New process for the preparation of functional ised benzocycl obatenes,
and application in the synthesis of ivabradine and addition salts
thereof with a pharnaceutically acceptable acid The present invention
relates to a process for the preparatlo? of functionalised
benzocycl obut enes, and to their appllca ion in the synthesis of
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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 (IT) :



The conpound of formula (I1) is obtained by resolving, with the aid
of canphosul phonic acid, the conmpound of formula (I1l) : 5 OCH3

QCl 13 The conpound of foiula (Il) is an inportant internediate in
the synthesis of ivabradine. The present invention relates to a
process for the preparation of functionaliscd benzocycl obutencs and
to their application in the synthesis of2-i vabradi ne, addition salts
10 thereof wth a pharmaceutically acceptable acid and hydrates

t hereof via the conmpound of formula (II) The Qwiepar ati on of
functional i sed benzoeycl obut enes has—b Scribed in Angewandt e
("heme, International Edition 2003) 42, Sﬂ 6- 5740. (fhi s publication
descri bes the 15possi bilit§HJIN i )-H bond activation to
the preparation of functionalised benzocycl ob@&hes using a pal | adi um
catal yst system More specifically, the present invention relates to
a process for the preparation of the conpounds of foimula (IV)

The compound of formula (II) is obtained by resolving, with the aid of camphosulphonic

acid, the compound of formula (III) :

OCH

N

(D).

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 vig 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) :
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R
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-3- wherein 1{1, R2, R3 and R4, which nmay be identical or different,
each represent a hydrogen atom a |inear or branched (C -C6)al kyl
group, a linear or branched (G -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 al koxy group is |linear or
branched (C)-C6), or a CF3 5 group, or RI=R4=1.1 and R2 and R3
together with the carbon atons carrying themforma 1., 3-di oxol ane
group, RS repsesaqtR,, &3%@&@4%@&1 fhy u@ﬁﬁﬁﬁt{aa&ﬁdfferkmn@a@h ré}ﬁes@ﬁt@ﬂ@ﬂﬁ%en
(C1-Co)al kyl group, a linear or branched (G - 05)hydroxya|k group in
whi ch the h3feok e gnbendad (G-prdrd &Eed; 2 Breapodepraed P ShttiPch
R7 is a |'i N@@rineratdd, @&b@xﬂle(@m ﬁo@c&ﬁlmﬁﬂ@ggt}p, ]aopra@cté@ Bff@t@;@}mg%ﬁs an
cyano group or a CCZR8 gr oup is a linear or branch

(C1- C6) - al ¥axyearbenyl ngpdﬁ Vﬁxi@cfég glkpxy éwala ackeaar gebrapghed lﬁférce) or a CF3
conpound I I '
R5 are 5% dg?lnggEﬁégg%%%é¥%%gh§§3ﬂ%?%%b?%@E%SEHQBﬁgmgégg§% tg%%ﬁgﬁ‘a
preferably h3drgmanegatm or a triflate group, is subjected to a

I t ' hystd |
cycl 52t 1 oru/ SARLIAN LA, R PLRSENGR, B ARLPIELL 990 ! Pl o
fromtri-temalwphed K@hﬁ@pyﬂrwc,yalkgl lgrqnpenwmm thednydrdayt Ynptias phpmected, or a

1, 2, 3,4, 5-pentaphen rt-b t - ferrocene and
s Ca et RO BB Rty § Bt SRS T B i8R U sl ¢ o the
said 20 1qoh®6pbpnam1s d dyahdgropp ese@@g{gcgro@ inach Rys atinedr gabiagcieo (U eaf)-
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hydr oxyl Psubstituted by a protecting group customary for
that f unct i Wilch ARBRE istdheSetefiea e i N@ndRgidMIsmiens :my be

mentioned, without inplying any limtagion, silyl-containing groups
such as triisopropylsilyl and tert-butyldinethylsilyt, and the groups
tetrahydropyran, benzyl, para-nmetfoxybgnzyl g trityl, acetyl and

pi val oyl . 2
V),

wherein Ri, Ry, Rs, Ry, Rs, R4 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-zerz-butylphosphine,

2-biphenyl-di-fert-butylphosphine, 1,2,3,4,5-pentaphenyl-1'-(di-rert-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



A protected am ne group neans an am ne function substituted by a
protecting group customary for that function. Anbng those protecting
groups there nmay be nentioned, without inplying any limtation, the
groups nosyl, tosyl, nesyl, acetyl, tenbutoxycarbonyl, benzyl and
pht hal i m de. Anobng the pall adium catal yst that can be used there may
be nentioned, without inplying any |im#ation, Pd(QAc)2, Pd(dba)2,
Pd2(dba) 3, PdCl2, PdCl2(CH3CN)2, PdBr2, or

trans- di (g- acetat e)z&tipsc[p@}s(lg}i ant teol- wtplhﬁﬁqs)ﬂiyiml@), bandz ye] ghopssl teddhyddpyran,
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tetrafl uoroborate, Anpng the bases that can be used there ‘may

nent i oned, WithkwbuimplppRyiemy bmijatiepcdbe goppodiosialiond, KRsP 30%410%
t- BUCOZNa, #iz By atlniy B ERESimidde base preferably used is K2CCs.
20 Anpbng the solvent’s that can be used there may be nentioned,

wi thout inplying any limtation, DVMF, NWdi nethyl acetam de,
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wherei n RS=CO2R7 and R6=CO2R8 5 R8 2C
10 The palladium catalyst preferably used is Pd(OAc),.
The organic phosphine preferably used is tri-zert-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, KpCOs, Cs;COs3, NayCOs, K3POs, KHCO;, -BuCO;Na, -BuCOK 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.



Wa), wherein R1, R2, R3, 1(4, R7 and R8 are as defined

her ei nbefore, starting from conpounds of fornula (Va), particular
cases of the conpounds of fornula (V) wherein R5=CO2R7 and R6=CO2R8 :
10 wherein RI, R2, R3, R4, R7, Rg and X are as defined herei nbefore.
According to another preferred enbodi nent, the present invention
relates to a process for the preparati os-of conmpounds of fornula
(I'Vb), particular cases of the conmpounds of forrmula (lIVa) wherein
R1=-124----1-1 and R2=R3=00-13 : wherein R7 and Its are as defined
her ci nbefore, starting fron1conpounds of fornula 5 % particul ar
cases of t hEhelemBEaNERCL ke Teagtion Fspreioshly sy E(?%leél" FACH and R2- R3- 0CH3

wherein R7, Rs and X are as defi ned herei nbefore.

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

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

R]
NP
} ava),
R,0,C = R
CO,R, ’
R

wherein Ry, Ry, Rs, Ry, Ry and Ry are as defined hereinbefore,
starting from compounds of formula (Va), particular cases of the compounds of
formula (V) wherein Rs=CO,R; and Rg=CO,Rs:

R,

Va),
e (Va)

ROC" Co g, R,

10 wherein Ry, Ra, Rz, Ry, Ry, 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 (IVDb), particular cases of the compounds of

formula (IVa) wherein R;=R,=H and R,=R3;=0CHj3 :



The conpounds of forrnula (IVa) obtained according to the process of
the invention can |l ead to conpounds of fornmula (Vla) : 10wherein
R, 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 hydrolysis
reaction, then the conpounds of fonnula (Vla) |ead to conpounds of
formula (Mila) : -7- R4 wherein 12146-112, 123 and 124 are as

defi ned hereinbefore and R10 is a hydrogen atomor a |inear or
branched (G -C6)allcyl group, by a de boxyhatyi on reaction. 5The
hydrol ysis or the saponification gf—an € r fuhction of the

conpounds of formula (IVb),
i R,0,C

OCH,
COR

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,=R;=0OCHj5:

X OCH,

(Vb),

H,C

OCH

R,0,C
. 8727 COLR,

wherein Ry, 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) :

R]
= R,
| (Via),
HO,C NN
3
coRr, |

4

10 wherein Ry, Ro, Rs and Ry are as defined hereinbefore
and Rg 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 (V1a) :



(I'Vb) results in compounds of formula (VIb), particular cases of the
conpounds of formula (Via) wherein 12.4-R4-H and R2-R3=0CCH3 : 1102C
OCR, OCH3 CO/R9 wherein RO is as defined hereinbefore. 10 The
decar boxyl ati on of the conpounds of fornmula (Mb) then results in
conpounds of formula (VIlIb), particular cases of the conpounds of
formula (Vila) wherein 124---Rl=H and RZ=R3=0CE13 : R1002C OCR OC

143 (M1 b),

RI
% R,
| (VIla),
NN
R,,0,C R,
R

wherein R, Ry, Rz and Ry are as defined hereinbefore
and Rj¢ 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
(IVD) results in compounds of formula (VIb), particular cases of the compounds of formula

(VIa) wherein Ry=R4=H and R,=R;=0CH; :

o OCH;
HO,C =

CO,R,

(VIb),

OCH,
wherein Ry 1s 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

R2=R3:OCH3$
I N [OCH3
(VIIb),
—
OCH,

R,,0,C

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.



wherein R10 is as defined hereinbefore. 15 The conpounds of formula
(M11)) 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. -8- By way of
exanple, their reaction with methylam ne results in the conpound of
foliula (MI1l) : Cl1131 IN OCH3 OCH3 (VIgll), 5 the reduction of
which results in the conmpound of fornmula (ill): CH3HN OCH3 OCH3

By way of example, their reaction with methylamine results in the compound of
formula (VII) :

OCH,

_
I (VI
CH,HN X

\H OCH,
0

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 (II) :

p OCH,
1D,

CH,HN N

OCH,
10 which is converted into ivabradine of formula (I)
CH,O OCH,
ol
CH,0 NN = 4y



the resolution of which, using canphosul phonic acid, results in the
conpound of formula (Il1) : -9.- or

3-{3-[{[(7S)-3, 4-di met hoxybi cycl o[ 4.2.0]octa-1, 3,5-trien-7-yll nethyl}
(et hypam noj propyl } -7, 8-di net hoxy- 1, 3, 4, 5-t et rahydr o- 2H 3- benzazepi n
-2-one, which may optlonally be converted into its addition salts

wi th a pharmaceutically acceptabl e aci d9sel ected from hydrochloric
acid, hydrobrom c acid, sulphuric acid, 5 phosphoric acid, acetic
acid, trifl b&OBO{@C[E{[(V&) fﬁ%ﬁmetﬂlc@;ﬁ]&bﬁd@{@&dﬂoe@‘l Bl\ﬁttﬁe@@yijmeﬂ@l}gﬁetﬁymenﬁb]
succi nic acid, ut acid, fiunaric acid, tartaric acid, maleic
aci d, C|tr|EDBﬂ?J %gﬁ Y4343 trralydag-2id-3henerzeniatt@fes ul phoni ¢ aci d,
benzenesulphonlc acid and canphoric acid, and into its hydrates.
Anong the nethods lcriown for can-ying out the conversion of the
conpound of Whigh gp#uloRtignally ke cprvgpphiditaeits pAgEen daltc viBed nharmpgegutically
Eur opean pa&c@é}ﬁab?@ ecidl Lgakdo %nﬁ%y@roéﬁén@ %%darh d6brolnie 8&%1(10 05 éﬂﬁﬂ o ¢ BRid,

menti oned. Obtaini ng conpounds folnul a in good yi el
t hus especi riiobghonis éfidi agotic 2hid, ngﬁtis 8@ﬁ W&ﬂb peidi ey viadelilt inalanis @kids

ther eof Wi LofuRNRl, TRESH! LGP MAACSER\ARLE R thdd Dyl Stid hespl

15 The conpounds 0 are pértlcu ar cases 0
conpounds oifcid, oxatid %amd( Mhmﬂempmc RS ERRhesulghot 2 =CIO2RE ,camploral asol, vk
conmpounds 0f01%ﬁ§8g§S(V|b) as well as the conpounds of formula
(Vile), &t particul ar cases of the conmpounds of fornula (VM
wherein R10 represents a I|near or branched (Cl- CB)aIkyI group, are
new product ar synthesis internediates jn the
Chont cal - or X ik SR Eoys™ FrHBE. obl e SRy ol e SHRPREG 8f
of i vabreadi fﬂﬁnula@m)l tbiigraiade! hokd@dsatted Wh the Rrqeat PRGR Wpdcthliyhs EP 0 534
accept abl e id %?ﬂég %rgtes t hereof and, as such, constitute an
i ntegral ag¢ é 03 B1Y PP RBHAICON. List of the abbreviations
used: dba : dibenzylidene acetone 25 DVF : N, N-di net hyl f or mam de DMSO
di met hyl sul phoxi de
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;Rg, 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;-Ce)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



-10- eq. equivalent "I HE : tetrahydrofuran The Exanpl es herei nbel ow
illustrate the invention. General procedure A for the formation of
benzocycl obut enes by C-H bond activation 5 Introduce aryl bromde (1
mmol ), Pd(OAc)2 (0.1 eq.), P(t-Bu)3.HBE4 (0.2 eq.) and anhydrous
K2C33 (1.3 eq.) into a dry and hernetically seal able Schl enk tube
provided with a bar nmagnet. The Schl enki@-ube is purged and pl aced
under argon. 4 m of anhydrous DMF are added under argon, and the
Schl enk tube;.tsqhendetically sealed and then subjected to stirring in
an oil bath_preheated to 140C until conpl ete di sappearance of the
aryl broni dgﬁﬁotqﬂﬁhsé@fr&@ After returning to ambient tenperature, the
reaction mxture is diluted with diethyl ether and filtered over
Celite(r). The organic solution is washed with saturated agueous NaC
sol uti on anbbedisaaplesheicinbgiomallasigtetthreiny@éipelual sol vent is evapor at ed
of f under reduced pressure. The crude reaction product is purified by
flash chromatography to yield the benzocyel obutene. 15 CGeneral
procedur e Bxtuprakprecédwremtfonthedbrimationad pehasbyiiehnteneh py C-H Honddcetivation
activation Introduce aryl bromde (1 mml), Pd2(dba)3 (0.05 eq.),
P(t-13103.1413F4 (0.1 eq.) and anhydrous K2C33 (1.3 eq.) into a dry
and her net i lotibduge sepl dbinedSchl remkl)t 8HE Ax).0@. Ued. )WiP(1HB ;. HBF: gnat.). and
The Schl enk_t ube | rged an l.aced,under .ar : f..anhydrou
o are aacmianuu EER ot HErEd R i8R ye Sl Py e,
seal ed and 4 twemagodj Bet Setllchb 10 isurgadiand plavedamdead drgdnath il pif edigdtons DIMF

120C until co t e .di sappear an f e.aryl bromde in M5, . After
Cetur i ng. t5° AisT oRAS RRBERA! P B WPE e b i T Tisgiet ©
Wi th di et hydin@ighiannailthafh dréleaed (0 vrC Ganlt dmpleld@ispbgaitice of tk Ukl Bfonise
extract ed wﬁ3§a$ﬂig¥@%ed aqueous NaCl sol ution -and dried over |VIgS
and the'%est AP TENEe A B Rt eI #10n Hr 7t CUY BT Bskilyred Wit
The crude r@agfli @RerPiAdEgdred sv&%élfté‘@ectheyor%nﬁﬁ BoredynoRek R8EAREY dafirated
25yi el d the benzocycl obutene, Exanple : D methyl i

7- met hy| bi AfEsE ANl galyemand driesl qer MesOs and HiecgFifek yalyen irsyapericA
general prQagaeut8uchd 3RS T8 cAlE R¥btion product is purified by flash chromatography to
3- brono- 4- (2- met hoxy- 1, 1- di net hyl- 2- oxoet hypbenzoat'e as starting
material , t#Adthetheazaspilploiied- i s obtained in a yield of 92% 1A (film
» v= 2952, 1714, 1433, 1275, 1146, 1079, 768 cm 1l. S5Exanple 2 :

Met hyl 7-nmethyl -4-(trilluortunethyDbicyclo[4.2.0lorta-1,3,5-triene-7-
ear boxylsat ezeneral procedure B for the formation of benzocyclebutenes by C-H bond activation

Introduce aryl bromide (1 mmol), Pdy(dba); (0.05 eq.), P(+-Bu);.HBF, (0.1 eq.) and
anhydrous K>COj3 (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 éhromatography to

25  yield the benzocyclobutene.



Fol | owi ng general procedure A and using nethyl

2[ 2-brono-5-(trifluoronethyl)phenyll- 2-nethyl propanoate as starting
material, the title conpound is obtained in a yield of 81% IR (fdm

: v= 2955, 1731, 1315, 1143, 1113, 826,685 cnt toExanple 3 :
7-1sopropyl bi eyel o[ 4. 2. Olueta-1, 3,5-triene-7-carbunitrile Follow ng
general procedure A and using -11-

2- (2-bronmophenyfl -2, 3-di net hyl butanenitrile as starting material, the
title conpoBEggnple Obllmefl@dﬂlﬁbtﬁylyicﬁ&ldmafﬂ](?&% 3Lﬂr(eheismdmax\bax3a%4
1458, 748, 715 cm|. Exanple 4 : D nethyl

3- et hyl bi eyel 014. 2. 0Joeta-1, 3,5-triene-7, 7-di carboxyl ate 15

Fol | owi ng gEdIRfahg Ear &ed icUc&m?e @nﬁmduﬁ,id@%ghﬂ%tﬁé}bﬂno 4-(2-methoxy-1,1- d1methy1 2-
2- (2- brono- 4- met hyl phenyl) - 2- net hyl mal onate as starting nateri al

the title C%Wﬁ%‘éﬂi n?%at%m Séﬁ%&jmafﬁﬂ%l ¢ Bilgicagtponmbis Obﬁmefl i1} gyield of 929652

1731 cm 1. gﬂlﬁ h€y=2043 4h¥z£33 1275, 1146, 1079, 76
3, 4- di et hoxybi e Io[4 2.0 -1,3; % r}ene § /- dicarboxylate

The title conpound is obtalned accordlng to general procedure A using

di met hyl r.o t ona

Starting neomd 2Pl ST REH FEN TIN5 ffene
1116, 1090, caBBéxylatb8 cnmd . -12- Exanple 6 : tert- Butyl met hyl

3, 4-di met hoxybi cycl o[ 4. 2. 0Jocta-1, 3,5-triene-7,7- diearboxylate
Fol | owmi ng general procedure A and using tert-butyl nethyl

2- ( 2- br ono- Fhllﬁwnfg ganthdpopiRRY A) and-idg hl)!dﬂﬁﬁlquzair@n@s (&ifﬁ!bfdxﬂbglyl)phenyl]
material, t e conpound.is obt in a | d. of 9@6

. v= 2977, 295@%’5’ pyepggoat %ianl%ﬁ?er@ztgﬁweffﬁ’ox‘%ﬁ’é ORigInEC ”\':"k%l??ﬁl"ég{%
Met hyl IR(ﬁlm? v=12955, 1731, 1315, 1143, 1113, 826, 685 cm’!

7-0-ktriisopropyl silyBoxyl butyl}bicyclof4.2 0]octa 1,3,5-triene7-carb

oxyl ate
10 Example 3 : 7-Isopropylbicyclo[4.2.0]octa-1,3,5-triene-7-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=13007, 2960, 1730, 1591, 1239, 1116, 1090, 878, 758 cm™.



Fol | owi ng general procedure A and using nethyl

2- (2- bronophenyl) - 2-net hyl-6- 10{(trii sopropyl silypoxyl hexanoate as
starting material, the title conpound is obtained in a yield of 82%
IR (film : v=2940, 2863, 1731, 1457, 1253, 1103, 881, 678 cm
Exanpl e 8: Met hyl

7-met hyl bi cycl o[ 4. 2. 0l octa-1, 3, 5-tri eneiZ- car hoxyl ate Fol | owi ng
general procedure B and using nethyl

2- (2- bromop ggmﬂg % JTelehyB ey D P aRAB € 3USdEmetHoRYbicy o [ARIGS RN 3,5 tRRne-7,7-
title conpoH is obtained in a yield of 81% IR (pure) : v= 2972,
2952, 2930, U¢dexyleles7 1433, 1277, 1140, 740, 711 cin-1, Exanple 9 :
(R S)-3,4-D nethoxyblcyclo[4 2. O]ecta 1,3,5-triene-7-earboxylic acid
638 nmg (2.28 nnDI) of dlnethl

3, 4- d| met holi‘g} RE cEoerel 2PG]°6‘€1}P’§ 1 3aml t psingn ofer7;bptyl dinesalish oy dr@no-4,5-

obt ai ned i ngiER¢aRR eg’yl?-ﬁ-?n abﬂﬁgaé o %ﬂh’te@gl HVER @d?ﬁipo%ﬂélsr%ta%{%d in

(6.84 mol ) of KCN ar’e add e i n one go. e mxture is stirred under
an argon’ at #pislgE8%at |1 30C for 12 h. After returning to anbient

temper at ur ey il ST034URRNS oA 1361 1901 bk, png,Qant of diethy

et her are cau 'y "add e réactir’on TTENTI ON : HCN
formation) and the mxture is stirred for 1 h. The organi c phase is

e conbi nepeae.t Mt RirteaersnBeriy it SRR LSRG

at anbi ent t-esgpexdhssr e and extracted -13-

Following general procedure A and using methyl 2-(2-bromophenyl)-2-methyl-6-
10 [(triisopropylsilyljoxylhexanoate as starting material, the title compound is obtained in a

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,8)-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 HCl solution at ambient temperature and extracted



with diethyl ether (3 x 15 m). The organic phases are dried over
MySCa and the residual solvents are evaporated off under reduced
pressure. The crude reaction product is purified by flash
chromat ogr aphy (hexane/ ethyl acetate : 85/15) to yield the title
conpound. IR (pure) : v= 3227, 2842, 2835, 1725, 1593, 1486, 1302,
1160, 1140, 970, 753 cm 5Exanple 10: Methyl (R S)-3,4-di e

hoxybi eyel 014. 2. Ol oeta-1, 3,5-tri eue-7-earboxylate 424 ng (1, 31 nmol)

of tert-butylth aRtHYY bther (3 x 15 ml). The organic phases are dried over MgSO, and the residual
3,4-d|netho§%§;cyclo 4.2, 5-triene?7, 7-di car boxyl at e

[ Q] qcta-1, 3, y o
obt ai ned i n® aﬁ;ﬂrfea@p%rﬁ@d&?fsug@%ﬁuqeﬁ pressprey{The prude reaptingy Ryagust jseusiipd

(999 and thefdshxhiebRtdgfaph@ {eWaRbifyPhcedtd #3/15Md BE1d BRtUHHIERbAGEA.
anbi ent tenperature, the m xture i s evaporated under reduced pressure

to yield theRPomelcarteRyl2842.48pd 1maLAyP3, 16%phd¥s i &0, 1 eI Uidfecm ™.
compound is dissolved in 4.34 m of a 30 :1 DVF/ pyridine mxture and
the solution is heated at 120C for 2 h under an argon atnosphere and
t hen br oughExanmlei®i ddthytl €RPe8dtdinethoTidicyddd4.2i0grtarl 2Suriene-§-carboxylate
hydrol ysed with saturated aqueous NI 14Cl solution and the aqueous
phase is extracted with ethyl acetate (3 x 10 ml). The organic phases
are 15 contidetlg (Wa$hadhol)i dftvesduityl atesie)] g dinetholgGdyckpd. D0 cot- 1, 28-tidnk,
dried over M and evapor at.ed. under reduce ressure. .The crude .
ot i on pr U G AR By FTRES i SR Rgry ™ A FA e acid
8/2) to yieboy bed theth&ups adidbbixed B (UL &Yfter rdt@EndB 0 amddfHtembéfire, the
1464, 1207, 1068, 729 cm|l. ) L.

Exanpl e11: ("HOWS e t5pated oxyteniemated resw dq gfed shegparacarbediosacd methal
7- 20 ear baxaipester. 0. 05 m of sul phuric acid (d = 1.83) is added to a
solution of_ 2.5 (12 mmol) of (RA-3 |, 4- . .

di net hoxybi%ccl%?%io.n@lﬂ%‘é‘% : dissplvpdipjdeifeny of a Pk PNEPHidiee Bitue fed tha
Exanpl e 9 i@1i6n [ hefed ARIA080 02 T E1IMhrdrdsLathndsghbiel X 8 n fbRugkt 1B aRBfnt
t hen cooled to 10C. 40 nml of a 40% solutron of ‘methylamne in water
are added itPMpHEUEoURNS Eeastion B iahudrolyeedrivith gatarard dageays iNVHaEY splgiop
h. The Methangl o SXTRAAL 8l Wity EdNE R RO GRS AR ROMicHhall oS

wat er are added. extraction wth CHCl2, the conb organi c
phases Hre opabined Washediwith sefivwedviqudrupdiagt solitignHed ndhdrisé pugravigDNa@L

sol ution a%@aﬁoﬁlﬁ@d %he%dre(aﬂceeﬁ %ssﬁgl “The crude reaction product is purified by flash
chromatography (hexane/AcOEt : 8/2) to yield the title product.

IR (pure) : v=2950, 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,Cly, the combined organic phases are washed in

succession with water, 1IN HCI and saturated NaCl solution and then dried over MgSOx4.



-14- After evaporating off the solvents under reduced pressure, 2.2 g
of the title product are obtained in the fouu of a beige solid (Yield
: 83% . Melting point : 142-147C Exanple 12:

(R, S)-1-(3, 4-Di et hoxybi cycl o[ 4. 2. 0locta-1, 3,5-trien-7-y1)-N net hyl ne
t hanam nc hydrochloride 20 mMl of a nolar solution of BH3 in THE are
added at ambient tenperature to a m xtuie of 2.2 g (10 mmwol) of the
product obtained in Exanple IT in 45 m of T1JE After stirring for 1
h, 10 m of Aftheewpbratinpnoffafe Blvehd aumlemHduad eragded.2 Af dfethe Sitle rpkddngt are

overni ght at, anbje enperature,. .20. nj qf ethanol are added dropw se
and the nix@ﬂ?@“*@qé?%Pngagﬂg?%m@igwg%i§6@1ution of gas ceases
(about 1 11Meltd printafi42-18picuti on of HU in ethanol are then added

dropwi se. After stirring for 4 h, the precipitate obtained (1.2 g of
the title product) is filtered off The filtrate is concentrated and a

further 0.6Bxgm@ik tidt:l e(@@%&-ﬂiﬁ%ﬁh&ﬂi&%[m.oﬁ;faiai-ﬂk,fs;t'ﬁ@miyi)-ﬁﬂneth I-
e

80: 20 AcCEtlethanol m xture. two precipitates are conbine
to yiel d 1.8sthgngpinedydreehiarider oduct (Yield 77% . 15Mel ting poi nt
174-177C wherein Rl, R2, R3 and Rs are as defined in claim1l and

Riois a hydro?en atomor a linear or branched (Cl-Co6)alkyl group,
char act er i s&bmf ¢f @ matar stieticaagripdling TOfF arorddad at amiagnt tenpseatare 68 mixtea s

o, Ra, 117 A AR FRRbGP AR 45 8T Rl sonbiy
conpound of I holhul af the\ia)ution op &thiic dIHET are addedoAfiehgirdogrpoarmight asfambient
formila (I Vt)emmgtru%, %03?11:-09 %&E&Zol%qg a&ﬁ%&%@e and the mixture is stirred until the
10 evolution of gas ceases (about 1 h). 20 ml of a solution of HCI in ethanol are then added
dropwise. After stirring for 4 h, the precipitate obtained (1.2 g of the title product) is
filtered off. The filtrate is concentrated and a further 0.65 g of title product is obtained by
solidifying in an 80:20 AcOEt/ethanol mixture.
The two precipitates are combined to yield 1.85 g of the title product (Yield 77%).
15 Melting point : 174-177°C



-16- wherein R, R2, R3, R4, R7 and R8 are as defined in claim1l,
according to the process of claiml, and then the conpound of fornula
(I'va) is converted into a conpound of formula (VMia): 5 H2C (Via)
wherein RI, R2, R3 and R4 are as defined in claiml1l and RO is a

| i near or branched (Cl -C6)al kyl group, by an ester saponification or
hydrol'ysis reaction, and the conpound of fornula (Vla) |leads to a
conpound of fornmula (Vlla) by a 10decarboxyl ati on reaction. 2.
Process according to claim12 for the preparation of conpounds of
formula (MI1)), a particular case of the conpounds of fornmula (Vila)
wherein R ---R 4=H and 1t 2-R3-0Cl 13.

-15-
CLAIMS

5 . 1. Process for the preparation of compounds of formula (VIla) :

R]
X
(Vila),
=
R,,0,C R,
| R

4
wherein Ry, Ry, Ra and R, 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,R7 and Rg=CO,Rg :

H,C
RO:C Cor, R,

wherein Ry, Ry, R3, R4, Ry, 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 Rg=CO;R; :



3. Conmpound of forinula (1va) : -17- wherein RI, R2, 1{3 and R4,
whi ch may be identical or different, e€ach represent a hydrogen atom
a linear or branched (C -C6)al kyl group, a linear or branched

(G -Co6)al koxy group, a fluorine atom a chlorine atom a protected
am ne group, a protected hydroxyl group, an 5 al koxycarbonyl group
in which the al koxy group is |inear or b#-anched (C1-C6), or a CF3

group, or RI=R4=I-1 and R2 and R3 together with the carbon atons
carrying themforma 1, 3-di oxol ane gro ) and R7 and Rg, which may be
identical or different, each represent | i near or branched
(C1-C6) al kyl group. 104. Conpound of | VIb) : OoCl-12 C 02R9

(IVa), '

R,0,C 7
R3
CO,R,
R

wherein Ry, Ry, Rz, R4, Ry 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
Pz R,
} | (VIa)
HO,C o
R3
CO,R,
5 Ry

wherein R, Ry, Rz 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.
2. Process according to claim 12 for the preparation of compounds of formula (VIib), a
particular case of the compounds of formula (VIla) wherein R;=R4s~H and

R2=R3:OCH3 .

3. Compound of formula (IVa) :



wherein RO is a linear or branched (G -C6)al kyl group. Compound of
formula (Vile) : R1002C 0043 OCH3 (Vile), -18- 6. Process for the
synt hesi s of ivabradi ne, pharmaceutically acceptable salts thereof
and hydrates thereof, characterised in that a conpound of formula
(Vb) : OCH3 (VWb), OCII3 CQ212,7 wherei nl7R7, R8 and X are as defined
in claiml1, e

R]
P
l (IVa),
Rg0,C 7
R3
CO,R,
R,

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

atom, a linear or branched (C;-Cg)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

s alkoxycarbonyl group in which the alkoxy group is linear or branched (C-Cq), or a CF;

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

1,3-dioxolane group,

and Rz and Rs, which may be identical or different, each represent a linear or branched

(Cy-Ce)alkyl group.

10 4. Compound of formula (VIb) :

-OCH,
| (VIb),
HO,C _
OCH,

CO,R,

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

5. Compound of formula (VIIc) :

N OCH,
| [ (VIo),
=
OCH,

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

IOOZC



5 is converted according to the process of claim 13 into a conpound
of formula (VIM: 123002C OCH3 0013 (VI11)), wherein R1O is as
defined in claim12, and then the conpound of fornmula (VIIb) is
converted into the conpound of fornmula (VII1) 10 CH3HN 0C113 OCH3
by reaction with nethylam ne, the reduction of which yields the
compound of formula (1I11) : 18-

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

hydrates thereof, characterised in that a compound of formula (Vb) :

X OCH,

(Vb),
H,C
OCH,
R,0,C

CO,R,

wherein Ry, 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):

- OCH,
| [ (VIb),
=

R, 0,C OCH,

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

formula (V1) :

OCH

\ 3
| [ (vim)
/

CH;HN OCH,

10

by reaction with methylamine,

the reduction of which yields the compound of formula (I1I) :

L

CH,HN ocH,

OCH,
(11D,




CH3HN OCH3 0Cl113 -19- the resolution of which, in the presence of
canphosul phoni ¢ acid, yields the conmpound of forrmula (I1) : 05
whi ch may be converted into its addition salts with a ’
phat maceutically acceptable acid sel ected from hydrochl oric acid,
hydrobrom c acid, sul phuric acid, phosphoric acid, acetic acid,
trifluoroacetic acid, lactic acid, pyruwvigc acid, malonic acid,
succinie acid, glutaric acid, fumafic acid, tartaric acid, nmaleic

acid, citri ¢heACkdhutiASTFWHULL iPGE PresOeRlor CaodulpHdiElidanasdt Rheihfound of
aci d, benzenesul phonic acid and canphoric acid, or intd its hydrates.

10

formula (IT) :

OCH,

\ .
| P an,
CH,HN OCH,
which is converted into ivabradine of formula (I) :
CH,0O OCH,
CH, AN A
| | ),
CH,0 NN =

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,

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



