardi al ischaem a such as 1 9 Hu'a 2001 -2
. . . . I N | .
engip SR e gt (U B R P TBBRRE B0 of vrious
patholvgtdsvi igolviiypt hhydingt udib@rtesss, espgeiatilyl Ysupraventricular rhythm
. supraventricular rhythm disturbances. The preparation
distygRenaeher apeuti ¢ use of ivabradine and addition salts
thereof with a 5 pharmaceutically acceptable acid, and
nore especially its hydrochl oride, have been described
Thei prepdretideuraap eerapattientises pe divibiradihé and BRI M3 4alB85herebiatith a
pat ent specification_describes the synthesis of the
5 Phagsepuingdy otcordrhial acid.1 mdymotecerpesiplhin 1t byfrechladesni kave been
L b Kcation B3 ¢CH3 N 10 using
dﬁm%ﬁ%&P%ﬁfg%?%ﬁ%%?%?ﬁé%h#hF%F%bmed %@é%ddition of HO to
yield the hydrochloride of the racem c am ne of

T, R R iebaeeiess B ndiepe) of the Compound ot Torvita () by

reduction of the racemic nitrile of formula (I1I) :
o OCH,
| (m)
=
OCH,

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

4
N

the racemic amine of formula (IV) :
OCH,
=
. | [ )
) N
OCH,

which is converted into the carbamate of formula (V) :

OCH

H
EtO N X

\H/ OCH,

0]

15 before being reduced to form the methylated amine of formula (VI) :
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OCH3 DO N (V) OCH3 O 15 before being reduced to form
the nmethylated am ne of formula (VI) 1 9 NOvV 2007 -3
OCH3 MHN OCH3 the resolution of which using 1 9 NOV 2007
canphor sul phoni c acid yields the conmpound of formula
(1). That nethod has the di sadvantage of yielding the
conpound of forrmula (1) in only a very lowyield of
from2 to 3 % 5 That very lowyield is due to the | ow
yield (from4 to 5 % of the steg?@ﬁ resol ution of the
secondary am ne of fornula nview of the
phar maceuti cal val ue of| ivabragi ne and 4ts salts, it
has been i nper até t o be—abl & to obtain’ the conpound
of forrmula (1) by an~effectiVve i ;rial process, and
especially in a good yield and with 'excell ent chem ca
and enantioneric purities. 10 The Applicant has found,
surprisingly, that is nmuch nore advantageous to carry

the rrgolutipreof Whish [uginigsamphorsiehqui¢ aed yiekdsi the conpdupdmifermula (I).
(N). More specifically, the present invention relates
to a process for the resolution of the am ne of

That efeMeldanat Me distdstBtagdNyieldlg the compound of formula (I) in only a very
low yield of from 2 to 3 %.

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.

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,
/ }
- - )
OCH,

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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OCH3 15 by reaction with an optically active diacidic
conpound, preferably with a diacidic amno- acid

conpound, nore preferably with N-acetyl-L-glutamic ¢ g NOV 2007

acid, followed by filtration, or filtration under
suction, of the suspension thereby obtained, 1 9 NOV
2007 -4 to yield the conmpowd of fornmula (VII) OCH3 O
o0/ H2ZN HO OH OCH3 HNYCH3 O which is reacted with a

t r pondi ng am ne of forrmula (VIII)

fo yg@ﬁlgocﬁﬁé’ﬁég if%ﬁm%@mm FON (V~. 5 QCH3 The

reaction of the amne of fornmula (IV) with the diacidic
compound is preferably carried out in an gﬁ%anic
sol vent, preferably an al coholic so ne or in

m xture th anothe® organic solvent, Wwth matéy
wi th anotfjer organi sol%f and_wat er . The bas ]Bsed
for c r S f I a ) b t he am ne

of formula (VII1)}is 0 preferably sodi um hydroxi de.
In order to inpangWLhﬁgenantioneric purity of the
resul ting conpound YWt formula (VIII), one or nore

st eps of recrystall#sation of the compound of formula
(M1) froman organic

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

OCH,
&
H,N X
OCH

The reaction of the amine of formula (IV) with the diacidic compound is preferably carried

configuration (S) :

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 :



sol vent, preferably an al coholic solvent, alone or in

m xture with another organic solvent, wth water '

wi th anot her organic solvent and water, may be addggg NOV 2007
bef ore conversion to 15 the conpound of fornula

(M11). I'n unexpected manner, of the resolving agents

tested only a diacidic conpeund all owed the am ne of
configuration (S) to be obtained with excell ent

selectivity, as the followng Table shows 1 9 NOV 2007

-5 Resolving agent_ hbture of the aC|d (S) I (R ratio

BRI ¢ et & TR B
L-1 GUCI ne

}w'N-aCetyI D-vallne'nonoaCfdlc'55/45 N;acetyl
méhoEETRlEsBRionis 2ok acetyl - LOINQRGEHCC acild ditgdirefieitation

9377 Conditions : 30|vent T ethanol 95 % AT the
sal(Ryae@éylshavalglednat ref|l ux armpkcidicssol yed and #/fbwed

to Tecrystattise overm ght—Resotutionof—the—anmmeof

f or mN-acetyIMy-vekngr ef er aljl y camanoeddiout in a ni xt2/45 of

R PNy I Ay " " + It Ant At Al hanal /. ﬁat ef 5 |he
clidarror7—wat i Ul CUITytl cetates CL ranor-V .

pr esehicetyirielkticion rel at s al swonbacidicpr ocess for i0ig0
O_yllt hests—ef-the €conpotH g—of formul-a / 1 of

Cc a¥HalcetyI-BtdlentiShcid OCHE CR3Nith §¥3ci3 whil ch processq i s
characterised in -that-tHe Pnﬁpnllnr‘l of formila (III) :

Conditions : solvent : ethanol 95 %. All the salts were heated at reflux until dissolved and

allowed to recrystallise overnight.

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 X
OCH,
which process is characterised in that the compound of formula (III) :
o OCH,
g m
=
Y OCH,
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OCH3 CVM / OCH3 N1 9 NOV 2007 -6 is reduced to yield

the racenic amne of formula (1V), which is resolved {rd NOV 2007

accordance w th the process described hereinbefore to

yield the optically active amne of forrmula (VIIl),

which is reacted with ethyl chloroforniate to yield the

optically active conmpound ofs- 5 fornula (1 X) OCH3 EtO
O the carbarrate function of V\,hl ch i's

~) OCH3
the e nd of .
s ool 813 e R s B St e Roposgraence
witls aght . pdfledsi desdribieé Uh@fémbéﬂ’d@e addiytdOnmef of@eBQUsctive amine of
hyd n chloride or HO/ethyl acetate yields the
KE&QL ori de of the conmpound of forrmula (1). The
r t f s thereb
Whl@é?%‘?%% P Syl P RRTRGG o $he1d GhopReti ey PORFCOA of
forrtiie (X)t:ri | e of formul a (I 1)), with a chemical purity
of nore than 98 %and with an enantjoneric purity of
nore than 99 % 15 The reduc e nitrile of
formula (I'1l) may, for efam:ﬂ/e ' e carried out by
catal ytic hyﬂbogengti on, p P\er bly cat @(%sed by Raney
ni ckel , nore preferab in nn 8ehacal

)

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 (III) 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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al cohol sol vent such as ammoni acal et hanol or

ammoni acal ethanol. It may al so be carried out by

chenical reduction, for exanple using borane COI'TD| &X@wﬂv 2007
with tetrahydrofuran or using sodi um
borohydride/tiifluoroacetic acid. 20 The reaction of

the optically active amne af. formula (VII1) with ethyl
chlorofornate is preferably carried out in the

I h de.
ThEGERERES i, bahER G Tt S bR gh YT Gt 2 LU |ugng an-
alum$niPhehodad KuSRr s eghigmt aHﬁﬂlﬁﬂn?rhydﬁliH My NS RY Bid(SShethoxy-

such as” |'ithiumal um ni um hydride or sodium

ethipi ¢ 2mmetdwyiride (Baddifal umi ni um hydri de (RedAl). The
conmpounds of fornula (1) obtained according to the
process of the present invention 5 are especially

Thel8&hptunds o8 ¥ &gﬂ?%g? to}amneeﬁ% rf %o i {gﬁ%es% %@ttlli‘eeﬁlleg‘enq invention

i vabradi ne and a on ts hereo

are pk@cmﬂyeueﬁubad syntlescapteabhédatacindthe Iﬁnﬁh&saﬁmlva)radme and addition
rei OM/I||UStrat s the invention. EXAMPLE:

Sahfﬁ 2“@ Eﬁﬂﬁ@Pﬂ@%VhFafn%?ﬁﬁﬂ%ﬁ?ﬂ%nethyI) benzocycl obut a

ne hydrochloride 10 Step A

4, 5- Di met hox -I-(an2|nonetlryl) benzocycl obut ane :
ThqEﬁ%@d@b@fﬁbsbaﬂﬂsﬂhﬁ%yhtHnymmn}benzocyclobutane (6

kg), nethanol (30 litres), Raney nickel (0.6 litres)

and annDnia (7.32 kg) into a hydrogenator. After having

EXAMPEH :\W1.5)4,5 D id IBE- B {kke bl b lb 888Ryclobutane

hydr ogenat e at 60C and at 30 bar until the theoretica

anount dWARyAMeddn: has been absorbed. After returning

to 20C, filter off the catalyst, 15 rinsing it with

met hanol, and then evaporate off the solvent. The title
Sterc d EFQuDdnéBoxbl-garmetmeil) tHagzdcpdlobibnen oil, in a

quantitative yield. Step B: Addition salt of

(1S)-4,5-di met hoxy-1-(am nonet hyl)-be72zocycl obut ane

Intr¥iddd 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 (1S)-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
refurn to 20°C. Stir overnight at 20°C, filter off the precipitate and wash it with
ethanol 95 %.

Recrystallisation :
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acetyl-L-glutanaic acid : Introduce the conpound
obtained in the previous Step (10 kg),

NT-acetyl-L-glutainic acid 20 (9.79 kg) and et hanoll SNV 2007

% (200 litres) into a reactor. Heat at refiux, wth

stirring, and then return to 20C. Stir oversight at

20C, filter off the precipitgte and wash it with

et hanol 95 % Recrystallisation 1 9 NOV 2207 h-8 o5 o

I ntroduce the.salt previously obtai ned and ethano 5 %
Ty i pels praving Do R G cHHei S2%% (@GR i § Feector. Heat at
reflfk ] WhthN@imriARdaddeRed L 1d QO@CSthSto'vEnﬁ}%ﬁ?rﬁ' %ﬁb iter off the

20C, filter off the precipitate, wash it wth efhanol
pre@fitse amadhdi with ethafdled 3t $otehé dooirpound is col l ected in the

formof a solid, in ayield of 40 % (starting fromthe

5 conpound obtained in Step A) and with chem cal and

! . o ; _ 0 G

T (19 Jf;d4,i5- 5 %7%{6#593? Iﬂgg{fgﬁﬁ n gﬁ%@t@iﬁ )g b ?%%@ Asjarting from the
conpoung dbiemeti ie Stampo and votht chiemért! and thwmtipmesic usti&t efmore than
99 10 kg), water (23 litres), dichloronethane (37

“tres) and 3.25N aqueous sodi um hydroxi de sol ution (23

litres) into a - 10 reactor, wth stirring.. After

reacting at 20C for 30 m nutes, the aqueous phase is
Step &t r(a& & & Diprethoxxhl daidrareduBalbeszoPnlobaingani ¢ phase i s

dri ed and then evaporated. The expected conpound is

collected in the formof an oil, in a yield of 98 %
Intr&fwepthe compound obtained in the previous Step (10 kg), water (23 litres),

. (1S)-4,5-Di met hoxy- | ;%%et hoxycar bonyl anai nonet hyl 83 benzo
dicklgromsifipng (¥ Litses) apd 3 fadeaquprus sedpsUndrotdasaien @3 difes) into a
readb:€ViAY ep (10 kg) and dichl oronethane (100 litres)

Into a reactor under nitrogen. Pour in, successively,
After ireadiipgamt n209@5. If KAY)miantts, the aqueous phase is extracted with

dichloromethane. The organic phase is dried and then evaporated. The expected compound

is collected in the form of an oil, in a yield of 98 %.

Step D : (15)-4,5-Dimethoxy-1-(ethoxycarbonylaminomethyl)-benzocyclobutane :

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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ethyl chloroformate (5.49 litres). Wen all the

starting materi al has been consuned, wash the regcﬁﬁgnzﬂﬂz
m xture with water (2 x 80 litres) and 1N aqueous
hydrochloric acid solution (2 x 80 litres). Dry the
organi c phase, and then evaporate. The solid obtained

is dried to 20 yield the tidle conpound. Step E :

(IS) 4, 5-Di nrethoxy I-(naetlaylatnlnornethyl) benzocycl

;. Introd n dri de
1 B Eisnti R Sl S Bn L e e s G H P er of
the 8oli®@btafied ARGagonRB tROWFeahld ﬂ{asgoﬁqeanﬁé% %&H}él isMeollected in the
tetrahydrofuran (50 litres), of he conp bt al ned

form pf eheil,gnevicddsf St & (5 kg). Heat at reflux for 1 hour
and then cool 25 to a tenperature of less than 15C
before hydrol ysing the reaction m xture with water 1 9
SteNBV (PT5-Dim&hby- J(ﬁlEﬁzﬂam@l%iﬁe%ﬁPb@zzéﬁgldEmﬁx ijrg)&k%i ide :
solution (1 litre) and then watér Fitre) [ter of
t he SO|Id obtalned Evaporate t he organlc phase The

Intrg c'iuce g? Sl goylb%'%ileglpmgﬁe prev1ous tgqep (5f l?gr) n(]atgf e%re]:ta?e &40 htres) and

ethaileX}O’-l ,liﬁe@l e tar haxpor 15fir atdosy! RpzoNRInaes Wd) tHee n&ﬁc ¥dseous
| obut anae hydrochlorlde : 5 Introduce the conpound

hydggenichlodde f Ph%k@r\é@ iep aleSinetpe bstitm)of teg mptoaoewata@ ifoggersed
tubé 'ﬁ%o%)s]?(%ggg c?t;r’hgigiu éss gtil%%l ng 32) d% ra 81218{116 ARe 9 y% Iﬂbeg ﬁﬁered or

filteedd wondied@ic(idn. Ol ﬂfg)lpwatalsagaslhéﬂ gfﬁthla_?_?]f&(hﬁe botthomacefatd/étRanol 4/1
react or an_inmrersed . tube e suspensi on

(2 XouiiEsheg ﬂss‘fylgli et yaeld i Bifcsommound Hoyyeldrf 925%t hen
filtered, or filtered under suction. The precipitate
is washed with a mxture of ethyl acetate/ethanol 4/1
10 (2 x 5 litres), and is then dried to yield the title
conpound in a yield of 92 % 10 1 9 NOV 2007# CLAIMS
1. A process for the resolution of a conpound of
formula (1V):



OCH3 |'rlI  HZN OCH3 wherein the conmpound of forrrula1

(I'V) is reacted with an optlﬁ)ally active diacidic QNQV 20@}
compound, followed by filtration, or filtration under ki
suction, of the suspension thereby obtained, to yield

a conmpound of formula (VII): OCH3 OO~ HZN\ (~, HO

OH OCH3 HN /CH3 0 whichdys cted with a base to

yi el d a conpound of fornu ) having configuration

(S): OCB () HZN. OCH3 2. The process of claim1,

B L Al

d| aC| d| c am no-acid conmpound is N-acetyl-L- glutarnic
acid. 11 1 9 NOV 2007

OCH,

| )
oCcH ‘

~

H,N. N
3

wherein the compound of formula (IV) is reacted with an optically active diacidic
compound, followed by filtration, or filtration under suction, of the suspension thereby
obtained, to yield a compound of formula (VII):

| OCH,
o 0 = |
HN >
HO OH OCH
HN\H/CH3

O

which is reacted with a base to yield a compound of formula (VIII) having configuration

(S):
OCH,
g
OCH

2. The process of claim 1, wherein the diacidic compound is a diacidic amino-acid
compound.

3. The process of claim 2, wherein the diacidic amino-acid compound is N-acetyl-L-
glutamic acid.



4. The process of claim1, wherein the reaction of the
compound of formula (1V) with the diacidic compound 4 SNOV 2007
carried out in an organic sollvent, alone or in m xtur
with another organic solvent, with water or with
anot her organic solvent and water. 5. The process of
im4, wherein the reaction of the conpound of
gﬁﬂj’lf%"eﬁﬁl oA clajm h, whereingihe aeagtien ebhsmemponsd of forimadh WY with
theadagiflicatontrionnd i caered out imiartauganiosoleent.adlaehad inamixture with
s enetbertorgamdc selvent, wigh watet or witb hnatheradrgaafioidlvens ahd/ abter.
and anot her organic solvent or a mxture of an
al cohol i c sol vent, another organic solvent and water.

5.6 Thd peoceEn6RSsindl, Whatih the rike8s e thHefk%nﬁﬁﬁﬁd Yp uPe[ (IV) with
C eHRVABAJiHi0 GotpButPRRAMRE off in ﬁloarlmﬁloﬁc ,d i lcohohc
Cgm%%d% roﬁ mcRrd M dd 3 lcéh% ic @ IVHIEP 8‘?‘1‘ 8rlg so vent ora

PRESRToh ACabl fon ME: bl R BH Yot o1 a

organi c sol vent aI one or in mxture w th another
o ani c solv h water or with another organic
%éﬁﬁ?zy-i EP’é‘r 1" Sbpisin ﬂt?ep%ﬁ@ wseher capverting §iq pempound of
togheempqud of forngila GHED) v e hydrogidei m 7,

vvherel n the conpound of formula (M) is recrystalli sed
once nmore than once from an al coholic solvent, a

7.mlhe pr0@€$$f0fa:ﬂanal &; othetdir thealowpntindoformath €W 11) & m:py&wnﬁ;ed once
obr morathenhaté frosainveniniaselveipilbes ooimgaixnge SAthVavthe® brganic

asdliverttivwizh ofater af wathe@bokt 6rgafik ¥eREnt A0 QAT b6 @i converted

sﬁiwgﬁtcoﬁ{;ﬁum@bpfombﬁf(wﬁ bei ng converted into the
conmpound of formula (VI I% 9. The process of claiml,

wherein the process is carried out in a mxture of

8. etl"E gﬁfgceﬁ cleﬁ‘ﬁtﬁ Rvﬁx[ge aco )&tlﬁﬁ il f%%rm?l% eE at e sEd once
th I ¢ oh verng a gi, €0 (écam ﬁ(§8 Vent and

Giter. o so vent ixture of

O}N L\ % @18 I ﬁB Ha BH

off aﬁ%@ raeoelﬁr @fa%wc solyeht aceWalsr. theiBe Dswe SaaYasied into

1the campoprd ekfopgplad 8k ynt hesi s of a conpound of

forrrula(l) of configuration (S):

9. The process of claim 1, wherein the process is carried out in a mixture of ethanol and
water or in a mixture of ethyl acetate, ethanol and water.

10. The process of claim 8, wherein the compound 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. A process for the synthesis of a compound of formula (I) of configuration (S):



12 1 9 NOV 2007 OCH3 CH3NH OCH3 starting froma

conpound of formula (I11): OCH3 OCH3 N which is :

reduced to yield a conpound of forrmula (1V): OCH3 I-12|Q NDV ZQD]
\ cm OCH3 which is resolved according to the process

of claiml1, to yield the conpound of formula (MVI11):

OCH3 HZN \ OCH3 which is reacted with ethyl

chl oroformate to yield a conpound of formula (1 X): 1 13
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OCH.

3

starting from a compound of formula (I1I):

| N [OCHa
g .
OCH,

Z
N 2

which is reduced to yield a compound of formula (IV):

OCH,
&
. [ a.
OCH,

which is resolved according to the process of claim 1, to yield the compound of formula

(VIID):

OCH,
/ ]
H,N X (VID,
OCH,

which is reacted with ethyl chloroformate to yield a compound of formula (IX):



M 12. The process of claim1l, wherein the conpound of

formula (I11) is reduced by hydrogenation catal ysed bﬂ g Nﬂv 200]

Raney ni ckel, or by reaction3w th borane conpl exed with
tetrahydrofuran or with sodi um
borohydiide/trifluoroacetic acid. 13. The process of
claim1ll, wherein the reaction of the conpound of
formula (VII1) with ethyl chlorofonnate is carried out
in the presence of triethylamne or_sodium hydroxide.

14. The process of claim 11, r ei ACHhe conpound of
formula (I X) is reduced ufin [t hi um al um ni um
hydri de or usigg sodfum (X,

bi s(2- met hoxy-eth a iini ide. 15. A

process for the synthesis of ivabrading,
phar maceutical |y dceptable salts thereof and hydrates
thereof, starting froma conmpound of forrmula (1),

Thehemgionnd bé formodKy thus bbattetd #d(ded tb Ficddihridaagund of formula
(Daccording to the process of claiml1l

12. The process of 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.

13. The process of claim 11, wherein the reaction of the compound of formula (VIII) with
ethyl chloroformate is carried out in the presence of triethylamine or sodium
hydroxide.

14. The process of claim 11, wherein the compound of formula (IX) is reduced using
lithium aluminium hydride or using sodium bis(2-methoxy-ethoxy)aluminium
hydride.

15. A process for the synthesis of ivabradine, pharmaceutically acceptable salts thereof
and hydrates thereof, starting from a compound of formula (I), wherein the compound
of formula (I) is obtained according to the process of claim 11.



