-1- New process for the preparation of functionalised
benzocycl obut enes, and application in the synthesis of ivabradine and
addition salts thereof with a phar maceaotti cal | y acceptable acid The
present invention relates to a process for the preparation of

f unct i onaNew @atocdse fordby pirepruttine of funrtionaliset dienzegyplobutenies anidmpplhieation
synthesi s of .ivabradi.ne.. addi{.ion salts. thereof wt.h a .

ohar maceut | eaht sy aBEuT B ARRdR Mg BdBap 5L Bretetifh & poappassutieoty
formula (1) : CH3O OCH3 CH30O NH (X&deptab)e ackd O or

3-{3-[{[(7S)-3, 4-di net hoxybi cycl o[ 4.2.0]octa-1, 3,5-trien-7-yl]methyl}
(et hyl ) am no] -

propyl } -7, 8-di net hoxy-1, 3, 4, 5-tetrahydro-2H 3-benzazepi n-2-one, and

al so addi tiHen psakhts ih@tieR! raMibd 8 RhpFITBGEUS] GRS | YrepaaSRt Al uRGbAalised
and nore especially the hydrochloride thereof, have very val uable

phar macol dgnexyclohutenere eag datthair applispéon irethe syophssis aif|iyativadios cdddion salts

or ovent i ot BERAERARSy GRERGRIGRA SR RGPSt Sohaem o,

such as angina pectoris, nyocardial infarction and associated rhythm
di sorders, as well as in _various pathol ogies involving rhythm

di sorders,IV%gi‘FBEﬁ’ af foymylagdDavent ri cul ar rhythm disorders, and in

heart failure.-fhg preparation and therapeutic use of ivabradine and

addition salts therneofwith a pharmaceutically ac bI @Gdj d, and
nore especially the _ j de t hereof ,CHhave—t

Eur opean patent spe kP 0 534 859, 10
speci fi cati ofTHEScr Nae i
material a conpound of frmulfa (11) : 3

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

and also addition salts thereof with a pharmaceutically acceptable acid, and more
especially the hydrochloride thereof, have very valuable pharmacological and therapeutic
properties, especially bradycardic properties, which render those compounds useful in the
treatment or prevention of various clinical situations of myocardial ischaemia, such as
angina pectoris, myocardial infarction and associated rhythm disorders, as well as in
various pathologies involving rhythm disorders, especially supraventricular rhythm

disorders, and in heart failure.

The preparation and therapeutic use of ivabradine and addition salts thereof with a
pharmaceutically acceptable acid, and more especially the hydrochloride thereof, have

been described in European patent specification EP 0 534 859.

10 That patent specification describes the synthesis of ivabradine using as starting material a

compound of formula (II) :



-2 OCH3 CH3HN I (11). OCH3 The conpound of forrmula (I1) is obtained
by resolving, with the aid of canphosul phonic acid, the conmpound of
formula (111) OCH3 CH3HN (i) 5 OCH3 The conpound of formula (I11) is
an inportant internediate in the synthesis of ivabradine. The
present invention relates to a process for the preparation of
functionalised benzocyclobutenes and to thelr(ggpllcatlon in the
synthesis of ivabradine, addition salts A8 el with a
pharmaceutically acceptable acid an
conpound of fornula (11) Hg%g preg
benzocycl obut enes has be oriped i mNArgewandt e  Cheni e,
International Edition 2003, 42, 5736-5740. Thﬁgnﬁubllcatlon descri bes
the 15 possibility of applylng C(sp3)-H bond activation to the
preparation of functionalised benzocyclobutenes using a palladi um
cat al yst r I, f | 4 ti r -
o pr ovess Horfbal & BREEL 173 bifuink R RESRARE LAY A 4G or o R
R2 (1V), adifh the BEmpburd of formula (III) :

OCH

N

(I1D).

CH,HN

/

OCH

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

The present invention relates to a process for the preparation of functionalised
benzocyclobutenes and to their application in the synthesis of ivabradine, addition salts
10 thereof with a pharmaceutically acceptable acid and hydrates thereof via the compound of

formula (II).

The preparation of functionalised benzocyclobutenes has been described in Angewandte
Chemie, International Edition 2003, 42, 5736-5740. This publication describes the
15 possibility of applying C(sp’)-H bond activation to the preparation of functionalised

benzocyclobutenes using a palladium catalyst system.

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

compounds of formula (IV) :

R,

e
Iv),
=

R,

R,



4 -3- wherein R, R2, R3 and R4, which may be identical or different,
“each represent a hydrogen atom a linear or branched (C C6)al kyl
group, a linear or branched (d -C6)al koxy group, a fluorine atom a
chlorine atom a protected am ne group, a protected hydroxyl group,

an al koxycarbonyl group in which the deoxy group is linear or
branched (Cl-C6 or _a CF3 5 group, R4=H and R2 and R3 toget her
with the t(ifa?fs atfonRs ang Ry ‘ﬁ]@dﬁ H@mbﬁdﬂ?ﬁ%al qr djtigregy @ﬁ%&h@p@%@@ﬁﬁghmOgen
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F Bpr o ont SRGIEOHRETERHp 1o e ko DR 1 IRERY BeAriheds G- igapr 8,CF:
branched § 1@@1}? ) Rﬁqufcﬂ arﬂf R%Qnd Y)g@ Rzéét% %ﬁ%%?ﬂe' Srihedesk %5.IIT§IR% thé%ré thah a

a conpound of formula R5 whereln ,

R3, R4i Rbj3- di@(caatr@gsupjefi ned hereinbefore and X represents a hal ogen

15 atom preferabl atrif s sub ct ed

Lo a ool R Gpfosim SRRt phovabtpke dnsdeotirndied &5 s g b oedia

conpri si NgranéheBAld, Mﬂr&%ﬁi Shodth i SRMRIrGROSRAIA i%eﬂrgfet:ﬁg or a

fromtri-tert- butylp hine, 2-bi hen | -di -teri-butyl phosphi ne,

1, 2, 3, 4, 5CPeht gfph@ﬁywhm Rods 2 figearob taylp%ﬂw!ﬁpiﬂémikyl greun; ocene and

ts;: 3( i rreﬁéhpep}{esentrr% QIXn(P gr%ﬂff }Qr&f ngpoeup i whic g? s hl(i)rp«itla%J 0 r%héheg < %e)
alkyl group,

which process is characterised in that a compound of formula (V) :

V),

wherein Rj, Ry, Rs, R4, Rs, Rg are as defined hereinbefore and X represents a halogen

15  atom, preferably a bromine atom, or a triflate group,

is subjected to a cyclisation reaction in the presence of a catalyst/ligand system comprising

a palladium catalyst and an organic phosphine selected from tri-fert-butylphosphine,

2-biphenyl-di-fert-butylphosphine, 1,2,3,4,5-pentaphenyl-1'-(di-tert-butylphosphino)-

ferrocene and tris(4-methoxy-2-methylphenyl)phosphine, or a phosphonium salt of the said
20  phosphines,

in the presence of a base,

in an organic solvent.

Protected hydroxyl group or protected hydroxyl function means a hydroxyl function
substituted by a protecting group customary for that function. Among those protecting

25  groups there may be mentioned, without implying any limitation, silyl-containing groups



20 phosphines, in the presence of a base, in an organic solvent.

" Protected hydroxyl group or protected hydroxyl function neans a
hydr oxyl function substituted by a protecting group customary for
that function. Anong those protecting 25 groups there may he

menti oned, w thout inplying any limtation, silyl-containing groups

RARCLIGHE o I R T LR AT

and pi val gtlzyl, PaRlAt@6k 195RHD 2ABBRSIA/AN am ne function
substitutedzgy@g proteéﬁ#ﬁgﬂg?ﬁ%g gﬁ?to%&r;@for that function. Anmong

those protecting groups t here nay be nentioned, 5 mnthout |nplying

[imt t t
but oxycar BoPoTeth i EREr dRtis %13%{“ ARG tSHﬁs%Mﬁ% i Gt gpoup
t hat can @ﬁtdiﬁeﬁ? fohens ﬁﬁﬁb’tl(ﬁﬁ ARk prM\ﬂe&tlﬂngrdugP |tHérE‘9na Bé’ mentloned

limtation, Pd( OAC} 2, Pd(dba) 2, Png( dba) 3, Pd
PdBr 2,5 orthh%%ﬁs igip ymg any hmltatlon the groups nosyl tosyl mesyl acetyl tert-

p- acet at ne)benzylIdlpalladlun1(kbrrnann S
catalyst)ﬁh?%&%ﬁxgg |un1 8§F F preferably used is Pd(OAc)2. The

or gani ¢ phosphi ne preferably used is tri-tert-butyl phosphi ne. Anong

t he phosphonlunlsalts that can be used there nmay be nentioned,
wi t hout i 1H31opE Ake Pallaglium gatalyst et caﬁrb@w%memﬁn@étbﬁ amqrm@n%bo*flﬁxoéélmplymg

hexaf | uor e h

salt pref%gggﬁggﬁgg ?2 %?hﬁ¥g$ buf@?%hggﬂg8§%§: Pfuorp g???%}dl
Anpng t he(lbazese)blf- (cﬁ&i%o@&pht&?ﬁiné)b@ﬁ@l]ﬂméﬂbﬁuﬂﬁmmmd s cidalyRgut
inplying any limtation, K2CO3, Cs2CO3, Na2CO3, K3P04, KHCCS,

t- BuCO2Na, t-BuCO2K and t-BuCQO2Cs.

10 The palladium catalyst preferably used is Pd(OAc),.
The organic phosphine preferably used is tri-fert-butylphosphine.
Among the phosphonium salts that can be used there may be mentioned, without implying
any  limitation, phosphonium tetrafluoroborates,  hexafluorophosphates  and
hexafluoroantimonates.

15 The phosphonium salt preferably used is tri-fert-butylphosphonium tetrafluoroborate.
Among the bases that can be used there may be mentioned, without implying any
limitation, K;CO;, Cs;CO;, NayCOsz, K3PO4, KHCOs;, -BuCO)Na, -BuCO,K and
-BuCO,Cs.

The base preferably used is K,COs.

20  Among the solvents that can be used there may be mentioned, without implying any

limitation, DMF, N,N-dimethylacetamide, N-methylpyrrolidine, xylene and mesitylene.

The solvent preferably used is DMF.



The base preferably used is K2CO3. 20 Anong the solvents that can be
used there may be nentioned, without inplying any limtation, DW,

N, N-di met hyl acet am de, N-methyl pyrrolidine, xylene and nesitylene.

The sol vent preferably used is DVF. -5-.The tenperature of the
reaction is preferably from 100C to 150& According to a preferred
enbodi nent, the present invention relates to a process for the
preparation of conpounds of formula (IVa), particular cases of t he
conpoundsméterﬁgefaawe%fme\@eaé@@ﬁ %féﬁéa%ﬁhwétﬁ%@@% : R2

(1Vva) RBO2C R 5 CO2R7/ R4 , , R4, R/ and R8 are as
defined herei nbefore, starting from conpounds of formula (Va),

parti cul ar, es of th un s of formul a wher ei n R5=CQO2

PG R CeDPTIIng (8 o, prRgerT o oy G My (5Ot A BT TRVCE G AHEPETR [ the
R2, R3, RérepibiiofRSrapsngordis ﬁsf&ﬁflﬂd"?ﬁ/zb,eﬁﬁhﬁl?&{r%%es of the compounds of

formula (IV) wherein Rs=CO,;R; and R¢=CO,Rg :

RI
)
| (IVa),
R,0,C _
R3
CO,R,
5 4

wherein Ry, Ry, R3, R4, R7 and Rg are as defined hereinbefore,
starting from compounds of formula (Va), particular cases of the compounds of

formula (V) wherein Rs=CO,R; and R¢=CO,Rg:

R,

HC (Va),

ROC CoRr, R,

10 wherein Ry, Ry, R3, R4, R7, Rg and X are as defined hereinbefore.

According to another preferred embodiment, the present invention relates to a process for
the preparation of compounds of formula (IVD), particular cases of the compounds of

formula (IVa) wherein R;=R;=H and R,=R3=0CH; :



Accordi ng to anot her preferred enbodi nent,

relates to a process for
(I'vh),
Rl =R4=H and R2=R3=CCH3 :

the present invention

the preparation of conpounds of formula
particul ar cases of the conpounds of
-6 OCH3 (1 Vb),
and R8 are as defined hereinbefore,

formula (l1Va) wherein
R802C OCH3 CO2R7 wherein R7
sté?iing from conpounds of

formula (Vb), particular cases of the conpounds of formula (Va)
wherei n Ri =R4=H and R2=R3=0CH3: X OCH3c cc113 R80 2 C
CQOZR7 wherein R7, R8 and X are as| def|li ned|herei nb $e. The conpounds
of formula (IVa) obtained gqggfding 0 Lp proces > the invention
can lead to conpounds of f&riula (VI ; /g H®RC ( (M1a), R3
CO2R9 R CO,R, 3

wherein Ry and Rg are as defined hereinbefore,
starting from compounds of formula (Vb), particular cases of the compounds of

formula (Va) wherein R;=R4=H and R,=R3;=0OCHj5:

X OCH

3

(Vb),

H,C

OCH

5 ROC" (o p

wherein R7, Rg and X are as defined hereinbefore.

The compounds of formula (IVa) obtained according to the process of the invention can

lead to compounds of formula (Vla) :

Rl
= R,
| (Vla),
HO,C NN
3
C02R9 R

4
10 wherein Ry, Ry, R3 and Ry are as defined hereinbefore
and Ry is a linear or branched (C;-Cg)alkyl group,

by an ester saponification or hydrolysis reaction,

then the compounds of formula (VIa) lead to compounds of formula (V1la) :



10 wherein RI, R2, R3 and R4 are as defined hereinbefore and RO is a
“linear or branched (G -C6)al kyl group, by an ester saponification or
hydrol ysis reaction, then the conpounds of formula (Vlia) lead to
conmpounds of formula (Mla) : -7- R1L / (Mla), R RL1002C R4
wherein RI, R2, R3 and R4 are as defined hereinbefore and RIOis a
hydrogen atomor a linear or branched (Cl-C6)al kyl group, by a

decar boxyl ati on reaction. 5 The hydrdlysis or t he saponification of
an ester function of the conpounds of for (I'Vb) results in
conpounds of fornmula (Mb), par S s of t he conpounds of

formula (Vlia) wherein R =R4=l| % HO2C (VI Db),
elnbefore a?

decar boxyl ati on of the 3Qn§ (Mb) then results in
conpounds of formula (VITb}, particular cases of the conpounds of
fornmula (Vila) wherein R1=R4=H and R2=R3=0CH3:

wherein Ry, Ry, R3 and Ry are as defined hereinbefore
and Ry is a hydrogen atom or a linear or branched (C;-Cg)alkyl group,

by a decarboxylation reaction.
5  The hydrolysis or the saponification of an ester function of the compounds of formula
(IVb) results in compounds of formula (VIb), particular cases of the compounds of formula

(VIa) wherein R;=R4=H and R,=R3=0OCHj3 :

OCH

/

(VIb),

HO,C =
CO,R,

OCH,

wherein Ry is as defined hereinbefore.

10 The decarboxylation of the compounds of formula (VIb) then results in compounds of
formula (VIIb), particular cases of the compounds of formula (VIla) wherein R;=R4=H and
R,=R3=0OCH3 :

OCH

/

(VIIb),

\

R,.0.C OCH,

wherein Ry is as defined hereinbefore.

15  The compounds of formula (VIIb) obtained according to the process of the invention are
useful in the synthesis of ivabradine, addition salts thereof with a pharmaceutically

acceptable acid and hydrates thereof.



OCH3 (VI b), R1002C OCH3 wherein RIOis as defined hereinbefore. 15
- The conpounds of formula (VIIDb) obtained according to the process of
the invention are wuseful in the synthesis of ivabradine, addition
salts thereof with a pharnaceutically gcceptable acid and hydrates
thereof. g By way of exanple, their Teaction wth nethylam ne
results in the compound of formula (VIIl) OCH3 (VIIl), CH3HN\ OCH3
0 5 the reduction of which results in the conpound of forrmula (I111) :

acid, rest &t sa B i (or o b R SIS Pflina of

OCH3 10 whirptuld @/1Elgnverted into ivabradine of forrmula (1)

OCH,
=
| (VIID),
CH,HN X
OCH,

5  the reduction of which results in the compound of formula (III) :

OCH,

\

| (),
OCH

CH,HN

/

the resolution of which, using camphosulphonic acid, results in the compound of

formula (IT) :

OCH

= 3

dn,

CH,HN 1
OCH,
10 which is converted into ivabradine of formula (I)
CH,O
3 N OCH,
CH, | [

@

CH,0 Ne N ¥



CH30 OCH3 CH3ION- ( / C) OCH3 0 -9- or

“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-di met hoxy-1, 3, 4, 5-tetrahydr g- 2H 3- benzazepi n- 2- one,

which may optionally be converted into its addition salts with a

h I bl d d h id, .
byar oo onte a1 B RERH R PisycB T R0 labtoH o et ioety s (aghy iminol-
trifluor 0@%@91}07 @%rﬁethb?}ml '304 @@étﬁhy@fwm eﬁEalzgp[)m@ln(Pé“ C aci d,

succinic aclid, glutaric acid,” fumaric acid, tartaric acid, mal ei ¢
acid, citric acid, ascorbic aC|d oxalic acid, nethanesulphonlc

d, benz sul honlc cid and n
e at o Sy e SRS e ARG U BaiGonaiits muth oo brepesgutisally
the conpogndp @Ele a8df el @ fhdnh ) hyldeodh¥GRY @Qx’dn%gfdwb@&ﬁmd%&@r | AMukB acid,
t he European atent specifications EP 0 9 and EP 1 589 005 may

be ment i oplaspha@in @mch mu@@momﬁl@r@aceﬂ@ ranid) éﬂcgc \abl)d mrugc;o@mgh whlvsid aid,
t hus espegj is. of

h
e 6t PestleBinid iR bitlactc el d SRR 6 Wbl et AR (1, 355 gt aseorbic

t her eof . ddd,Thalie @Bﬂdoﬂﬁﬂﬁm@sfulﬂ}@hm&o@d (Heleohesutbhopic &di€ aﬁ@'éémﬁh'drﬁf acid, and
cases of the coqgounds of formula (1V) wherein R5=C02R7 and

R6=CO2R8, infhis Byd#es.he conpounds of formula (Vib), as well as the
conpounds of formula (VI11), which are particular cases of the
conmpounds of formula (VIIb) wherein RLO represents a |inear or
branched A@ibng6)hal kaethogs okimwrarfer maWym@r oguclics cohvekioar 6f Wisefdompagnd of
synthe5|s internedi ates in the chenlc har naceuti cal . 20 .

i ndust® y, fosmpladilaie v F?dfl}?ethé%flﬁ%él?% &P\ﬁgﬁ?%n RatenigpgrificationsdiR § 534

t her eof V‘Bﬁd"ar@ EP 1 589 005 may be mentioned.

Obtaining compounds of formula (IVb) in good yields is thus especially useful in the
synthesis of ivabradine, addition salts thereof with a pharmaceutically acceptable acid and

hydrates thereof.

15 The compounds of formula (IVa), which are particular cases of the compounds of formula
(IV) wherein Rs=CO,R7 and R¢=CO,Rs, and also the compounds of formula (VIb), as well
as the compounds of formula (VIIc), which are particular cases of the compounds of
formula (VIIb) wherein Ry represents a linear or branched (C;-Cg)alkyl group, are new
products which are useful as synthesis intermediates in the chemical or pharmaceutical

20 industry, especially in the synthesis of ivabradine, addition salts thereof with a
pharmaceutically acceptable acid and hydrates thereof and, as such, constitute an integral

part of the present invention.

List of the abbreviations used:

dba : dibenzylidene acetone
25  DMF : N,N-dimethylformamide
DMSO : dimethyl sulphoxide



pharmaceutically acceptable acid and hydrates thereof and, as such,
constitute an integral part of the present invention. List of the
abbrevi ati ons used: dba : dibenzylidene acetone 25 DW

NN- di met hyl f or mami de DMSO : di met hyl sy phoxi de -10- eq.: equival ent
THE : tetrahydrofuran The Exanples hereinbelow illustrate the

i nvention. GEneraI procedure A for the formation of benzocvcl obut enes
by C H boffti ‘:&8¥V3'88§ on 5 Introduce aryl bromide (1 mol), Pd(QAc)?2
(0.1 eq.) i (0.2 eqg.) and anhydrous K2CO3 (1.3 eq.)

into a drgHgn . ﬁ%#@%ﬁlly seal abl e Schl enk tube provided with a

bar magnet. The Schlenk tube is purged and pl aced under argon. 4 ni

of anhydrous_DMF = are added .under and the Schl enk tube is
herneticaﬁﬁ?E§@ﬁP@ﬂﬁﬂﬁﬁggﬁﬁﬁﬂgﬂﬁf%@?%H£P8 D.stirring in an oil bath
preheated to 140C until conpl ete di sappearance of the aryl brom de 10
in GC/MS. After returning to anbient tenperature, the reaction

m xture i &eué uthA fdir gidfermatibe of hemzotcy¢loleutene -idlont ectiVition
organic solution is washed with saturated aqueous NaC solution and
dried over MgSHA and the residual solvent is evaporated off under
reduced pr@®dués arﬁh&oﬁﬁa@ql I @ael), ar(ORRIUCH. 1|&;1pw&ﬁyu%qmm flbasBq.) and
chromat ography to t he benzocycl obut ene neral procedure B

for the fenhydique er@%stﬂéﬁzeady@tp@bw gwébermﬁt@lly @@hbleafdﬂemkttubﬁmrowded with
| d Pd2 0 t~B HBF
(0. 1°eq. y* Brredeh T Gish e BBy poded §RTbsoc ey ot b7 R

seal abl e ﬁefﬂdeéﬂ(uﬁd@%rglfrpﬁh&iﬁ@ Smdfhk tab® & heimghedlly sthied Sah |t1@dilksm>§}é@ﬁad to
is purged and pl aced_under argon. 4 m of anhydrous DMF

stirring 1n an oil bath preheated to 140°C until compléte disappearance of the aryl bromide

10 in GC/MS. After returning to ambient temperature, the reaction mixture is diluted with

diethyl ether and filtered over Celite®. The organic solution is washed with saturated

aqueous NaCl solution and dried over MgSO, and the residual solvent is evaporated off

under reduced pressure. The crude reaction product is purified by flash chromatography to

yield the benzocyclobutene.

15 General procedure B for the formation of benzocyclobutenes by C-H bond activation

Introduce aryl bromide (1 mmol), Pdy(dba); (0.05 eq.), P(+~Bu);.HBFs (0.1 eq.) and
anhydrous K,COs (1.3 eq.) into a dry and hermetically sealable Schlenk tube provided with
a bar magnet. The Schlenk tube is purged and placed under argon. 4 ml of anhydrous DMF
are added under argon, and the Schlenk tube is hermetically sealed and then subjected to
20  stirring in an oil bath preheated to 120°C until complete disappearance of the aryl bromide
in GC/MS. After returning to ambient temperature, the reaction mixture is diluted with
diethyl ether and filtered over Celite®. The organic solution is extracted with saturated
aqueous NaCl solution and dried over MgSOy and the residual solvent is evaporated off
under reduced pressure. The crude reaction product is purified by flash chromatography to

25  vyield the benzocyclobutene.



are added under argon, and the Schlenk tube is hernetically seal ed

~and then subjected to 20 stirring in an oil bath preheated to 120C

until conpl ete di sappearance of the aryl bromde in GO M. After

returning to anbient tenperature, the rgaction mxture is diluted

with diethyl ether and filtered over Celite. The organic solution is

extracted_w th saturated _aqueous NaCl solution and dried over hgsozt
#

and the rExamplal sBimethyl T-anethebislodti2 Jlqcta-dofstriensal delicasbaxd

The crude reaction product is purified by flash chronmatography to 25
yield the benzocycl obutene. -11- Exanple 1 : Dinethyl

7- met hyl bF@lymfing 4eferf] poteduis 3, &nd nsieg excthyl 3dbroaobbB3rhetiexyHol -domdting -2-
gener al proc e A and usi.

LoD oo AT ST the il somponBbisAbieedia agfisiiof §3%

mat eri al it n Id of 92% IR (film
e 22 I e M A G 8 s el e 2

Met hyl 7 met hyl -4-(trifl uoronethyl)bicyclo[4.2.0]octa- 1 3,5-triene-7-

car box e Fo]low n | praocedure A and usin

2-[ 2- M& 34"3%3 @Wﬁwgﬁ&&flﬂugr%ﬁhwb%%a ﬁ»%lét%mqnﬁg-
mat eri al ,cat,ggg%lla;el e conpound is obtained in a yield of 81 % IR
(film : 5, 1731, 1315, 1143, 1113, 826, 685 cnfl . 10 Exanple

3: 7- Isopropylblcyclo[4 2.0]octa-1,3,5-triene-7-carbonitrile

Fol | ow | d A .and

52 (2" or orGIRBHR geBArgGotekes oL Thfind 242 bropartgusmapavapbens-
the titl e gaﬂo‘éte%ts@drﬂ@gjm'aférl@l Yﬁefﬁtﬂ: @hmpbat@ id dBtdihéd Ma yivid 2 86%.
1458, 748, 715 cm 1. Exanple - Di net hyl

3- net hyl bR (fil)[: =295 ot13d 5 13§ $147,i1éhb-8267688 @aif .boxyl at e 15
Fol | owi ng general procedure A and using dinethyl
2- (2- brono- 4- net hyl phenyl )-2- nethyl mal onate as starting material,

the tid!| eEcARPRWND ApPopAbRGE0[412.8]0tt£1 8, PHridhéN-carbonitrile

Following general procedure A and using 2-(2-bromophenyl)-2,3-dimethylbutanenitrile as
starting material, the title compound is obtained in a yield of 72%.

IR (film) : v= 2964, 1458, 748, 715 cm”.
Example 4 : Dimethyl 3-methylbicyclo[4.2.0]octa-1,3,5-triene-7,7-dicarboxylate

15  Following general procedure A and using dimethyl 2-(2-bromo-4-methylphenyl)-2-
methylmalonate as starting material, the title compound is obtained in a yield of 87%.
IR (film) : v=2952, 1731 cm™..
Example 5 : Dimethyl 3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-triene-7,7-dicarboxylate
The title compound is obtained according to general procedure A using dimethyl 2-(2-

20  bromo-4,5-dimethoxyphenyl)-2-methylmalonate as starting material.
IR (pure) : v=3007, 2960, 1730, 1591, 1239, 1116, 1090, 878, 758 cm".



IR (film : v 2952, 1731 cml. Exanple 5 : Dinethyl

- 3, 4-di met hoxybi cycl o[ 4. 2. 0] octa-1, 3,5-triene-7, 7-di carboxyl ate The

title conpound is obtained according to general procedure A using

di met hyl 2-(2- 20 brono-4, 5-di net hoxyphenyl ) - 2- net hyl mal onat e as

starting material. IR (pure) : v- 3007 2960, 1730 1591 1239, 1116,

1090, 878, 758 cm 1. -12- tert-Buty

3, 4- di et B330Ble VB of artszlocwﬂiyls %41demé§héxyb1?¥clai4c,2a9 getayl-3Seriene-7,7-

FO||OMAnng§ﬂﬁﬁ§ tprocedure A and using tert-butyl methyl

2- (2- br ono- 4, J‘nethoxyphenyl) 2-met hyl mal onate as starting

mat eri al , the t|tIe conpound is obtained in 5 a yield of 69% IR
36, 1728 64,.1249, 11 840

(EQ;:TS? e 7% lmlﬁ%l general procedur% 5%’ : using  fert-buty ]15 "methyl CT—(Z—bromo-4 5-

7-(4-[(tr ﬂlh&‘ﬂﬂfx??ﬂérﬁf!)l-y LneYhRiehatk b9 bﬁﬁﬁfg@hﬂegaloﬂh@%@ c?am%(ﬁnd Isi BRned in

7-carboxyl ate Foll owing general procedure and usi ng nethyl
2- ( 2- br onpiekhgl 6970 nethyl 6- 10 [(trllsopropyIS|IyI)oxy]hexanoate as

starting rial, nd, i s t al n a yield of 82%
IR (fil nr)ﬁ%le 8467&9276??%%5{?&%#3 F@séﬁ&%{ﬁ%ﬁgf 678 cm - 1.
Exanmple 8 : Met hyl

7- et hyl bi cycl o[ 4. 2.0]octa-1, 3,5-triene-7-carboxyl ate Foll ow ng

gener al pExampler é : Mathyl Us{4r{f trisopropylsilyl)oxy]butyl}bicyclo[4.2.0]octa-1,3,5-triene-
2-(2-bro 2-met hyl propanoate 15 as starting material, the
tigle coggSﬁﬁﬁxygn%btalned inavyield of 81% IR (pure) : v= 2972,
2952, 2930, 1729, 1457, 1433, 1277, 1140, 740, 711 cm Exanple 9 :

(R S) 3 4 D nethoxyblcyclo[4 2. 0]octa 1,3,5-triene-7-carboxylic acid

638 Bwing| penstaldipseceyge A and using methyl 2-(2- bromophenyl) 2-methyl-6-

3, 4- d

obt ai noggt R&ﬁ@kﬁ%@lﬁz&)ﬁxﬁh& gé%laé egaféné r{:&?&%fal t]hg ﬂ%}%é%%{ﬁg’ &?Tamed ina
yield of 82%.

IR (film) : v= 2940, 2863, 1731, 1457, 1253, 1103, 881, 678 cm™".
Example 8 : Methyl 7-methylbicyclo[4.2.0]octa-1,3,5-triene-7-carboxylate

Following general procedure B and using methyl 2-(2-bromophenyl)-2-methylpropanoate
15 as starting material, the title compound is obtained in a yield of 81%.

IR (pure) : v=2972, 2952, 2930, 1729, 1457, 1433, 1277, 1140, 740, 711 cm™.
Example 9 : (R,S)-3,4-Dimethoxybicyclo[4.2.0]octa-1,3,5-triene-7-carboxylic acid

638 mg (2.28 mmol) of dimethyl 3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-triene-7,7-
dicarboxylate obtained in Example 5 are dissolved in 18 ml of DMSO and 445 mg
20 (6.84 mmol) of KCN are added in one go. The mixture is stirred under an argon
atmosphere at 130°C for 12 h. After returning to ambient temperature, 25 ml of aqueous
IN HCI solution and 20 ml of diethyl ether are cautiously added to the reaction mixture

(ATTENTION : HCN formation) and the mixture is stirred for 1 h. The organic phase is

washed with aqueous 1N NaOH solution (3 x 10 ml). The aqueous phases are combined,

25  then acidified to pH 2 using aqueous 6N HCI solution at ambient temperature and extracted



20 (6.84 mol) of KCN are added in one go. The mixture is stirred
~under an argon atnosphere at 130C for 12 h. After returning to

anbi ent tenperature, 25 m of aqueous |IN HCl solution and 20 m of
di ethyl ether are cautiously added to t reaction m xture
(ATTENTION : HCN formation) and the m xture is stirred for 1 h. The

h I N NaOH | yt
The. aqueoan ebdetdS dobimhe A S5%isaheai 4 £l ov YS! ga Hy fsidual
aqueous 6%1‘7&"(5 &@lﬁﬁ%&&e@tofﬁm'efefgdu &ﬂ?‘@gs%}é? T%h%ﬁfhe%&fﬁ%gxﬁ)?gd&wg% egunﬁed

wi th diethyl ether ani ¢ phases are
MySO4 andby ﬂ@shr@mmutagraphjo [htameéethyleicaa@p &@54t5e to piktd thedde compoweld

P hr omat ogTRBRYFEl s anel CBgl Hhsct el 353 N 1585 19061400, 753 g
conpound. IR (pure) . v= 3227, 2842, 2835, 1725, 1593, 1486, 1302,

1160, 1140, 970, 753 cm1l. 5 Exanple 10 : Met hyl

(R , S)5 3, Exainpiet HodMisthyy ¢R §)-3,L2d i ahbeaybicyd]di4 2] ecte-173,8-ariboecJlcatlsoxylate
424 ngy (1.31 mml) of tert-butyl nethyl
3, 4- di met hoxybi cycl o[ 4. 2. 0] octa- 1, 3, 5-triene- 7,7-dicarboxylate

obt ai ned iz BAMRE £ nfindh eofdﬂeﬁsaameﬁefhsn 3, 41d1meﬂg;fx chyélbgpzr 9}%@@&1 37 586kAk-

(9999 and the mxture iS refluxed f ni ng
anbi ent t dipkeaabanydate phiined lntEPFH@lpls 6earapb$sah@d inridiemlr eﬁjtldhtd)roacetlc acid

pressure o t he onoca hox nonoest er

B ide conSauiamictng PEeTR) BRI i 1. 5, AEF sining R RO RR G RiperahitS. the
m xture angktiiels dapéthie@nunder Relatad pabsuk2QC yidd the honBERboBMicadiP Methyl
at nrosphere and then brought to anbient tenperature. The reaction

m xt ulle |1§0Wf‘d%l ysed with saturated aqueous NH4ClI solution and the
agueous Eruldg c%i%%gaﬁ:& r?;sgdmoé@effnhx.lﬂ afﬁfa{)ﬁta%O( % ﬁM%p yndlne rmx% ed’Pd the

orgam C phases are sat'ur ate aqueou

sol uti on dol@iom i} heated el 209€ folYBOAdENE argoteifioghlete albi®en bﬂﬁlxgﬁﬁd ambient
pressure. The crude reaction product is purifjed by flash
chr omat odFBBRYH Fre ki BRALGEMIXIuy 5) h}tdéolweél with atupdted aqysoys dClisplution

(pure) : M@ BAQueotiSPhaseli{ ZRiractétBehith LART acB8R3 x/APmPHMhe organic phases are

15  combined, washed with saturated aqueous NaCl solution (20 ml), dried over MgSO4 and
evaporated under reduced pressure. The crude reaction product is purified by flash
chromatography (hexane/AcOEt : 8/2) to yield the title product.

IR (pure) : v=12950, 2834, 1729, 1464, 1207, 1068, 729 cm".

Example 11: (R,S)-3,4-Dimethoxy-N-methylbicyclo[4.2.0]octa-1,3,5-triene-7-

20  carboxamide

0.05 ml of sulphuric acid (d = 1.83) is added to a solution of 2.5 g (12 mmol) of (R,S)-3,4-
dimethoxybicyclo[4.2.0]octa-1,3,5-triene-7-carboxylic acid obtained in Example 9 in
40 ml of methanol. The mixture is refluxed for 2 h and then cooled to 10°C. 40 ml of a
40% solution of methylamine in water are added in the course of 15 min. and the mixture
25  is stirred for 2 h. The methanol is evaporated off under reduced pressure and 40 ml of
water are added. After extraction with CH,Cl,, the combined organic phases are washed in

succession with water, 1N HCI and saturated NaCl solution and then dried over MgSOj.



Exanple 11

" (R S)-3, 4- D nmet hoxy- N- et hyl bi cycl o[ 4. 2.0]oeta-1,3,5-triene-7- 20
carboxam de 0.05 ml of sulphuric acid (d = 1.83) is added to a
solution of 2.5 g (12 mml) of (R §)-3.4r

dlnethoxyblcyclo[4 2. 0]octa 1,3,5-triene-7-carboxylic acid obtained

i n Exanpl n hano The, m xture is_.refluxed.for
and t hen S881 EPRPEPBCo!T S VGRS Hidck GodisH T SHoor 2o ChyalInerdiet are

wat er ar eoagﬂ@&imﬂﬁetf&%lspyseﬁge QidkYidhng3@pd the mxture 25 is
stirred for 2 h. The nethanol is evaporated off under reduced

pressur e Nelfimgpeint o142-\i°6r are added. After extraction with CHJ 2,

t he conbi ned organi c phases are washed in succession with water, IN
HCl and saturated NaCl solution and then dried over MgSO™. -14- Aft er
evapor at i Rgample t 12 : SqiRy$HAL-83, mﬁfetm@uﬁ@mom 28fLEL1,35-Eridh-Ply I Rénethyl-
title product are obtained in the Porn of a bei ge sol’ld(Yle ;

839%) . el micthpngpline hydmaghloritleC Exanpl e 12:

(R S)-1-(3, 4- D met hoxybi cyclo[4.2.0]octa-1,3,5-trien-7-yl)-Nnethyl -

5 met hanam ne hydrochloride 20 m of a nolar solution of BH3 in TIIF
ar e added2(inl afibingsidr sfoﬁlﬁmﬁroﬁiiBHgant'Idﬂaaﬂéi adted &t @ﬁblerﬂ témperbtlide 18 NBituRfof
t he product obt ai ned i.n nple 11 in 45 m _ of THE. After stirrin

for 5363 oD 96 G o aco abigimepi Expmpen Landsatie 1T A string for
stirr ' ng PHei@hﬁmg ‘d”}%1 sBITRbRF BH-EAPEIRLY §ddef0 IAlﬁeﬁ gﬂrlr%% thgﬁ’trﬁ ambient
t he evo

added dropwi se an e mxture I's stirred unti ion o
gas ceasesmpataturt, 20 m)l. oR6thaholodre aadded dropoviso bndHEhe innxﬁteha:n@tﬁrraf entil the

th dded Af t t i 4
obt ai Hod (215100 Rl eigiseiet (3%t daall 3! o5 plubibe ol iR cokmal ) prmadded
i's concendrbaived. A@l@r @tlﬁ‘ hers 8. Br Bre@ifpltét'etcl‘tﬁalﬂécpgpﬁtg bf 1RbHAL DR [baé[?hégﬁ is

ot
solidifying in an 80: 2 ECCEt/et hanol m xture. two precipi
are comnbi fnléated Offyifbfb ﬁltl.l_at@ﬁ; gpnoéntitakes anidtd équhmoﬂéétg ¢f\itle prodddyis obtafmed by
Mel ting p o'hﬁ fymg 1n an %8.58AO0Et/ethanol mixture.
The two precipitates are combined to yield 1.85 g of the title product (Yield 77%).

15 Melting point : 174-177°C



-15- CLAIMS 1. Process for the preparation of conpounds of formula
“(1VvV) : RRR (IV), 6/ RA wherein R, R2, R3 and R4, which may be
identical or different, each represent a hydrogen 5 atom a |inear
or branched (d -C6)al kyl group, a Iine(_;lf5_or branched (d - C6) al koxy
group, a fluorine atom a chlorine aton}” a protected am ne group, a
protected hydroxyl group, an al koxycarbonyl group in which the

al koxy group is linear or branched (G C6), or a CF3 group, or RLR4H
and R2 and R3 together with the carb@LAINSSE carrying themforma
1, 3-di oxol ane group, 10 R5 represents a saturated or unsaturated,

| i near or branched (O -C(,)al kyl group, a linear or branched

(d -C6) hydr oxyal kyl group in which the hydroxyl function is
protected, or a CO2R7 group in which R7 is a linear or branched

( C1- C6) al ky| Poressdor tR6 prappratioa ot sorapeynds of firmuja (@V) a CO2R8 group in
which Rs is a linear or branched (O -C6)- al kyl group, 15
characterised in that a conpound of fprmula (V) R1L X R2 (V), H3C

R3
AN R,
| av,
R6 s
R3
RS
R

wherein R;, Ry, R3 and R4, which may be identical or different, each represent a hydrogen

5  atom, a linear or branched (C;-Cq)alkyl group, a linear or branched (C;-Cg)alkoxy group, a
fluorine atom, a chlorine atom, a protected amine group, a protected hydroxyl group, an
alkoxycarbonyl group in which the alkoxy group is linear or branched (C;-Cs), or a CF3
group, or Ri=R4=H and R, and R; together with the carbon atoms carrying them form a
1,3-dioxolane group,

10 Rs represents a saturated or unsaturated, linear or branched (C;-Cg)alkyl group, a linear or
branched (C;-Ce)hydroxyalkyl group in which the hydroxyl function is protected, or a
COR7 group in which Ry is a linear or branched (C1-Ce)alkyl group,

Rg represents a cyano group or a CO,Rg group in which Ry is a linear or branched (C;-Cg)-
alkyl group,

15  characterised in that a compound of formula (V)

V),

wherein Ry, Ry, Rs, R4, Rs, Rg are as defined hereinbefore and X represents a halogen
atom, preferably a bromine atom, or a triflate group,
is subjected to a cyclisation reaction in the presence of a catalyst/ligand system comprising

20 a palladium catalyst and an organic phosphine selected from tri-fert-butylphosphine,



R6 R5 4 wherein RL, R2, R3, R4, R5, R6 are as defined hereinbefore
~and X represents a halogen atom preferably a bromne atom or a
trillate group, is subjected to a cyclisation reaction in the
presence of a catalyst/ligand system c_rg_)ri sing 20 a palladium
catal yst and an organi ¢ phosphi ne sel ected from

1o AR patoniie DU bickphyt o Boge i
. ] Y il ; . nh i .
tris(4 ne;e@wne%rmr%hwgaﬁw-iwﬁﬁpbéﬁgg@es?ﬁme, &%%%gf;ﬁg}éﬁﬁgau 8f ik R&ia

said phosphines, i presence 0 5 1n an

sol vent . phosphigpar ati on process according to claim1, characterised
in that the, pall adi ug %at alyst is selected from Pd(QAe)2, Pd(dba)2,
Pd2( dba) 3™ By PESFIBRET DPEHICN) 2, PdBr2 and

trans-4i - {r aCaEai€Idi&lo- (di - o-t ol yl phosphi ne) benzyl ] di pal I adi um 3.
Preparation process according to either claiml or claim 2,
characterised in that the to palladiumcatalyst is Pd(QAc)2. 4.

EL SPZE ? telr ?2 e drreg%% %&?&)t%%rg %I(:(gcgé%%it% @%Hgggﬂfa%aec(f\%rgsleﬁn t}m% e %hlladium catalyst is
tri-tert-butyqihas Bonn @d(OACH! PRadhl, T,@EbASE PIACAC FUICH(TELEN)AMBABY @ind
of clains 1 to 4, characterised in that the phosphoniumsalt is a
phosphoni um rers-dif (Hasetatobiaioe(dieerbiphosplophbepiiHt waladiums

hexaf | uoroanti nonate. 6. Preparation process according to claimb5,
characterised in that the phosphoniumsalt is

tri-tert-®utplephrasOhpricesd dcRbiddd HOEERPICRER. 1 ér cRIBPAIRAIaBRIRIIORESSt the
according to any one of clains | to 6, characterised in that the
10 palladium catalyst is Pd(OAc),.

4. Preparation process according to any one of claims 1 to 3, characterised in that the

organic phosphine is tri-fert-butylphosphine.

S. Preparation process according to any one of claims 1 to 4, characterised in that the
phosphonium salt is a phosphonium tetrafluoroborate, hexafluorophosphate or

15 hexafluoroantimonate.

6. Preparation process according to claim 5, characterised in that the phosphonium salt is

tri-tert-butylphosphonium tetrafluoroborate.

7. Preparation process according to any one of claims 1 to 6, characterised in that the
base used is selected from K,CO3, Cs,CO3, NayCOs, K3POy, KHCO3, t-BuCO;Na,
20 #-BuCO,K and -BuCO,Cs. |

8. Preparation process according to claim 7, characterised in that the base used is K,COs.
9. Preparation process according to any one of claims 1 to 8, characterised in that the

organic solvent wused is selected from DMF, N,N-dimethylacetamide,

N-methylpyrrolidine, xylene and mesitylene.



base used is selected fromK2CO3, Cs2CC3, Na22CC03, K3P04, KII CG3,

" t-BuCO2N-a, 20 t-BuCO2K and t-BuCO2Cs. 8. Preparation process
according to claim7, characterised in that the base used is K2CGCS.

9. Preparation process according to any;pne of clainms 1 to 8,
characterised in that the organic solvent used is selected from DVF,
N, N- di met hyl acet am de, N-nethyl pyrrolidine, xylene and nesityl ene.
-17- 10. Preparation process according to claim9, characterised in
that the p§.9pRbsra86h ¥RREssUSESdineSo BMm 9}3harf&@r%&?ﬂfh§9th@ ro?%fx?cssofl]vent used
according to any one of clains Jgfto 10, characterised 1n that the

t enper at ure BfDMhbe reaction is from 100C to 150C. 5 12. Process for
the preparation of conmpounds of fornmula (VIla) : RL \ R2 (Vila),
R1I0O2C R3 R4 wherein R1, R2, R3 and R4 are as defined in claim1 and
R10 is a hydrepential process &cbiddedfo Ay Measchgiths(Clo B6) Makatleri@EPHPshat the
characterised in that the conpound 0191 formula (Va), a particular case
of the conpo@rwstagire of thefregationas fron MAEE & KIRE=CPR7 and R6=C2Rg :

RL X\ Rif C/ (Va), R3

5  12. Process for the preparation of compounds of formula (VIIa) :

R]
N R
(Vila),
7%
R,,0,C R,
R

wherein Ry, Ry, R3 and Ry are as defined in claim 1
and Ry is a hydrogen atom or a linear or branched (C;-Ce)alkyl group,
characterised in that the compound of formula (Va), a particular case of the compounds of

10 formula (V) wherein Rs=CO;R; and Rg=CO,Rg :

R,

(Va),

H,C

ROC CoRr, R,

wherein Rj, Ry, Rs, Ry, R7, Rgand X are as defined in claim 1,
is converted into a compound of formula (IVa), a particular case of the compounds of

formula (IV) wherein Rs=CO,;R7 and R&=CO,R; :



R8 2C CO2R 7 R4 wherein R1, R2, R3, R4, R7, R8 and X are as defined
in claim1, is converted into a conpound of formula (l1Va), a
particul ar case of the conpounds of fornula (IV) wherein R5=CO2R7
and R6=CO2Rg @ -18- -1\ R2 R802C/ R (Jgva), CO2R2 R4 wherein R1,
R2, R3, R4, R7 and R8 are as defined in claim1l1, according to the
process of claim1, and then the conpound of forrmula (lIVa) is
converted into a conpound of formula (Ma) : R Rz HXRC (Vla) R3
5 CO2RO R4 wherein R, R2, R3 and R4 gre ag defined in claiml and
RO is a linear or branched (d -CglalkKy gﬁ by an ester

saponi fication or hydrolysis reactign, and the congwupd of fornula
(Ma) leads to a compoundReD,d-orfrta (VY by a 10 decarboxyl ati on
reaction. 13. Process according to claym 12Rfor the preparation of
conpounds of formula (MIb), a COR,

R,

wherein Ry, Ry, Rz, R4, R7 and Ry are as defined in claim 1,
according to the process of claim 1,

and then the compound of formula (IVa) is converted into a compound of formula (VIa) :

Rl
Z R,
| (Vla)
HO,C X
R3
CO,R,
5 Ry

wherein Ry, Ry, R3 and Ry are as defined in claim 1

and Ry is a linear or branched (C;-Cg)alkyl group,

by an ester saponification or hydrolysis reaction,

and the compound of formula (VIa) leads to a compound of formula (VIIa) by a

10 decarboxylation reaction.

13. Process according to claim 12 for the preparation of compounds of formula (VIIb), a
particular case of the compounds of formula (VIIa) wherein R;=R4,=H and

R2:R3:OCH3 .

14. Compound of formula (IVa) :



particul ar case of the conpounds of fornmula (VIla) wherein R1=R4=H
~and R2=R3=0CH3. 14. Conpound of fornmula (IVa) : -19- Rl R2 (IVa),
R802C R CO2R7 3 R4 wherein RlL, R2, R3 and R4, which nay be
identical or different, each represent g hydrogen atom a linear or
branched (G -C(,)al kyl group, a linear or branched (G -C6)al koxy
group, a fluorine atom a chlorine atgm a protected am ne group, a
prot ected hydroxyl group, an 5 al koxy wbonyl group in which the

al koxy group is linear or branched (Cl ) a CF3 group, or
R1=R4=H and R2 and R3 together w.th gén atons carrying them

forma 1, 3-dioxol ane group, and|R7 and , Whi ch (wy) be identical or
different, each represent R3O (E..c‘r 0 ched (Cl-GC6)alkyl group.
10 15. Corrpound of formula (VIb) C/ (ViIb), OCH3 C(C02R9
wherein RO is a linear or br anch@@ﬂxﬁl C6) al kyl group. 16. Conpound
of formula (MI11) : R,

wherein Rj, Rz, R3 and R4, which may be identical or different, each represent a hydrogen

atom, a linear or branched (C;-Ce)alkyl group, a linear or branched (C;-Cg)alkoxy group, a

fluorine atom, a chlorine atom, a protected amine group, a protected hydroxyl group, an
5  alkoxycarbonyl group in which the alkoxy group is linear or branched (C;-Cs), or a CF3

group, or R1=R4;=H and R, and Rj together with the carbon atoms carrying them form a

1,3-dioxolane group,

and Ry and Rg, which may be identical or different, each represent a linear or branched

(C4-Cg)alkyl group.

10 15. Compound of formula (VIb) :

AN
HO,C (VIb),

CO,R,

wherein Ry is a linear or branched (C;-Cg)alkyl group.

16. Compound of formula (VIIc) :

OCH

| (VIIo),

R,,0,C OCH

\

15 wherein Ry is a linear or branched (C;-Cg)alkyl group.



OCH3 (V Ile), R1002C OCH3 15 wherein RIOis a linear or branched

" (C-06)al kyl group. -20- 17. Process for the synthesis of ivabradine,
phar maceutical ly acceptable salts thereof and hydrates thereof,
characterised in that a compound of forggla (Vb) : X OCHO (Vb)
113C CCI13 R8 2C CO2R7 wherein R7, R8 and X are as defined |n claim

compound 7 BRI G (1 DEJIes QEFEOrEURS DS oispt GE i e herppicnd
i s as definegy drﬁte§k&kéﬂf%m&%%s&d‘ﬁﬁh&t@ecoﬂ@mﬁﬁ'Bgfd?lfnu£ Wl a (M1b) is

converted into the conpound of fornula aCCl113
CH3HN 10 O
X OCH,
(Vb),
H,C
OCH,
R,0,C COR,

wherein R7, Rg and X are as defined in claim 1,

5  is converted according to the process of claim 13 into a compound of formula (VIIb):

o OCH;
[ (VIIb),
=
OCH,

R,,0,C

wherein Ry is as defined in claim 12,
and then the compound of formula (VIIb) is converted into the compound of

formula (VIII) :

OCH

\ 3
| /[ (vim)

CH,HN OCH,

10

by reaction with methylamine,

the reduction of which yields the compound of formula (III) :

- OCH,
= [
OCH

CH,HN



by reaction with nmethyl am ne, the reduction of which yields the

» conpound of formula (I111) @ OCH3 (Il1l), CH3HN/ OCH3 -21- the
resolution of which, in the presence of canphosul phonic acid, yields
the compound of formula (11) : OCH3 (U);,. CH3HN OCH3 which is
converted into ivabradine of fornula ( : CH30 OCII3 CH3O NN OCH3
5 0 which_ may be. converted into its addition |ts with

phar naceu‘i}ieé/g?qlf‘\yl %e‘ﬁlﬁlalﬁl 18 thg prgsence g CHBPIISHPRPHS Bl Pﬂegqsi the gerppound of
hydr obr ontgmatd @) : sul phuric acid, phosphoric acid, acetic acid
trifluoroacetic acid, lactic acid, pyruvic acid, malonic acid,

succinic acid, glutaric acid, fmaric acid, tartaric acid, nmaleic

acid, citric acid, ascorbic acid, oxalic acid nmet hanesul phoni c
aci d, benzenesul phonic acid and canphorf oy '9, r into its hydrates.
| (.
CH,HN OCH,

which is converted into ivabradine of formula (I) :

CH,0O OCH

CH, N ’
X | .
CH,0 N oc

O

which may be converted into its addition salts 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 acid, oxalic acid,

10 methanesulphonic acid, benzenesulphonic acid and camphoric acid, or into its hydrates.



