New process for the preparation of funetionalised beuzocycl obutenes,
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 functionalised
benzocycl obutenes, and to their application in the synthesis of
i vabradi ne, addition salts thereof wth-& pharmaceutically acceptable
acid and hydrates thereof or 3- {3 %} )
ff(75)- 3, 4- di eV REXSBiles/&F sTPatiop eblupsfionHised bevicerytiobyrrnsydny apicgtion
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addition salts thereof with a pharmaceutical ]y acceptable acid, and
more especi al |y the hydrochl oride t RE9BBPEafgve very val uabl e
phar macol ogi cal and therapeutic properties, especially bradycardic
properties, which render those conmpounds useful in the treatnent or
prevention of Tharheus: GhicRl&aleighd Yatd fb%esQTfoMQ&§§r aliod So?hlg.ﬁ&}ﬁ% ised
such as angi na ectoris, nyocardial infarction and associated r y?%n1
di sorders, - as fycbuiepesy g g feinapphigionyingte simibesiv phiyalridinch pddition salts
di sorders, espeedoalrty 2 phemactemdally kbl ByithimJiksQndel.s, and in heart
failure. The preparation and therapeutic use of ivabradi ne and
addition salts thereof with a pharmaceutically acceptable acid, and
nor e especi al ybtaltiee bf/fdroadh{lpsr i de t hereof, have been described in
Eur opean patent specification EP 0 534 859. OCH3 OClI 13 The
conmpound of formula’(\ ) s obtained by resolving, wth ,aid of
canphosul phoni ¢ aci d, serfposnd of forn?Ha (T ; CH3HN
CH.,O N
3 N “ocn

3

)

or 3-{3-[{[(75)-3,4-dimethoxybicyclo[4.2.0]octa-1,3 ,5-trien-7-yljmethy!} (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 thythm disorders, especially supraventricular thythm

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) :



OCH3 OCH3 UT). The conpound of formula (I11) is an inportant
intermediate in the synthesis of ivabradine. The present invention
relates to a process for the preparation of functionalised

benzoevel obutenes and to their application in the synthesis of

i vabradi ne, addition salts 10 thereof with a pharnaceutically
acceptabl e acid and hydrates thereof via the conpound of fthu iula
(11). The preparation of funetio:nalisedsbenzocycl obutenes has been
described in rlngewandte C henne, International Edition 2003, 42,
5736-5740. ibis publication describes the 15poggjbility of applylng
C(sp3)-H bond activation to the prepf f uhcti onal i sed
benzocycl obut enes using a pal |l adi um syst empVbr e
specifically, the present i fWeHbliop-Ters 0 a process for the
preparation of the conpounds of fornula (IV) :OCHherein Rl, R2, R3
and R4, which may be identical or different, each represent a
hydrogen atom a linear or branched (g -C6)a|ky| group, a linear or
branched (Ct - n&) @lrpouyd riaupla @) id dbelied By adsOling, aviGhth© kil RE cati®Biulhonic

protected amn rou te hydr oxyl group, an al koxycar bonyt
group in which ﬁmcmg%3§§géggﬂ% ﬁg)llnear or branched (Cl1-C6), or a

CF3 5 group, or .R4=li and R2 and R3 together with the carbon
atons carrying then1forn1a 1, 3-di oxol ane grou 5 represents a
saturated or unsaturated, linear or br ?&I 3C8) aLkyl group, a
l.inear or branched (C3 - CB)hydroxyaIkyI grolp i N whj t he hydroxyl
function is protected, or & gt o ich R7 1's a | i near or
branched (§1 Co6) al kyl group, 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 (I0).

The preparation of functionalised benzocyclobutenes has been described in Angewandte
Chemie, International FEdition 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) :

RI
e
| av,
R; = R




10 R5 represents a cyano group or a CO2R8 group in which R3is a
| i near or branched (Cl-C6)- al kyl group, which process is

characterised in that a conpound of forrmula (V) : wherein R1,
R2, R3, Rt, R5; R6 are as defined hereinbefore and X represents a
haI ogen 15 atom preferably a bromne atom or a tillatc group, 1is

subjected to a cyclisation reaction in the presence of a
catal ystai gand system conprising a pallagdiumcatalyst and an organic
phosphl ne selected fromtri-tert-butyl phosphine,

- bi phenyl - di wﬁc‘?&h RrOUL }’kaﬁ%&h&zﬂ& mé} % identidul Br alﬁgrnﬁta&hﬁ%xlesenjt ﬂydrc(ggn

-tert but yl phosphi no)- errocene
tris(4-met hox‘i}mQ»f’rﬂmeﬁfyql prreprdifospimecup e liacgp holsprvbed @rCaalkoxyedrophe

said 20 phospfidaes atoh atchl%m% 858 ng?ro@&e@mgﬁ§ groul% 3! ﬁ&e&&gﬁﬂl"o%ylsé%%egﬁ
Prot ect ed hydr oxyl group protected hydrox unction nmeans a

hydr oxy] func%%ﬁﬁ“§%ﬁ%k$?ﬂ%@dmﬁﬁr%eﬁk@ﬂé%@ﬁﬁgh@ﬁbabmé%%vbﬁhfy>pbacﬁ

that functj Ongrowﬁnﬁﬂglﬂgﬁ endRO l%l@plt{} ﬂagaﬂ%g) weth %Q@rgoﬂ e Qf@ﬁ’yu@cethem form a
menti oned, wi t?g ing any limtation, silyl-containing groups
-4- such as n ‘@ilyl and tert-buty dimethylsilyl, and the

groups ntr ahmrragzrysreﬁm a siyenry loy upatatciEinaXxy bendyd (C)1addiyl groas atiyitar and

pivaloyl. A pr Otﬁ%t@g‘ 1 ne 0 mear i m.ne functian

substituted K >;ané e eC%{Rpf%raxy%gkgﬁ group m wﬁmgnheahydroxyl Hmctlon 15 protected, or a
CO2R; group in which Ry is a linear or branched (C;-Cg)alkyl group,

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

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

V),

wherein Ry, Ry, Rs, Ry, Rs, Rs 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-terz-butylphosphine,

2-biphenyl-di-terr-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 hydroxy! 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



customary for that function. Anobng those protecting groups there may
be nentioned, 5without inplying any limtation, the groups nosyl,
tosyl, mesyl, acetyl, tart- butoxycarbonyl, benzyl and plithalim de.
Anong the pal |l adium catal yst that can be used there nay be nentioned,
wi thout inplying any limtation, pd(QAc)2, Pd(dba)2, Pri2(dba)3,
PdC12, PdC12(CH3CN)2, Pc1133:2, or _

trans-di (11-acetate)bi s[o-(di-o-telyi phosphi ne)benzyli di pai | adi um Ode
ann's catalyst). 10The pall adi um catal yst preferably used is

Pd( QAc) 2. The nj.G j pr rabl d i

- tert -but yl phosan enengat o6 LR AR el e prue eapBerueRa
there may be i ereahethok ot tritytplestiingd pimglotli mi t ati on, phosphoni um
tetrafl uoro borates, hexatl uorophosphai cs and hexafl uoroanti nonates.
15 The phosphonium salt preferably used is tri-ten-butyl phosphoni um

t et r af | uor obofat'eectadafyet feurpaeas an atinec@inctve sussttitadhisr e pragctilee group

nentioned, Wi duB@biaryl 6Pl HehcARY ARHES 104 TR
t- BuOC2Na, t- B Coziylg@ nd t- BuCO2Cs. T;ﬁoé,@%gt)g;fegﬁ bt gf% egé;a%i:rf/ u%e% ]i’ng‘m‘”g:e(853
K2C0B. 20 AnmdHYFPhe®6iRFe i tiRiitioparihh ereiwa dnasie niopty nivsylmesstivloned;
wi t hout i npl yhungy@eamyonll, BidkaAtan@pathddMide. AT, AT- di net hyl acet ami de,

N- et hyl pyrrolidine, xylene and nesityl ene. The solvent preferably
used is Diva -5- The tenperature of the reaction is preferably from

100C t o 150C /Acouwrttk padiomaaplyafien cacheanddai-amat be HBRioREE SN ut implying
invention relates.t0 a.pracess, f.0 }%42' r ra.{;i n, of conpounds of
it 3 i
formula (I Va)a,% part I c Uf(g(r ¢ Esgdéébggz’ @bggb%g‘g]& dlgﬂg@f?}pgﬁzﬂﬁg 2 (Of {pyns-di-
wher ei n R5=CRRt@)tisREZHEER Rshosphine)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-fers-butylphosphonium tetrafluoroborate.
Among the bases that can be used there may be mentioned, without implying any
limitation, KoCOs, Cs;CO5, NapCOs, KiPO, KHCOs, #~BuCO,Na, -BaCO.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.



5 R802C (IVa), whherein RI, R2, Rs, R4, R7 and its are as defined
her ei nbefore, starting from conmpounds of fornula (Va), particul ar
cases of the conpounds of fornmula (V) wherein R5=CQ2127 and R6=CO2Rs
it)wherein RI, R2, R3, R4, R7, Rs and X are as defined hereinbefore.
According to another preferred enbodi nent, the present invention
relates to a process for the preparati on of compounds of fornula
(fVb), particular cases of the conpoundssof formula (IVa) wherein
12. 1=R2i =l -1 and R2-123-0CH3 : -6- Rs2C OCH,

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,R; and Rg=CO,Rs :

R]
)
| (va),
R,0,C =
R3
COR,
R

L

wherein Ri, Ry, R3, 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=COyRj3:

R

1

(Va),

H,C

ROC CoR, R,

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

formula (IVa) wherein Ry=Ry=H and R,=R;=0CH;5 :



00113 CO2R7 wherein R and Rg are as defined hereinbefore,
starting from conpounds of formula (Vb), particular cases of the
conpounds of formula (Va) wherein Rl=fQJ and 122=R3=0C143 :

wherein R7, Rg and X are as defined hereinbefore. The conpounds of
formula (TVa) obtained according to the process of the invention can
| ead to conmpounds of formula (Vla) : HR2C (Via), R4 1l0Owherein RI,
1t2, R3 and R4 are as defined herei nbefor6e

o OCH,

(IVb),

R,0,C

OCH,

CO,R,

wherein Ry and Rg are as defined hereinbefore,

starting from compounds of formula (Vb), particular cases of the compounds of

formula (Va) wherein R;=Rs=H and Ry=R3=0CH;j:

X OCH,

(Vb),

H,C

OCH

RO.C" Lor,

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 (VIa) :

Rl
% R,
| (VIa),
HO,C NNy
CO,R, . ?

4
10 wherein Ry, Ry, Ry 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 (Vila):



and 1t9 is a linear or branched (C, -C6)al kyl group, by an ester

saponi fication or hydrolysis reaction, then the conpounds of fornula
(Via) lead to conpounds of formula (Vila) : R4 wherein R, R2, R3
and R4 are as defined hereinbefore and RH, is a hydrogen atomor a
linear or branched (G -Co)al kyl group, by a decarboxylation reaction.
5 The hydrolysis or the saponification of an ester function of the
conpounds of formula (1Vb) results in cogpounds of formula (1/1b),
particul ar cases of the conmpounds of fonnula (Vla) wherein |21-134-11

and R2=123=00H3 : CO2R9 wherein R9 s as defined hereinbefore. 10
The decarboxyl ati on of the conpounds oft fornmula (' 7Th) then results
i n conpounds of fornmula (VIIb), particul ar rgcases of the conpounds of
formula (VIla) wherein 121=Reil gnd -Rg-0C113 @ OCR, (VIM,
(VlIa),
\
R,,0,C R,
R

4
wherein R;, R;, R3 and Ry are as defined hereinbefore
and Ry is a hydrogen atom or a linear or branched (Ci-Ce)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 Rj=R,=H and R,=R3=0CH; :

N OCH,

o ! P (VIb),
OCH

CO,R,

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 (VIIa) wherein R;=Rs=H and
R2:R3=OCH3 .

OCH,

/

(VIIb),

\

R,,0,C OCH,
wherein Rio 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.



0C113 R1002C wherein R10 is as defined hcrei nbefore. 15The conpounds
of formula (VIIb) obtained according to the process of the invention
are wuseful in the synthesis of ivabradine, addition salts thereof

wi th a pharmaceutically acceptable acid and hydrates thereof By way
of exanple, their reaction with nethylamne results in the conpound
of formula (M1II) : CH3FIN OCI 13 OCH3 (M11l), 5the reduction of

whi ch results in the conpound of fornulag(lITT) : OCH3 (HI), OC -13

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

formula (VIII) :

OCH,

=
CH,HN S

I (VHD),

OCH,

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

OCH,
=
| ),
CH,HN N
OCH,
the- resolution of which, using camphosulphonic acid, results in the compound of
formula (I1) :
OCH,
=
. | a,
;HN N
OCH

3

10 which is converted into ivabradine of formula (I)

CH,O OCH

@

\

N
CH,0 N— ocH



the resolution of which, using canphosul phon ¢ acid, results in the
conpound of forrmula (TlI): C-131-1N OCH3 0C113 10 which is
converted into ivabradine of formula (I) -9- or 3- {3 -1{

I (7S)-3, 4-di mettioxybicyclol42.0locta-1,3,5-trien-7-ythriethyl }
(et hyfiam nol propyl | -7,8-dinmethoxy- 1,3,4,5
-tetrahydr o- 2H 3- benzazepi n- 2- one, which may optionally he convened
into its addition salts with a pharmaceugically acceptable acid

sel ected from hydrochloric acid, hydrobrom c acid, sul phuric acid, 5

phosphori ¢ acpd . @q@m@_gaacalﬂem&zybzfc&mn 9%@@&11@, sa«&hld:/ -y ]ﬁ%ﬂrl‘}:(fn%%ygamino]—
pyruvi c acid, malonic_acid, succ¢inic acid aric acid marie

aci d, tartarlEmaﬂ?ag‘%%ﬁ@?@Jékf8“*%@@??%7%éﬁﬁﬂﬁa§@dpblc acid, oxalic

aci d, net hanesul phoni e acid, benzenesul phoni e acid and canphoric
acid, and into its h drate Anong. t he nmet hods known for carr

out the conveFRFhingt H@“@bﬁ%dﬂﬁﬁ”ﬁ?“ﬁ@ﬂﬁr%ﬂ?ﬁ?Cﬁ%ﬁ“@% ?6@%F%ﬁ3W@'y
thgse descrlbaﬂqﬁﬂmibﬁdEﬁk@ﬁ@aﬁmpa@@ﬂﬁﬂ@ﬁeﬁmé|@mﬁbﬁn&:bHdOsﬁﬁ&gBS&m
and EP 1 589 Q05.may be nention i ni.

(Vb i 1 bod PRAPHL e FHsiebh pubeRAeD: Al et PR REv i St Gpia
i vabr adi ne, a@dﬁMb@mdsabmscah@ﬁﬁm&mmumhuam@hath®@mtmmakﬁyca@¢e@MEmwe
aci d and hydr gl £5,eE80kedihe S8 ROUIHS Al Al Tam Lot Rli€ g

are partl cul ar ¢ases o e comrmpoun
into its hydrates.

Among the methods known for carrying out the conversion of the compound of
10 formula (1) to ivabradine, those described in the European patent specifications EP 0 534
859 and EP 1 585 005 may be mentioned.

Obtaining compounds of formula (IVDb) in good vields 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,R; 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 (Ci-Cgalkyl 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 A



(1'V) wherein R5=CO2R7 and R6=C0712.8, and al so the conpounds of
formula (VIb), as well as the conmpounds of fornmula (VIlc), which nme
particul.ar cases of the conpounds of fornula (VIIb) wherein Rut
represents a linear or branched (Cl -C6)al kyl group, are new products
whi ch are useful as synthesis internediates in the chem cal or
pharmaceutical 20 industry, especially in the synthesis of

i vabradi ne, addition salts thereof with i phar maceutical |y acceptabl e
acid and hydrates thereof and, as such, ~ ®nstitute an i ntegral part
of the present ingvention. List of the abbreviations used: dba

di benzyl i dene Gcetone 25 DVF : N, N-di met hyl f or mam de DVS O : di net hyl
sul phoxi de - IO :eqrahydrefgan val ent THE : tetrahydrofuran The Exanpl es
herei nbelow il lustrate the invention. CGeneral procedure A for the
formati on of benzocycl obutenes by Ca bond activation 5Introduce aryl
brom de (1 mi kb ¥xanipis @aepel¢wiltistad. the inRatierBu) 3. HBE4 (0.2 eq.) and
anhydrous K2CO3 (1.3 eq.) into a dry and hernetically seal abl e

Schl enk tube provided with a b net. The Schl enk tube is purged
and pl aced unu&ferakniaeedure Afordhe forinatibnwiiberPhF clgbwtewd the €-Hhded adiv sjom,
and the Schlenk tube is hernetically seal ed and then subjected to

stirring in ap.qil bath preheated to 140C until conplete
di sappear ance B ECheEr YPmise ofi meob.o PARASE M. cot% tPer BRIy eg.d and

anbi ent  t enpemaydise K,Che (r 2actin dii b e ehcairdich b e domit g %&3@4& with
ani.c solution i s washe W|t1h

ether and filtered o lLitj. The or
saturated aquesu gla?nse}/' ?QF g@é‘?“ytt‘i‘b(? i R g’i‘q RO URSET ABFSOA mh trnbrigous DMEF
residual sol wentdded uadeapepatead tefdchiundebe & @dUeeAIPERARIULE thed BEiCIHES

reaction produgt. i i fied by-fl chromat ogr.aphy to yield the
henzocycl obugg gﬁ%,g ".?L%rp(é[eiﬁaé}? %Fheﬁ%géoe%é %é“‘“éﬂ f’%ﬁ‘ptl‘?t’%%‘s B%ﬁa&f? ribgyyl bromide
benzoeyel dbutie kESMSy AGeeborite mcimbiat itedpedanitd aguetiar Wixdde eiideed(dith
mol ), Pd2( dbga) - 3. DBE4 (0.1 .eq.). an nhydr ous
1C2CC8 (1.3 eq.%le i(e%tegélé@g’%%w%%d& h%lrﬁ}r(rie't ﬁ%a?rlg%”% &4 tg)ﬁl & V@%bege"ﬁlﬁl Faltged
provi ded wi t RIgopaNaaghern amhériegotvbrerkS Qe thesrepdiratedveant eptraced off
under argon. ydddkdauedd RARNLrGY ; [ nd th

whsk sl OO B MBS AIRD A0 BT,

Schick tube is rmetically seal ed and en subj ect

in an oil baty}?l%ﬁ%g%é?@alo?‘ﬁe@zoc until conpl ete di sappearance of the

aryl bromde in GO MS. After returning to anbient tenperature, the

reaction mx{ sodiu ed with diethyl ether and filtered over

Cel i te(r) The=6t§ {268 € BT EC TOLMALGIY- rqcxgiopptenesthy (GHAnd activatien

NaCl solution and dried over MgSO4 and residual solvent is

% r , [.r r .. The crude reaction product is

our £ 2&egy°;nlftrg§% §%¥loﬁrg)‘¥lgdge?ggﬂ§1%§g%<%(dba)3 055 '5q5, PEBY,HBE, 101 60 ana
anhydrous K;COj3 (1.3 eq.) into a dry and hermetically sealable Schienk 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 solvént is evaporated off
under reduced pressure. The crude reaction product is purified by flash éhromatography to

25  yield the benzocyclobutene.



25yi el d the benzocycl obutene. Exanple 1 D methyl _
7-ruet hyl bi cycl o[ 4. 2.0l ucta-1, 3,5-tri eue-3, 7-di car boxyl ate Fol | owi ng

general procedure A and using nethyl .
3- brono- 4- (2-met 1oxy- 1, 1-di net hyl - 2- oxoet hyl ) benzoate as starting
material, the title compound is obtained in a yield of 92% IR (film
1 v=2952, 1714, 1433, 1275, 1146, 1079, 768 cm 1. SExanple 2 : Methyl
7-nethy|-4-(trif|uoronethyDbieyelo[4.2.Q_9cta-1,3,54r|eue-7-

ear boxyl ate Fol | owi ng general procedure and usi ng net hyl

2 2-br0m-5-(tﬂﬂainkuqrsze {7 dor X HiY] PEQRanoas . ag starting
m[at erial, thetitle corrpoﬁbr%d %%@%f’ﬁ@ﬁ%“%i’%gﬁ 8“80‘?; g’f%%"i“éftffl | m)
v= 2955, 1731, 1315, 1143, 1113, 826,585 cnil.1. 10Exanple 3 :

:7-I ti | birey®ti 2raD}064d87E 48 WY onitrile Fol low ng
gean;Prgfgcedu¥%;?%§?hruéiﬁ%@%ﬁg?§%§%%gﬂ%ﬁ§%§%%$§£¥rﬁg%ﬁ§y U?a%%g%%s
starting mat ePFEYDPFERS 3558 e mststifdths §tatomabundds dbteimdyn eyidd of 9272%

IR (film : vIR2964; 1458, 17148437 457 M4k, 10X apple1 4 © Dinethyl
3-net hyl bi ey cl 014. 2. 0Joeta-1, 3,5-trieue-7, 7-di carboxyl ate 15

Fol | ow ng general procedure A and using ditnethyl _ \erial

2- (2- br onos 4- Bedrinid phenylenny?- 7Rkl BalORA BB iU LY FF{)TP 8o

the title co %ndlits obtained in a yield of ﬁ% lg"(zfoﬁl V= 2%5

1731 cmill. rTExpaan‘f)’iyea S . Ditnethyl _ _

3, 4-di et huxybi eyel o[ 4. 2. Oj oeta-1, 3,5-triene-7, 7-di car boxyl at e
Following general procedure A and using methyl 2-[2-bromo-5-(trifluoromethyl)phenyl]-
2-methylpropanoate as starting material, the title compound is obtained in a yield of 81%.

IR (film) : v= 2955, 1731, 1315, 1143, 1113, 826, 685 cm ™.

10 Example3:7 -Isopropy!bicycio{4.2.0}acta-l;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]0ct3-1,3,5-triene—7,‘7-dicarb0xylate

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 S : 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™.



The title conpound is obtained according to general procedure A using
di mret hyl 2-(2- 20 brono-4, 5-di netboxyphenyl) - 2-net hyl mal onate as
starting-material. IR (pure) v- 3007, 2960, 1730, 1591, 1239, 1116,

1090, 878, 758 cm1l. -12- Exanple 6 : ten-Butyl nethyl

3, 4- di rnet huxybi cycl oH. 2. 0Jocta- 1, 3, 5-triene-7, 7- dicarboxyl ate

Fol | owi ng general procedure A and using tert-butyl nethyl _

2- (2-brono-4, 5- dinethoxyphenyl)-Z-nehgylnalonate as starting
material, the tide conpound is obtained " 5 a yield of 69% IR

) 1115, 840 ciii*
(pure) : v= Z%XZmP £296:  AAARunyr Sdnyit Gfﬂlm%t%lﬁgyb;cydomz0}octa-135—tnene—7 7.

Exanple 7 :
7- {Zpl(trl|suﬁ@@ﬁvﬁﬁhﬁyBoxy]hatyl}blcyclo[4 2.0]octa-1, 3,54ri ene7-ear

boxyl ate Fol |l owi ng general procedure A and using nethyl 2-(2-brom

oplicnyl)-2-nethyl-6- 10Ktriisopropyl silypoxyi bexati oate as starting
rrgt eri )altl ) thn%f) ‘%/Vf”ég c&FpElLinBropsiusbtAi med usinga rari-elegd Qﬁetm%z-(t&oﬁi‘owm

v- 2 940 28 Bﬁnethl;z%lienylﬂ‘fl&eth% BRfnatd ;soé &%@n@l gue AL B%Wmé(f 1§ o!)‘camed in

thhyl 7- neth | bj 4.2.01ti1eta-1, 3 -triene-
Fol | owi ng gen Vﬁ ‘%%%Gedure B and u5|ng met hyl

he title
2- ( 2- br onopheny {purd- vetbyl, pspangng ] $@§4 $14 1t159%4(51§ter| al, t
compound is obtained in a yield of 81% ? v 2972, 2952,
2930, 1729, 1457, 1433, 1277, 1140, 740, 711 ch Exanple 9 :

(12,9) -3, 4-Di M_Ebl MyEkD ﬁ%4-?(tl@i§(ﬁﬁgﬁfisl¥y§ox§}b(lwl}%fc§86{z_ZQﬁgcQQi( ¥|Sit1(;iene-

acid 638 2 nol ) of dine
3, 4- dlnethggy f%éc %%ﬁ 2.0Joct a- 1 3 5 triene-7,7- dicarboxylate

obtained in Exanple 5 are dissolved in 18 ni of DVBO and 445 gy
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}0cta-1,3,5~triene-7—carb0xylate

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)-?S,4-Dimethoxybicyclo[ti,z.ﬁ]octa—i,3,5—triene-‘7-carboxyﬁc acid

638 mg (2.28 mmol) of dimethyl 3,4-dimethoxybicyclo[4.2.0Jocta-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 exiracted



20 (6.84 miol) of KCN are added in one go. The mxture 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 the reaction m xture (ATTENTI ON
HCN formation) and the mxture is stirred for 1 It The organic phase
is washed with aqueous IN NaCH solution (3 x 10 ml). The aqueous
phases are conbi ned, 25 then acidified tj|g. pH 2 using aqueous 6N || Cl
solution at anbient tenperature and extracted -13- with diethyl

ether (3 x 15y diethjin@neR{DRMb gﬂpﬁr@esega afll b8 driQV&Ser MaSORaRNEE feb&ual
resi dual sol vents are evaporated of er reduced pressure. The

crude reacti off'5F® aﬁcefvaméatiﬁmff W@d@%ﬁ Presse-dihe GHREE BgFtiepmypduct is puified

(hexane/ et hyl byamet a{renatog‘ié;lhg@ex&re/emyedc&ae hesﬁts) td ﬁel@ RPAY BshapoluRR.
(cure): v= 3227, 2842, 2835 25, 1593, 1486, 1302, 1160 1140 970,

753 cul | . 5Ex%$‘i§’?"ée 153 %%214@1283‘3 1725, 1593, 1486, 1302 1160, 1140, 970, 753 cm™.
(R 5) -3, 4-di net hoxyl neyel 0[4 2. 0]oeta 1,3,5-trieue-7-carboxylate 424
ng (1.31 nmo

34" Gi ¢ net hodasmiai ety e AT dmahenyisariatt 2 lugprsle Boigiedg gosyine

obtained in Exanple 6 are dissolved in 2.1 m of 16 fluoroacetic acid
(999% and the X1 S !
anbi ent tenperg] g{§kﬁg“ﬁ§X4%%§uW£ng$ ?4gpﬁ§wxqﬁ@wgfed@ggglégeggﬁre
to yield the hbdioghrdybueyditgnacihExamplhfl ard Oivphed st &rl. miThietridlpardaetic acid
conpound is f - DIVEL e d
it he solutlonctbé%}S %ﬁﬁg%hndéig H?«Bfga%§8n%&a an %ﬁé%hgggﬁﬁg%%%ﬁé 5%9
t hen brought mistugesi eamoratehpieatedped pRiera eatdld 81 monecarpeylis acid methyl
hydr ol yseg, witdhosaiurated aqueous NI -14Cl sol ution and the aqueous
phase is extracted with ethyl acetate 3 x 10 The organlc phases
are 15 conbi ﬁfé‘ﬁm‘%féé§ﬁ‘€amwitlﬁd§?§%\ﬁ?é‘% éa FYrEsd N@éﬁ Femidine R d e |
dried over M3SGHorisdeL30aP0r@t st 2UNGRE: hRUE emowhe&sm Ben TBGhEfoUdBient

reaction product is rified by flash chro a e /| ACOEL :
575) o ybel dumnrfite Tt B o 6 SHaR6Y 5ag MAGoTon
1464, 1207, 1O068s ad@Bucphade is Ex@mpli @lith ethyl acetate (3 x 10 ml). The organic phases are

: (R 5)-3,4-Di e OI&% r#( xvasl}li-ege 1tl}1)ysatgrla e}éd 19 g's(%a(,qjsolet & (}0 %ﬂ)ga%e doevgre MgSOZ and

ear boxani te 0 Sulphtri’c™ 4
sol ution of ZV@ogte@].@de)lce@if préﬁ,nﬁ) IB; 4rude reaction product is purified by flash

dlnEthOXyblC¥ﬁ%8%§g%ﬂ8h?&&%ﬂ%a§ﬂ5@b%h§ﬂ%§%e8 éggﬁgglc aci d obtai ned

in Exanple 9 1n anol xture is refiuxed for 2 h
and then coollBdpure) :bECISACSH, 1H9, &64, 1207, 1068, 729 cm™

Example 11: (R,S)-3,4-Dimethoxy-N-methylbicyelo[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 5)-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, IN HCl and saturated NaCl solution and then dried over MgSOs.



40% sol ution of methylamnc in water are added in the course of 15
mm and the mxture 25 is stirred for 2 h. The nethanol is evaporated
of f under reduced pressure and 40 ml of water are added. After
extraction with CH2Cl2, the conbi ned organi c phases are washed in
succession with water, 1N 14Cl and saturated NaC solution and then
dried over MgSOU4. -14- After evaporating off the solvents under
reduced pressure, 2.2 g of the title praduct are obtained in the form
of a beige solid (Yield : 83%. Mlting point : 142-147C Exanple 12 :
(RS 113(2 4- Aﬁér@ﬁﬁ@ﬁﬁﬁ%&ﬁ/@t Qflé’en% . der reducedhpr%ssure h2| 2g oé‘ theztgle nqrodu](c:t are
oct a- tricn t hy ydrochl ori de of a
mol ar sol uti offP™red B‘{ i?ningffpég dg‘iﬁ%g]dg?’g/f) anbi ent tenperature to a
m xture of 2.Reling pOintbm)140fC t he product obtained in Exanple 11 in
45 m of THE After stirring for I h, 10 nil of the solution of 81-13
in THF are added. After stirring overnight at anbient tenperature, 20
m of ethanol Eameladiizd dR.OpiwHe Dandhidybicydio{4.2bpclast, K3-inianeHylNtmdthtithe
10 evol utipn CR% ut 1 h). 20 M of a solution of Ha in
et hanol ar§e) txﬁgeﬂﬁgg%‘dge diq%hé\n&gée% After stirring for 4 h, the
precipitate obtained (1.2 g of the title product) is flltered of f.

The filtrate zoﬁmco@e%ngr sbich A, THF 106A1e0 fufrOlemblibh e (PR AAUGE of S

obtained by solidifying in an 80:20 AcCEt/ethanol
two precipitates( 1Qrf%m@ Pﬁiﬁ%@@d‘t%o‘%ﬁl@qddn Pxgmlegilgn 4§ ﬁ’éof THF-e\fisF ﬁﬂ‘i&tgtfo‘f
(Yield 779 . hpNeldi FGnhdQiion ‘of BT 1l THC are-adddd. AGLMMP ovERgnt Ave@michon
claimed is: temperature, 20 ml of ethanol are added dropwise 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 AcOFEt/ethanol mixture.
The two precipitates are combined to yield 1.85 g of the title product (Yield 77%).

15 Melting point: 174-177°C



1. A process for the preparation of a conpound selected fromthose of
formula (Vila): (Vila) R1002C wherein R sub.1l, R sub.2, R sub.3 and
R sub. 4, which nay 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 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 Iinggr or branched (Cl1-C6), or a

CF3 group,

or R1 and R4 represent hydrogen and R2 and R3 together

with the carbon atons carrying themforma 1, 3-di oxol ane group, and
R10 represents a hydrogen atomor a linear or branched (C2-C6)al kyl
group, wherein a conpound of formul aC£ R CQ2R2 12.4 wherein R,

R2, R3,

R4, are as defined hereinbef : represents a |inear or

branched (Cl-C6)al kyl group, R8 represents a linear O branched
(C1l-Co)al kyl group, and X represents a hal ogen atom is converted

into a oMot Maifeiul a (1'Va): R802C Ovaj - 16 -

1.

A process for the preparation of a compound selected from those of formula (VIla):

R, (Vlia)
R;
\ -
/ Z
RmOzC R3)
Ry

wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.4, which may be identical or different, each
represent a hydrogen atom, a linear or branched (C;-Cg)alkyl group, a linear or branched
(Cy-Ce)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;-C¢), or a CF; group, or R, and Ry represent hydrogen and R, and R;
together with the carbon atoms carrying them form a 1,3-dioxolane group, and Ry
represents a hydrogen atom or a linear or branched (C;-Cg)alkyl group,

wherein a compound of formula (Va):

(Va)

HC
R3.
RgOC
COR7 Ry

wherein Rj, Ry, Rj, Ry, are as defined hereinbefore, R; represents a linear or branched
(Ci-Ce)alkyl group, Rg represents a linear or branched (C;-Cg)alkyl group, and X
represents a halogen atom,

is converted into a compound of formula (IVa):

(IVa)

. %
AN

Rg0,C P
R3.~

CO,R;
Ry



wherein RI, R2, R3, R4, R7 and Rg are as defined hereinbeforc, via a

cyclisation reaction in the presence of a catalyst/ligand system

conprising a palladium catalyst and an organi ¢ phosphi ne sel ected

fromtri-tert-butyl phosphine, 2- biphenyl-di-tert-butyl pho sphine,

1,2, 3,4,5 -pentaphenyl- 1 '-(di-tert-butyl phosphino)- ferrocene and

1ri s(4-nmet hoxy- 2-rnet hyl phenyl ) phosphi ne, or a phosphoni um salt of

the sai d phosphines, in the presence of a base, in an organic

sol vent, and then the conpound of forrmula (IVa) is converted into a

conmpound of forrmula (Via): (Vla) wherein R, R2, R3 and R4 are as

defined hereinbefore and RO is a |inear ol®branched (Cl- ©6)al kyl

group, by an ester saponification or hydrolysis reaction, and the

conmpound of forrmula (Via) is subjected to a deearboxyl ation reaction

to yield the gaonpound, of forpula (Vila). 2.The process of claiml,

wherein the gvglrer{)n%’ﬁ#&q%f I{I’&“ngly%lld( g ps ii%ﬁqeéé‘ﬁ@g@ﬁf%@l by fornul a

(VIl1b): R GRC wher.ein 12.10 represents a derOQen atomor a |linear

or branched (8 a-,%;%nl??lre@‘ftﬁ’ﬁ‘p‘.n the presencg ofTheajshstbgandosystamaicamprising a

wherein Xr eﬁfl@éﬁ{l <aRlyst gndl v ergame phosphine selected from tri-tert-butylphosphine, 2-
biphenyl-di-tert-butylphosphine, 1,2,3,4,5-pentaphenyl-1'-(di-tert-butylphosphino)-
fex'*rocene and tris(4-methoxy-2-methylphenyl)phosphine, or a phosphonium salt of the
said phosphines, in the presence of a base, in an organic solvent,

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

R, (Via)

R;

HO,C

COzRy
Ry

wherein Ry, Ry, R; and Ry are as defined hereinbefore and Ry is a linear or branched (C 1;
Ce)alkyl group, by an ester saponification or hydrolysis reaction, and the compound of
formula (VIa) is subjected to a decarboxylation reaction to yield the compound of

formula (VIla).
2. The process of claim 1, wherein the compound of formula (VIla) is represented by
formula (VIIb):
- (ViIb)
O
\ 3
7 OCH;,

R100,C

wherein Ry represents a hydrogen atom or a linear or branched (Cy-Ce)alkyl group.



4. A conpound selected fromthose of formula (l1Va): (1Va) wherein
R, R2, R3 and R4, which may be identical or different, each
represent a hydrogen atom a linear or branched (Cl-Co)al kyl group, a
| i near or branched (G -Co)al koxy group, a fluorine atom a chlorine
atom a protected am ne group, a protected hydroxyl group, an

al koxycar bonyl group in which the al koxy group is linear or branched
(C-Co), or a CF3 group, or 121 and R4 represent hydrogen and R2 and
R3 together with the carbon atons carrying themforma 1, 3-di oxol ane
group, and R7 and Rg, which may be idgp}jcal or different, each
represent a linear or branched (Cl-00)al kyl group. 5. A conpound

sel ected fromthose of fornmula (VIb): ocx, W) ocm wherein RO is a

| i near or branched (Cl-Co)al kyl group. 6. A process for the synthesis
of ivabradi ne, pharmaceutically acceptable salts thereof, wherein a
conpound of forrmula (Vb): (Vb)

3. The process of claim 1, wherein X represents a bromine atom.
4. A compound selected from those of formula (IVa):
(IVa)
R,
. :
\ 2
Rg0,C
7 Rs,
CORy
Ry

wherein Ry, R, R3 and Ry, which may be identical or different, each represent a hydrogen
atom, a linear or branched (C;-Cg)alkyl group, a linear or branched (C;-Ce)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,-Ce), or a CF3
group, or R; and Ry represent hydrogen and R, and Rj together with the carbon atoms
carrying them form a 1,3-dioxolane group, and R; and Rg, which may be identical or
different, each represent a linear or branched (C;-Cq)alkyl group.

5. A compound selected from those of formula (VIb):
(Vb)

N O
HO,C l

. OCH;,
COaRo

wherein Ry is a linear or branched (C;-Cg)alkyl group.
6. A process for the synthesis of ivabradine, pharmaceutically acceptable salts thereof,

wherein a compound of formula (Vb):



wherein R7 represents a |inear or branched (Cl-C6)al kyl group, Rg
represents a linear or branched (Cl-C6)al kyl group, and X represents
a hal ogen atom is converted into a conpound of forrmula (VIIb):
(VIlb) R1002C wherein R10 represents a hydrogen atomor a |inear or
branched (C3-C6)al kyl group, according to the process of claim2 and
then the conpound of formula (VIIb) is converted into the conpound. of
formula (MII): (VIIl) CII3HN 0043 0013 ighy reaction with

nmet hyl am ne, the reduction of which yields the conpound of formula
(rr1): 00143 CH31414

(Vb)
X OCH; -

C
Hy OCHs,

Rg0,C
CORy

wherein R; represents a linear or branched (C;-Ce)alkyl group, Rg represents a linear or
branched (C;-Cg)alkyl group, and X represents a halogen atom, is converted into a

compound of formula (VIIb):

(VIIb)
OCHj

L

wherein Ry represents a hydrogen atom or a linear or branched (C;-Cg)alkyl group,
according to the process of claim 2 and then the compound of formula (VIIb) is
converted into the compound of formula (VIII):

OCHjz,
Ryg0,C 3

(VIID
OCH,

X

CH;HN 7 OCH,

0O

by reaction with methylamine,

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

_ am
OCH;z

\

CH;HN OCHj,

the resolution of which, in the presence of camphosulphonic acid, yields the compound of
formula (1I):



- 19 - CH3 FIN OC H3 which is converted into ivabradine of fornmula
(1): which may be converted into its addition salts with a

phar maceutical ly acceptable acid selected from hydrochloric acid,
hydr obrom ¢ acid, sul phuric acid, phosphoric acid, acetic acid,
trifluoroacetic acid, lactic acid, pyruvic acid, nalonic acid,
succinic acid, glutaric acid, fumaric acid, tartaric acid, naleic
acid, citric acid, ascorbic acid, oxalic acid, nethanesul phonic acid,
benzenesul phoni ¢ acid and canphoric acid. 7.The process of claim§6,
wherein X represents a bronm ne atom -19-

(I
OCH3

L

CH;HN OCH;, -

which is converted into ivabradine of formula (I):

)
CH;0

- ?H? OCH;
CH;0
N N
NN
OCH;,

(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.

7. The process of claim 6, wherein X represents a bromine atom.



