-1- New process for the resolution of enantioners of
(3, 4-di net hoxy-bicyclo[4.2.0]oeta 1,3,5qtrim7-yl)nitrile and
application in the synthesis of ivabradine The present invention

relates to h tical resolutj f , 4-di met -
bi cycl of 4. Depy a3 ok e iepfulBh of BareEhirt o L0t b bVl ek
appl i cation t herkg®f-trien-71-yignisyiletanesippliof tion/ Bbadi N@esi®bof ivhbrafgs t i on
salts with a pharnmaceutically acceptable acid and of their hydrates.
OCH3 Cct 1 5 N lvabradine of formula (I1): CH30 OCH3 CH3 >Z CH3O
O N~/ N OFh presa® ingention relates to a process for the optical resolution of (3,4-dimethoxy-
?rrfe?hgll{ g gﬁ%&gﬁ[fi.%’éﬁt—ﬂ?,%%%'el‘%ﬁﬁ‘-:y'l)on[u‘r‘ﬂez ol kSSEE 1 2nd b the aprlichtion Therdof in
propyl } - 748 ShtRbiB Of vabriifle, Wftif SRIKYSH Qi1idridh RYMEARRR LAY MeBeptfd acid
its addition salts with a pharnmaceutically acceptable acid, ané)nnre
especi al | §nd eigheinppdretehl ori de, have very val uabl e pharmacol ogi cal and
t herapeutic properties, especially bradycardic properties, making
t hese conpounds useful in the treatnment or prevention. of

OCH,

N
| 0
= OCH
V7 74 3
5 N
Ivabradine of formula (II):
CH,O
OCH
CH, X ’
X - (m,

or 3-{3-[{[(75)-3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-yljmethyl} (methyl)amino]-
10  propyl}-7,8-dimethoxy-1,3 ,4,5—tetrahydr0-2H¥3 -benzazepin-2-one,

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 these compounds useful in the treatment or prevention.of
15 various clinical situations of myocardial ischaemia such as angina pectoris, myocardial
infarct and associated rhythm disturbances, and also in various pathologies involving

rhythm disturbances, especially supraventricular thythm 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

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



15 various clinical situations of nyocardial ischaem a such as angi na
pectoris, nyocardial infarct and associ ated rhythm di sturbances, and
.also in various pathologies involving rhythm disturbances,
especi ally supraventricul ar rhythm di st urbances, and in heart
failure. The preparation and therapeutfc use of ivabradine and its
addition salts with a pharmaceutically acceptable acid, and nore
especi al | That pstehtyspeoidichtorn discribeavthe bewinesis2@ iddsadindstdrting frdve tHeuccngmand
pat ent sp%%ifi akﬁ,n EP 0 534 859. 2 That patent specification
descri bes® ﬂ@néﬁ Hesis of ivabradine starting fromthe conmpound of
formula (111): OCH3 CH3HN (n). OCH3 5 The conpound of fornmula (I111)
is prepared starting fromthe conmpound of formula (1V): OCH3 CH3HN
OCH3 by resol ution using canmphorsu onj ©CEki d. The conpound of
formula (111) is an inportant inte) n the synthesis of
i vabradi ne. Resolution of the sec ine of foihul a (1V)
results in the conpound 6 inonly alowyield (4
to 5 9% . However, in view of the pharnaceuti c@CH;nportance of
ivabradine and its salts, it has been inperative to be able to
obtain the conpound of forrmula (lii) using an effective industrial
P ocess Pk csmspeni ol Rl RSPt ol 0 GBS roS RN

and eman

OCH,
=
CH,HN IE ()
3 AN
OCH,

by resolution using camphorsulphonic acid.

The compound of formula (III) is an important intermediate in the synthesis of ivabradine.

Resolution of the secondary amine of formula (IV) results in the compound of formula (I1T)

10  inonly a low yield (4 to 5 %).

However, in view of the pharmaceutical importance of ivabradine and its salts, it has been
imperative to be able to obtain the compound of formula (II) using an effective industrial
process and, especially, in a good yield and with excellent chemical and enantiomeric

purity.

15 The Applicant has developed a process for the optical resolution of the compound of
formula (I) which makes it possible to obtain the compound of formula (III) with good
characteristics of yield and chemical and enantiomeric purity. The process of the invention
makes it possible to obtain the target enantiomer of the compound of formula (I) in an
excellent enantiomeric excess, with high productivity and in an excellent yield whilst

20  economising on the solvents used.



15 The Applicant has devel oped a process for the optical resolution

of the compound of fornula (1) which nakes it possible to obtain the
. conpound of formula (111) with good characteristics of yield and
chemi cal and enantiomeric purity. The process of the invention mnakes
it possible to obtain the target enant i-mer of the conmpound of

formula (1) in an excellent enantioneric excess, with high

product i vMibye sprdificallgnthe ypoesehtemtventioal whlapdsi fost pra2@ssefoo tiendgtical) rasnlutioe of

2ol e  5E i RS S L SRR S on vl ates

(3, 4-di net hoxy-bicyclo[4.2.0]octa-1,3,5-trien-7-yl)nitrile of formula
(1): OCH3 OCH3 Nto yield its enantioners of absolute configuration

(S) and (R), respectively of fornula @Hg (1b): OCH3 OCH3 ~
(la>~ (lb), [ [ [/l OCH3 //] OCH N erein racemc or
enantionerically enriched m xture_of|l(3, 4{di net ho@/-

bi cyclo[4.2.0]octa-1, 3,5-trien-7Zyl)nNer] (i)éHseparated intoits two
enantioners, (S)-(3,4- 3

di met hoxy- bi cycl o[ 4. 2. 0] oct aNl,/B, 5-trien-7-yl)nitrile of fornmula (Ia)
and (R)-(3,4 10 di net hoxy-bicyclo[4.2.0]octa-1,3,5-trien-7-yl)nitrile
of f or multa Yi¢ld)its epgntedveraiof abdohweraomfiguagiop. (S) and (R), respectively of formula (Ia)

5 and (Ib):
OCH; - OCH;
I [ (Ta) | [ (Ib),
= OCH = OCH
7 3 i :
N N

wherein a racemic or enantiomerically enriched mixture of (3,4-dimethoxy-
bicyclo[4.2.0]octa-1,3,5-trien-7-yDnitrile is separated into its two enantiomers, (S)-(3,4-
dimethoxy-bicyclo[4.2.0]octa-1,3,5-trien-7-yDnitrile of formula (Ia) ahd (R)-(3,4-

10  dimethoxy-bicyclo[4.2.0]Jocta-1,3,5-trien-7-yDnitrile of formula (Ib), by chiral
chromatography.

Optical resolution is understood to mean the separation of the two enantiomers of a

racemic mixture or of any mixture of those two enantiomers.

A racemic mixture is understood to mean a mixture of two enantiomers in a ratio of from

15 55:45 to 45:55, preferably in a ratio of 50:50.

An enantiomerically enriched mixture is understood to mean a mixture of two enantiomers

containing significantly more of one of the enantiomers in a ratio varying between 55:45

and 90:10.



Optical resolution is understood to nean the separation of the two
enantionmers of a racemc mxture or of any m xture of those two
.enantionmers. Aracemc mxture is understood to nean a m xture of two
enantionmers in a ratio of from 15 55:45 to 45:55, preferably in a
ratio of 50:50. An enantionerically enrf-ched mixture i s understood to
mean a m xture of two enantionmers containing significantly nore of
one of tHehimhadhromwategsiphy ia wmslerstoodatoy inmgn b waeangbmedc making 90ssilde the

-4- Chiral chroma raphy i s understood, to nmean_.the. arrangenen

ki ng pOSBHENS: Chat GBBLPHERN DIHE RhIHATDAEFCIR SHPET Aas,and o
nmeans of Aokl glake &rRbdseMal ¥ sdh@s 8r 8NEniktufiisbRepRase conposed of a
sol vent or of a mxture of solvents. In accordance with a preferred

enbodi ment of the invention, a continuous multi-colum 5 separation
process i,s used. In cordance wi,th. an _even nore.preferred enbodi nent
bt “Che- i duaiteramncea B BrERESE it T PRrG Bl i S SR EE R b
used.5Siﬁ@t@@@&1ﬁgg&@gyﬂgd_chronatography is understood to mean a
continuous chronat ography process which makes it possible to

si mul ate novenent of the stationary 10 phase in the opposite
direction,t %%?E t ' ]

it possib ég?éggg%gra gﬂhgﬁ%bﬁﬂ§s5%%%%§EBQBQ$FF?§§F§Q%?ﬁﬁﬁﬁﬁig?%@ﬁﬁ?gd
separ at e hyving ba eiirtbinatogtapbk pesisagsgahy t echni ques. When a chira
stationary phase is used, such a process is especially useful for

the separation of enantioners. Use of simulated nmoving bed _
o a i X Ry R BB o sl (Y™ Rl of Wbhous
reduci ng dhhemangraphs pofcest which meakgs dngbssiblei toesimphtsmsvesad of ahe stngohary
with l%i S Cp%ggei 1?1‘%1?3 gp}?oglrtg 1r£cct) 21%8 H}/e rg(r)ge(r:neesn% SP the mobile phase. Such a process makes
it possible to separate compounds that are difficult or impossible to separate by
conventional chromatography techniques. When a chiral stationary phase is used, such a
process is especially useful for the separation of enantiomers. Use of simulated moving bed
chromatography makes it possible to carry out continuous resolution of a mixture of
15 enantiomers with high productivity, whilst reducing the amounts of stationary and mobile

phases used compared with discontinuous chromatography processes.

In accordance with one of the preferred embodiments of the invention, the stationary phase
used for the chiral chromatography comprises a silica gel impregnated with a

functionalised polysaccharide.

20  In accordance with a preferred embodiment of the invention, the stationary phase used for
the chiral chromatography comprises a cellulose or amylose derivative of tris(4-

methylbenzoate) or of tris(3,5-dimethylphenylcarbamate).

A mobile phase preferably used for the chiral chromatography comprises an alcohol,

another organic solvent or a mixture of an alcohol and another organic solvent.



In accordance with one of the preferred enbodi nents of the invention,
the stationary phase wused for the chiral chromatography conprises a
.silica gel inpregnated with a functionalised polysaccharide. 20 In
accordance with a preferred enbodi nent of the invention, the
stationary phase used for the chiral cfiromatography conprises a
cellul ose or anyl ose derivative of tris(4- nethyl benzoate) or of
tris(3, 5-Aineeg th phearplsc drbanat &F. uskdnivbi the qh&rak@hmrm‘t%raﬁlw these dndyobe

the chiral chro raph rlse an al cohol ano r organic
Corvent apesied PR RSB IERRE SnsongiLsrRant dlapbERt ...
Anong the al cohols that may be used for the chiral chromatography

there may be nentioned, wthout inplying any limtation
|sopropanﬁnakéhﬁ&ﬁ@?“@hﬁwﬁ@ﬁﬁdhgHﬂﬁﬁﬁﬁam@@MEMﬂpﬂéM@pamhwﬂused for the

chiral chromatography is isopropanol. Anbng the organic solvents that
may be used for the chiral chromatography there may be 5 nentioned,

wi t hout | Ao g @@y¥nit isﬂlivbﬁb itled mAyeh @Rk e fo®¥ @heal &M&h@cb%@ﬁ@h‘ﬁthere may be
acetonitrile and nethyl tert-butyl ether. An organic solvent

pr ef erfabl 1961%@6 1‘§1th%‘f)ifaﬂ1§1f’@ranﬁémﬁ?émnﬂ?@t%b‘iquén% lsyeleherene acefpnitiile and
chiral chp gqﬁgﬁy eferably conprises a mxture of an al coho

and another rgani ¢ solvent. 10 A nobile phase even nore preferably
used for the chiral chromatography conprises a mxture of

i sopropanol and. hept ane or m xt.ure of isopropanol and hexane. In a
pr ef er r ed R REE3HICHE nbwﬁgﬁﬁﬁYHW?ﬁﬁPﬁﬁm“VHéwﬁﬁHiIe phase used for the
chiral chromatography conprises a m xture of isopropanol and heptane
or a mxture of isopropanol and hexane in a ratio varying from 50: 50
t o 2: 98. The mnbikcptese aswldontherhaalprhedeatogaipbyrbediraelntconfprisdsen mixture of an

i nventi on lcéh ?ar%another%?gaé%?c SL(I) \%91 for the

10 A mobile phase even more preferably used for the chiral chromatography comprises a

mixture of isopropanol and heptane or a mixture of isopropanol and hexane.

In a preferred embodiment of the invention, the mobile phase used for the chiral
chromatography comprises a mixture of isopropanol and heptane or a mixture of

1sopropanol and hexane in a ratio varying from 50:50 to 2:98.

15 In accordance with a preferred embodiment of the invention, the mobile phase used for the

chiral chromatography is recycled.

The chiral chromatography is preferably carried out at a temperature from 15°C to 40°C

inclusive.

In accordance with a preferred embodiment of the invention, the optical resolution is
20 carried out on a racemic mixture of (3,4-dimethoxy-bicyclo[4.2.0]octa-1,3,5-trien-7-

yh)nitrile of formula (I).



chiral chromatography is recycled. The chiral chromatography is
preferably carried out at a tenperature from 15C to 40C i ncl usive.

. In accordance with a preferred enbodi nent of the invention, the
optical resolution is 20 carried out g a racem c m xture of

(3, 4-di nmet hoxy-bicyclo[4.2.0]octa-1,3,5trien-7- yl)nitrile of

formula (1). -6 In accordance with one of the preferred enbodi nents
of the i nheacdoodance heith songepf tb@an@ﬁ‘eunérer@bodlments of the invention, the target

3, 4-di nmet h bi I t
(9713, - Hou bl e Br oS BieatP 3Ol L S U TS T 6904
formul a (digethok-baseRi]4lamgectii 13- ﬁféﬁ ’D?l)ﬁlﬁﬂe RF efreful£da)enbodi nent s of
the invention, the (R enant i omer
(3, 4- dlnethoxy bi cyclo[4.2.0]octa-1, 3,5-trien-7- yI)nltrlle of
formul a (Ilnbe)c[:oﬂdgncrea\g?l{noﬁee gf ths?.% eflélggcg efiBo d(% En?{l#s OI}QheirrE&/ (3%' tHe R@/%n?n&wmer

optical resolutron proces npoun or nu

t he conposm@, épﬁmf&idﬁyl‘rﬁcjc‘lﬁm 2. (ﬂﬁ}ﬂ&l ﬂi—ﬂﬁélﬁ%l)ﬁﬁﬂrﬁ Obﬁ)rﬂi&&nﬁbpfis facemised
reduction reaction. 10 The reduction of the conpound of fornula (Ia)

i s pref erdldiuped at yasiag suateriah i the OBFI%%é‘T’?@Blt’@ﬂ Pr9£&FS- adi um on- car bon and
HC1 under a hydrogen atnosphere or in the presence of sodium

t et raborohydride and trifluoroacetic acid. The conpound of fornula

(V) obt ai Hedcdmypaued of faronlaofia)trhey giekdpbeloadnpdunidaffedoaild (@) is usef ul

in the synthesis of ivabradine of formula (11). 15 By way of exanple,

t he conpound of fornmula (V) is converted into the carbamte of

OCH,
HN X
OCH

by means of a reduction reaction.

10 The reduction of the compound of formula (Ia) is preferably carried out in the presence of
palladium-on-carbon and HCI under a hydrogen atmosphere or in the presence of sodium

tetraborohydride and trifluoroacetic acid.

The compound of formula (V) obtained by reduction of the compound of formula (Ia) is

useful in the synthesis of ivabradine of formula (II).

15 By way of example, the compound of formula (V) is converted into the carbamate of

formula (VI):

OCH

/ 3
. H | (VI),
tO N X

T OCH,

O

which is reduced to form the compound of formula (I1I):



formula (M): OCH3 EtO N (VI), OCH3 O which is reduced to formthe
conpound of forrmula (I11): -7 OCH3 CH3HN I OCH3 which is converted
.into ivabradine of formula (1) CHBOOCHHs (11), CH/ OCHOor
3-{3-[{[(75)-3, 4- dlnethoxyblcyclo[4 2. 0 octa- 1,3,5-trien-7-yl]methyl}
(et hyl ) am no] -

propyl }-7, 8- d|nethoxy-1,3,4,5-tetrahydro-2k#3-benzazepin-2-one, whi ch
may optionally be converted into an addition salt thereof with a
pharmaceutically acceptable acid sel ected frBE%?ydrochloric aci d,
hydr obrom ¢ acid, sul phuric acid, phag 3d, acetic acid,
trifluoroacetic acid, lactic acid, pytuvicjlacid, mal onic acid,
succinic acid, glutaric i fumaric cid tartarléHQC|d nalelc
acid, citric acid, ascorbi¢ id, o bﬁ nethanesulphonlc
aci d, benzenesulphonlc acid and canphorlc aC| into a hydrate
thereof Anong the known met hods for carrying out the conver si on of
the conmpound of fornula (I1l) into ivabradine there nay be nentioned

t hose des‘gﬁlbggjcdn(}eﬁgzﬁn@k,%g@ge oPR):Bila @Beci fications EP 0 534 859
and EP 1 589 0

CH,0

_ [
3
CH,0 N\/\/N S OCH

O
or 3-{3-[{[(75)-3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-ylJmethyl } (methyl)amino]-
5  propyl}-7,8-dimethoxy-1,3,4,5-tetrahydro-2H-3-benzazepin-2-one,

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

into a hydrate thereof.

Among the known methods for carrying out the conversion of the compound of
formula (IlT) into ivabradine there may be mentioned those described in the European

patent specifications EP 0 534 859 and EP 1 589 005.

15  The compounds of formulae (Ia) and (Ib) are new products which are useful as synthesis
intermediates in the chemical or pharmaceutical industry, especially in the synthesis of
tvabradine, of its addition salts with a pharmaceutically acceptable acid and of hydrates

thereof, and by virtue thereof they form an integral part of the present invention.



15 The conpounds of fornulae (la) and (I b) are new products which are
useful as synthesis internmediates in the chem cal or pharnmaceuti cal
.industry, especially in the synthesis of ivabradine, of its addition
salts with a pharmaceutically acceptable acid and of hydrates
t hereof, and by virtue thereof they fortn an integral part of the
present invention. 8 List of abbreviations used:

DBU: 1, 8- di.iazeiibbyeyviatioss vsed] undec- 7- ene eq.: equival ent TFA
trifluoroacetic acid 5 THF: tetrahydrofuran The Exanpl es herei nbel ow
illustrate the invention. EXAMPLE 1. Separation of the enantioners of

(3, 4- di metBOXY 8Ddie¥BiQLH] 24O @fded7-che3, S-trien-7-yl)nitrile by
preparative chiral chromatography D ssolve 480 ng of conpound of
fornul a (49: dguivelest of met hanol, inject onto a Prochrom 10 50 cm x
50 nm col ’ﬁﬁPCk%dt%ﬂmHP 25 cmwith 300 g of Chiracel QJ phase, at
a flow ratd Of ORI MN and elute at that flowrate in a mxture of

hept ane/ | BAPY efan@ofurdy 30) . The enantiomer of fornula (la)
(configuration (S)) is obtained in a yield of 45.6 %and wth an
enantiomeric purity of 97.6 % The enantiomer of forrmula (Ib)

(confi gurggd %n@%,h%?m%@ii&?ﬂ%@kﬁtﬁeg’{i&-Of 42.2 % and 15 with an

enantioneric purit
[ (7S)-3, 4-di met hoxybi cyclo[4.2.0]octa-1, 3,5-trien-7-yl]net hanam ne by
means of reduction. of

(S) - (3, 4-BXAMELE L Sepamtpn of deoenantipmers of (3 dndimethgxy-bicy¢lal4.J0]octa-
the presengs. @fenMRBHHiclitty GrafRhidad cRfbma@PBfhphyE (10 m/g) into
a t hree-nécked elllZSﬁr?ﬁi lfllrbas}ﬁﬁ%ﬁal(‘:ed e aBBfhphy
Dissolve 480 mg of compound of formula (I) in 5 mL of methanol, inject onto a Prochrom
10 50 ecm x 50 mm column, packed up to 25 cm with 300 g of Chiracel OJ phase, at a flow
rate of 80 mL/min and elute at that flow rate in a mixture of heptane/isopropanol (70/30).
The enantiomer of formula (Ia) (configuration (S)) is obtained in a yield of 45.6 % and
with an enantiomeric purity of 97.6 %.
The enantiomer of formula (Ib) (configuration (R)) is obtained in a yield of 42.2 % and

15  with an enantiomeric purity of 99.3 %.

EXAMPLE 2: [(75)-3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-yljmethanamine by
means of reduction of (5)-(3,4-dimethoxy-bicyclo[4.2.0]octa-1,3,5-trien-7-yD)nitrile in
the presence of NaBH,

Introduce NaBH, (3 eq.) and THF (10 mL/g) into a three-necked 125 mL flask placed
20  under nitrogen sweeping and provided with a condenser, a magnetic bar, a CaCl, guard on
the nitrogen inlet and a temperature probe. Pour in TFA (2.97 eq.) dropwise at 20-25°C.
Add (S)-(3,4-dimethoxy-bicyclo[4.2.0]octa-1,3,5-trien-7-yDnitrile (1 eq.) solution in THF
(4 mL/g) dropwise. Stir at 20-25°C overnight, then pour the reaction mixture into aqueous
0.3M HCI solution (0.5 eq.) and stir at 20-25°C for 1 hour. Filter through a frit under
25  vacuum, rinse with THF and evaporate off the solvent under reduced pressure. Take up the

crude reaction product in dichloromethane (20 mL/g), add 10 mL/g of water and sodium



20 under nitrogen sweeping and provided with a condenser, a nagnetic
bar, a CaCl2 guard on the nitrogen inlet and a tenperature probe.
. Pour in TFA (2.97 eq.) dropw se at 20-25C. Add
(S)-(3, 4-di met hoxy-bicyclo[4.2.0]octa-1,3,5-trien-7-yl)nitrile (1
eq.) solutionin THE (4 nL/gQ) dropmﬁse?‘&iir at 20-25C overni ght,
then pour the reaction m xture into aqueous 0.3M HC solution (0.5
eq.) and lgtdroxidd s@QtiabQ frolt/gl $toufor 1Bi nfrertest imrdothgh adlofwr it sdparaterwah the

vacuum rlnse th T and he sol ve und reduced
oty o o P T et 805 BeEr 8O s SRt G cyemicet RACHE Tedised

n/g), aqqesisﬁréﬁe/ Helafth¥atie praier SOV 61978 HYHLAK LGS a%oérfdhﬁ&ﬁeﬁczpunty of
m./g). Stir for 15 mnutes and then allow to separate; wash

organi ¢ pHes¥.with water, dry over MySO4 and evaporate of f the

sol vent under reduced pressure to yield the title product in a yield
of 78.8 % and with an enantioneric purity of 94.4% 5 EXAMPLE 3:

[ (7S) -53, EXANEPDRXY t{(m)czi LifmethBk Psibpcld42. Fotlal EBS Arich [ P AeNaNa ifn OBy

means of Teduction o

(S) - (3, 4-BpMmK %;zfyhlstleyaf df(R4-gjmethaxy-bicyslald.2 doctali3 fritien-7eylnitrile in

the prese {ﬁﬂi n-c n Introduce | eq. of
(S)-(3,41%82%%i8§§h cy?ﬁgﬁgyb&ﬁ¥§cta 1,3,5-trien-7-yl)nitrile, 1 eq.
of nmethanolic HC 1.12N and 0.1 @6by melght of 5 @6

palladlun}on car bon |nto a 125 10 autocl ave. W t

(10 ni/ g)ntrpdicsel it A m@é&g@ﬁle&?ﬂ}ymﬁ@f?%%mﬂgiavlég%ﬁlensmr)n@tﬂezéc,eq of
and hydr glﬂ%(ﬁlc“ﬁ??ﬁ.l%& clt)rﬂf @.1% ?%1 ﬁte & E’/ag)glrlz?duﬁtﬂron caﬁ%ﬁr fito % 125 mL

Rel ease aut ocl ave pressure, actiron mxture an
distilo ofefutdzcﬂlaafes Blinsentish urtanolr @dunkbd). Bmgs suithenitrbgie amtptltehemth hydrogen,

resulting h | oride in dichlor t hane, (20 nl/ / of
vater andtis 2§?§ e} rogenl e ToTD pars i) te@??rﬁ%)reo fory. hﬂwﬁﬂks@aﬁn@e

then al | odPavbSpSQRAY, atiRe tw@%acﬁb@ rakAAd lafid RINES & iMHeNs MRS und¥ Yreduced
over MgSO4 and evaporate off the solvent wunder reduced pressure to

yi el d t hepresstitee Tpkoupdte tiesulang hydrdchdéri@0inodic dromettinng 620 mL/g), add 10 mL/g
of water and sodium hydroxide solution (2 mL/g). Stir for 15 minutes and then allow to

15  separate, wash the organic phase with water, dry over MgSO, and evaporate off the solvent

under reduced pressure to yield the title product in a yield of 90 % and with an

enantiomeric purity of 95.5 %.

EXAMPLE 4: racemic (3,4-dimethoxy-bicyclo[4.2.0]octa-1,3,5-trien-7-yDnitrile by

means of racemisation of (R)-(3,4-dimethoxy-bicyclo[4.2.0]octa-1,3,5-trien-7-yl)nitrile

20 Introduce 100 mg of (R)-(3,4-dimethoxy-bicyclo[4.2.0]octa-1,3,5-trien-7-yl)nitrile
(0.53 mmol), 5 mL of isopropanol and 121 mg of DBU (1.5 eq.) into a flask provided with
a condenser and with magnetic stirring. Heat at 65°C for 2 hours and then allow to return

to ambient temperature. Filter to obtain the title compound.



enantiomeric purity of 95.5 % EXAWPLE 4: racem c

(3, 4-di net hoxy-bicyclo[4.2.0]octa-1,3,5-trien-7-yl)nitrile by neans
. of racem sation of
(R)-(3,4-dinethoxy-bicycIo[4.2.0]octa-]1,3,5-tricn-7-y|)nitriIe 20
| ntroduce 100 ng of -10-

(R - (3, 4-di met hoxy-bicyclo[4.2.0]octa-1, 3,5-trien-7-yl)nitrile (0.53
nmml ), 5 nL of isopropanol and 121 ng of DBU (1.5 eq.) into a flask
provided with a condenser and with ic stirring. Heat at 65C
for 2 hours and then allow to return afbhi ent tenperature. Filter
to obtain the title conpound. -10- CLAIMS 1. Process for the optical
resol ution of (3,4-dinethoxy-bicyclo[4.2.0]octa-1,3,5-trien-7-
yl)nitrile of fornula (1), wherein a racenm c or enantionerically

enriched , 4. . . . .

i et hoxy b SR fa Bhgisplrssolytion of G- dhmsihosy Pivpleld 3 OlaskisbAcsen T
into its fiyetrgnantorani! §),5vherein a racemic or enantiomerically enriched mixture of (3,4-
(S)-(3,4-di met hoxy-bicyclo[4.2.0]octa-1,3,5-trien-7-yl)nitrile of
formul a (cllglfthé)pw-beq:}):lo({ 2 ]octa-1,3, -trien-7-yl)nitrile is separated into its two enantiomers
di met hoxy~bi€£ycs 1 -t Ricen- 7Yl ) i b L 1B,
by chi'ral St o oy BeatloBr 2 0fbch L5 ST HBIAE bl forlhad A5PHAR Sk
char act erdisethoxp-bidyato[4.2.0lees 1 3, Cofehi Auldnigiloul bf - clokhmola  $Bpar By i ochiral
process. 10 3. Progcess according to one of clainms | or 2,

char act er{S¥BPE2PR%t it uses a sinulated noving bed chromat ogr aphy
process. 4. Process according to one of clainms 1 to 3, characterised
in that the stationary phase used for the chiral chromatography
conpri ses2.a Byptdss acgudlingipcbgnal, elanactehsea infthatct bsasad ¢adiduous multi-column
pol ysaccharide. 15 5. Process according to one of clainms 1 to 4,

char act eriBEEUPHPPREY t he stationary phase used for the chiral
chromat ography conprises a cellul ose or anyl ose derivative of tris(4-

10 3. Process according to one of claims 1 or 2, characterised in that it uses a simulated

moving bed chromatography process.

4. Process according to one of claims 1 to 3, characterised in that the stationary phase
used for the chiral chromatography comprises a silica gel impregnated with a

functionalised polysaccharide.

15 5. Process according to one of claims 1 to 4, characterised in that the stationary phase
used for the chiral chromatography comprises a cellulose or amylose derivative of tris(4-

methylbenzoate) or of tris(3,5-dimethylphenylcarbamate).
6. Process according to one of claims 1 to 5, characterised in that the mobile phase used
for the chiral chromatography comprises an alcohol, another organic solvent or a mixture

20  of an alcohol and another organic solvent.

7. Process according to claim 6, characterised in that the alcohol used is isopropanol.



met hyl benzoate) or of tris(3,5-dinethylphenylcarbamate). 6. Process
according to one of clains 1 to 5, characterised in that the nobile

. phase used for the chiral chromatography conprises an al cohol,

anot her organic solvent or a mxture Q of an al cohol and anot her
organi c solvent. 7. Process according té‘clain16, characterised in
that the al cohol used is isopropanol. -11- 8. Process according to

any one of. clratess aéconding fo efaemcefaddised darrY, chatctehedon anile ggdnesilvent
used is he aa e ?r heﬁane. 9. Process according to any one of clains

6 to 8, GWE gQF?EW§éﬁ PH"fhat the nobile phase conprises a mxture

of an al cohol and another organic solvent. 5 10. Process according to
claim9, characterised in that the nobile phase conprises a mxture
of i sopr dpaniocespdctrapnarie any oae of rlauneo ¢6 3 shasrcpransd|in drd thresahide phase
11. Process_accor di. t o clai Q.. characterised in that the nobile
oiase corrrages amifife & Biomb LG RRkEF R FEsthne or a mixture of

i sopropanol and hexane in a ratio varying from50:50 to 2:98. 10 12.
Process according to one of clains 1 to 11, characterised in that the
nobi | & phHkPraewss acegdingho ehdim A, darasterisesyimphaf the mehilgcplage cpgiprises a
Process [ ' - [ j.n that the
chiral - QpponS of Sob el il hEp@hB: drbBuct o ERREAE AR TR L2
40C inclusive. 14. Process according to one of clains 1 to 13,
characterjsed in that the optical resolutigon 15 is carried out on a
raceni ¢ n%lxthP‘éeSBfaC%@flwgdﬁon@ﬁ%iQa Bhargeieteed 1B hiloheamebite Bhasejcompyises a
yl)ni trili@frel & @hBpdnbl -andhepRhO GRS nAGERY B NpioBaitfl Gl h&add #F alratio
to 14, characterised Pn t hat tﬁe t ar get enantlongr of

(3, 4- di nmetdnpirg fonc§CPOfcl2:280] octa- 1, 3, 5-trien-7-yl)nitrile is

(S)- (3, 4-di met hoxy- bi cycl o-

10  12. Process according to one of claims 1 to 11, characterised in that the mobile phase used

for the chiral chromatography is recycled.

13. Process according to one of claims 1 to 12, characterised in that the chiral

chromatography is carried out at a temperature from 15°C to 40°C inclusive.

14. Process according to one of claims 1 to 13, characterised in that the optical resolution
15 is carried out on a racemic mixture of (3,4-dimethoxy-bicyclo[4.2.0]octa-1,3,5-trien-7-

yDnitrile of formula ().

15. Process according to one of claims 1 to 14, characterised in that the target enantiomer
of (3,4-dimethoxy-bicyclo[4.2.0]octa-1,3,5-trien-7-yDnitrile is (S)-(3,4-dimethoxy-bicyclo-
[4.2.0]octa-1,3,5-trien-7-yl)nitrile of formula (Ia).

20  16. Process according to one of claims 1 to 15, characterised in that the (R) enantiomer of
(3,4-dimethoxy-bicyclo[4.2.0]octa-1,3,5-trien-7-yDnitrile of formula (Ib) is racemised and

used as starting material in the optical resolution process.



[4.2.0]octa-1,3,5-trier-7-yl)nitrile of formula (la). 20 16. Process
according to one of clainms 1 to 15, characterised in that the (R

. enantioner of

(3, 4-di net hoxy-bicyclo[4.2.0]octa-1, 3,5-trien-7-yl)nitrile of fonnula
(I'b) is racem sed and used as startin‘d material in the optical

resol ution process. -12- 17. Conmpound of fornula (la): OCH3 (la). /
OCH3 N 18. Qonpoundcbfdérnfwda fha):a (1 b): OCH3 (1b). OCH3 N 5 109.
Process for the synthesis of the conpound of formula (V): OCH3 H2 N
(V), OCH3 characterised in that the conpound of fornmula (la): OCH3

(1a) OCH3 N O,
| [ (Ta).
_
OCH,

/
N

18. Compound of formula (Ib):
OCH

\ 3
| [ (Ib).
=

OCH,

5 19. Process for the synthesis of the compound of formula (V):

OCH,
~
)
HN ~ V),
OCH,

characterised in that the compound of formula (Ia):

- OCH;
| [ (Ia)
=
OCH,

o
N

is subjected to a reduction reaction.

10 20. Synthesis process according to claim 19, characterised in that the reduction of the

compound of formula (Ia) is carried out in the presence of palladium-on-carbon and HC1



is subjected to a reduction reaction. 10 20. Synthesis process
according to claim19, characterised in that the reduction of the

. compound of formula (la) is carried out in the presence of

pal | adi um on-carbon and HCl -13- under % hydr ogen at nosphere or in

t he presence of sodiumtetraborohydri ddand tritluoroacetic acid.

21. Process for the synthesis of ivabradine, its pharnmaceutically
accept ablundsala diydragen Satmpdphere sort rerthbofpresshes adft sedisad tdtrabetohydudee and
conpoundto formul a H): OCH3 (1) / OCH3 N is subjected to the

opti cal r'é 89{??‘?%]!%&5 ocess of claim1l1 to yield the conpound of

formula (la): OCH3 (la), / OCH3 / N 10 which is converted into the

compound of fornmula (V): OCH3 HZN OCH3 in accordance with the
process oAl. dirgpess 1for the synthesis of ivabradine, its pharmaceutically acceptable salts and

5  hydrates thereof, characterised in that the compound of formula (I):

%
N

is subjected to the optical resolution process of claim 1 to yield the compound of

- OCH;
| [ (1a),
= ,

OCH,

10 which is converted into the compound of formula (V):

OCH,
/ ‘
N “ V)
OCH,

in accordance with the process of claim 19,

formula (Ia):

7
N

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

OCH,
=
. H |[ V1),
0. _N e
T]/ OCH,

0)

15 which is reduced to form the compound of formula (III):



which is converted into the carbamate of formula (VI) : OCH3 EtO V/N
~' 1) OCH3 O 15 which is reduced to formthe conmpound of fornula
. (111): -14 OCH3 CH3HN I (111), OCH3 which is converted into

i vabradi ne of forrmula (11) CH3O OCH3 HZB \' CHOQIN-~/N1I / OCH(11)5
3 OS5 or el
3-{3-[{[(7S)-3, 4-di net hoxybi cycl o[ 4. 2.0]octa-1, 3,5-trien-7-yl]nmethyl}
(met hyl ) am no] -

propyl}-7,8-dinethoxy-l,3,4,5-tetrahydro-2H—3-E zazepi n- 2- one,

whi ch may optionally be converted intag addPton sal't thereof with
a pharmaceutically acceptable acid s¢fectgd from hydrochloric acid,
hydr obrom ¢ aci d, sul phup id, | phosphot]ic aci d, Wetic acid,
trifluoroacetic acid, |actiPc aci., pyrow éﬂ mal oni ¢ acid, 10
succinic acid, glutaric acid, fumaric acid, t Faric acid, maleic

acid, citric acid, ascorbic acid, oxalic acid, nethanesul phonic
aci d, benzenesul phonic acid and canphoric acid, or into a hydrate

thereof. (hich is converted into ivabradine of formula (1D

CH,;0 OCH

D,

2
éz
\

H.,O
CH, OCH

O
5 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-2H-3-benzazepin-2-one,

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

into a hydrate thereof.



