NEW PROCESS FOR THE SYNTHESI S OF (2E) - 3- (3, 4- Dl
ENENI TRI LE, AND APPLI CATI ON I N TH(E S%(NTH(ESi S O:NFI/ZgéXEP):_EEYR\I[P)ROP =
ADDI TI ON SALTS THERECF W TH A PHARMACEUTI CALLY ACCEPTABLE ACI D The
present invention relates to a process for the synthesis of
(|2E)-3-(3, 4- di met hoxyphenyl ) pr op- 2-enénitrile of formula (1): eOCN
(1) e0 and to the application hereof . Res -
vabradi ne NRW BRRGESS 1§ E SYNTHESE %F \é&[p -@g ETHBK ﬁ‘EﬁYQ{PROP-z-
accept abl ENENIFRILE,ANR A I THES 5 | agbT Emmnb Ance.
with the procesSALTS THERFRY ST }P\ﬁﬂiké‘}%‘ig'n)c& S TURLADED dance
wth Lo p o ? g vent1on 1s useful in the synthesis of
{{(78)-31?59 dPWé%{%nEA Lakibl) ¢ 1%@% 6 a Oprodess{ Fbr the synthesis of (2E)-3-(3,4-
) 4 oylcycIoT : .(iOCta-l,3,5-tr|en-?-yl]rrethyl I
(ge'z hé I %g{?&@ﬁd;@ Qérng)PgépBZ—,eﬁexﬁtrﬂmf fooxyla (I):
, 3,4, 5-tetrahydro- - benzazepi n- 2- one, which may be i
an addition salt thereof with a pharmaceutically gccepfggrgrgggdl e
sel ected from hydrochloric aCilﬁéO hydr obr om gyaci d, sul phuric acid
phosphoric acid, acetic acid, trl dxoacetic acid, lactic acid,
pyruvic acid, nmalonic acid, succi nci d, glut Dic acid, fumaric
acid, tartaric acid, maleic acueh” cMric acid, ascorbic acid, oxalic
acid, 15nmet hanesul phonic acid, benzenesul phonic acid and canbhoric
acid, and into hydrates thereof Ivabrad ne, and its addition salts

wi th a pharnmaceutical ly accept abl i
and to the applicatio%/l thereofpin the seyn?k?elsg’of ?\?a%ra[g?ﬁeeand addition salts thereof with

o
o

o

5 apharmaceutically acceptable acid.

The compound of formula (I) obtained in accordance with the process of the invention is

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

OMe
(I,
OMe

MeO
SOl
MeO /

o)

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

which ma
selected from hydrochloric acid, hydrobromic acid, sulphuric acid, phosphoric acid,

y be converted into an addition salt thereof with a pharmaceutically acceptable
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,

15 methanesulphonic acid, benzenesulphonic acid and camphoric acid, and into hydrates

thereof.

Ivabradine, and its addition salts with a pharmaceutically acceptable acid, and more

especially its hydrochloride, have very valuable pharmacological and therapeutic

properties, especially bradycardic properties, making those compounds useful in the



especially its hydrochl oride, have very val uabl e pharmacol ogi cal and
« therapeutic properties, especially bradycardic properties, making

t hose conpounds useful in the treatnment or prevention of various
clinical situations of nyocardial ischaem a such as angi na pectoris,
myocardi al infarction and associ ated rbhythm di sturbances, and also in
vari ous pat hol ogi es invol ving rhythm di sturbances, especially

supr avent&duqh s Rl@(l&k’[mndbﬁ L ARNEBScal 3datidhs Neaflyoéadial isthadnliB&uch as
preparation and therapeutic use of ivabradine and its addition salts
with a pimirmpewtisahyorasideipfadion ard dssogintednibyine shissebangey, adsalso in

hydr ochl ori de, haye .been esgr'b d i,n.the Eurg . .

speci fi cHti°8h pégmgo%%ﬁ ggoTine thy} Wa_fhsbué{;aenﬁF s,Seg@%ﬁ@%)ﬁ%{)?@%en&é%uéz}li pyhm
the prep@s@itaAbesOind makbAadiingestarting from3,4-

i ndi met hoxybi cyclo[4.2.0]octa-1,3,5-triene-7-carbonitrile of fornula

(rrr): MeO0O MO  which is converted into the conmpound of fornula
(V) ‘s %e (]g)lrézga’ranuo\r{ta and therapeutic use of ivabradine and its addition salts with a

pharmaceutically acceptable acid, and more especially its hydrochloride, have been

described in the European patent specification EP 0 534 859.

That patent specification describes the preparation of ivabradine starting from 3,4-

10 dimethoxybicyclo[4.2.0]octa-1,3,5-triene-7-carbonitrile of formula (I1I):

MeO
MeO
\\

N

which is converted into the compound of formula (IV):

OMe
OMe

which is resolved to yield the compound of formula (V):

OMe
OMe

15  which is reacted with the compound of formula (VI):

mz

mz



&

which is resolved to yield the conpound of fornmula (V): MO MO to
< yield the compound of formula (VII): the catalytic
hydr ogenati on of which yields ivabradine, which is then converted
into its 5hydrochloride. The preparation of the conmpound of formula
(H) starting from (3-(2-brono-4,5- difethoxyphenyl)propanenitrile of
formula (M11) is described in Tetrahedron 1973, 29, pp 73-76: Me Me
CN (VI11). 10The conpound gffor mil 1), a precursor of the
conpound of formula (M I1), TS din Lx/a_key intermediate in the
synt hesi s of ivabradi ne. I

MeO VD

0

to yield the compound of formula (VII):

OMe
‘@\ o
OMe

MeO ——

—"

MeO /

O

the catalytic hydrogenation of which yields ivabradine, which is then converted into its

5  hydrochloride.

The preparation of the compound of formula (II) starting from (3-(2-bromo-4,5-

dimethoxyphenyl)propanenitrile of formula (VIII) is described in Tetrahedron 1973, 29,

pp 73-76:
MeO CN
:@f\/ (ViI).
MeO Br

10 The compound of formula (I), a precursor of the compound of formula (VII), is

accordingly a key intermediate in the synthesis of ivabradine.

The patent application DE 2303 919 describes the preparation of the compound of
formula (I), starting from 3,4-dimethoxybenzaldehyde, with a yield of 74 %.

In view of the industrial value of ivabradine and its salts, it has been imperative to find an
15  effective process allowing (2E)-3-(3,4-dimethoxyphenyl)prop-2-enenitrile of formula (I) to

be obtained in an excellent yield.

The present invention relates to a process for the synthesis of the compound of formula (I):



4

The patent application DE 2 303 919 descri bes the preparation of the
< compound of formula (1), starting from 3, 4-di net hoxybenzal dehyde,
wth a vyield of 74 % In view of the industrial value of ivabradine
and its salts, it has been inperative to find an 15effective process
al | owi ng (2E) - 3- (3, 4-di met hoxyphenyl ) pfop-2-enenitrile of fornula (1)
to be obtained in an excellent yield. M MO characterised in that
the conmpound of formula (LX): MeO Me (IX) is subjected to a
coupling reaction with acrylonitrile in the presence of a palladium
5catal yst, a ligand, a base angoa sfer agent in an organic
solvent to yield the conmpound of Ia ). ng the palladi um
catal ysts that may be used tOﬂ%%‘ Ut the conversion of the

characterised in that the compound of formula (IX):
MeO Br
S g
MeO
is subjected to a coupling reaction with acrylonitrile in the presence of a palladium

5 catalyst, a ligand, a base and a phase transfer agent in an organic solvent to yield the

compound of formula (I).

Among the palladium catalysts that may be used to carry out the conversion of the
compound of formula (IX) into the compound of formula (I), there may be mentioned,
without implying any limitation, palladium(Il) acetate, palladium on carbon, and

10 palladium(Il) chloride.

The palladium catalyst preferably used to carry out the conversion of the compound of

formula (IX) into the compound of formula (I) is palladium on carbon.

Among the ligands that may be used to carry out the conversion of the compound of
formula (IX) into the compound of formula (I), there may be mentioned, without implying

15  any limitation, triphenylphosphine and tri(o-tolyl)phosphine.

The ligand preferably used to carry out the conversion of the compound of formula (IX)

into the compound of formula () is tri(o-tolyl)phosphine.



conpound of forrmula (LX) into the conpound of formula (1), there may
. be nmentioned, without inplying any limtation, palladiun(l) acetate,
pal | adi um on carbon, and 10pal | adi umal ) chl oride. The pall adi um
catal yst preferably used to carry out the conversion of the conpound
of formula (I1X) into the conpound of férnula (1) is palladiumon

car bon. Anong the ligands that nmay be used to carry out the

conversi ok thhSaSaTRANRMhyObe fREA &afrl XJuti Bt Tohb@sieargrothadeaviipound of
formula (1), there nmay be nentioned, wi thout inplying 15any

i mi tati mmuta (DShimty thetrosyrenneé obfrmuid (Db thase ywiay paagiiioned. Withouf irglyige
P erel e Rl Ry s SRONE! St Lo SRR nPLarbonae.
tri(o-tolyl)phosphine. -5- Anong the bases that may be used to carry

out the conversion of the conpound of formula gIX) into the conpsand
of for muThe basp prefarably ypag thearpeeiti thhernvewianeiube FogpPundfdpgmula (IX) into
limtatign, triet 1€, S 'Hm te, sodium carbonate and

pot assgi uﬁﬁecCSPiRSH%‘@e/‘Jf%%@‘%%ﬁé?g%se %(ré%%tg’r ably used to carry out the
conversion of the compound of formula (I1X) into 5the compound of

formul a éé%)is sodi um acetate. Anong the phase transfer agents.thigh
may be ud&wngdhe phase Bansfemaseatinar HnbOPsAnE EBRHSHhHeFoESIAN & the

(IX) into,f %nﬁom%ﬁlaﬁ)d ﬂ{t@%@céﬁl%)o%ﬁdh@{ forfidla A6, WER! MAN®E, mentioned,
ying any T abuty d

wi t hout | tation, tet amoni um brom de an

t et r abut withsaroiniplying ihgrlimieatioh) Tvabplyksenoniamshremideg emt tqvrabhiytaayhgnium
used to car r,g out the conversion of the conpound of formula (IX) into
t he corrp%mﬂ’d ©f formula (1) is tetrabutyl anmoni um broni de. Anobng t he
organi ¢ solvents that may be used to carry out the conversion of the
conpound of forrmula (IX) into the conpound of formula (1), there may
be nent i Thegdhaseittansfet agenplpysfagbhnysetlitorictiay ioohtheNonverisiontdiyhe eemperndeof

d N N-di h ide. 15Th I : bl .
The convBFERELS! A e SomRObRLC LR rbps rog o R RS b MiBin of

formula (1) is N, N-dinethylacetam de. The conversion of the conpound
of formula (1X) into the conpound of fornmula (1) is carried out at a
t enper at Amongrted engabicypolyeninslat MDUE usad (A7, Oytribe eyvgesion of the compound

of formula (IX) into the compound of formula (I), there may be mentioned, without

implying any limitation, N,N-dimethylacetamide and N,N-dimethylformamide.

15  The solvent preferably used to carry out the conversion of the compound of formula (IX)

into the compound of formula (I) is N,N-dimethylacetamide.

The conversion of the compound of formula (IX) into the compound of formula (I) is

carried out at a temperature preferably between 100°C and 170°C, inclusive.
The present invention relates also to a process for the synthesis of the compound of

20 formula (VII) starting from the compound of formula (I), prepared according to the

process described hereinbefore, characterised in that said compound of formula (I):

MeO . CN
S
MeO



The present invention relates also to a process for the synthesis of
- the conmpound of 20fornula (VIII) starting fromthe conmpound of
formula (1), prepared according to the process described

her ei nbefore, characterised in that said conmpound of forrmula (I): CN
MeO -6- is converted into the conmpouné of formula (X): by a
reduction reaction, which conpound is converted into the conmpound of
formula (VII1): 5 Me MeO CN

is converted into the compound of formula (X):

MeO CN
O/\/ X)
MeO
by a reduction reaction,

which compound is converted into the compound of formula (VIII):
MeO CN
X o
MeO Br
by a bromination reaction.

The reduction reaction performed on the compound of formula (I) may be carried out
under the conditions described for the corresponding brominated compound in the patent

application CN 101 407 474 and in the publication J. Chem. Res. 2009 (7), 420-422.

10 The bromination reaction performed on the compound of formula (X) may be carried out
under the conditions described for similar compounds in the publications J. Chem. Soc.,

Perkin Trans I 1985, 2151-2154 and J. Chem. Soc., Perkin Trans I 1991, 1749-1754.

Also, the preparation of the compound of formula (VII) by a bromination reaction
performed on the compound of formula (X), in the presence of dibromine in acetic acid,

15  has been described in J. Org. Chem 1972, vol. 37, no. 21, pp 3374-3376, with a yield of
48 %.

The present invention relates also to a process for the synthesis of ivabradine starting from

the compound of formula (I) prepared in accordance with the process of the invention and



(VBl) by a bromnation reaction. The reduction reaction perfornmed on
. the compound of fornmula (I) may be carried out under the conditions
descri bed for the correspondi ng brorni nated conpound in the patent
application CN 101 407 474 and in the publication J. Chem Res. 2009
(7), 420422. inThe brom nation reacti ofr perfornmed on the conpound of
formula (X) may be carried out under the conditions described for

simlar CORPRNER e dohghdaHBlof Q@&ﬁtﬁé‘?iﬂ)@'ﬂ%co@%e,wﬁ@ﬁﬂ@ RadicN&quence
11985, 2151-2154 and J. Chew. Soc., Perkin Trans 11991, 1749-1754.

Al so, t hdesprisggiahatinbafosf. The coopoouh@f oformslan(YBD (9 then ¢ppverted into the

brom nation react.i.on perforned on the ¢ 0 f fo igqat
presenc ecoél?podlpg r‘% rﬁ’%ﬁ? ﬁflﬁjéﬁ?‘(@m&tf’% ,?eaﬁf@ﬁgso f E@eeﬁno easr([: E?%’glé gC?%O’H‘]f.gl?é} %&
Chew 197%3 7349k) bﬁln iftamaldoul St y3Bsifion 3¢ tiomdin B basiy infddiliraf safB86mpound of
converted into the compound of fornmula (VIII) in accaordance with the

r eacts onfosmyladHdetheiebeing bervered éitp bebrdine iTEcd#hss (ith e Prasethfescribed

(Vi) is erted into the conpound of forrmula (111) foll ow ng
t he teac’ﬁiéf#]gﬁtg?}f?ﬁ% prior art (Tetrahedron 1973, 29, pp 73-76) by an

i ntramol ecul ar cyclisation reaction in a basic nmedium said conpound
of S5formula (I11) then being converted into ivabradine in accordance
with t hellyy Bramplegdachollpwdliisiragpthy imvgatigg. The Exanpl es that fol | ow
illustrate the invention. The nelting points were neasured using a
BOCHI B-545 Melting Point Apparatus (Volt. 230VAC, Freq. 50/60 Hz,
Power neRhe 220WMg points were measured using a BUCHI B-545 Melting Point Apparatus

(Volt. 230VAC, Freq. 50/60 Hz, Power max. 220W).

10 List of abbreviations used
DMAC: N,N-dimethylacetamide
m.p: melting point

THF: tetrahydrofuran

Example 1: (2E)-3-(3,4-dimethoxyphenyl)prop-2-enenitrile

15 A mixture of 5 g of 4-bromo-1,2-dimethoxybenzene (3.31 mL, 23 mmoles), 3.2 g of
acrylonitrile (3.9 mL, 60 mmoles, 2.6 eq.), 2.3 g of sodium acetate (27.6 mmoles, 1.2 eq.),
7.4 g of tetrabutylammonium bromide (23 mmoles, 1 eq.), 0.7 g of tri(o-tolyl)phosphine
(2.3 mmoles, 0.1 eq.) and 4.9 g of palladium 5% on carbon (2.3 mmoles, 0.1 eq.) in 25 mL
of DMAC is prepared. The black suspension is stirred at reflux for 12 hours. The reaction

20  mixture is brought back to ambient temperature and filtered. The solid residue is rinsed
twice with toluene. The filtrates are combined and evaporated under reduced pressure. The
crude reaction product is purified on a silica column (eluant: methylcyclohexane:ethyl

acetate 6:4) to yield 1.4 g of the expected product.

Yield =33 %
25  m.p.=92-99°C



Li st of abbreviations used DMAC. N, N-di nethylacetam de Inp: nelting
. point THF: tetrahydrofuran Exanple 1:

(2E) - 343, 4- di net hoxyphenyl ) prop-2-enenitrile 15A m xture of 5 g of
4- br ono- 1, 2- di met hoxybenzene (3.31 ni, 23 mmoles), 3.2 g of
acrylonitrile (3.9 m., 60 moles, 2.6 &q.), 2.3 g of sodium acetate
(27.6 moles, 1.2 eq.), 7.4 g of tetrabutyl anmoni um brom de (23

nmol es, Exaﬁﬁg ,2:3-3,8didhethbk e gl)yi h@ﬁmmene (2.3 moles, 0.1 eq.)

and 4.9 pal | adi um 5% on car

PVAC T 3 e Gpsmiaion The BB RNBAESEALIR-16 é@mﬁ@axmhenﬁmraéﬁfw?ni%e%
hour s. T@ S Mgk ﬁqgr?cr?e grpd 518.?:{;']9 Lf n{eﬁlétgr e tis DAk hR]nggtlitﬁ@to 2%5; tOF]NaBH4

terrperature and e SO ue is rins tw'c
t ol uene. (6Thanidl) 1. QE&]QSTEME ecacOobinedrenis heenad porailuedouf denrsr ddtec ecbling to

pressure. The crude reaction product |is purified on a I'c cqQl um |
(el uant : arﬁ@@htyqewéqaah@xtaﬁéeaéﬁﬁ@/ mizpiEs kradded j9 2 sglupipr g mi—‘k Oghéfgmflﬁfém

expect ed cﬁ)& ?ﬂoxyp%'? 80 ﬁ 1)0«4y I Bl ot igh %)?(é),fleﬁﬂwme Wi &%ﬁ%oxﬁétgé@(égfgé & ggﬁic

3- (3, 4- di propanenitri 0 a solution o

mol gs) pifasgsZE)e (3)'11(68(,64 -aid it okweph éngvappraogl affewreler reduced ipressurg tolyicl
pyridi ne_an tha ere is added, little by little,

0.24 g of- gﬁgﬂﬂ&‘?%b@“fﬂﬁ whig] f%s(ﬁaq NseSThe reaction ni xturg is heated
at reflux for 9 hours. After cooling to 5 ambient tenperature, the
reaction mxture is added to a solution of 9 nL of hydrochloric acid
37 %in Y&ld=@R %ce. The solution is extracted twice with

di chl or onet hape, . The organic phases are collected and the solvent is
evapH)rat’E‘d)'G‘f “Hhiter reduced pressure to yield 0,82 g of a red-brown
oil which crystallises. Yield 82 %to inp. = 47-48C Exanple 3:
3- (2- brono- 4, 5-di net hoxyphen I)propanenltrlle Preparatlon of the
title comlmlt_& S-Belsromam, St meph@«yehamé)meyewn@del n the publication

‘:J,)' ( ghg?] o]r)ﬁ?p?il a%on 8{ %nwg?ggﬁ)gﬁn% ) %cg(%rg gnhlet cféd{:%rde%r%%rlﬁttﬁeo&bq{catmn J.
Chem. Soc., Perkin Trans 1 1985, 2151-2154 for preparation of 3-(2-bromo-5,6-
dimethoxyphenyl)propanenitrile):

15 To a mixture of 21 g of 3-(3,4-dimethoxyphenyl)propanenitrile, 10.3 g of sodium acetate
and 400 mL of acetic acid there are added 20 g of dibromine in 50 mL of acetic acid. The
resulting reaction mixture is stirred overnight and then poured into water and extracted
with benzene. The organic phase is washed with aqueous sodium thiosulphate solution and
then with water, dried over sodium sulphate and concentrated under reduced pressure. The

20  crude reaction product is purified on a silica column (eluant: benzene), and the product

obtained is recrystallised from ethanol to yield 19.3 g of the expected product.

Yield = 65 %
m.p.: 78-80°C

Example 4: 3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-triene-7-carbonitrile

25  Based on Tetrahedron 1973, 29, pp 73-76
To a solution of NaNH,, prepared starting from 200 mL of liquid NH3 and 1 g of Na
(catalyst: FeCl;) there are added, in portions, 54 g of 3-(2-bromo-4,5-

dimethoxyphenyl)propanenitrile and the reaction mixture is stirred at ambient temperature



15To a m xture of 21 g of 3-(3,4-di nethoxyphenyl)propanenitrile, 10.3
. g of sodium acetate and 400 nL of acetic acid there are added 20 g of
di broinine in 50 nL of acetic acid. The resulting reaction mxture is
stirred overnight and then poured into water and extracted with
benzene. The organic phase is washed wth aqueous sodi umt hi osul phat e
solution and then with water, dried over sodium sul phate and

concent 1 @ ed,JaRd efftel @UMfRMinR TP ﬁiéref;‘(ces-mﬁi?,@(?% BERH,€Raid 200 PILOstURAted Sre
purified on a silica colum (eluant: benzene), and the product

obt ai nedaddsd ireporyisns(The gesy dryssals ermedaire ealegied|agd 1aprgig)lissd frgmp ethanol to

expect ed . t..yield = 65 % mp.: 78-80C Exanpl e 4:

3, 4- di M‘E@%ﬁ%%%&%?‘?ﬁf@? ‘éc-mi, 3,5-triene-7-earbonitrile 25 Based
on Tetrahedron 1973, 29, pp 73-76 To a solution of NaNH2, prepared
starting from200 nL of liquid NH3 and 1 g of Na (catal yst: FeCl 3)

t here ar¥icktiddd,%in portions, 5.4 g of 3-(2-brono-4,5-

di nmet ox%/)phgrgral_%sqbopaneni trile and the reaction mxture is stirred at
anbi ent é’nﬁe ature for 2 hours. After evaporating off the excess
NH3, 2 g of NHAC1 and 200 nL of water are added in portions. The grey
crystals forned are collected and recrystallised_fromejhanol to

yi el d 2. ExamplerS: Bifbdimethex ey -metiyibicyclyjded. Gloctazly3 Srtiieny/ -aming, g5

Exanpl e &;

3, 4-di ne %%Qﬁ@ I)rr%??{%%)leyelo[4.2.010eta-1,3,5-trien-7-arrine Based on

EP O 534 859 Step 1:

3, 4- di et hoxybi a(cl 0[4.2.0]0 ri.en-7-am ne hydrochl ori de 312
1

mL of a S6Rdr 34ulimethorytiey Qﬁé@?@‘%é}gﬂ%’éﬁ’éﬂ"%%mﬂﬁ% Ofded
dr opwi S€31 Zar'ﬂﬂ o‘f’%ixﬁﬁﬁr solution of borane complexed with THF are added dropwise, and whilst
10  stirring at ambient temperature, to a solution of 25 g of 3,4-dimethoxybicyclo[4.2.0]octa-
1,3,5-triene-7-carbonitrile in 250 mL of THF and left in contact for 12 hours; 200 mL of
ethanol are then added and stirring is carried out for 1 hour. 100 mL of 3.3N ethereal HCI

are added dropwise. 27.7 g of the expected product are obtained.

Yield =90 %
15 m.p.=205°C

Step 2: ethyl (3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-yl)carbamate

1.5 mL of ethyl chloroformate are poured into a suspension of 3.4 g of the compound

obtained in Step 1 in 4.5 mL of triethylamine and 50 mL of dichloromethane and left

overnight, whilst stirring at ambient temperature; washing with water and with IN
20  hydrochloric acid is then carried out. Drying is carried out and the solvent is evaporated off

to dryness. 3.2 g of an oil corresponding to the expected product are obtained.
Yield = 80 %
Step 3: 3,4-dimethoxy-N-methylbicyclo[4.2.0]octa-1,3,5-trien-7-amine

3.2 g of the compound obtained in Step 2 dissolved in 30 mL of THF are added to a
25 suspension of 0.9 g of LiAlH, in 20 mL of THF. Refluxing is carried out for 1 hour



10 stirring at anbient tenperature, to a solution of 25 g of

. 3, 4-di net hoxybi cycl o[ 4. 2. 0] octal, 3,5-triene-7-carbonitrile in 250 nL
of THF and left in contact for 12 hours; 200 nL of ethanol are then
added and stirring is carried out for 1 hour. 100 rnL of 3.3N
ethereal HO are added dropwi se. 27.7-%-of the expected product are
obt ai ned. Yield = 90 % 15m p. 205C Step 2: ethyl

(3, 4- di med hepdd, enealiRhfblvsitd 864205, @) 8 Witk€ind 0.5 aoh20med diurb hidrorfde

ethyl chloroformate are poured into a suspension of 3.4 g of the )
conpoundsaditicai areld finallBt2ep mil. phwates. Fie wineraljselthpreahen&ltgigd oS ripsedvith

terper at bE. ChpdRTnirea I HCAPE el RIS 30 iRane Tl erngeed

then cargdisbupdtare 8¥tyihe® is carried out and the solvent is evaporated
off to dryness. 3.2 g of an oil corresponding to the expected product
are obtained Yield = 80 % Step 3:

3, 4-di me{,hoxy- t hyl bi cyclo[4.2.0]octa-L3,5-trien-7-am ne 3.2 ¢
of the cgf?gao(ﬁr?g_‘%rgt ained in Step 2 dissolved in 30 nL of THF are
added to a 25suspension of 0.9 g of LIAIRI in 20 nL of THF. Refl uxing

is carried out for 1 ho -10- 30 m nutes, h | ysi i

06 | oExumple 678 HAS ety me Ui S ST TP,

finall y’B%%??i'Pg}?I%ag\?E%- The mneral salts are then filtered off,
an

rinsed w en the filtrate obtained is evaporated to
dryness. 2.3 g of the expected conpound are obtained. 5 Yield = 92 %

3,4-Dimethoxy-N-methylbicyclo[4.2.0]octa-1,3,5-trien-7-amine  is reacted with an
equimolar amount of (d) camphorsulphonic acid in ethanol. After evaporating off the
10 solvent in vacuo, the salt is recrystallised first from ethyl acetate and then from acetonitrile
until the target enantiomer is obtained with an optical purity of more than 99 % (evaluated

by HPLC on a Chiralcel® OD column).

Example 7: 3-{3-[{ [(7S)-3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-ylJmethyl}-
(methyl)amino]propyl}-7,8-dimethoxy-1,3-dihydro-2H-3-benzazepin-2-one
15 Based on EP 0 534 859
A solution of the (d) camphorsulphonate salt obtained in Example 6 in ethyl acetate is
brought to basic pH using sodium hydroxide and then the organic phase is separated off,
washed, dried over Na,SQO, and evaporated.
A mixture composed of 5.6 g of potassium carbonate, 2.2 g of the above amine in 100 mL
20  of acetone and 4 g of 3-(3-iodopropyl)-7,8-dimethoxy-1,3-dihydro-2H-3-benzazepin-2-one
is then refluxed for 18 hours.
The solvent is evaporated off in vacuo, and the residue is taken up in ethyl acetate and then
extracted with 3N hydrochloric acid.
The aqueous phase separated off is brought to basic pH using sodium hydroxide and is
25 then extracted with ethyl acetate. After washing until neutral and drying over MgSOs,
evaporation in vacuo is carried out to obtain 4.5 g of an oil which is purified on a silica

column using a mixture of dichloromethane/methanol (90/10) as eluant.



Exanmpl e 6:
. (7S) -3, 4-di met hoxy- N- et hyl bi cycl o[ 4. 2. 0] octa-1, 3,5-trien-7-am ne
Based on EP 0 534 859 3, 4- Di net hoxy- N-net hyl bi cycl o[ 4. 2. 0] oct a- |
,3,5-trien-7-amne is reacted with an equi nol ar anmount of (d)
canphor sul phonic acid in ethanol. Aftekl-evaporating off the 10
solvent in vacua, the salt is recrystallised first fromethyl acetate
and t henyfdigmgacgtonitrile until the target enantioner is obtained
with an optical purity of nore than 99 % (eval uated by | 1PLC on a
Chiralcel (r) OD colum). Exanple 7:

I
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salt obtained in EX I in ethyl acetate is brought to basic pH
usi ng soBasgchonyiElt ®23485%nd then the organic phase is separated off,

washed, dried.oyer and evapor.at.ed. ! 2 ( .
50 a of*pbt dbar i hy Bordra e Bo3NgE S 010e R S SERER
acetone ﬁrﬂﬁ‘xoﬂar ﬂ§-7,8—dimethoxy—l,3—dihydro-ZH—3~benzazepin-z—one in 50 mL of glacial
3-(3-iodopropyl)- 7, 8-di nmet hoxy-L3-di hydro-211-3-benzazepi n- 2-0§ne L)S
then refaqgfiedcidgre hgdmgenaied Tha Par) appATMSINGGH A Sy AI08eEn Brgssyth of 4cBar at
and the | [ ' t j t
3N hydr oenrgt Empg S AR BB heBERE T AR ORI % o e
basi ¢ phatsisids fibelied mrthyidr okiedeisavdpirated off, hed thex theadtyedsitig s tetenyp in
acetate. After washi n% until neutral and drying over MgSO4, . 1
evapbl at VaisT prd giyliacetate.cHhe pregnis hatcoIsglstesi oyeh 2Bhygirgls TRASTissum, f plpate,
is purif] BnSh! . . fis purified on a silica column
di chl or oér?g]? ﬁg%é %:l{z h‘}g?lo %?%%%Ho?ﬁﬂagmeﬁgg]rﬁ% Hgfs%ugllsél - 64 % Exanpl e 8:
3- { 3- [ { [ ¢sT®) a Brixkuchi ofeti¢chborpbiethaot/ojetha@oD{96(Y) as ¢ludnts-t ri en- 7-yl i net hyl)

(et hy DafftRoIepRERYisRion Bom s Rsiges? § o4 ths R shERIPRSAE BRI epi n
-2-one Based on EP 0 534 859 55 g of

3-{341[(7S) -3, 4-di net hoxybi cycl o[ 4. 2. 0] oeta-1, 3,5-trien-7-yl Il methyll (
met hyl ) - Yield =40 %

15 m.p.=101-103°C



am noThr opyl1l- 7, 8-di met hoxy-1, 3-di hydr o- 2H 3- benzazepi n- 2-one in 50

. mL of glacial acetic acid are hydrogenated in a Pan- apparatus under
a hydrogen pressure of 4.9 bar at anbient tenperature for 24 hours in
the presence of 1 g of palladium hydroxide 10 % The catal yst is
filtered off, the solvent is evaporated-off, and then the dry residue
is taken up in 10 water and ethyl acetate. The organic phase is dried
over anhydrous magnesi um sul phate, concentration in vacuo is carried
out and then the residue is purified on a silica colum using a

m xture of dichl or omet hane/ net hanol QIg9MS as el uant. After
recrystallisation fromethyl acetate, 2 g of the expected conpound
are obtained. Yield = 40 % 15mp. = 101-103C -12- CLAIMS 1. Process

for the pynphgsisFohe tPRh&ABIANOERodnaoMEbrnuld J): MeO MeO  CN
characterised in that the conmpound of formula (I X): 5 Me

characterised in that the compound of formula (IX):
MeO Br
MeO
is subjected to a coupling reaction with acrylonitrile in the presence of a palladium

catalyst, a ligand, a base and a phase transfer agent in an organic solvent to yield the

compound of formula (I).

2. Process according to claim 1, characterised in that the palladium catalyst used to carry
10 out the conversion of the compound of formula (IX) into the compound of formula (I)
is selected from palladium(Il) acetate, palladium on carbon, and palladium(II)

chloride.

3. Process according to claim 2, characterised in that the palladium catalyst used to carry
out the conversion of the compound of formula (IX) into the compound of formula (I)

15 is palladium on carbon.

4. Process according to any one of claims 1 to 3, characterised in that the ligand used to
carry out the conversion of the compound of formula (IX) into the compound of

formula (I) is selected from triphenylphosphine and tri(o-tolyl)phosphine.



Me (DC) is subjected to a coupling reaction with acrylonitrile in

. the presence of a palladiumcatalyst, a ligand, a base and a phase
transfer agent in an organic solvent to yield the conpound of fornula
(). 2. Process according to claim1l1, characterised in that the

pal | adi um catal yst used to carry to ouf-the conversion of the
conmpound of forrmula (IX) into the conpound of formula (1) is selected
from pal § adpyptsk | akca@fictiotolaifls] aiglirbtie@ed GATtRaNthe aiganPakddadi turty bit the
chloride. 3. Process according to claim2, characterised in that the
pal | adi um camabpion afsecicanepasiad of fyawula HX) davie einenpuad of Femudmdbisrid(o-
of fornmula li& in%p t he conpound of forrmula (1) 15is pall adi um on
carbon. 4. X 38 gﬁbording to any one of clains 1 to 3,
characterised in that the ligand used to carry out the conversion of
t he conpound of fornmula (1 X) into the conpound of formula %

1), is
sel ect edd.f rNocess iagersAipi IR o HinA & f SIS rl; (002 ICHRREIEHFRSSITN Al! e)blb%f‘zwésm

according tg clai , .C tersed. | i S Y
out the con‘{/agrys?l(l)trr?hgfCotnﬂgirs%gln%f{)ﬂ%d&é#@g?an% %%PL%) glﬁﬁﬂ g%t ﬁlg (%:ogh og%do f
of formul a fokthulasS(Ij lié seleoey | frgrhasipthiyhenin®r adess mear; dbdignt canyatored
of claimse | to 5, characterised in that the base used to carry out

t he conver sPU#SHIM €38BOR ¢ mound of formula (1X) into the conpound of
formula (1) is selected fromtriethylam ne, sodium acetate, sodium
carbonat e and pot assi um carbonate. Process according to claim®6,

char act e7.i sRdcé¢sn dchatditghe blage 6)shdracerisat iy tlowtthe besec nsedetosiasry ofit the

the conpound of formula (I into the co und of fornmul i .
sodi um acet‘é’c“éf?rslﬂlno£§‘§ %‘Qﬂ“&grﬂj {Dﬁm%‘?y&gﬁém&tgﬁIcgmuﬂgtog]féfmtﬁa @ is

chargeteri Ss%gi .rﬂaéé?ﬁé. the phase transfer agent used to carry out the
conversion of the conmpound of fornmula (IX) into the conpound of
formula (1) is selected fromtetrabutyl ammoni um brom de and

t et rabut yl ni um chl orii de. Process accordi,n 0. cl ai .

char act ef"i sg'é?c‘?sﬁ ALFYEEHR 2phA8e 0%?%}{%% g:fo Zg%l???acftjesnesad t”i)m@g%hre Vs hask ranser
conversi on gent hgedCRMBAH SuPthel &riVetston( biXihd Bdrpdund eof@euRd(D) into the
formula (1) 1s tetrabutyl anmoni um brom de. 10. Process_ according to

any one of w@impawed1of dfognulghsbais eelesied fiem Harahuwdammgaiie Rgmjgniand
used to carry out. the conversi.on of the conpound of forrmula (1X) into
t he corrpountgxﬁlalgﬂa?’él?or%lf%Cﬁﬁldl&s sel ected from N, N-di net hyl acet am de
and N, N-di net hyl f or - mam de.

15 9. Process according to claim 8, characterised in that the phase transfer agent used to
carry out the conversion of the compound of formula (IX) into the compound of

formula (I) is tetrabutylammonium bromide.

10. Process according to any one of claims 1 to 9, characterised in that the organic solvent
used to carry out the conversion of the compound of formula (IX) into the compound

20 of formula (J) is selected from N,N-dimethylacetamide and N,N-dimethylformamide.

11. Process according to claim 10, characterised in that the organic solvent used to carry
out the conversion of the compound of formula (IX) into the compound of formula (I)

is N,N-dimethylacetamide.



11. Process according to claim 10, characterised in that the organic
. solvent used to carry out the conversion of the conpound of fornula
(I'X) into the conpound of forrmula (1) is N, Ndinethylacetamde. 14-
12. Process according to any one of clains Ito 11, characterised in
that the conversion of the conpound ofl4ornmula (1X) into the conpound
of formula (1) is carried out at a tenperature between 100C and 170C,

i nclusi Ve, procesh3ccdTiRERS anR6aOHLEIRighst PtcCl BicAarkctefibariach thes@hvemion of
that the conpound of fornmula (1) 5obtained is subsequently converted

into the cotipeengoohd b fenmuda (I): inteethe ompognd EX)fornpifa 4D rip gawied gt at a

react] on, wil £ COTRRNAN 1B0SOMETHRE, i Qut e compound of forml a

13. Process according to claim 1, characterised in that the compound of formula (I)

5 obtained is subsequently converted into the compound of formula (X):
X
MeO %)
by a reduction reaction,

which compound is converted into the compound of formula (VIII):
MeO CN
0
MeO Br
10 by a bromination reaction.

14. Process for the synthesis of ivabradine, pharmaceutically acceptable salts thereof and
hydrates thereof, characterised in that:

- the compound of formula (IX) is converted into the compound of formula (I) in
accordance with the process of claim 1,

15 - the compound of formula (I) is subsequently converted into the compound of
formula (VIII) in accordance with the process according to claim 13,

- the compound of formula (VIII) is subsequently converted into ivabradine, which
may be converted into addition salts thereof with a pharmaceutically acceptable
acid selected from hydrochloric acid, hydrobromic acid, sulphuric acid, phosphoric

20 acid, acetic acid, trifluoroacetic acid, lactic acid, pyruvic acid, malonic acid,

succinic acid, glutaric acid, fumaric acid, tartaric acid, maleic acid, citric acid,



(M Th 10by a bromi nat on reaction. 14. Process for the synthesis of
. i vabradi ne, pharmaceutically acceptable salts thereof and hydrates
thereof, characterised in that: the conpound of formula (I1X) is
converted into the conpound of fornula (1) in accordance with the
process of claim1, 15- the conpound of-fornula (1) is subsequently
converted into the conpound of fornmula (VIII) in accordance with the
process accor gi-p@id acfell ajxAid Iicid, NBemaRepAGnieT adi@r BarzendsWphbiici &id and
subsequent|ly converted into ivabradi ne, which may be converted into
addi ti on sal t eanypherie @fidwindning satenibereof.cal | y accept abl e aci d

sel ected from hydrochloric acid, hydrobrom c acid, sulphuric acid,
phosphoric 20acid, acetic acid, trifluoroacetic acid, lactic acid,
pyruvic acid, malonic acid, succinic acid, glutaric acid, fumaric
acid, tartaric acid, maleic acid, citric acid, -15- ascorbic acid,
oxal i ¢ acid, nethanesul phonic acid, benzenesul phonic acid and
canphoric acid, and into hydrates thereof.



