-1- NEW PROCESS FOR THE SYNTHESI S OF | VABRADI NE AND ADDI TI ON SALTS
THEREOF W TH A PHARVACEUTI CALLY ACCEPTABLE ACI D The present invention
relates to a process for the synthesis of ivabradine of formula (1):
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pharmaceutical |y acceptable acid, and nore especially its

hydrochl oride, have very val uabl e pharmacol ogi cal jand therapeutic
properties, especially bradycardic properties Elﬁb t hose conpounds
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preparation and therapeutic use of ivabradne and its addition salts
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5 addition salts thereof with a pharmaceutically acceptable acid, and 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 treatment or prevention of
various clinical situations of myocardial ischaemia such as angina pectoris, myocardial infarct
10 and associated rhythm disturbances, and also in various pathologies involving rhythm

disturbances, especially supraventricular rhythm disturbances, and in heart failure.

The preparation 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.

15  That patent specification describes the synthesis of ivabradine hydrochloride starting from the
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compound of formula (II):

which is resolved to yield the compound of formula (I1I):



which is resolved to yield the conpound of fornula (111):
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the catalytic hydrogenation of which yields ivabradine, which is then converted into its
hydrochloride.

The disadvantage of that synthesis route is that it results in jvabradine in a yield of only 1 %.

In view of the pharmaceutical value of this compound, it has been important to be able to

10  obtain it by an effective synthesis process resulting in ivabradine in a good yield.

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



the catal ytic hydrogenation of which yields ivabradi ne, which i
converted into its hydrochloride. Thexﬁisadvantage of ihat gyn;ﬁegrgn
route is that it results in ivabradine in a yield of only I % I n
view of the pharmaceutical value of this conpound, it has been
inportant to be able to 10obtain it by an effective synthesis process
resulting in ivabradine in a good yield. The present invention
relates to a process for the synthesis of ivabradpae of fornula (1):

- 3- whi ch process is characterised in tha ~conpoung of formula
(MI): is subjected to a |actanisat on reac %Chhe presence of a

coupling agent and aibe 2R, Or cC s to
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of fornmula (1), which naj mngigkﬁ addition salts thereof
with a phanlaceutlc%1é¥ 4
acid, hydrobronic acrd, sul phuriCoacid, phosphoric acid, acetic acid
trifluoroacetic acid, lactic acid, pyruvic acid, 10nmalonic acid, ’
sueci ni c acid, glutarlc acid, furnaric acid, tartaric acid, nmaleic

acid, citric acid, ascorbic acid, oxal i i i
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is subjected to a lactamisation reaction,
5 in the presence of a coupling agent and a base,

in an organic solvent,

to yield ivabradine of formula (), which may be converted into addition salts thereof with a
pharmaceutically acceptable acid selected from hydrochloric acid, hydrobromic acid,
sulphuric acid, phosphoric acid, acetic acid, trifluoroacetic acid, lactic acid, pyruvic acid,
10  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 hydrates thereof.

Among the coupling agents that may be used for the reaction for lactamisation of the
compound of formula (VI) there may be mentioned, without implying any limitation, the
15  following reagents: oxalyl chloride, thionyl chloride, N,N-dicyclohexylcarbodiimide (DCC),
1-ethy1-3-(3-dimethylaminopropyl)carbodiimide (EDCI), N,N-carbonyldiimidazole (CDI),
1-propanephosphonic acid cyclic anhydride (T3P) and 1-(methylsulphonyl)-1H-benzotriazole.



and into hydrates thereof. Anobng the coupling agents that nmay be used

for the reaction for lactanisation of the conpound of foinula (VT)

there may be nentioned, without inplying any limtation, the 15

foll owi ng reagents: oxalyl chloride, thionyl chloride,
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acetonitrile, acetone and toluene. The organic solvent preferably
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dichloromethane, tetrahydrofuran, acetonitrile, acetone and toluene.

The organic solvent preferably used for carrying out the reaction for lactamisation of the

compound of formula (VI) is dichloromethane.

15  The reaction for lactamisation of the compound of formula (V) is preferably carried out at a

temperature between 0°C and 40°C, inclusive.

The present invention likewise relates to a process for the synthesis of ivabradine starting
from the compound of formula (VI), which process is characterised in that said compound of

formula (V1) is prepared starting from the compound of formula (VII):
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which is reacted with the compound of formula (VIII):



NH2 (WO which is reacted with the conmpound of formula (MI1): -5-
0C113 (MITO OCH3 wherein X represent§ia hal ogen atom a nesyl ate
group or a tosylate group, in the presence of a base, in an organic
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hydrol ysed, by the action of a base in a m xture of organic sol vent
and water, to formthe conpound of formula (VI):
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wherein X represents a halogen atom, a mesylate group or a tosylate group,

in the presence of a base,
in an organic solvent,
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which is hydrolysed, by the action of a base in a mixture of organic solvent and water, to form
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10  which is converted into ivabradine of formula (I):



10which is converted into ivabradine of formula (1): -6- in

accordance with the process descri bed-ter ei nbef or e. The present
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in accordance with the process described hereinbefore.

The present invention likewise relates to a process for the synthesis of ivabradine starting
from the compound of formula (VI), which process is characterised in that said compound of

5  formula (VI) is prepared starting from the compound of formula (X):
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to yield the compound of formula (IX):



OCH3 OCH3 in the presence of a base, 10in an organic
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in accordance with the process described hereinbefore.

Among the bases that may be used to carry out the alkylation reaction between the compound
of formula (VII) and the compound of formula (VIID) or the alkylation reaction between the
10  compound of formula (X) and the hydrochloride of the compound of formula (IIT) there may
be mentioned, without implying any limitation, inorganic bases, such as potassium carbonate,
sodium carbonate, caesium carbonate, potassium hydrogen carbonate and sodium hydrogen

carbonate, and organic bases, such as triethylamine, diisopropylethylamine and pyridine.

The base preferably used to carry out the alkylation reaction between the compound of

15  formula (VII) and the compound of formula (VIID) or the alkylation reaction between the



Anong the bases that nay be used to carry out the al kylation reaction
bet ween the conpound of forrmula (VII)-&nd the conmpound of fornula
(VI'11) or the alkylation reaction between the 10 conpound of fornula
(X) and the hydrochl oride of the conmpound of formula (l111) there may
be nentioned, without inplying any limtation, inorganic bases, such
as pot assi um carbonate, sodium carbonat e, caesiun1cangggag%, 1
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t he hydrochl oride of the conpound of formula (111) is acetonitrile.

The al kyl ation reaction between the conpound of fornula (VII1) and the

Corrpounﬁhé)for%a‘?ﬁénébﬁfeﬁt\;%}éféraﬁl’y ubel ab katrat bain thee atitylagion besagliaan betyeeen the
conmpound of formula (
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and 1OObCétwlegnC|tHes I c\:/o%'lpound of formula (X) and the hydrochloride of the compound of

formula (IIT) is acetonitrile.

The alkylation reaction between the compound of formula (VII) and the compound of
formula (VIII) or the alkylation reaction between the compound of formula (X) and the
15  hydrochloride of the compound of formula (IIT) is preferably carried out at a temperature

between 20°C and 100°C, inclusive.

Among the bases that may be used to carry out the hydrolysis of the compound of
formula (IX) to form the compound of formula (VI) there may be mentioned, without
implying any limitation, potassium hydroxide, sodium hydroxide, lithium hydroxide and

20  barium hydroxide.

The base preferably used to carry out the hydrolysis of the compound of formula (IX) to form

the compound of formula (VI) is sodium hydroxide.

The organic solvent preferably used to carry out the hydrolysis of the compound of

formula (IX) to form the compound of formula (VD) is an alcoholic solvent.



Anong the bases that nay be used to carry out the hydrolysis of the
conmpound of forrmula (IX) to formthe ébnpound of formula (VI) there
may be nentioned, without inplying any l[imtation, potassium

hydr oxi de, sodi um hydroxi de, |ithium hydroxi de and 20 barium

hydr oxi de. The base preferably used to carry out the hydrolysis of
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t he sconfeatid (Dt) tbcfﬁmmt}& doMippund ofafolmanbl (Vlmﬁ@thﬁ?@llr olysis of the
conmpound of forrmula (IX) to formthe conpound of formula (VI) is
preferably carried out at a tenperature between OC and 110C,
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di met hyl”™ sul phoxi d
Y as synthesis mtermedlates in the chemical or pharmaceutical industry, especially in the
15  synthesis of ivabradine, addition salts thereof with a pharmaceutically acceptable acid and
hydrates thereof, and as such form an integral part of the present invention.

List of abbreviations used:

DMEF: dimethylformamide
DMSO: dimethyl sulphoxide

20 NMR: Nuclear Magnetic Resonance
m.p.: melting point

THEF: tetrahydrofuran

The NMR spectra are recorded on a Bruker apparatus at 400 MHz for the proton spectra and

at 100 MHz for the carbon spectra.
25  The chemical shifts are expressed in terms of ppm (internal standard: TMS).

The following abbreviations are used to describe the peaks: singlet (s), doublet (d), doublet of
doublets (dd), triplet (t), quadruplet (q), multiplet (m).

The Examples hereinbelow illustrate the invention.



20 NMR Nucl ear Magnetic Resonance mp.: nelting point TI-IF. tetrah
ydrof uran The NVR spectra are recordeddon a Bruker apparatus at 400
MHz for the proton spectra and at 100 MHz for the carbon spectra. 25
The chemi cal shifts are expressed in ternms of ppm (internal standard:
TMS). The follow ng abbreviations are used to descri be the peaks:
singlet (s), doublet (d), doublet of doublets (dd), triplet (t),
quadr uREPARATION A:pl et (m). The Exanpl es hereinbelow illustrate

the inv ion... -10- PREPARATI s .

NA2- ( 3,ﬁ'%(%ﬂ@ﬁmﬂ%ﬁyﬂgﬁ%%%ﬁrﬂ?‘?rf"f‘%%‘?‘ﬁédceet alllide To a
solution of 2-(3,4-dinmethoxyphenyl)ethanam ne (50 g, 276 nmmmoles) in
350 nL of ethyl acetate stirred at_apbient rature therg

added, T apolviigeof Z(3.4tdimetexgrhenylst W&%@g%géﬁmﬁﬂ l&efs()zfé?ffr?’ﬁ‘,yl

130 o} eole {0 Thflo bRy RECURLEis AldoEr drBAVIG, 4 Boladni aCtriflarodsetic

t
hour at®“¥ Brperature. the mxture i s hydrol ysed using 100 m,
or 1 hour

of \56'; ee(nhya_ﬁri]t&l @sganle3 Phaselésy ind mddofisithiH agetatiexAieebeipg in contact
water/triethylamne (10Q ni/38.5 and 100 f ;

NG scitarihn PR i are rea T 0arohGR i TL ] o P AR aRRE RS
obtain ig %vag%@ Hfih @ BEhEE of Vot 1SARVIEHRRNADMEIY/BR.5 el ), and 0C oripoisatirated
10 Yi el d: bmp.: 93C )H NVR (CDC13, 400Mz):  2.86 ppm.(2H, t%. )
3.62 ppmubdtd Naf)! solut®e appnis (e driey overé\.’IBQOpmﬁf mﬁctqdé?ﬁiyléﬁm paing g
ppm ( 3H, . . |3C N ): 34.4 ppm (CH2) - 41.3
ppm (G%arge@é"éd68%6%1’2&@%(‘%é‘%ﬁ%g‘%8%n&and 111. 8 ppm (2CH - 115.8
ppm (CFl, q, 1419F-13C)=288Hz) - 120.7 ppm (1CH) - 130.0 ppm 147.9
ppm and 149.1 ppm (3 Cq) -- 157.5 ppm (C=0, 2J(9F-13C)=37Hz).
PREPARAY1e@N 88:70 N- { 2- [ 2- (chl or onet hyl ) - 4, 5- di net ho

henyl | ert_&rgzl %—o%, 2,2-tritluoroacetam de

'H NMR _(CDCls, 400MHz): 2.86 ppm (2H, t) — 3.62 ppm (2H, q) — 3.89 ppm (6H, s) -

6.52 ppm (NH) — 6.71 ppm and 6.84 ppm (3H, m).

3¢ NMR (CDCls, 100MHz): 34.4 ppm (CHp) — 41.3 ppm (CHp) — 55.8 ppm (2CHs) —
15 111.6ppm and 111.8 ppm (2CH) — 115.8 ppm (CFs, g, 3(°F-13C)=288Hz) — 120.7 ppm

(1CH) — 130.0 ppm, 147.9 ppm and 149.1 ppm (3 Cq) — 157.5 ppm (C=0, 23(¥F-BC)=37Hz).

PREPARATION B:
N-{2- [2—(chloromethyl)—4,5—dimethoxyphenyl]ethyl}-2,2,2-triﬂuoroacetamide

In a three-necked flask, mix N—[2-(3,4-dimethoxypheny1)ethyl]-2,2,2-triﬂuoroacetamide
20 (35g, 126 mmoles) and 37 % aqueous formaldehyde (776 mL, 1.014 mole) in 120 mL of
dichloromethane at 0°C. To the resulting two-phase mixture slowly add, at 0°C, 345 mL of
37 % aqueous hydrochloric acid solution and heat at 40°C. After being in contact for 3 hours,
hydrolyse the mixture using 250 mL of water and wash the aqueous phase with
dichloromethane (2 x 100 mL). Combine the organic phases, dry them over MgSO4 and carry
25  out drying in vacuo to obtain a beige meringue (38.2 g). The product obtained is recrystallised

from toluene to obtain 31.5 g of a white powder corresponding to the title compound.



In a three-necked flask, mx

7VA2- (3, 4- di net hoxyphenypet hy1] -2, 2, 21t7i f| uor oacet anmi de 20 (35 g,
126 mmol es) and 37 % aqueous formal dehyde (776 nL, 1 014 nole) in 120
mL of dichl oromethane at 0OC. To the resulting two-phase m xture
slowy add, at 0C, 345 niL of 37 % aqueous hydrochloric acid solution
and heat at 40C. After being in contact for 3 hours, hydrol yse the

m xt ur eyigel Myo250 nL of water and wash the aqueous phase wth

di chl oronet hane (2 x 100 ni). Conbine the organic phases, dry them
over NﬁS@Aléﬂdjcarry 250ut drying in vaeuo to obtain a beige neringue
(38.2 g). The product obtained is recrystallised fromtoluene to
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N (212- &p&gﬁnﬁ@ﬂﬁgkﬁﬁﬂgS di met hoxyphenyl I et hyl f-2,2, 2-trifl uoroacet at
nide In a three-necked flask stir, at anbient tenperature, a
suspensi on of sodium cyanide (9.8 g, 200 nmmoles) in 160 nL of DMSO.
Add to pf Q®, dropwi sc, a solution of N 12-12-

(chIoroneggggggggz§rﬁethoxy henyl]ethyll 2 ri.fl uoro cetanlde (26
g, 1708 mmues():ymmhym-@-d&m@ xygheayilefby Hgi%zﬁ-" worgacerpias | o * 50

na
m nutes at anbient tenperature, 15 hydrol yse the m xture u5|ng 300 mL
of water and extract the m xture with dichloronethane (3 x 15

Conbi nept henres-geskice fRBIRSES aahhbivas kenipeeatunsi & ugGNYioR G é@ﬁl@ms‘iiflaﬁldredﬂ 88

f NaOAC (150 nmi) and NaCl saol i
Chen dr %éwm@ %mé@ o8 DRSO Al 3 B5eusheig @ikl 4 Sdia otk (2-2

product l om 1-glfuRheactatmidd 2@ @, 098 mmoles) in
12.8 g gﬁ?&&&ﬁﬁ?gzﬁs eéxégﬁhggﬁgﬁl I? fo the tftlelconpo nd.
o

Yi el d: 5(1 y5040) mfrDMSIB 140t dr] beitiyin (covegs, Torob gy 30 anipgtes i, crity t)em_perature

?1??5 5§1y gé%@ g’l%‘ﬁ}ﬁtgrf;?slx&? SKBOQm!gZotS %ater %}_(fg é)ttg)agmk{ezrhﬁxuﬁ): Wlﬁl @@hﬂéﬂfﬁlethane

5??%3 3 43¢ nE’IQ)mC(o%}le lo aﬁl@fph(aﬁsl%)nd wild, Beppuith CHZ) aquswsoﬂmmn of

5 ppm ( - 113.1 ppm ( 11
ppm ( CFBLaO@,c a 5(41@1;) aadasz)tu@gswgueouwgcé Sﬁb‘ﬁﬁ?n %‘zf gﬁbﬁ“ﬁ%’é %16?“ ovet
147.5 p% %1 an carry R\ gCg!) vacuo. The product obtained is recrystallised from toluene

(66 mL) to obtain 12.8 g of a white powder corresponding to the title compound.

h

20  Yield: 51 %
m.p.: 131°C

I5 NMR (DMSO, 400MHz): 2.78 ppm (2H, t) — 3.38 ppm (2H, q) — 3.73 ppm (6H, s) —

3.91 ppm (2H, s) — 6.80 ppm (1H, 5) - 6.95 ppm (1H, s) —9.52 ppm (NH, t).

15C NMR (DMSO, 100MHz): 19.8 ppm (CHy) —31.0 ppm (CHy) - 39.6 ppm (CHz) - 55.4 ppm
25  (CHs) - 55.5 ppm (CHs) - 113.1 ppm (CH) - 113.7 ppm (CH) - 115.9 ppm (CFs, q, 'J("’F-

B3Cy=288Hz) - 119.3 ppm, 121.2 ppm, 129.0 ppm, 147.5 ppm and 148.2 ppm (5 Cq) -

156.2 ppm (C=0, *J(*°F-C)=36Hz).




156. 2 ppm (C=0, 2J(9F-13C)=36Hz). -12- PREPARATI ON D
[ 2- (2- ami noet hyl ) 4, 5- di met hoxyphenyl |-d&etonitrile Heat, at 50C, a
m xture of N-1242-(cyanonethyl)-4, 5-di met hoxyphenyl | et hy11-2 21 2-
tritluoroacetam de (20.5 g, 64 8 mml es), ethanol (160 i) bo{ assi um
carbonate (13.2 g, 5 97.2 mvl es) and water (40 nlL) After bei ng in
contact for 1 hour 30 minutes, extract the m xture by adding 200 ni
of dichl oronet hane and 100 niL of saturated aqueous NaCl sol ution
Extract_t ,', oy hase with 100 nL of dichl oronethane. Conbine the
?nr_ganl BESEQ B R t hem wit h saturated aqueous NaCl sol ution (100

) (ra[? EQ‘%ﬁhQé’tﬁ v MySatmamdxpgtidnyllacdtositlleng i n vacuo to obtain 10 g
of a yellow oll correspondl ng to the title 10 conpound. Yield: 70 %
mg 40780 éll NVR (DI\/ISO 400M—Iz) 2.61 ppm (2H, m - 2.72 ppm (2H, m

> ga§ ()5%?'< tﬁre %ngi%iggan&ﬁethﬁhzg &Bfaﬁ&'sﬁph@)ylle&ywz 2,2-

ppm ( ) ppm S 13C NM ?
100M‘|Z)tnﬂ39rogcd@ﬂﬂid6(€|2@)5 g, @68 nipples), @tﬂ@ﬁol <1439 rngmﬂt%Sém carb B@t%?ﬁp?ng’

(CH3) - 55.6
12150 ppm Irgggqletg] qyg@yatgg(-ﬂ()lm%ngﬁﬁd %%1%0%2}% (f%xp %oﬁ%gsn&t@g e@tr@@cnfhe

mixture by adding 200 mL of dichloromethane and 100 mL of saturated aqueous NaCl

solution. Extract the aqueous phase with 100 mL of dichloromethane. Combine the organic
phases, wash them with saturated aqueous NaCl solution (100 mL), dry them over MgSO4

and carry out drying in vacuo to obtain 10 g of a yellow oil corresponding to the title

10 compound.

Yield: 70 %
m.p.: 78°C

';r NMR (DMSO, 400MHz): 2.61 ppm (2H, m) — 2.72 ppm (2H, m) — 3.40 to 3.00

(NH,+HDO) — 3.72 ppm (3H, s) — 3.73 ppm (3H, s) — 3.90 ppm (2H, s) — 6.81 ppm (1H, s) —
15 6.92 ppm (1H, s)

3¢ NMR (DMSO. 100MHz): 20.0 ppm (CHp) — 35.9 ppm (CHz) — 42.9 ppm (CHz) —

55.5 ppm (CHs) — 55.6 ppm (CHs) - 113.0 ppm (CH) — 113.7 ppm (CH) — 119.6 ppm,

121.0 ppm, 131.0 ppm, 147.1 ppm and 148.3 ppm (5 Cq).

PREPARATION E:
20 3-{{[(7S)-3,4—dimetlmxybicyc10[4.2.9]octa-l,3,5-trien—7—yl]methyl}(methyl)amino]-l—

propanol

Heat, at 50°C, a mixture of [(7S)—3,4-dimeth0xybicyclo[4.2.0]octa-1,3,5—trien—7-y1]-N—
methylmethanamine hydrochloride (20 g, 82 mmoles), triethylamine (34.2 mL, 246 mmoles)
and 3-bromo-1-propanol (14.8 g, 107 mmoles) in 100 mL of THF with 5 % DMF. After being
75 in contact for 24 hours, hydrolyse the mixture using 80 mL of water and extract with 80 mL

of dichloromethane. Wash the organic phase with saturated aqueous NaCl solution (5 x



got 31 R7$) - |3 4- di met hoxybi cycl o[ 4. 2. 0]lgcta-1, 3
-trien-7-ylimethyllinethyDam nol-1- é ‘opanol Heat, at 50C, a m xture
of [(7,5)-3,4-dimethoxybicyclo[4.2.0]octa4,3,5-trien- 7-y111 N- -
met hyl met hananm ne hydrochl oride (20 g, 82 nmoles), triethylam ne
(34.2 nL, 246 mmol es) and 3-brono- 1 -propanol (14.8 g, 107 mol es)

in 100 nL of THF with o . Af i i
hours, GWyakbl §&e “}tMHIéerrrg&%@eﬁﬁg f\%t&%rs ﬁgﬁbpﬁ?gz 5\)[8![ (gbrtglglzg§g< lg]; gf: taZ\%d% W 800il

mL of cg'o é kL ttgla{éqnle Juh& organic phase with saturated aqu
y ‘%%ﬁb . eous
Nan sol uf‘{g(}% ?%Ex -13- 60 n.), dry it over MgSO4 and carry ou;q

dryi ng Yieldob6& n 23.7 g of a yellow oil corresponding to the ti

Yieldol titl
conpound. Yield: 96% Il HNIVIR (CDO i, 400R/Hz): % 66 ppm (|211e m
-2.31 ppm (3H, s) -2.50 to 2.70 ppm(5H, m) 5 - 3.21 ppm (1H, dd)’-
3. 54 ppw G (DCE IJ00MERHM 66 bpih, (28, and 2H, pprp (316, 52 Lpio(2LH) pemp (SH, m)

6.69 ppm (1IH S). ATML? (CDC13, 100 ; . -
s P31 ol oy caysi v Tband ¢ S pprbEs Sabi DR bk patial 9 -
(CHB) 9.1 RRM(CH)) -62.8 ppm (CH2) -64.9 PP))) (CH2) - 106.7 ppm

(oH) - GBI CEL Yy . 134 8 ppm 138.5 p
. . pm 140.4 and 10149.
ppm (4 €qNMRPREBSRATO@MHE): 27.7 ppm (CHy) — 34.8 ppm (CHz) — 4%P4rrllapm (CH) — 139 p9pm

3-ehloro-N-WS) - 3, 4-di neth b < -tri '
oL RS iR G 6. prs (EHS 561 DHR(CHS) - 6. £ pbih! @) 64l9 ffn
(CHy) — 106.7 ppm (CH) — 107.4 ppm (CH) — 134.8 ppm, 138.5 ppm, 140.4 ppm, and
10 149.9 ppm (4 Cq).

PREPARATION E:
3-chloro-N-{[(75)-3,4-dimethoxybicyclo[4.2.0] octa-1,3,5-trien-7-yl|methyl}-N-methyl-1-

propanamine

To a mixture of 3—[{[(75’)—3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-y1]methy1}(methyl)-
15  amino]-1-propanol (20.8 g, 78.4 mmoles) and triethylamine (11 mL, 78.9 mmoles) in 200 mL
of dichloromethane add, at ambient temperature, 8.65 mL of thionyl chloride (157 mmoles).
After being in contact for 3 hours at 40°C, hydrolyse the mixture using 150 mL of water and
30 mL of aqueous 1IN NaOH solution. Adjust the pH of the aqueous phase to 10 using
aqueous 10N NaOH solution and extract with 50 mL of dichloromethane. Combine the
20  organic phases and wash them with saturated aqueous Na,COs solution (100 mL), dry them

over MgSOy4 and carry out drying in vacuo to obtain 19.8 g of a brown oil corresponding to

the title compound.
Yield: 89 %
'H NMR _(CDCl;, 400MHz): 1.90 ppm (2H, m) — 2.28 ppm (3H, s) - 2.65 ppm (3H, m) -

25  2.68 ppm (2H, m) — 3.19 ppm (1H, dd) - 3.54 ppm (1H, m) — 3.56 ppm (2H, t) — 3.78 ppm
(6H, s) — 6.62 ppm (1H, s) — 6.66 ppm (1H, s).




To a m xture of 3-f

{[(75) -3, 4- di met hoxybi cycl o 4. 2 0] oct-d4, 3, 5-trien-7-ylimet hyl | (et hy
| )- 15 am no]-1-propanol (20.8 g, 78.4 rrnnoles) and triethyl am ne
(11 mL, 78.9 mmoles) in 200 nL of dichl oronet hane add, at ambi ent
tenperature, 8.65 nL of thionyl chloride (157 mmoles). After being in
contact for 3 hours at 40C, hydrol yse the m xture using 15

wat er dfd NBfR (CDGT;, aéRidBs 30K m&@gmﬂﬁﬁ oarmAGHast 4PRe r %6ppm

agueous ase_to 10 i.ng ueo xt M (ol
50 nL dpgﬁ]—eﬁ%rp@ﬁ%ﬁdﬁgﬂe 5% Kgﬁtz%esgj%%ggrggr#g Q%agg@ﬂ 3gnd&a\/\gg t(herzg
Wi th sat ysad ?Qmam}?puqom%% (SH) ut 1330 HAHAN134.) ,ppnhr V49 Rgmrnovwed 1148 80pm
and carry out drying in vacuo to obtain 19.8 g of a brown oil
correspgéiiding to the title conpound Yield: 89 % 11-1 NWMR (CDC13,
400MHz): 1.90 ppm (2H, m - 2.28 ppm (3H, s) - 2.65 ppm(3H m -

252. 68 ppm (211, in) - 3.19 ppm (1H, dd) -3.54 ppm (1H, nm) -3.56 ppm
(2Hs U)pREBARATIONGH, s) -6.62 ppm (1H s) -6.66 ppm (1H, s). -14-

() Nm4-mmm fitait ckbibste- SR se-RRT-p R MR,

CH3) -56. PPm (CH2) - 106.8 ppm ©107.4 ppm
f 13)5 d’fas%lé%?%‘%%% 149. 3(ppm) and 149. 9pom( ?Z)Cq) 5 PREIF:)’AR,(A'IC'::-D ON

G
ot byl K6 waHPS Pl SHIRRRAY B Dt rE b GER PR PR st fmHb
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ropanam ne (19 g,  69.8 mmol es)

ettt Mhieabeaiind » hRin1or oNdio 5id Giled: FosornelR Bt B of sthagel
(6.91 76.. 1 c &H}%ﬂ € eéiRixt A fk@n ﬁjh(il ttheambient
m xt ur rSE‘Bﬁ?%O%P g’ecr%ﬁ&grgy&cagsr e @n&c}f’gr returning t o ggnbl ent
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to obtain 17.35 g of a brown powder corre(:ispondl ng to the title
conpounerown powdet eqrpspeing fosipe Jiic cqBReRin

Yield: 67 %
15  m.p.: 154°C

'if NMR (DMSO, 400MHz): 2.14 ppm (2H, m) — 2.75 ppm (3H, s) — 2.88 ppm (1H, dd) -

3.12 ppm (2H, m) — 3.16 ppm (1H, dd) — 3.28 ppm (1H, dd) — 3.41 ppm (1H, dd) —3.69 to

3.75 ppm (9H, m) — 6.79 ppm (1H, s) — 6.86 ppm (1H, s) —9.21 ppm (20H).

13 NMR (DMSO, 100MHz): 26.8 ppm (CHy) —35.0 ppm (CH,) — 37.5 ppm (CH) —40.1 ppm
20 (CHy) — 42.6 ppm (CHp) — 53.1 ppm (CH,) — 55.8 ppm (CH3) — 55.9 ppm (CHs3) — 58.6 ppm

(CH,) — 107.6 ppm (CH) — 108.0 ppm (CH) - 134.2 ppm, 135.7 ppm, 149.3 ppm and

150.2 ppm (4 Cq) — 164.4 ppm (C=0).

PREPARATION H:
Ethyl N—{z-[2-(cyanomethyl)—ét,s-'dimethoxyphenyl] ethyl}-B-alaninate oxalate

25 A mixture of [2-(2—aminoethy1)-4,5~dimethoxyphenyl]acetonitrile (6.5 g, 29.5 mmol) and
ethyl acrylate (3.9 ml, 36 mmol, 1.2 eq.) in 120 mL of ethanol is stirred for 20 hours at



111 AMR (DVSO, 400MHz): 2.14 ppm (2H, m -2.75 ppm(3H, s) - 2.88
(1H, dd) - 3.12 ppm (2H m - 3.16 ppAP{1H dd) p_p3. (28 i)pm)(lH, dd) p_pm
3.41 ppm (1H, dd) - 3.69 to 3.75 ppm (9H, m -6.79 ppm (1H, s) -6.86
ppm (1H, s) -9.21 ppm (20H). NWVR (DMVMSO, 100MHz): 26.8 ppm (CH2) -35.0
ppm (CH2) -37.5 ppm (CH) -40.1 ppm 20 (CH2) -42.6 ppm (CH2) - 53.1
ppm (CH2) - 55.8 ppm (CH3) - 55.9 ppm (CH3) - 58.6 ppm (CH2) - 107. 6
BBQ E?-d)nb&erﬁﬁ?ggerz@lm- (Tlsza) reac):t1®4m2xtplf§ms spBrscted 5o, whryina g7 3764 By ghf5%¥“‘§e
.- 164. 4. ppm (C=0) . . di
- 12 EY AR SR e e RORT o Tt iy 41T g sthonol 3 mipand i
-15-  anRheRt: LERREh Wdifesenthef bedit dcth(2ni2xg, PBeminel, A e} Fdedipitatiey ifiog

in vacuo; then th d i ] i i i
ethyl dberatary B uraRcATbIe(Xs AES TG e drlh T the
the pr es]%ﬁ:rg I’llé) ?iltgf%al G PEdhdd (AP 29 Gnl EBethDicetatd RDoKiEIn) a white powder (9 g)

Preci pi't romthe mxture occurs durin

_ ( : g contact at reflux. Af
r_e'[Urnldﬂ)@e§pbndﬁigltelﬂietﬁtm”rmmmuude, the Snmixture is filtered and vvas:}:(rj
\(/:\AO'; ?619 md_ of tet hyIh acetate to obtain a white powder (9 Q)

sponding to the title conpound. Yield: 74 % mp.: 218C NVR

(CDC13’Y%RPW/)’: 1.19 ppm (3H, t) - 2.74 ppm (2H, t) - 2.88 ppm (2H,
m - 1 . ppm (2H, m -3.17 ppm(2H, t) -3.74 ppm(3H, s) -3.75
ppm ( 3Hpn.ps)2183C93 ppm (2H, s) -4.09 ppm (2H, quadruplet) -6.88 ppm
(1H, s) -6.97 ppm (1H, s). 13C NAIR (CDC13, 100MHz): 14.00 ppm (CH3)
- 19.86 ppm (CH2) - 28.28 ppm (CH2) - 30.39 ppm (CH2) -42.25 ppm
(CH2) - 47 Nb9R REMACHRNMESS 180 Jpni(3HCH3) 2-7455m6 22BPHl — 288 pam CH, m) -

60. 53 CFD) - 113. :
2o PRos %pm ()ZH, w517 BB 5 74 530 FaP8T 4 Fhpm G050 3RR Pk BA,

s) —4.09 ppm (2H, quadruplet) — 6.88 ppm (1H, s) - 6.97 ppm (1H, s).

Bc NMR (CDCl;, 100MHz): 14.00 ppm (CHs) — 19.86 ppm (CH,) — 28.28 ppm (CHp) —
30.39 ppm (CH,) — 42.25 ppm (CHy) — 47.19 ppm (CH,) — 55.60 ppm (CHs) — 55.62 ppm
(CH3) — 60.53 ppm (CHy) — 113.13 ppm (CH) — 113.74 ppm (CH) — 119.36 ppm (Cq) -

15 121.40 ppm (Cq) — 127.70 ppm (Cq) — 147.73 ppm (Cq) — 148.42 ppm (Cq) — 164.65 ppm
(Cq) - 170.29 ppm (Cq).

PREPARATIONI:
(2-{2-[(3-hydroxypropyl)aminoe] ethyl}A,S-dimethoxyphenyl)acetonitrile

To a suspension of 10.8 g of NaBH, (284 mmol, 11 eq.) in 110 mL of THF there is added, at
20 several points over a period of time, ecthyl N-{2-[2-(cyanomethyl)-4,5-
dimethoxyphenyl]ethyl }-B-alaninate oxalate (10.6 g, 25.9 mmol). Stirring is carried out for
30 minutes at ambient temperature, and then 23.1 ml of methanol (570 mmol, 22 eq.) are
poured in dropwise. The mixture is heated for 16 hours at 60°C, and is then hydrolysed using
100 mL of 5N hydrochloric acid. There are then added 100 mL of dichloromethane and
75 200mL of demineralised water. After separation of the phases, 50 ml of 10N sodium
hydroxide solution are added (pH > 10) to the aqueous phase and extraction is carried out

using 3 x 70 mL of dichloromethane. The organic phases are combined and washed with 2 x



15 121.40 ppm (Cq) - 127.70 ppm (Cq) - 147.73 ppm (Cqg) - 148.42 ppm
(Cq) - 164.65 ppm (Cqg) - 170.29 ppn1(tﬁ). PREPARATI ON |

(2-{2-10- hydr oxypropyl ) am noj et hyl } -4, , 541i net hoxyphenypacetonitrile
To a suspension of 10.8 g of NaBH4 (284 mmol, 11 eq.) in 110 nlL of
THF there is added, at 20 several points over a period of time, ethyl
N-12-[ 2- (cyanonet hyl) -4, 5- di nmet hoxyphenyl l ethyll - -alaninate .

oxal at §5(1h0. & sgiur@®d aqnensis)Nacd ﬁOFLrtxoﬁganids%%fiPF &V%Mgggﬂ S HTYRE ot

at anbient t. t / 23 I e titl
oa. ) B f i (e, aRogbED ¢ f O o IR coiofbnll 1o e e

60C, andnipsusdien hydrol ysed using 100 nL of 5N hydrochloric acid.
There are then added 100 nL of dichl oronethane and 25 200 nlL of

dem neralised water. After separation of the phases, 50 nl of | ON
sod%unpﬁg%pg§59e solution are added (pH > 10) to the aqueous phase
and extractron is carried out using 3 x 70 nL of dichloronethane. The
organi ¢ phases are conbi ned and washed with 2 x -16- 75 nL of

sat ur at.ed aqueou | ytion a t he ied S _ 4H,
carryidéiﬁ%ﬁiﬁQgé@gﬁéiﬂég¥gd%tp@ﬂ@?%’4%@“‘E%%i%g%%%@¥g§§§égf2§?§§:(
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NMVR (Cﬁ@if%%’%{@?& opm ?SzH,hgqui ntglp))l gt) - 2.59 ppm (2H, t) -

2. 66 ppid( HH; 6.8 ppBL@H, pom (2H, t) - 3.72 ppm (3H, s) -3.73 ppm (311,

s) -.3.88 ( ) 15582 6. 3250 pbaC(CH,) -
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119. 54 (SiFhy CH2-28 PP éizﬂ)ppnlﬂéé) ppm i@ﬁ)nﬂ ﬂ;%?# CED @@49922-@??%? &%31)

- 148. 23 = 3P - .

15(2-{25?§gb%%g%%yfbpyfgaggﬁﬁg %t%@%%%zy%fgﬂ%nethOxyPhenyI)acetOnitnl

le To a m xture of 2- {2-1(3-hydroxypropyl)am no]ethyll

-4, 5-di net hox henﬁ, acetonitrile (1.7 g, 6.1 nmol) and triethyl am ne

(2.5 n1£§£§é§§§§5lwi% eq.) in 16 nL of dichl oronethane there is

ad , I | 1 -4 5Ldih heglvipfce®@Btrilé\ of t hi onyl
o S A i L I i T i !

chl ori g. nmL of dichl oronmet hane. The m xture
is heated for 2 hours at 40C

To a mixture of 2- {2-[(3-hydroxypropyl)amino]ethyl}-4,5—dimethoxyphenyl)acetonitrile
(1.7 g, 6.1 mmol) and triethylamine (2.5 ml, 18.3 mmol, 3 eq.) in 16 mL of dichloromethane
there is added, by pouring dropwise, a solution composed of 885 pL of thionyl chloride
(12.2 mmol, 2 eq.) and 1 mL of dichloromethane. The mixture is heated for 2 hours at 40°C,
20 and then, once it has returned to ambient temperature, is hydrolysed using 15 mL of
demineralised water. After stirring overnight at ambient temperature, 3 mL of aqueous 10N
sodium hydroxide solution (pH > 10) are added. After separation of the phases, the organic
phase is removed and kept. The aqueous phase is extracted with 20 ml of dichloromethane.
The organic phases are combined and washed with 25 mL of saturated aqueous NaCl solution
75 and then dried over MgSOQ,. After carrying out drying in vacuo, 1.5 g of a brown oil

corresponding to the title compound are obtained.

Yield: 83 %



20 and then, once it has returned to anbient tenperature, is
hydr ol ysed using 15 nlL of denineral i sé& water. After stirring
overni ght at anbient tenperature, 3 inL of aqueous 10N sodi um
hydr oxi de solution (pH > 10) are added. After separation of the
phases, the organic phase is renoved and kept. The aqueous phase is

extract ed th 20 M of dichl
conbi nd U8 b (i Tle T2 & i oot CED R R (Gt g Tl | BT (I
an tﬁﬂ#g@gg@gwg) ggpgﬁxf B of a@fﬁﬁg&@ sPIL i 980 (MASH03 8% -ppm

g of a e ti npound are obtai ned.
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(2-12-({31{1(75)-3, 4-di net hoxybi cyclo[ 4. 2. 0Jocta-1 -trien-7-
i ) € ot Pt y y [ cta-1,3,5-trien-7-yl 1net
10am ndEXAMBILE Kuni no) et hyll - 4, 5- di net hOxyphenyl }acetOnitrile First

(179 - -Gt ks a iy aa dognd S trien Tttt
ety - i 1RRYR ) oI 5- diditgiyBertylymctboitilend 85 i nl of

aqueous IN solution in 150 nL of diehloronethane is stirred
for 1 hour at anbient tenperature. The m xture is 15 separated, and

the or ggnitcva%a%§e is dried over MpSO4 and subjected to drying in

vacuo t 11.3 g of an orange oil corresponding to 3-chlorqg- l\g-N
y -

i (L Opcrabiey I3 10 lpe-I 7 S4Xighst AUAmCthy]
anbi entmﬁ@ﬁbgr g?ﬂ%ggrm}nrr‘lreqxﬁg%@ %g t%%?) asdl S%St;}&r:lngl “di hge&%fﬁ\zlggoﬁtsomugn
Mol es) ;i 150200, JidilhloRmediRdHet i Istifred Tor 1 Iheuﬂ’ gsathbiemgtemipetature. Themextarcels
15  separated, and the organic phase is dried over MgSO; and subjected to drying in vacuo to
obtain 11.3 g of an orange oil corresponding to 3-chloro-N-{[(75)-3,4-dimethoxybicyclo-
[4.2.0]octa-1,3,5-trien-7-yl Jmethyl} -N-methyl-1-propanamine.
The product obtained above is stirred at ambient temperature in the presence of potassium
iodide (1.46 g, 8.78 mmoles) in 200 mL of acetonitrile. To the resulting mixture there are
20  added, in succession, triethylamine (5.6 mL, 40.2 mmoles) and then [2-(2-aminoethyl)-4,5-
dimethoxyphenyl]acetonitrile (8.82 g, 40.1 mmoles) dissolved in 50 mL of acetonitrile. After
being in contact for 24 hours at 60°C, 150 mL of water are added and the mixture is extracted
by adding dichloromethane (150 mL). The organic phase is washed with 185 mL of water and
15 mL of 37 % aqueous hydrochloric acid solution. The aqueous phase is collected, 185 mL
25 of saturated aqueous NaHCO; solution are added and the resulting phase is extracted with

150 mL of dichloromethane. The organic phase is dried over MgSO4 and subjected to drying

to obtain 14.1 g of an orange oil corresponding to the title compound.

Yield: 75 %



20 added, in succession, triet hyI amne (5.6 nL, 40.2 mol es) and then
[ 2- (2-ani noet hyl ) -4, 5- di met hox) ThenyllBacetonitrile (8.82 g, 40.1

nol es) dissolved in 50 nL of acetonitrile. After being in contact

for 24 hours at 60C, 150 nmL of water are added and the m xture is
extracted by addi ng di chl oronet hane (150 m.). The organi c phase is
washed with 185 nL of water and 15 nL of 37 % aqueous hydrochloric

aci d s@egbndwaridite agqueous phase is collected, 185 nL 25 of saturated
aqueous, NaHCO3 sol uti o I NGRS phdhyl)acetonitrile
ext r acted \Fﬁl?WrelSOO%TL @F%f@ﬁ%%?@%@?ﬂ& rﬁ'ﬁ‘m o?' 52% C phggllé |ys) dri ed
over MyS@nanch s3ibhaeled {(qsyiswdigletmxpﬂnbwlm[étmomzctg 1o%, 5-4mero 7 ahigh-resthyl-

ZO l’ml’ )? tS ﬁg;g;'mr;?m;g p%grg)(slggllozllég |(gfdom%g%3) r\r{llg}eﬂllﬂ {5 q({%,)flarpme (% 92(\501%] 88 'n?rﬁ&l

Lhs A ! | Aft to ambient
TR TR R iy 59 8 g g o i
net han&mnp&aﬁya rip€ hliotuids {lRted mgvacﬂo Qﬁlerrﬁiﬁla)e iadlgic ovet MgSQmaﬁg %/@eﬁtgd

m, 8.97 mol, 5 3 e in 10 nL of aceto br Qﬁ.ﬂés e

for 6 Heuwsingam W”?g‘f’u‘?miﬂﬁga PBOWGW? eé a§6u /Z) esgnmﬂ;% u?(gft}:lésjﬁﬂ

f||tereqm{p% gcuo. The filtrate is dried over NgSO4 and subjected to

drying in‘vacuo to obtain a brown neringue (0.9 g, 66 %

correspondl ng to the title conpound. Yield: 66 % 10 NVR (CDC13,

400M—|z) g pm (I12H, s) -2.45 ppm (2H, m -2.84 to 2.94 ppm (2H,
568780 ppm (10H, m) 3.80 ppm (6H, m -4.36 ppm (NH, s)

-6 56 ppm(lH s) - 6.69 ppm (1H, s) -6 78 ppm (1H, s) -6.83 ppm

(231@1&{) I 1) Cho S00Nbil: oo (41 pﬁﬁf‘éﬁ@g A 9ﬁ%%<zg
S 1H, s) —
ppm ( (élf‘z%)% 8&%&?@?{ m?é@)ﬂﬁnééﬂ?%ﬁ%(ﬁm A pm BRHL sppms6Gra) (1, s)

56. 2 pp -13) - 60.1 ppm (CH2)
-107. %MH 5,)01638@»9111((1%) 682 ppopEi, 6CH) - 113.6 ppm (CH) -

119. 0 PR m 20. 8 126, 7 134 m 1 B
1491 ppnﬁmw%i A Rpo P Bl eR B LB6 AAMCIL:)
ﬁol( }2( 125 éﬁ%’fjﬂ{ HLS)L- 3. 51p91nn@}tyaxmrqupteﬁg 0496 tpprl 15 t-r 46 pPATHED —
15 55.1 ppm (CHy) — 56.1 ppm (CHs) — 56.2 ppm (CHs) — 56.4 ppm (CH3) — 56.6 ppm (CH3) —
60.1 ppm (CH,) — 107.1 ppm (CH) — 107.3 ppm (CH) — 112.7 ppm (CH) — 113.6 ppm (CH) —

119.0 ppm, 120.8 ppm, 126.7 ppm, 134.1 ppm, 134.2 ppm, 148.5 ppm, 149.2 ppm, 149.9 ppm

and 150.9 ppm (9C q).

EXAMPLE 2:
20 {2-[2—({3—[{[(7S’)—3,4—dimethoxybicyclo[4.2.0}octa-l,3,5—trien—7-yl]methyl}(methyl)-
amino]propyl}amino)ethyl]-4,5-dimethoxyphenyl}acetic acid

1.3 g of the product obtained in Example 1 (2.77 mmoles) and 1.11 g of NaOH pellets
(27.7 mmoles) are heated at reflux in 6.2 mL of ethanol and 14.6 mL of water. After refluxing
for 6 hours, the reaction mixture is hydrolysed using 10 mL of water, and 20 mL of
75 dichloromethane are added. The organic phase is extracted with 20 mL of water. The aqueous
phases are combined and washed with 15 mL of dichloromethane. The pH of the washed
aqueous phase is adjusted to 7 using aqueous 37 % hydrochloric acid solution and then drying

in vacuo is carried out. The yellow solid thereby obtained is taken up in 40 mL of acetone at



am nol propyl | am no) et hy114, 5- di met hoxypitenyliacetic acid 1.3 g of

the product obtained in Exanple 1 (Zsig'nnnles) and 1.11 g of NaOH
pellets (27.7 mmles) are heated at reflux in 6.2 nL of ethanol and
14.6 nmL of water. After refluxing for 6 hours, the reaction m xture

i s hydrolysed using 10 nL of water, and 20 nL of 25 dichl oronet hane
are added. The organic phase is extracted with 20 inL_of water.. The
aqueousmBias esmperetuco Micrraspanionwabttied i filleredsinpacye- HrefltBHigRdaHYs&re
The pH of . th shed .agueous phase s adj '

o4 ydr GBHIEEHH d° ETE oTEPoR THY CHeh iy g R iele o EhaAmeaytucine
The yek% o8R4i d thereby obtained is taken up in 40 nL of acetone at
-19- anbient tenperature. The suspension obtained is filtered in
vacua. The filtration liquors are subjected to drying in vacuo to
obtain Q. 7, a yell ow nmeringue corresponding to the title
corrpoungl.—eé(g%%: 52 %5 | HNWR (CDO i, 400MHz): 2.10 ppm (211, m)
-2.54 ppm (311, s) -2.70 to 3.30 ppm (12H, nm - 3.47 ppm (211, s)

-3.55 111, -3.71 3H, -3. 73 |
e <P bl i S - SRR, 0 S0l

A ME ; 207 GH2)3.74 ppm
e 1%&?%?(%35%@?}?@%5&%15@@& 17 phROMFE ) —30737prpp (BH,GHi2)3.74 pp

D 10 37.0 ppm ( - 39.1 ppm -40. 1
ppm ( CH2H, s) 44.78 pppn{3ECHR)- 6-5 48l (Ppwh~( &»@ypm (B8~ eéﬁ]ap@@%,%?g&%vpm
ppm (CH3) - 54.9 ppm (CH3) - 55.2 ppm (CHO - 55.3 ppm (CH3) - 59.1
ppn1(CH§£Sl 105.8 ppm (CH) - 106.2 ppm (CH) - 111.6 ppm (CH - 112.6
ppm ( ?1)3(:1@1@ (PR, LZ018HP0. 71 3Bm2(GHN — D34, Bpmp(GHDA6. B pwm (GH;)2-

m . m an
PP 10  37.0 pngrjl (CH) — 39.1 ppm (CH3) — 40.1 ppm (CH,) — 44.7 ppm (CHy) — 48.1 ppm (CHy) —
52.9 ppm (CHy) — 54.8 ppm (CH3) — 54.9 ppm (CH3) — 55.2 ppm (CH3) — 55.3 ppm (CH») —
59.1 ppm (CHy) — 105.8 ppm (CH) — 106.2 ppm (CH) — 111.6 ppm (CH) — 112.6 ppm (CH) -
126.3 ppm, 127.0 ppm, 133.2 ppm, 134.2 ppm, 146.9 ppm, 147.2 ppm, 148.7 ppm, and

149.6 ppm (8C q) — 176.9 ppm (C=0).

15 EXAMPLE 3:
3-{3-[{[(75)-3,4-dimethoxybicyclo [4.2.0]octa-1,3,5-trien-7-yl] methyl}(methyl)amino]-
propyl}—?,s-dimethoxy-1,3,4,5-tetrahydr0—2H-3-benzazepin—2-0ne

In a three-necked flask, mix 0.7 g of the product obtained in Example 2 (1.44 mmoles) and
0.4 mL of triethylamine (2.88 mmoles) in 14 mL of dichloromethane. Ice the mixture at 5°C
20  and add, dropwise, 0.16 mL of thionyl chloride (2.16 mmoles). Stir for 1 hour at 30°C and
then hydrolyse the mixture using 12 mL of aqueous 1N NaOH solution. Wash the organic
phase with, in succession, 10 mL of water and then 10 ml of saturated aqueous NaCl
solution. Dry the organic phase over MgSO4 and carry out drying in vacuo to obtain 0.5 g of

an orange oil corresponding to the title compound.

25  Yield: 74 %



149.6 ppm (8C q) - 176.9 ppm (C=0). 15 EXAWPLE 3:

3-{3-10( 7S) - 3, 4- di met hoxybl eyel o[ 4. 2.890et a- 1, 3, 5-tri en-7-yl | met hyl }
(met hyl ) am nob

propyl 1-7, 8- di net hoxy-1, 3, 4, 5-t etrahydr o- 2H 3- benzazepi n-2-one In a

t hree-necked flask, mx 0.7 g of the product obtained in Exanple 2

St Sy W A T o
AL GRS o T Bt o, Mg -

t hen hyd Xt ur aqueous 1N NaOH sol uti on.
Wash t hesepgani g, Hhass2 pprhmms)—sméms(ldh s) 10.65ppof (Mhtser and t hen

10 nL of saturated aqueous Nﬁg:l\(,) Eﬁgu@ﬁg ?ﬁ? the g}gzﬁm %4%h %) B
I\/gSO4 _3,99&%2 a bt an or ge o]
gggéig hﬁ%ﬁébﬁ)a h%ﬁ E)%{ne (g%moym BpI%E(C‘Hz? L?igHWﬁp;{ql (_czxcgz1 - 4t5 (n)wﬁl (CHz)n;
(5H ms541 ﬁprﬂlf(Cbbh‘r(SZH piirh (CH3) &94§|cm>n( ﬁ(&h) SS%Pn@(Eﬁﬁrsﬁﬁmm%Cﬁp)

3.55 to_3.80 ppm (1 ) mCH—
o o1pprit LRSI 6s Sk (0 <) B Ta{GEd L e A8k 32 (1D
(CH2) -13Y %pﬁ?@@@'@m 1@443ppam:(mza)m5 a5, 12 ppmin 6H) ppatd 125.praram ) and
(CH3) -41. 43.9 CH2) -45.6 ppm (CH2) 54.1 ppm (CH2)

- 54.9 mmp@@c%ﬁlélémﬁt{%&@l 55.2 ppm (CH3) -- 55.3 pPm (CH3) -
60. 7 ppm (CH2) - 105.8 ppm (CH) -106.4 ppm (CH - 112.1 ppm (CH -
112% ppm (CH) - 122.4 ppm 126.4 ppm 126.4 ppm 133.8 ppm 146.1
ppm 146.8 ppm 148.4 ppm and 148.9 ppm (8C q) -171.2 ppm (C=0). 10
-21- CLAIMS 1. Process for the synthesis of ivabradine of formula

(r):



characterised in that the conmpound of formula (VI): Il H3CQO OCH3
H3C0 OH 5 is subjected to a | act ani satilon reacgio%, In the presence
of a coupling agent and a base, in an organic solvent, to yield

i vabradi ne of formula (1), which nay be converted into addition salts
thereof with a 10 pharmaceutically acceptable acid selected from
hydrochloric acid, hydrobrom c acid, sulphuric acid, phosphoric acid
acetic acid, trifluoroacetic acid, Qm&giacid, pyravic acid, mal oni ¢
acid, succinic acid, glutaric acid, fumaric acid, tartaric aci d

mal eic acid, citric acid, ’

1. Process for the synthesis of ivabradine of formula (I):

OCH;3

OCH;
H;CO
SOl
H;CO /
o
characterised in that the compound of formula (VI):

3 ~ON
VD

OCH;
H;CO

is subjected to a lactamisation reaction,
in the presence of a coupling agent and a base,

in an organic solvent,

to yield ivabradine of formula (1), which may be converted into addition salts thereof with a
10  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 hydrates thereof.

15 2. Synthesis process according to claim 1, characterised in that the coupling agent used to

carry out the reaction for lactamisation of the compound of formula (VI) is selected from



ascorbic acid, oxalic acid, methanesul phonic acid, benzenesul phonic
acid and canphoric acid, and into hydﬁ tes thereof -22- oxalyl
chloride, thionyl chloride, N, N-dicyclohexylearbodiimde (DCC,
1-ethyl- 3-(3- dinethyl am nopropyl)carbodiim de (EDCD,

N, N- car bonyl di i m dazol e (CD1), 1- propanephosphonic acid cyclic

anhydride (T3P) and 1-(nethylsul phonyl)-1H benzotri  az . 93.
Synt hesi s opalgt ebbridec draiylgchleridd, gV 'QPY@Wé(@?@OFi%@bd% z‘ggﬁ?ﬂ §’[eﬂ§’1'3'(3'

coupl i ng e used to r th cti : ! i o 1-
Fhe- compodfae by HF g Roip ol SEDFRE ) S EboIAGhATAR, XD
process ag,g@faaglﬂg)spmn@d aiaBd3, cyeliar anhedrideed(T3R)t read t hémethplsnipheryl)-1H-
thionyl chloride used to carry out the reaction for |actam sation of

t he conpobeazadfiazodtnul a (VI) 10is between 1 and 5 equival ents,
inclusive. 5. Synthesis process according to any one of clains 1 to

4, characterised in that the base used to carry out the reaction for

| actsani RatSyathesit prdress acpaling totlafo 2moharagtetigediis thas|the cegplmgagent used to
triethylam ne, dijsopropylethylan ne an ridi i
process a&é’éyd?‘%gdl? 6eiqt18?;n§%SHX%W3P3té?%P?§lgd C?np{;\gﬁélt of formia & sggﬁftmglyl
carry out jhegdoreaction for |actam sation of the conpound of formila

(VI) is triethylamne. 7. Synthesis process according to any one of
claims | to 6, characterised in that the organic solvent used to

carry out the reaction far |actam.satio . ehoti@r subiaonyl
(V)i sﬂseﬁty@@’te@la RIPEHY a%cg%ﬁdét?rgo%)e%aglﬁe%’ gheaﬁcéﬁ}g? g?ﬂ@ gﬁ, acetonitril e,y
acet one anglidrlusBEto carry o thSyeatthastos lqtandes®nad dlar elimrpund of el (VD
characterised in that the organjc, sol vent used to 20carry out the
realdtion fipbetivgen &#nd AreaBivalshts; BElUSWhpound of formula (M) is

di chl oronet hane. 9. Synthesis process according to any one of clains

| to 8, characterised in that the reaction for |actam sation of the
conpounsl ynflesiupracdsViapcdrdingdp rangbneutl GAaimg & tneshirasiaispe ieih the base

used to carry out the reaction for lactamisation of the compound of formula (VI) is

selected from triethylamine, diisopropylethylamine and pyridine.

6. Synthesis process according to claim 5, characterised in that the base used to carry out the

15 reaction for lactamisation of the compound of formula (VI) is triethylamine.

7. Synthesis process according to any one of claims 1 to 6, characterised in that the organic
solvent used to carry out the reaction for lactamisation of the compound of formula (VI)

is selected from dichloromethane, tetrahydrofuran, acetonitrile, acetone and toluene.

8. Synthesis process according to claim 7, characterised in that the organic solvent used to
20 carry out the reaction for lactamisation of the compound of formula (VI) is

dichloromethane.

9. Synthesis process according to any one of claims 1 to 8, characterised in that the reaction
for lactamisation of the compound of formula (V1) is carried out at a temperature between

0°C and 40°C, inclusive.



0C and 40C, inclusive. -23- 10. Synthesis process according to claim
1, characterised in that the compound28f formula (VT) is prepared
starting fromthe conmpound of formula (VI1): H3CO H3 Co NH, which
is reacted with the conpound of fornula (VMI1): 5 OCH3 (VIiI) , OCH3
wherein X represents a hal ogen atom a nesylate group or a tosylate

group, in the presence of a base,
10. Synthesis process according to claim 1, characterised in that the compound of

formula (V1) is prepared starting from the compound of formula (VII):

H;CO NH,

(Vi)
H3CO

which is reacted with the compound of formula (VIII):

OCHj3
X
N OCH;

x /™

5
wherein X represents a halogen atom, a mesylate group or a tosylate group,
in the presence of a base,
in an organic solvent,
to yield the compound of formula (IX):
H;CO IIjI TL\/@/ ot
3
~N 1%,
OCH;
H3CO
Il
10 N

which is hydrolysed, by the action of a base in a mixture of organic solvent and water, to form

the compound of formula (VI):



in an organic solvent, to yield the conpound of foinula (I1X):

whi ch is hydrolysed, by the action of-24- base in a mixture of organic
sol vent and water, to formthe conpound of formula (VI): -24- H
Synt hesi s process according to claim 1, characterised in that the
conmpound of foonula (VI) is prepared starting fromthe conmpound of
formula (X): H3C0O NC (X) , 5 which is reacted with the

hydr ochl ori de of the conpound ofH f or mul f (1A CI:IE;%HBOCI—B
HsCO NN D)

OCH;
H;CO

11. Synthesis process according to claim 1, characterised in that the compound of

formula (VI) is prepared starting from the compound of formula (X):

H
H;CO N _~_0C

X,
H;CO

|l
N

5 which is reacted with the hydrochloride of the compound of formula (I11):

OCH3
2>
~ : OCH3

T2

HCI

in the presence of a base,
in an organic solvent,

to yield the compound of formula (IX):

H | OCH;
H;CO N N
3 \/\/ (D() )

OCH;3
H;CO

10



in the presence of a base, in an organic solvent, to yield the
conpound of formula (1X): -25- which2Ps hydrol ysed, by the action of
a base in a mxture of organic solvent and water, to formthe
conmpound of forrmula (VI): 12. Synthesis process according to either
claim10 or claim1ll, characterised in that the base 5 used to carry
out the alkylation reaction between the conpound of fqrnula &%LI% ?nd
the conplauiné lofirdlpsadubrtieviction obi basgan ankyiues PiTeama sl g 2B MRELO (R
conmpound of foi nul .the hydrochl oride of the conmpound of
fornuldg?P@P?mF@qgg?%%bﬁgv f om pot assi um car bonat e, sodi um carbonat e,
caesi um car bonate, potassium hydrogen carbonate, sodi um hydrogen

carbonate, triethylam ne, diisopropylethylamne and 10pyridi ne. 13.
Synthesi s process according to 6] aim 12] charagtRgi sed; i

base used to carry;o00tf the 2 kyWEc @

of formula (VIl1) and t gbnpound of formula (WFN) or t he "al kyl ati on
reacti on between the cegpotnd of formula (X) and t 1% hydr ochl ori de of
t he conpound of f gPhil a is triethylam ne. 1514. Synthesis
process according to any ogg~qf, clainms 10 to 13, characterised in

that the organic solvent used to carry out the al kylation reaction
bet ween the conmpound of foimula (VII) and the conmpound of fornula

(M11) or the alkylation reaction between the conpound of f.ar

and t hethymdekisgroctes afcording sy siimfl o 1lna{T1]é3 |Cﬁi*f)a°tﬁ’§se§1éf‘gfi%t§%ﬁ( ke
fromacetonitrile, aceton : : of fi la (VII) and th
di net hyl et g wﬁﬁ%t%k‘lﬁfﬁwﬁ%n%%%}’flgwyﬁ% 31%;@0(11(1 I\/P;Qi ol fora § hy? e e
sul phoxi decogw - ofl FornSYAt(VeH) sorpthecakglatiet oraitiog bawepmithe 1egmpound of

characterised in that the organi c salvent used to _carr t.t
al kyl at i onforrealet(Xdringdhadearachbrids %&ﬁﬁ&owo?%% 86 |f%m(“\% @Ha‘r? fcted from

conpound of for mul ) &Sdinth at daefume asttioamep efosesiunt hieydrogen
conmpound cﬁm?%%#ﬁhékéégﬁ%né&%ﬁé’E?§#§¥h1a?ide of the”cgﬁio%ng of .
formul a (|dakdoriate, as@tioni tiyidrezen <@bonate, tegthyleedne gigouerylahylgrifs, fnd
to any one of clainms 10 to 15, characterised in that the al kylation
reat@ i on OREEEN t he conpound of foinmula (VII) and the conpound of
formula (M 11) or the al kylation reaction between the conpound of
formula (X) and the hydrochl oride of the conpound gf Lo%nula &kllg ist
carri ed189u$ymabesss prenqzseraawd@gtiet%@nll haracterised 1n that the base used 1o carry ou

the alkylation reaction between the compound of formula (VII) and the compound of

formula (VIII) or the alkylation reaction between the compound of formula (X) and the

hydrochloride of the compound of formula (IIT) is triethylamine.

15  14. Synthesis process according to any one of claims 10 to 13, characterised in that the
organic solvent used to carry out the alkylation reaction between the compound of
formula (VII) and the compound of formula (VIII) or the alkylation reaction between the
compound of formula (X) and the hydrochloride of the compound of formula (III) 1s
selected from acetonitrile, acetone, methyl ethyl ketone (MEK), dimethylformamide

20 (DMF), N-methylpyrrolidone (NMP) and dimethyl sulphoxide (DMSO).

15. Synthesis process according to claim 14, characterised in that the organic solvent used to
carry out the alkylation reaction between the compound of formula (VII) and the
compound of formula (VII) or the alkylation reaction between the compound of

formula (X) and the hydrochloride of the compound of formula (I1I) is acetonitrile.



520C and 100C, inclusive. 17. Synthesis process accordin

of claims 10 to 16, characterised in-@ﬁa? t he base used ?otga?Pz 83?
the hydrolysis of the compound of formula (1X) to formthe conmpound
of fornmula (VI) is selected from potassium hydroxide, sodi um
hydroxi de, lithium hydroxide and barium hydroxide. 1018. Synthesis
process according to claim17, characterised in that the base used to
carry out the hydrolysis of the conpound of formula (DC) to formthe

conmpound of formula (VI) is sadi um hyd i . ki

ccor di g SYBEHY Rorte DAt Eas 10 BB Lol A0S, | SR e iR e
or gani ¢ Sl eon UgAEid0 beded Ut cdnyuhitdsfolfrsivka ¢V 11 hendc érppeemmowrd of
formula (I Xy to form15the conpound of formula (VI kf al cohal |
?ﬁlYﬁg{.tZ@nnﬁyﬁﬁﬂ?snéhﬁ@H@@%@ndﬁ%ﬁwaﬂﬁ@N?H*:F&éﬁ?é@ﬁ ﬁﬁg)agggﬁﬁéégthe

e.alco i ol.v \ i {

compound GF R 0 45 bk A vy e o
sel gct ed fHoepua®l bEaRlincheikanol , i sopropanol and butanol . 21.

Synt hesi s process according to claim 20, characteris i
_ : ed in that the
al coholic solvent used 20to carry out the hydrolysis of the conpound

of for nH %g&nﬁ?égls i)?OJeQSr %cﬁﬁlﬁn§m &fcldigsmolta 16VEDarhgerideiamdhat tigbase

Synt hesi's ‘process according to any one of clains 10 2
characterusaﬂuj@th@nth@by&wh&bkﬁéh%C@mpﬂﬁéiﬁéﬁ%@éﬁ&ﬁﬁﬁoéé??ﬁﬁ%fQFﬁfynd

to foumth o] u f f 1) .is. . : Ree
bet ween Oé%af?ﬁrg%%og,g I)iohgc Isarg%%.afr&gS%Ot%%}rL%%trjﬁﬁ, ?(%%‘l@ﬁg;sr%llng 1t(lVI ): 68! ug@m
25.  Conmpouypdridd Qi arit kiydroxide.

10  18. Synthesis process according to claim 17, characterised in that the base used to carry out

the hydrolysis of the compound of formula (IX) to form the compound of formula (VI) is

sodium hydroxide.

19. Synthesis process according to any one of claims 10 to 18, characterised in that the
organic solvent used to carry out the hydrolysis of the compound of formula (IX) to form

15 the compound of formula (VI) is an alcoholic solvent.

20. Synthesis process according to claim 19, characterised in that the alcoholic solvent used
to carry out the hydrolysis of the compound of formula (IX) to form the compound of

formula (VI) is selected from methanol, ethanol, isopropanol and butanol.

21. Synthesis process according to claim 20, characterised in that the alcoholic solvent used
20 to carry out the hydrolysis of the compound of formula (IX) to form the compound of

formula (VI) is ethanol.

22. Synthesis process according to any one of claims 10 to 21, characterised in that the
hydrolysis of the compound of formula (IX) to form the compound of formula (VI) is

carried out at a temperature between 0°C and 110°C, inclusive.



26. 3-r {R7S/ -3, 4-di net hoxybi cycl oL4. 2, 010eta-1 ,3,5-trien-7-yli
et hyl | (met hyDami no] -1- pro panol . %%7 Et hyl N {2 -[ gf‘(?:yylI "
anonet hyl)- 4 ,5 -di net hoxyphenyl]ethyll -13 -al aninate oxal ate
1028. (2-12-[(3-hydroxypropyl)am no ] '
et hyl}-4, 5-di rnet hoxyphenyl )acetonitrile.

23. Compound of formula (VI):

3
\/\/ ( .

OCH;
H;CO

24. Compound of formula (IX):

H;CO N 111\/@/ ot
3
~ TN () |

OCH;s
H;CO

Il
N

5  25. Compound of formula (X):

H3CO N _~_0

X).
H;CO

26. 3-] {[(75’)-3,4-dimeth0xybicyclo[4.2.0]octa-1 3,5-trien-7-ylimethyl} (methyl)amino]-1-

propanol.
27. Ethyl N- {2-[2-(cyanomethyl)-4,5-dimethoxyphenyl] ethyl}-B-alaninate oxalate.

10 28. (2-{2-[(3-hydroxypropyl)amino] ethyl} -45-dimethoxyphenyl)acetonitrile.



