New process for the preparation of functionalised benzocycl obut enes,
and application in the synthesis of ivabradine and addition salts
thereof with a pharmaceutically acceptable acid The present invention
relates to a process for the preparation_of ftmetionalised
benzocycl obut enes, and to their application in the synthesis of
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or 3-{3-[{[(7S)-3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-yljmethyl } (methyl)amino]-
propyl}-7,8-dimethoxy-1,3,4,5-tetrahydro-2 H-3-benzazepin-2-one,

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) :



The conpound of faux ula (I1) is obtained by resolving, with the aid
of eanphosul phont acid, the conpound of fornula (I111) : OCII3 OCH3 5
The conmpound of formula (11) is an inportant internediate in the

synt hesi s of ivabradine. The present invention relates to a process
for the preparation of functionalised benzocycl ohutenes and to their
application in the synthesis of ivabradihe, addition salts 10 thereof
with a pharnmaceutically acceptable acid and hydrates thereof via the
conpound of formula (11). The preparation.of fo@dtionalised
benzocycl obut enes has been descri bed—H-Ang ndt e Chetnie,

I nternational Edition 2003, 42 573§-5740. [lhis publ{gation describes
the possibility of applyi ngHaiy bo vation to the
preparation of functionalised benzocycl obut end¥Hsing a pal | adi um
catal yst system More specifically, the present invention relates to
a process for the preparation of the conpounds of formula (TV):
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whi ch ths hydroxyl function is protected, or L R2 group in which
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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 (I1).

The preparation of functionalised benzocyclobutenes has been described in Angewandite
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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wherein R, R2, 122, R4, R5, R6 are as defined hereinbefore and X
represents a hal ogen 15atom preferably a brom ne atom or a triflate
group, is subjected to a cyclisation reaction in the presence of a
catal yst/ligand system conprising a palladium catal yst and an organic
phosphi ne selected fromtri-tert-butyl phosphine,
2- bi phenyl -di -tert-butyl phosphine, 1,2 -3, 4,5-pentaphenyl -

-(di-tert- butyl phosphino)- ferrocene and
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which process is characterised in that a compound of formula (V) :

",

wherein Rj, Ry, Rs, Ry, Rs, R 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-ferr-butylphosphine,

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



Anong t he phosphonium salts that can be used there may he nentioned,
wi thout inplying any limtation, phosphoniumtetrail uoroborat es,
hexat | uor ophosphat es and hexaf | uoroanti nonates. 15The phosphoni um
salt preferably used is tri-tert-butyl phosphoniumtetrall uoroborate.
Anong the bases that can be used there nay be nentioned, w thout

i npl yi ng any K2CO3, Cs2CO3, Na2CO3, K3P&#, | CHCO3, t-BuCO2Na,
t-BuCO2K and t-BuCO3Cs. The base preferably used is K2CC3. 20 Anpbng
the sol vent sudhhad tdiaopriyeyltilyedint hren-eutyblimbidynibi! eohelts gvduph aettahydropyran,
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used is DM. -5- The tenperature of the reaction is preferably from
100C to 150C. According to a preferred, e%odl mang de present .
i nvent i on r & BIOESd ARG egeus Begns ran; faing rTupioq uBTIgFd L8 ipBigHTE G £roup

formul a (1 VadstorRay the maa%&a&esmt) Vg,thh@sec Ry rd&%s frdad el Mintioned,
wherei n R5=CO2127 and Ro- CO2 erein R (3, 124 1(7 and
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(Va), parti gw)g}rcafg%ﬁsb&lfzyltaggpgtggggig@ds of foula (V) wherein R5=CO2R7
and R6=CO2R8

Among the palladium catalyst that can be used there may be mentioned, without implying
any limitation, Pd(OAc),, Pd(dba),, Pdy(dba);, PdCl,, PACI,(CH3CN),, PdBr, or frans-di-
(u-acetate)bis[o-(di-o-tolylphosphine)benzyl|dipalladium (Herrmann's catalyst).

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-ferf-butylphosphonium tetrafluoroborate.
Among the bases that can be used there may be mentioned, without implying any
limitation, K;CO;, Cs;COs, NapyCOsz, K3PO4, 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.



10wherein R, R2, R3, Rg, R2, 1(3 and X are as defined hereinbefore.
According to another preferred enbodi nent, the present invention
relates to a process for the preparation of conpounds of formula
(I'vb), particular cases of the conpounds of formula (IVa) wherein
R1-Rl--=-1-1 and R2=R3=0C11.3 : -6- RBOSZC OCR (W), OCl13 CO2R7

The temperature of the reaction is preferably from 100°C to 150°C.

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»Rg :

Rl
e
| (IVa),
R,0,C _
R3
CO,R,
R

wherein R;, 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,R7 and Rg=CO,Rs :

Ry

Va),
o (Va)

ROC (o R, R,

10 wherein R, Ry, Rs, R4, Ry, Ry 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 (IVb), particular cases of the compounds of

formula (IVa) wherein R;=R4=H and R,=R3=0CHj :



wherein R7 and Rs are as defined hereinbefore, starting from
conpounds of formula (Vb), particular cases of the conpounds of
formula (Va) wherein Itl1l-12.4=]-J and R2-R3=0CCH3 : OCI 13 OCH3 (Vb),
wherein R7, R8 and X are as defined herei nbefore. The conpounds of
formula (1Va) obtained according to the process of the invention can

| ead to compounds of fornula (Vla) : C2R9 R4 10 wherein R, R2,
Rs and R4 are as defined herei nbefore and RO is a |linear or branched
(C1-C6) al kyl group, OCH
\ 3
l (IVb),
R,0,C
OCH,
CO,R,

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

formula (Va) wherein Rj=R4=H and R;=R3=OCHj;:

X OCH,

(Vb),

H,C

OCH

5 ROC Cor.

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]
AR
| (Via),
HO,C N
3
COZR9 i

4

10 wherein Ry, Ry, Rs 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 (Vlla) :



by an ester saponification or hydrolysis reaction, then the conpounds
of formula (Via) lead to conpounds of fornula (VlIla) : -7-

wherein R, R2, R3 and R4 are as defined hereinbefore and R10 is a
hydrogen atom or a |linear or branched (Cl-C6)al kyl group, by a

decar boxyl ati on reaction. 5The hydrolysis or the saponification of an
ester function of the conpounds of formita (1Vb) results in conpounds
of fornmula (V1lb), particul ar cases of the conpounds of fornula (Via)
wherein 121=R4=H and R2=R3=0C113 : R;to The decarboxyl ation of the
conpounds of formula (VIb) then resuljts in conpounds of formula
(VIl1)), particular cases of the co f foi nula (Vila) wherein
Rir-R4--H and R2=R3=0CH3 : l (VITa)

R,,0,C R,
wherein Ry, Ry, R3 and Ru are as defined hereinbefore
and Ryq 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 Ry=R4=H and Ry,=R3=0OCH; :

o OCH;

(VIb),

HO,C

OCH,
CO,R,

wherein Rq 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 (V1la) wherein Ry=Rs=H and

R2:R3:OCH3:
! X [OCH3
(VIIb),
=
OCH,

R0,

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 OCH., wherein R10 is as defined hereinbefore. 15The conpounds
of foimula (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. -8- By
way of exanple, their reaction with nethylamne results in the
conmpound of forrmula (VII1) : CH3HN OCHX-OCH3 (VIII), 5the reduction
of which results in the conpound of forrmula (I111) :

By way of example, their reaction with methylamine results in the compound of

formula (VIII) :

OCH,

=
| (VII),
CH,HN X

5 the reduction of which results in the compound of formula (1II) :

_ OCH,
l( (w,
CH,HN N
OCH,
the resolution of which, using camphosulphonic acid, results in the compound of
formula (1) :
_ OCH,
IE (.
CH,HN e
OCH

3

10 which is converted into ivabradine of formula (1)

CH,O OCH

CH, N ’
| | 0
CH,0 N AN Pz



CH3HN OCH3 OCH3 the resolution of which, using canphosul phonic
acid, results in the conpound of fornula (I1) : CH HN 0Cl113 OCH3
i owhich is converted into ivabradine of fornula (1) C 130 CH30

10

15

20

25

9.

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

which may optionally 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, and

into its hydrates.

Among the methods known for carrying out the conversion of the compound of
formula (IT) to ivabradine, those described in the European patent specifications EP 0 534

859 and 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.

The compounds of formula (IVa), which are particular cases of the compounds of formula
(IV) wherein Rs=CO,R; and Re=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 (Ci-Cg)alkyl group, are new
products which are useful as synthesis intermediates in the chemical or pharmaceutical
industry, especially in the synthesis of ivabradine, addition salts therecof 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
DMF : N,N-dimethylformamide
DMSO : dimethyl sulphoxide



-9- or 3- {3-[{ R75)-3,4-diincthoxybicyclo [4.2.0] octa-1 ,3,5-tri
en-7-ylinmethyl } (methyl)a. notpropyl

}-7,8-di net hoxy-1, 3, 4, 5-tetrahydr o- 2H 3- benzazepi n- 2- one, whi ch may
optionally be converted into its addition salts with a
pharmaceutically acceptable acid selected from hydrochl oric acid,
hydrobrom ¢ acid, sul phuric acid, 5 phé8phoric acid, acetic acid,
trifluoroacetic acid, lactic acid, pyruvic acid, malonic acid,
succi ni ¢ ackdl, eglilari ¢ acid, fumaric acid, tartaric acid, nmaleic
acid, citric_acid, ascorbic acid, oxalic acid, nethanesul phonic acid,
benzenesul phBhi EERYHORHE canphoric acid, and into its hydrates.
Anong the nmethods known for carrying out the conversion of the
conmpound of 10formula (11) to_ivabradine, those described in the
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menti oned. Obtaining conpounds of fornmula (1Vb) in good yields is
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t her eof w t bererphpirogs A pin afdow of wr¢lpbuient (-Hi hondiagtiy o

progernE Yy IR KO 0NN 3 L ) d Lyt T 2y H K
15 The conpounds of forrmula (IV a), which are particul ar cases of the
conpounds of formula (1V) wherein R5=CO2R7 and R6=CO2R8, and al so the
conpounds ohtrbdwaruiral Ovinbile (Asmmel)] PdOAde (@bdnpoudsBes Hbdr nMliiZacq.) and
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integral part h resent invention. List aof the. abbreviations, .
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: di met hyl guihphexidend fik@ed over Celite®. The organic solution is washed 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

yield the benzocyclobutene.

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

Introduce aryl bromide (1 mmol), Pdy(dba); (0.05 eq.), P(+-Bu):. HBF4 (0.1 eq.) and
anhydrous K,CO; (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.



eq. : equivalent THF : 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 5Introduce aryl bromde (1
mol ), Pd(QAc)2 (0.1 eq.), PO0-13103.HBE4 (0.2 eq.) and anhydrous
K2CO3 (1.3 eq.) into a dry and hernetically seal able Schl enk tube
provided with a bar nagnet. The Schl enklt-ube is purged and pl aced
under argon. 4 m of anhydrous DMF are added under argon, and the
Schl enk t ubExampledr:miiiedsl Fymabgbigcladd.d]ban-1 S Hhirene Sd7-dioardiokylnteng i n
an oil bath preheated to 140C until|l conpl ete di sappearance of the
aryl bromde to in GOM. After returning to anbient tenperature,
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fl ash chromat ography to yiel'd the bénzocycl obut ene. 15Gener al
procedure B for the formation of benzocycl ohutenes by CH bond

activatipon  oduge rom (425 .
PQ B11) 5 ity g ééqﬁ‘ﬁ‘x‘}gﬁﬁ g%&%} 832’“‘?@?;%%“?‘ ?ﬂéﬁg‘g@@&. {ﬁ?ccfgg 365?@"3%5
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and t hen subjieetedgdnoral bcediire Al :mg usimganetlyl | 2-Batrbmpehehtoedndiy DPROG!H-
until conplete. .di earance..of t brom de.in €l o010
ot ur nt ng” tSUEHBIETERE S Bur O B ey ek PRl ol D afkhflg e
wi th di et hyir giihgr vaness iv3ien®d, omsr 108l 83eés9)cmThe organi c sol ution
is extracted with saturated aqueous NaCl sol ution and dried over

1)/ 19gSO4 and the residual solvent is evaporated off under reduced
pressure, TRgehivde 7t1§@;%pg@m%;egmﬁ Jobta- 1048 thidnRCr-Qirb bk insie _
chromat ogr aphy to 25yi el d t he benzocycl o ut ene. Exanpl e 1: Di net hyl
7-met hyl bi cycl o[ 4. 2.0l oeta-1, 3,5-triene-3, 7-di carboxyl ate Fol | owi ng
general pr nitri

3" br om- ?iﬁﬁﬁfﬁ%ﬁéﬂ%’%@% T Gaing 2 2 bpemeppen ) 2 ety buaneritle &
materi al , tdtetieg mla’@n@lmhp@ﬂﬂdomsowéﬁ%nh@@dumaaieyi dl7d%f 92% IR (film

DV- 2952 1433 4079, 768 cnil. SExanple 2 :
Met hyl 7-ne ﬁm); %4’ %&0 ;E%hy | e'yel o[4.2.0lceta-1,3,5-triene-7-

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[4.2.0Jocta-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™.



ear boxyl ate Fol |l owi ng general procedure A and using nethyl

2[ 2-brono-5- (trifluoronethyl)phenyl]- 2-nethyl propanoate as starting
material, the title conpound is obtained in a yield of 81% IR
(filna) v= 2955. 1731, 1315, 1143, 1113, 826, 685 cm|. 10Exanple 3 :
74sopropyl bi eyel o[ 4. 2.0l octa-1, 3,5-triene-7-earbonitrile Foll ow ng
general procedure A and using -12-

2- (2-bronmophenyl) -2, 3-di net hyl butanenitrile as starting material, the
title conpoBrsinplk obi a'temeﬂuiyh aeyhive| &, odimé2exybiay (16112 octad ,320Gikpe-7,7-
1458, 748, 715 cnr nple 4 : Dinethyl

3- et hy| bi cé’(?f“{:}?&ylf Ol oeta-1,3,5-triene-7, 7-thearboxyl ate 15

FoI(I O\tI)\A ng general procedure A and using d| nmet hyl

2- (2- brono- 4- met hyl pheny1) - 2- et hyl na| onate as st rtln ter

the title cb RE Bene t)éF‘Pf@ﬁur‘Fn Fi%| P E70RuY RT?thI%&Womb45'
2952, 1731 gimfetfoxapmehel)-2-meth}ABIoRME as starting material, the title compound is obtained in
3, 4- dlnethoxybleyelol4 2.0locta-1,3,5-trieue-7, 7- di car boxyl ate

The title c%ﬁ*ﬁ@tﬂf@ Ys obt ai ned accor di ng to general procedure A using
di met hyl 2- ﬁ@; W W%74z9§6dm§tﬂ@a<ym@@mm 1219 AYLMRl onat e as
starting mate Nar R (pure) 960, 1730, 1591, 1239, 1116,
1090d 878, h758 cnt  -12- Exarrple 6 : tert Butyl nmet hyl

3, 4-di ni et x*ncyl i z oo fdi .
ol 1 ovi ng. gheraers; SRy RGRoo o g e B fEpRENA, 55 Griene-
2- ( 2- br ono- Z-¢hebodylaet hoxyphenyl) - 2- ni etIayI mal onate as starting
material, the title conpound is obtained in a yield of 69%

Following general procedure A and using methyl 2-(2-bromophenyl)-2-methyl-6-
10 [(triisopropylsilyl)oxylhexanoate 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,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 (6.84mmol) 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 HC1 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 arc combined,

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



IR (pure) : v- 2977, 2936, 1728, 1591, 1464, 1249, 1115, 840 cnd.
Exanmple 7 : Met hyl
7-{4-Ktriisupropylsilyl)oxylbutyl}hicyclo[4.2.0]octa-1,3,5-triene7-ca
rboxyl at e Fol | owi ng general procedure A and using nethyl

2- (2- bronophenyl)-2-nmethyl-6- to[ (trii sog)r opyl silyl') oxy] hexanoate as
starting material, the title conpound i-$3obtained in a yield of 82%
IR (film :v 2940, 2863, 1731, 1457, 1253, 1103, 881, 678 cm.

Exanpl e 8 : wikbktdkeyliyl ether (3 x 15 ml). The organic phases are dried over MgSO, and the residual
; e::]rgf_ 2?/' g:_ g%gg{i&sﬁﬂ c%evoasgara eg %Bgr@g][ %ﬁ“lcee %rezéu%g r g)é uae reactton prOEl?C'[ I pun@'gd
2- ( 2- br onopbenysh)ch2ametigiaphp I(lmﬂmml’i}e addhas: &V E) to yigldnid wtid @inpotihie

title conpoundls obtained in a yield of 81% |R_(pur = 2, .
2052. 963,11 ) dasip2 pgs sEs R0 100 1 14T Benigy 4566
(R S) 3, 4- D net hoxybi cycl o[ 4. 2. Olucta-1, 3,5-tri ene-7-carboxylic acid
638 ng (2.28 mmmol) of dineth

3. 4- 01 et hokyaBlg N0 o iSChYIGR e din iy bicesteld 2 Hactetl e iseg Totngboxylate
obtained in Exanple 5 are dissolved in 18 m of HMSO and 445 ng 20

(6.84 mol) of KCN are added in one go. The m xture is stirred under
an argon atfadspigelld lapmpBod ferrbut? methydf telingeshoxybicyrdolt 8- Odoe- AP-triene-

tenperature, 7'[%?0(%{PSF§IE gtg)lt’agt%ﬂisml I%J; k! 6 sctpé &ﬁtsé()%dQHdZ 20 rgf tﬁﬁu&%&&%’ heid

ether are cdu eaction m xture (ATTENTI ON
formation) @A) wehe the xixgure id sﬂstmdr foed.5f lprAfier metuiffreg t@ragmm: tqmmgﬂéum,sthe

vashed it b AeQUs, AN OLULLAN L3, 40i0h e oIS AGMARUZPRASED

are conbi ne eén-aci |ed usi ng aqueou utlo
at anbi ent memmeeature and extracted -13- with diethyl ether (3 x 15

ol Vent s ar BRoUas PARRET AT CURLT PoboeBl prele e Pracy (it and e
reaction produioh id Seapidrat 11&?@ fbt}Q b iadd ag ﬁlfg@ﬂﬁﬁr@@pit&pi‘l@hd(thﬁ)&ﬁm@letomydbient
acetate : 8tgr/n%651)atuEeO 1¥1|e er'leegctlgrr; ?m;[ctlu;el 1% hygrrgpy%g({‘l gfvith saturated aqueous NH4Cl solution
and the aqueous phase is extracted with ethyl acetate (3 x 10 ml). The 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/AcOFEt : 8/2) to yield the title product.
IR (pure) : v=2950, 2834, 1729, 1464, 1207, 1068, 729 cm™.

Example 11 (R,5)-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, 1IN HCl and saturated NaCl solution and then dried over MgSOy.



IR (pure) : v= 3227, 2842, 2835, 1725, 1593, 1486, 1302, 1160, 1140,
970, 753 cm 1. S5Exanple 10: Met hyl

(R S)-3, 4-di tnet hoxyhi cycl o[ 4. 2. Oj oeta-1, 3, 5-1ri eue-7-earboxyl ate 424
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20 M of a nolar solution of B1I13 in Tlif are added at anbient
tenperature to a mxture of 2.2 g (10 imol) of the product obtained
inlixanple 11 in 45 mM of THE. After stirring for 1 h, 10 mM of the
solution of BH3 in THE are added. After stirring overni ght at anbi ent
tenperature, 20 m of ethanol arc added dropwi se and the m xture is
stirred until the 10 evolution of gas ceases (about 1 h). 20 mM of a
solution of HCl in ethanol are then added dropw se. After stirring

for 4 h, the precipitate obtained (1.2 g of the title product) is
filtered off The filtrate is concentgphmgs and a further 0.65 g of

title product is obtained by solidifying in an 80:20 AeOEti et hanol

m xture. The two precipitates are conbined to yield 1.85 g of the
title product (Yield 779% . 15Melting point : 174-177C - 15 - CLAIMS
The i nvieetihventich alaimed iss: 1. A process for the preparation of a
compound selected fromthose of formula (I1V) wherein R1, R2, R3

and R4, which may be identical or different, each represent a

hydrogen atom a linear or branched (Cl-C6)al kyl group, a linear or
branched (Cl-C6)al kox roup,.. a tluarin i .

pr ot ectied ot RELgraah e FEBaR Ly AP e R B8R,
group in which the al koxy group is |linear or branched (Cl-C6), or a
CF3 group, or RL and R4 represent hydrogen and R2 and R3 together

wi th the carbon atons carrying the orma 1, 3- dioxol ane group, R5
represents a saturated or unsaturatgd, |igear or branched

(C1-Co6) al kyl group, a |inear ofbgan (*C1- C8) hydr oxyal kyl group in
whi ch the hydroxyl function is prétect d, or a "R7 group in which

R7 is a linear or branchedR{CifCé)al roup, R6 represents a cyano
group or a CO2R8 group in whi R8 i[s a I'tsnear or branched
(C1-C6) - al kyl group, wherein a<onpgund of fornula (V) - 16 -

wherein Rl, R2, R3, R4, R5, Re are a¢ defined hereinbefore and X
represents a halogen atomor a triflate group, is subjected to a
cyclisation reaction in the presence of a catal yst/|igand system

conpr i $ihatpimRpdRd RdpodReavicyoay aﬂéﬂe@ﬁcaipgaﬁ?@n}é 1568 FiRnesesb Bygragen atom,
from t Gidegf br Brrth&nesPBlaRy! dobb, pharsdr-dt brigdHed it Y phesplra®, a fluorine
1,2,3,4 5-pentapheny1-11-(d|-tert-butﬁlphosphlnﬁg;ferLocene aqg |
tris( 428 HosyeRemibRy P PHERSIPY ARUSHPHR 2 BietestestitySFRENg QR <4 2<Gpearhe
sai d plesphhnesich tHe akexyPgreae e inezir o baseed i(0,-8F), o gatif cgreop,venR, and R,

represent hydrogen and R, and R; together with the carbon atoms carrying them form a 1,3-

dioxolane group, Rs represents a saturated or unsaturated, linear or branched (C;-Ce)alkyl
group, a linear or branched (C;-Ce)hydroxyalkyl group in which the hydroxyl function is
protected, or a CO;R; group in which R; is a linear or branched (C4-Ce)alkyl group, Re
represents a cyano group or a CO,Rg group in which R is a linear or branched (C4-Ce)-alkyl

group, wherein a compound of formula (V)

V),




2. The process of claim1l, wherein the palladiumcatalyst is selected
frgm Pd( QAc) 2, Pd(dba)2, Pd2(dba)3, PdCl2, PdCl2(Cl-13CN)2, Pd13r2

an

trans-di- (. nmu. -acetate)bi s[o-(di-otolyl phosphi ne)benzyl]di pal | adi um
3. The process of claim1, wherein the palladiumcatalyst is
Pd(OAc)2. 4. The process of claim1, wherein the organic phosphine is
tri-tert-butyl phosphine. 5. The procesggof claim1, wherein the
phosphonium salt is a phosphoniumtetra | uor obor at e,

hexaf | uor ophosphat e or hexafl uoroanti nonate. 6. The process of claim
5, wherein the phosphoni umsalt is tri -tert-butyl phosphoni um

Sel eot PRS0 Rexdois = s el o sBegetorp i Pl odeh atom or
t - BuCORKtriflnt droEy COR@YectE] toTh eyqbsad@essacmfm o1 theresenoh et aialalypidiopad aystem
s KZCC%B rs;ng%\}&ﬁﬁﬁl%ﬁﬁéat&?ﬁ%n@aw& &(d{%‘_pﬂm& @@leetreQthst@h %ﬁf%phb%hme

sel ected Trom acet yrrolidine, ene
and nes2-biphemé-di-teg: bUTSH@hoﬁpbééxss R34 %'npﬁ'i‘tgph%yb%léﬁ'ﬁeﬁfﬁ’é’ty&*’@é?h“éo) ferrocene

sol vent o 5l dihoxy f'?ne@{ ﬁ?l FQIE)S[SHII% '@r é1ph%lﬁfoﬁluﬂ1 tdieortiRad sholpBing$, in

the reaction is from 100. ee C. 150. degree. C. 12. The process
of cl aithe Presgies @f hbasey @pﬁ*b@’@?ﬂ'%sﬁv%}tom ne atom

2. The process of claim 1, wherein the palladium catalyst is selected from Pd(OACc),,
Pd(dba),, Pd,(dba)s, PdCl,, PdCl,(CH;CN),, PdBr, and trans-di-(.mu.-acetate)bis[o-(di-o-
tolylphosphine)benzylldipalladium.

3. The process of claim 1, wherein the palladium catalyst is Pd(OAc)..
4, The process of claim 1, wherein the organic phosphine is tri-tert-butylphosphine.
5. The process of claim 1, wherein the phosphonium salt is a phosphonium

tetrafluoroborate, hexafluorophosphate or hexafluoroantimonate.

6. The process of claim 5, wherein the phosphonium salt is tri-tert-butylphosphonium
tetrafluoroborate.
7. The process of claim 1, wherein the base is selected from K,COs, Cs,C0O3, Na,COs,,

K;PO,, KHCO3, t-BuCO,Na, t-BuCO,K and t-BuCO,Cs.
8. The process of claim 7, wherein the base is K,COs.

9. The process of claim 1, wherein the organic solvent is selected from DMF, N,N-
dimethylacetamide, N-methylpyrrolidine, xylene and mesitylene.

10. The process of claim 9, wherein the organic solvent is DMF.

11. The process of claim 1, wherein the temperature of the reaction is from 100.degree. C.
to 150.degree. C.

12. The process of claim 1, wherein X represents a bromine atom.



