
-1- 

NEW PROCESS FOR THE SYNTHESIS OF IVABRADINE AND ADDITION SALTS THEREOF WITH A 

PHARMACEUTICALLY ACCEPTABLE ACID 

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

OCH3  

(I), 
H3 CO 	 OCH3 

-` N___/ 	N 
/ H3CO 

5 

O 

or 3- {3 - [ { [(7 S)-3 ,4- dimethoxybicyclo [4.2.0] o cta-1,3 ,5-trien-7-yl] methyl} (methypamino] - 

propy1}-7,8-dimethoxy-1 ,3 ,4,5-tetrahydro-2H-3 -benzazepin-2-one, 

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 phamiacological 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 

compound of foiniula (II): 

OCH3  

H 	 01) , 
40 

 

/
N 	 OCH3  

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

-1-  NEW PROCESS FOR THE SYNTHESIS OF IVABRADINE AND ADDITION SALTSTHEREOF WITH A PHARMACEUTICALLY ACCEPTABLE ACID The present inventionrelates to a process for the synthesis of ivabradine of formula (I):or 3- -13-[
IR7S)-3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-yl]methylI
(methypaminolpropyl}-7,8-dimethoxy-1,3,4,5-tetrahydro-2H-3-benzazepin-2-one, 5addition salts thereof with a pharmaceutically acceptableacid, and hydrates thereof Ivabradine, and its addition salts with apharmaceutically acceptable acid, and more especially its
hydrochloride, have very valuable pharmacological and therapeuticproperties, especially bradycardic properties, making those compoundsuseful in the treatment or prevention of various clinical situationsof myocardial ischaemia such as angina pectoris, myocardial infarct10 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 ivabradme and its addition saltswith a pharmaceutically acceptable acid, and more especially itshydrochloride, have been described in the European patent
specification EP 0 534 859. 15That patent specification describes thesynthesis of ivabradine hydrochloride starting from the compound offormula (II):  OCH3 OCH3 
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OCH3 

( 31), 
H N 	 OCH3 

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

H3 CO  
\ 

1 	
(w) 

H3CO 
O 

to yield the compound of formula (V): 

OCH3  

(V), 
H3CO 	

OCH3 
 

N 

 

-/--. N 

H3 co 
5 

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 ivabradine 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): 

which is resolved to yield the compound of formula (III):  -2- II NOCH3 OCH3  which is reacted with the compound of formula (IV): H3C0H3C0   to yield the compound of formula (V):    
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OCH3  

(I),  
OCH3 H3  CO 

N--/-  

H3  CO 
O 

which process is characterised in that the compound of formula (VI): 

H 	 OCH3  
H3  CO 	0 	N.......,"•,,.. 

(V) 
OCH3 

H3  CO 

OHO  

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 (I), which may be converted into addition salts thereof with a 

phamiaceutically 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-ethyl-3-(3-dimethylaminopropyl)carbodiimide 	(EDCI), 	N,N-carbonyldiimidazole 	(CDI), 

1-propanephosphonic acid cyclic anhydride (T3P) and 1-(methylsulphony1)-1H-benzotriazole. 

the catalytic hydrogenation of which yields ivabradine, which is thenconverted into its hydrochloride. The disadvantage of that synthesisroute is that it results in ivabradine in a yield of only I %.     Inview of the pharmaceutical value of this compound, it has beenimportant to be able to 10obtain it by an effective synthesis processresulting in ivabradine in a good yield. The present inventionrelates to a process for the synthesis of ivabradine of formula (I):-3-    which process is characterised in that the compound of formula(VI): is subjected to a lactamisat on reaction, 5in the presence of acoupling agent and a base, in an organic solvent, to yield ivabradineof formula (I), which may be converted into addition salts thereofwith a phamiaceutically acceptable acid selected from hydrochloricacid, hydrobromic acid, sulphuric acid, phosphoric acid, acetic acid,trifluoroacetic acid, lactic acid, pyruvic acid, 10malonic acid,suecinic acid, glutaric acid, furnaric acid, tartaric acid, maleicacid, citric acid, ascorbic acid, oxalic acid, methanesulphonic acid,benzenesulphonic acid and camphoric acid, 
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The coupling agent preferably used for the reaction for lactamisation of the compound of 

formula (VI) is thionyl chloride. 

The amount of thionyl chloride preferably used for carrying out the reaction for lactamisation 

of the compound of formula (VI) is between 1 and 5 equivalents, inclusive. 

5 Among the bases that may be used for carrying out the reaction for lactamisation of the 

compound of formula (VI) there may be mentioned, without implying any limitation, 

triethylamine, diisopropylethylamine and pyridine. 

The base preferably used for carrying out the reaction for lactamisation of the compound of 

formula (VI) is triethylamine. 

10 Among the organic solvents that may be used for carrying out the reaction for lactamisation 

of the compound of formula (VI) there may be mentioned, without implying any limitation, 

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

H3CO 	N H 2  

H3CO 
(VI) , 

I I 

20 
N 

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

and into hydrates thereof. Among the coupling agents that may be usedfor the reaction for lactamisation of the compound of foimula (VT)there may be mentioned, without implying any limitation, the 15following reagents: oxalyl chloride, thionyl chloride,
N,N-dicyclohexylcarbodiimide (DCC),
1-ethy1-3-(3-dirnethylaminoproPyl)carbodiimide (EDCI),
N,N-carbonyldihnidazole (CDT), 1-propanephosphonic acid cyclicanhydride (T3P) and 1-(methylsulphony1)-1H-benzotriazole.  -4- Thecoupling agent preferably used for the reaction for lactamisation ofthe compound of formula (VI) is thionyl chloride. The amount ofthionyl chloride preferably used for carrying out the reaction forlactamisation of the compound of formula (VI) is between 1 and 5equivalents, inclusive. 5 Among the bases that may be used forcarrying out the reaction for lactamisation of the compound offormula (V1) there may he mentioned, without implying any limitation,triethylamine, diisopropylethylamine and pyridine. The basepreferably used for carrying out the reaction for lactamisation ofthe compound of formula (VI) is triethylamine. 10 Among the organicsolvents that may be used for carrying out the reaction forlactamisation of the compound of formula (VI) there may be mentioned,without implying any limitation, dichloromethane, tetrahydrofuran,acetonitrile, acetone and toluene. The organic solvent preferablyused for carrying out the reaction for lactamisation of the compoundof formula (VI) is dichloroinethane. 15The reaction for lactamisationof the compound of formula (VI) is preferably carried out at atemperature between 0C and 40C, inclusive. The present inventionlikewise relates to a process for the synthesis of ivabradinestarting from the compound of foimula (VI), which process ischaracterised in that said compound of formula (VI) is preparedstarting from the compound of formula (VII): 20 kl3CO H3 CO 



-5- 

OCH3 

(VI) , 
N 	 OCH3 

X 

wherein X represents a halogen atom, a mesylate group or a tosylate group, 

in the presence of a base, 

in an organic solvent, 

5 	to yield the compound of fojinula (IX): 

H 	 I 	Nik OCH3 
N, H3 CO 

ill 

	

OCH3 
(IX), 

H3 CO 

I i 
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): 

OCH3 
H3CO  \./.7 

OCH3 
(VI) , 

H3CO 

0 OH 

10 	which is converted into ivabradine of formula (I): 

NH2 (W-0  which is reacted with the compound of formula (VIII):  -5-0C113 (VITO OCH3  wherein X represents a halogen atom, a mesylategroup or a tosylate group, in the presence of a base, in an organicsolvent, 5 to yield the compound of formula (IX): which ishydrolysed, by the action of a base in a mixture of organic solventand water, to form the compound of formula (VI):  
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OCH3 

(I) 

H3 CO OCH3  

N-/ \N 
H3CO 	 / 

O 

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): 

H 
H3CO 	 N........„7...........„, CI 

H3  CO 

I 

(X), 

I 
N 

which is reacted with the hydrochloride of the compound of foi 	nula (III): 

OCH3  

\ ■ 
OCH3  N 

HC1 H 

in the presence of a base, 

10 	in an organic solvent, 

to yield the compound of folinula (IX): 

10which is converted into ivabradine of formula (I):  -6-    inaccordance with the process described hereinbefore.   The presentinvention likewise relates to a process for the synthesis ofivabradine starting from the compound of formula (VI), which processis characterised in that said compound of 5 formula (VI) is preparedstarting from the compound of formula (X): 1-13 CO 113 CO  NCI (X),II which is reacted with the hydrochloride of the compound of formula(III): HC1 H 
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H 	 OCH3  
H3C0 	N 

(IX), 
OCH3  

H3CO 

1 1 
N 

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

the compound of foimula (VI): 

H 	I 	 OCH3 
H3 CO 	 N........7.-.... 

(VI), 
OCH3  

H3  CO 

0 	OH 

5 	which is converted into ivabradine of formula (I): 

OCH3  

H3 CO OCH3 

N --/ 	\N 

H3 co 	 /  
O 

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 (VIII) or the alkylation reaction between the 

10 	compound of formula (X) and the hydrochloride of the compound of formula (III) 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 foimula (VIII) or the alkylation reaction between the 

OCH3 OCH3  in the presence of a base, 10in an organic solvent, toyield the compound of formula (IX):  -7-    which is hydrolysed, bythe action of a base in a mixture of organic solvent and water, toform the compound of formula (VI): 5which is converted intoivabradine of formula (I):    in accordance with the processdescribed hereinbefore. 
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compound of formula (X) and the hydrochloride of the compound of formula (III) is 

triethylamine. 

Among the organic solvents that may be used to carry out the alkylation reaction between the 

compound of formula (VII) and the compound of formula (VIII) or the alkylation reaction 

5 between the compound of formula (X) and the hydrochloride of the compound of 

foimula (III) there may be mentioned, without implying any limitation, acetonitrile, acetone, 

methyl ethyl ketone (MEK), dimethylformamide (DMF), N-methylpyrrolidone (NMP) and 

dimethyl sulphoxide (DMSO). 

The organic solvent preferably used to carry out the alkylation reaction between the 

10 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) is acetonitrile. 

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

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

15 hydrochloride of the compound of formula (III) 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 

foimula (IX) to foiiii 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 foimula (VI) is sodium hydroxide. 

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

formula (IX) to foiiii the compound of formula (VI) is an alcoholic solvent. 

Among the bases that may be used to carry out the alkylation reactionbetween the compound of formula (VII) and the compound of formula(VIII) or the alkylation reaction between the 10 compound of formula(X) and the hydrochloride of the compound of formula (III) there maybe mentioned, without implying any limitation, inorganic bases, suchas potassium carbonate, sodium carbonate, caesium carbonate,potassium hydrogen carbonate and sodium hydrogen carbonate, andorganic bases, such as triethylamine, diisopropylethylamine andpyridine.  -8- compound of formula (X) and the hydrochloride of thecompound of formula (111) is triethylamine. Among the organicsolvents that may be used to carry out the alkylation reactionbetween the compound of formula (VII) and the compound of formula(VIII) or the alkylation reaction 5 between the compound of formula(X) and the hydrochloride of the compound of formula (III) there maybe mentioned, without implying any limitation, acetonitrile, acetone,methyl ethyl ketone (MEK), dimethylformamide (DMF),
N-methylpyrrolidone (NMP) and dimethyl sulphoxide (DMSO). The organicsolvent preferably used to carry out the alkylation reaction betweenthe 10 compound of formula (VII) and the compound of formula (VIII)or the alkylation reaction between the compound of formula (X) andthe hydrochloride of the compound of formula (11I) is acetonitrile.The alkylation reaction between the compound of formula (VII) and thecompound of formula (VIII) or the alkylation reaction between thecompound of formula (X) and the 15hydrochloride of the compound offormula (III) is preferably carried out at a temperature between 20Cand 100C, inclusive. 
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Among the alcoholic solvents 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, methanol, ethanol, isopropanol and butanol. 

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

5 formula (IX) to form the compound of formula (VI) is ethanol. 

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

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

10 The 	compounds 	of 	formulae 	(VI), 	(IX) 	and 	(X) 	and 	also 	3-[ {[(75)-3,4- 

dimethoxybicyclo [4. 2. 0] o cta- 1,3, 5-trien-7-yl] methyl } (methyl) amino] - 1-propanol, ethyl N- {2- 

[2-(cyanomethyl)-4,5-dimethoxyphenyl]ethyl} - (3-alaninate 	oxalate 	and 	(2- {2-[(3- 

hydroxypropyl)amino]ethy11-4,5-dimethoxyphenypacetonitrile are new compounds, for use 

as synthesis intermediates 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: 

DMF: dimethylfoiniamide 

DMSO: dimethyl sulphoxide 

20 NMR: Nuclear Magnetic Resonance 

m.p.: melting point 

THF: 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. 

Among the bases that may be used to carry out the hydrolysis of thecompound of formula (IX) to form the compound of formula (VI) theremay be mentioned, without implying any limitation, potassiumhydroxide, sodium hydroxide, lithium hydroxide and 20 bariumhydroxide. The base preferably used to carry out the hydrolysis ofthe compound of foimla (IX) to form the compound of formula (VI) issodium hydroxide. The organic solvent preferably used to carry outthe hydrolysis of the compound of formula (IX) to form the compoundof formula (VI) is an alcoholic solvent.  -9- Among the alcoholicsolvents that may be used to carry out the hydrolysis of the compoundof formula (IX) to form the compound of formula (VI) there may bementioned, without implying any limitation, methanol, ethanol,isopropanol and butanol.     The alcoholic solvent preferably used tocarry out the hydrolysis of the compound of 5 formula (IX) to formthe compound of formula (VI) is ethanol. The hydrolysis of thecompound of formula (IX) to form the compound of formula (VI) ispreferably carried out at a temperature between 0C and 110C,inclusive. 10 The compounds of formulae (VI), (IX) and (X) and also3-[ {[(78)-3,4- dim ethoxybicyclo [4.2
.0]octa-1,3,5-trien-7-ylfmethyl (methyBaminok 1-propanol, ethyl N-{2- [2-(cyanomethy1)-4,5-dimethoxyphenyllethyl} -13-alaninate oxalateand (2- {2-[(3-
hydroxypropyHamino]ethyll-4,5-dimethoxyphenyBacctonitrile are newcompounds, for use as synthesis intermediates in the chemical orpharmaceutical industry, especially in the 15synthesis of ivabradine,addition salts thereof with a pharmaceutically acceptable acid andhydrates thereof, and as such form an integral part of the presentinvention. List of abbreviations used: DMF: dimethylformamide DMSO:dimethyl sulphoxide 
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PREPARATION A: 

N-12-(3,4-dimethoxypheny1)e 	y11-2,2,2-trifluoroacetamide 

To a solution of 2-(3,4-dimethoxyphenyl)ethanamine (50 g, 276 mmoles) in 350 mL of ethyl 

acetate stirred at ambient temperature there is added, dropwise, a solution of trifluoroacetic 

5 anhydride (46.1 mL, 330 mmoles) in 40 mL of ethyl acetate. After being in contact for 1 hour 

at ambient temperature, the mixture is hydrolysed using 100 mL of water. The organic phase 

is washed with a mixture of water/triethylamine (100 mL/38.5 mL), and 100 mL of saturated 

aqueous NaC1 solution and is then dried over MgSO4  and subjected to drying to obtain 65.8 g 

of a beige solid corresponding to the title compound. 

10 Yield: 86 % 

m.p.: 93°C 

1H NMR (CDC13, 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). 

13C NMR (CDC13, 100MHz): 34.4 ppm (CH2) — 41.3 ppm (CH2) — 55.8 ppm (2CH3) — 

15 111.6 ppm and 111.8 ppm (2CH) — 115.8 ppm (CF3, q, ii-(19F)3u)  ,-,= 288Hz) — 120.7 ppm 

(1CH) — 130.0 ppm, 147.9 ppm and 149.1 ppm (3 Cq) — 157.5 ppm (C=O, 2J(19F-13C)=37Hz). 

PREPARATION B: 

N-12-[2-(chloromethyD-4,5-dimethoxyphenyl]ethyl}-2,2,2-trifittoroacetamide 

In 	a three-necked 	flask, 	mix N42-(3,4-dimethoxyphenypethy1]-2,2,2-trifluoroacetamide 

20 (35 g, 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. 

20 NMR: Nuclear Magnetic Resonance m.p.: melting point TI-IF: tetrahydrofuran The NMR spectra are recorded on a Bruker apparatus at 400MHz for the proton spectra and at 100 MHz for the carbon spectra. 25The 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 illustratethe invention.  -10- PREPARATION A:
N42-(3,4-dimethoxypheny1)ethyB-2,2,2-trifluor0aceta111ide To asolution of 2-(3,4-dimethoxypheny1)ethanamine (50 g, 276 mmoles) in350 mL of ethyl acetate stirred at ambient temperature there isadded, dropvvise, a solution of trifluoroacetic 5 anhydride (46.1 mL,130 mmoles) in 40 mL of ethyl acetate. After being in contact for 1hour at ambient temperature, the mixture is hydrolysed using 100 mLof water. The organic phase is washed with a mixture of
water/triethylamine (100 mL/38.5 mL), and 100 mL of saturated aqueousNaCI solution and is then dried over MgSO4 and subjected to drying toobtain 65.8 g of a beige solid corresponding to the title compound.10 Yield: 86% m.p.: 93C )H NMR (CDC13, 400MHz): 2.86 ppm (2H, t) -3.62 ppm (2H, q) - 189 ppm (6H, s) - 6.52 ppm (NH) -6.71 ppm and 6.84ppm (3H, m).       I3C NMR (CDC13, 100.MHz): 34.4 ppm (CH2) - 41.3ppm (CH2) - 55.8 ppm (2CH3) - 15111.6 ppm and 111.8 ppm (2CH) - 115.8ppm (CFI, q, 1419F-13C)=288Hz) - 120.7 ppm (1CH) - 130.0 ppm, 147.9ppm and 149.1 ppm (3 Cq) -- 157.5 ppm (C=0, 2J(9F-I3C)=37Hz).PREPARATION B: N-{2-[2-(chloromethyl)-4,5-dimetho
henyljethyl)-2,2,2-tritluoroacetamide 
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Yield: 77 % 

m.p.: 140°C 

111 NMR (CDC13, 400MHz): 2.89 ppm (2H, t) - 3.58 ppm (2H, q) - 3.79 ppm (3H, s) - 

3.81 ppm (3H,$) - 4.54 ppm (2H, s) - 6.45 ppm (NH) - 6.60 ppm (1H, s) - 6.77 ppm (1H, s). 

5 13C NMR (CDC13, 100MHz): 31.0 ppm (CH2) - 40.8 ppm (CH2) - 44.4 ppm (CH2) - 

55.9 ppm (CH3) - 56.0 ppm (CH3) - 112.7 ppm (CH) - 113.6 ppm (CH) - 115.8 ppm (CF3, q, 

1.419F-13C)=288Hz) - 127.7 ppm, 129.1 ppm, 148.0 ppm and 150.0 ppm (4 Cq) - 157.6 ppm 

(C=O, 2J(19F-13C)=37Hz). 

PREPARATION C: 

10 N-{2[2-(cyanomethyl)-4,5-dimethoxyphenyllethyll-2,2,2-trifluoroacetamilde 

In a three-necked flask stir, at ambient temperature, a suspension of sodium cyanide (9.8 g, 

200 mmoles) in 160 mL of DMSO. Add to the suspension, dropwise, a solution of N- {242- 

(chloromethyl)-4,5-dimethoxyphenyliethyll -2,2,2-trifluoroacetamide (26 g, 798 mmoles) in 

15 

80 mL of DMSO. After being in contact for 1 hour 30 minutes at ambient temperature, 

hydrolyse the mixture using 300 mL of water and extract the mixture with dichloromethane 

(3 x 150 mL). Combine the organic phases and wash them with 10 % aqueous solution of 

NaOAc (150 mL) and saturated aqueous NaC1 solution (4 x 150 mL), then dry them over 

MgSO4  and carry out drying in vacuo. The product obtained is recrystallised from toluene 

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

20 Yield: 51 % 

m.p.: 131°C 

111 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, s) - 6.95 ppm (1H, s) - 9.52 ppm (NH, t). 

13C NMR (DMSO, 100MHz): 19.8 ppm (CH2) - 31.0 ppm (CH2) - 39.6 ppm (CH2) - 55.4 ppm 

25 (CH3) - 55.5 ppm (CH3) - 113.1 ppm (CH) - 113.7 ppm (CH) - 115.9 ppm (CF3, q, 1419F- 

13C)=288Hz) - 119.3 ppm, 121.2 ppm, 129.0 ppm, 147.5 ppm and 148.2 ppm (5 Cq) - 

156.2 ppm (C=O, 2.419F-13C)=36Hz). 

In a three-necked flask, mix
7V42-(3,4-dimethoxyphenypethy1]-2,2,2-trifluoroacetamide 20 (35 g,126 mmoles) and 37 % aqueous formaldehyde (776 mL, 1 014 mole) in 120mL of dichloromethane at 0C. To the resulting two-phase mixtureslowly add, at 0C, 345 mL of 37 % aqueous hydrochloric acid solutionand heat at 40C. After being in contact for 3 hours, hydrolyse themixture using 250 mL of water and wash the aqueous phase withdichloromethane (2 x 100 mL). Combine the organic phases, dry themover MgSO4 and carry 25out drying in vaeuo to obtain a beige meringue(38.2 g). The product obtained is recrystallised from toluene toobtain 31.5 g of a white powder corresponding to the title compound.Yield: 77 % m.p.: 140C 'H NAIR (CDC73, 400MHz): 2.89 ppm (2H, t) -3.58 ppm (211, q) - 3.79 ppm (3H, s) - 3.81 ppm (3H,$) -4.54 ppm (2H,s) -6.45 ppm (NH) -6.60 ppm (111, s) -6.77 ppm (1H, s). 5 13C NMR(CDCA, 100MHz): 31.0 ppm (CH2) - 40.8 ppm (C1I2) - 44.4 pPm (CI-12)55.9 ppm (CH3) - 56.0 ppm (CH3) - 112.7 ppm (CH) -113.6 ppm (CH) -115.8 ppm (CF3, q, 14(9F-13C)=288Hz) - 127.7 ppm, 129.1 ppm, 148.0ppm and 150.0 ppm (4 Cq) - 157.6 ppm (C=0, 2419F-13C)=37Hz).PREPARATION C: 10
N-(212-(cyanomethyl)-4,5-dimethoxyphenyllethylf-2,2,2-trifluoroacetatnide In a three-necked flask stir, at ambient temperature, asuspension of sodium cyanide (9.8 g, 200 mmoles) in 160 mL of DMSO.Add to the suspension, dropwisc, a solution of N-12-12-
(chloromethy0-4,5-dimethoxyphenyl]ethy11-2,2,2-trifluoroacetamide (26g, 798 mmoles) in 80 mL of DMSO. After being in contact for 1 hour 30minutes at ambient temperature, 15 hydrolyse the mixture using 300 mLof water and extract the mixture with dichloromethane (3 x 150 mL).Combine the organic phases and wash them with 10 % aqueous solutionof Na0Ac (150 mL) and saturated aqueous NaC1 solution (4 x 150 mL),then dry them over IVIgSO4 and can-y out drying in vactio. Theproduct obtained is recrystallised from toluene (66 mL) to obtain12.8 g of a white powder corresponding to the title compound. 20Yield: 51 % m.p.: 131C 111 NMR (DMSO, 400MHz): 2.78 ppm (2H, t) -3.38 ppm (211, q) - 3.73 ppm (6H, s) - 3.91 ppm (2H, s) -6.80 ppm(111, s) - 6.95 ppm (1H, s) -9.52 ppm (NH, t).        I3C NMR (DMSO,100MHz): 19.8 ppm (CH2) -31.0 ppm (CH2) - 39.6 ppm (CH2) - 55.4 PPm25(C113) -55.5 ppm (CH3) - 113.1 ppm (CH) - 113.7 ppm (CH) - 115.9ppm (CF3, q, 1.419F- 13C)=288Hz) - 119.3 ppm, 121.2 ppm, 129.0 ppm,147.5 ppm and 148.2 ppm (5 Cq) - 
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PREPARATION D: 

(2-(2-aminoethy1)-4,5-dimethoryphenyll aeetonitrile 

5 

Heat, 	at 	50°C, 	a mixture of N-{242-(cyanomethyl)-4,5-dimethoxyphenyl]ethyl} -2,2,2- 

trifluoroacetamide (20.5 g, 64.8 mmoles), ethanol (160 mL), potassium carbonate (13.2 g, 

97.2 mmoles) and water (40 mL). After being in contact for 1 hour 30 minutes, extract the 

mixture by adding 200 mL of dichloromethane and 100 mL of saturated aqueous NaC1 

solution. Extract the aqueous phase with 100 mL of dichloromethane. Combine the organic 

phases, wash them with saturated aqueous NaC1 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 

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

(NH2+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) 

' 3C NMR (DMSO, 100MHz): 20.0 ppm (CH2) — 35.9 ppm (CH2) — 42.9 ppm (CH2) — 

55.5 ppm (CH3) — 55.6 ppm (CH3) - 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-climethoxybicyclo[4.2.0]octa-1,3,5-trien-7-y1l methyl} (methyl)aminej-1 

propanot 

Heat, 	at 	50°C, 	a 	mixture 	of 	R7S)-3,4-dimethoxybicyclo[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-l-propanol (14.8 g, 107 mmoles) in 100 mL of THE with 5 % DMF. After being 

25 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 NaC1 solution (5 x 

156.2 ppm (C=0, 2J(9F-13C)=36Hz).  -12- PREPARATION D:[2-(2-aminoethyl)4,5-dimethoxyphenyllacetonitrile Heat, at 50C, amixture of N-1242-(cyanomethyl)-4,5-dimethoxyphenyllethy11-2,2,2-tritluoroacetamide (20.5 g, 64 8 mmoles), ethanol (160 mL), potassiumcarbonate (13.2 g, 5 97.2 mmoles) and water (40 mL) After being incontact for 1 hour 30 minutes, extract the mixture by adding 200 mLof dichloromethane and 100 mL of saturated aqueous NaC1 solution.Extract the aqueous phase with 100 mL of dichloromethane. Combine theorganic phases, wash them with saturated aqueous NaC1 solution (100mL), dry them over MgSat and carry out drying in vacuo to obtain 10 gof a yellow oil corresponding to the title 10 compound. Yield: 70 %m.p.: 78C 111 NMR (DMSO, 400MHz): 2.61 ppm (2H, m) - 2.72 ppm (2H, m)- 3.40 to 3.00 (NH2+HDO) -3.72 ppm (3H, s) -3.73 ppm (3H, s) -3.90ppm (2H, s) -6.81 ppm (IH, s) - 156.92 ppm (1H, s) 13C NMI? (DMSO,100MHz): 20.0 ppm (CH2) - 35.9 ppm (CH2) - 42.9 ppm (CH2) - 55.5 ppm(CH3) - 55.6 ppm (CH3) - 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: 
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60 mL), dry it over MgSO4  and carry out drying to obtain 23.7 g of a yellow oil 

corresponding to the title compound. 

Yield: 96 % 

IH NMR (CDC13, 400MHz): 1.66 ppm (2H, m) — 2.31 ppm (3H, s) — 2.50 to 2.70 ppm (5H, m) 

5 — 3.21 ppm (1H, dd) — 3.54 ppm (1H, m) — 3.77 ppm (6H, s and 2H, m) — 6.62 ppm (1H, s) — 

6.69 ppm (1H, s). 
13C NMR (CDC13, 100MHz): 27.7 ppm (CH2) — 34.8 ppm (CH2) — 40.4 ppm (CH) — 42.3 ppm 

(CH3) — 56.2 ppm (CH3) — 56.3 ppm (CH3) — 59.1 ppm (CH2) — 62.8 ppm (CH2) — 64.9 ppm 

(CH2) — 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 F: 

3-ehloro-N-{[(75)-3,4-d1 1e 	oxybieyele[4.2.01oeta-1,3,5-trien-7-ylimethyl)--N-methyl-1-

propanamine 

To a mixture of 3-[ { R7S)-3,4-dimethoxybicyclo [4. 2.0] o cta-1,3,5-trien-7-ylimethyll (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 1N 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 Na2CO3  solution (100 mL), dry them 

over MgSO4  and carry out drying in vacuo to obtain 19.8 g of a brown oil corresponding to 

the title compound. 

Yield: 89 % 

111 NMR (CDC13, 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). 

20 31{R7S)-3,4-dimethoxybicyclo[4.2.01octa-1,3
5-trien-7-ylimethyllimethyDamino1-1- propanol Heat, at 50C, a mixtureof [(7,5)-3,4-dimethoxybicyc1o[4.2.0]octa4,3,5-trien-7-y11-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 25 in contact for 24
hours, hydrolyse the mixture using 80 mL of water and extract with 80mL of dichloromethane. Wash the organic phase with saturated aqueousNan solution (5 x  -13- 60 mL), dry it over MgSO4 and carry out
drying to obtain 23.7 g of a yellow oil corresponding to the titlecompound. Yield: 96%     I H NIVIR (CDCli, 400MHz): 1.66 ppm (211, m)-2.31 ppm (3H, s) -2.50 to 2.70 ppm (5H, m) 5 - 3.21 ppm (1H, dd) -3.54 ppm (1H, m) -3.77 ppm (61-1, s and 2H, m) -6.62 ppm (1H, s) -6.69 ppm (1H, s). 13C ATM1? (CDC13, 100MHz): 27.7 ppm (CH2) - 34.8ppm (CH2) -40.4 ppm (CH) -42.3 ppm (CH3) -56.2 ppm (CH3) -56.3 ppm(CH3) -- 59.1 pPm (CH)) -62.8 ppm (CH2) -64.9 PP))) (CH2) - 106.7 ppm(CH) - 107.4 ppm (CH) - 134.8 ppm, 138.5 ppm, 140.4 ppm, and 10149.9ppm (4 Cq). PREPARATION F:
3-ehloro-N-W7S)-3,4-dimethoxybleyelo[4.2.01octa-1,.3,5-trien-7-yli meyL -N-methyl-Ipropanarnine 
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13C NMR (CDC13 , 100MHz): 30.2 ppm (CH2) - 35.0 ppm  (CH2) - 40.6 ppm (CH) - 42.6 ppm 

(CH3) - 43.1 ppm (CH2) - 54.8 ppm (CH2) - 56.2 ppm (CH3) - 56.3 (CH3) - 62.0 ppm (CH2) 

- 106.8 ppm (CH) - 107.4 ppm (CH) - 135.0 ppm, 135.0 ppm, 149.3 ppm and 149.9 ppm 

(4 Cq). 

5 PREPARATION G: 

3-ehlora-N-WIS)-3,4-climethoxybieyelo[4.2.01oeta-1,3,5-trien-7-yll methyli-N-methyl- I-

propanamine oxalate 

To a solution of 3-chloro-N- {[(75)-3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-ylimethy1{- 

N-methyl-1-propanamine (19.8 g, 69.8 mmoles) in 60 mL of ethyl acetate heated at reflux 

10 there is added a solution of oxalic acid (6.91 g, 76.7 mmoles) in 60 mL of ethanol. 

Precipitation from the mixture occurs during contact at reflux. After returning to ambient 

temperature, the mixture is filtered and washed with 20 mL of ethanol to obtain 17.35 g of a 

brown powder corresponding to the title compound. 

Yield: 67 % 

15 m.p.: 154°C 

1H 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). 

13C NMR (DMSO, 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 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-12-[2-(eyanomethyl)-4,5-'dimethoxyphenyl]ethyl}-0-alaninate oxalate 

25 A mixture of [2-(2-aminoethyl)-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 

To a mixture of 3-f
{[(75)-3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-ylimethyll(methyl)- 15 amino]-1-propanol (20.8 g, 78.4 rrnnoles) and triethylamine(11 mL, 78.9 mmoles) in 200 mL of dichloromethane add, at ambienttemperature, 8.65 mL of thionyl chloride (157 mmoles). After being incontact for 3 hours at 40C, hydrolyse the mixture using 150 mL ofwater and 30 mL of aqueous 1N NaOH solution. Adjust the pH of theaqueous phase to 10 using aqueous lON NaOH solution and extract with50 mL of diehloromethane. Combine the 20 organic phases and wash themwith saturated aqueous Na2CO3 solution (100 mL), dry them over Mg804and carry out drying in vacuo to obtain 19.8 g of a brown oilcorresponding to the title compound Yield: 89 %     11-1 NMR (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, m) -3.56 ppm(2H, t) - 3.78 ppm (OH, s) -6.62 ppm (1H, s) -6.66 ppm (1H, s).  -14-'3C NMR (CDC13, 10041Hz): 30.2 ppm (CH2) - 35.0 ppm (CH2) -40.6 ppm(CH) -42.6 PP1-11 (C1-13) -43.1 ppm (CH2) -54.8 ppm (CH2) - 56.2 ppm(CH3) -56.3 (0-13) -62.0 PPm (CH2) - 106.8 ppm (CH) - 107.4 ppm (CH)- 135.0 ppm, 135.0 ppm, 149.3 ppm and 149.9 ppm (4 Cq). 5 PREPARATIONG:
3-ehloro-N-t[(73)-3,4-climethoxybleyelo[4.2401oeta-1,3,5-trien-7-ylimethyl}-N-methyl-lpropanamine oxalate To a solution of 3-chloro-N-([(75)-3,4-dimethoxybicyc1o[4.2.0]octa-1,3,5-trien-7-yl]methyll-N-methyl-1-propanamine (19.8 g, 69.8 mmoles) in 60 mL of ethylacetate heated at reflux 10 there is added a solution of oxalic acid(6.91 g, 76.7 mmoles) in 60 mL of ethanol. Precipitation from themixture occurs during contact at reflux. After returning to ambienttemperature, the mixture is filtered and washed with 20 mL of ethanolto obtain 17.35 g of a brown powder corresponding to the titlecompound.      Yield: 67 % 15m.p.: 154C 
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ambient temperature. The reaction mixture is subjected to drying in vacuo; then the crude 

reaction mixture is taken up in a mixture of ethyl acetate (133 mL) and ethanol (13 mL) and is 

heated at reflux in the presence of oxalic acid (2.52 g, 28 mmol, 0.95 eq.). Precipitation from 

the mixture occurs during contact at reflux. After returning to ambient temperature, the 

5 mixture is filtered and washed with 19 ml of ethyl acetate to obtain a white powder (9 g) 

corresponding to the title compound. 

Yield: 74 % 

m.p.: 218°C 

'H NMR (CDC13, 400MHz): 1.19 ppm (3H, t) - 2.74 ppm (2H, t) - 2.88 ppm (2H, m) - 

10 3.06 ppm (2H, m) - 3.17 ppm (2H, t) - 3.74 ppm (3H, s) - 3.75 ppm (3H, s) - 3.93 ppm (2H, 

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

13C NMR (CDC13, 100MHz): 14.00 ppm (CH3) - 19.86 ppm (CH2) - 28.28 ppm (CH2) - 

30.39 ppm (CH2) - 42.25 ppm (CH2) - 47.19 ppm (CH2) - 55.60 ppm (CH3) - 55.62 ppm 

(CH3) - 60.53 ppm (CH2) - 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). 

PREPARATION I: 

(2-{2-[(3-hydroxypropyl)amino]ethyi)-4,5-dimethoxypheny1)acetonitrile 

To a suspension of 10.8 g of NaBH4  (284 mmol, 11 eq.) in 110 mL of THE there is added, at 

20 several 	points 	over 	a 	period 	of 	time, 	ethyl 	N- {242-(cyanomethyl)-4,5- 

dimethoxyphenyl]ethyll-p-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 

25 200 mL 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 

111 AMR (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) -6.86ppm (1H, s) -9.21 ppm (20H). NMR (DMSO, 100MHz): 26.8 ppm (CH2) -35.0ppm (CH2) -37.5 ppm (CH) -40.1 ppm 20 (CH2) -42.6 ppm (CH2) - 53.1ppm (CH2) - 55.8 ppm (CH3) - 55.9 ppm (CH3) - 58.6 ppm (CH2) - 107.6ppm (CH) - 108.0 ppm (CH) - 134.2 ppm, 135.7 ppm, 149.3 ppm and 150.2ppm (4 Cq) - 164.4 ppm (C=0). PREPARATION  Ethyl
N42-12-(eyanomethyl)4,5-dimeth0xyphenyl1ethy1}41-alaninate oxalate-15- ambient temperature. The reaction mixture is subjected to dryingin vacuo; then the crude reaction mixture is taken up in a mixture ofethyl acetate (133 mL) and ethanol (13 mL) and is heated at reflux inthe presence of oxalic acid (2.52 g, 28 mmol, 0.95 eq.).
Precipitation from the mixture occurs during contact at reflux. Afterreturning to ambient temperature, the 5mixture is filtered and washedwith 19 ml of ethyl acetate to obtain a white powder (9 g)
corresponding to the title compound. Yield: 74 % m.p.: 218C       NMR(CDC13, 400MHz): 1.19 ppm (3H, t) - 2.74 ppm (2H, t) - 2.88 ppm (2H,m) - 10 3.06 ppm (2H, m) -3.17 ppm (2H, t) -3.74 ppm (3H, s) -3.75ppm (3H, s) -3.93 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) -47.19 ppm (CH2) - 55.60 ppni (CH3) - 55.62 PPnl (CT-14) -60.53 ppm (CH2) - 113.13 ppm (CH) - 113.74 ppm (CH) - 119.36 ppm (Cq)- 
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75 mL of saturated aqueous NaC1 solution and then dried over MgSO4. After carrying out 

drying in vacuo, there are obtained 6.15 g of a colourless oil corresponding to the title 

compound. 

5 Yield: 85 % 

IH NMR (CDC13, 400MHz): 1.54 ppm (2H, quintuplet) - 2.59 ppm (2H, t) - 2.66 ppm (4H, 

m) - 3.44 ppm (2H, t) - 3.72 ppm (3H, s) - 3.73 ppm (3H, s) - 3.88 ppm (2H, s) - 6.82 ppm 

(1H, s) - 6.91 ppm (1H, s). 

10 13C NMR (CDC13, 100MHz): 19.96 ppm (CH2) - 32.44 ppm (CH2) - 32.69 ppm (CH2) - 

46.73 ppm (CH2) - 50.58 ppm (CH2) - 55.51 ppm (CH3) - 55.59 ppm (CH3) - 59.62 ppm 

(CH2) - 112.98 ppm (CH) - 113.65 ppm (CH) - 119.54 ppm (Cq) - 120.92 ppm (Cq) - 

131.27 ppm (Cq) - 147.03 ppm (Cq) - 148.23 ppm (Cq). 

PREPARATION J: 

15 (2-{2-[(3-chloropropyl)ainoje 	yl}-4,5-d methoz phenyl)acetonittile 

To 	a 	mixture 	of 2- { 2- [(3 -hydroxypropyl)amino] ethyl} -4,5-dimethoxyphenyl) acetonitril e 

(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 j.il, of thionyl chloride 

20 

(12.2 mmol, 2 eq.) and 1 mL of dichloromethane. The mixture is heated for 2 hours at 40°C, 

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 NaC1 solution 

25 and then dried over MgSO4. After carrying out drying in vacuo, 1.5 g of a brown oil 

corresponding to the title compound are obtained. 

Yield: 83 % 

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). PREPARATION I:(2-{2-10-hydroxypropyl)aminojethyl}-4,,541imethoxyphenypacetonitrileTo a suspension of 10.8 g of NaBH4 (284 mmol, 11 eq.) in 110 mL ofTHF there is added, at 20 several points over a period of time, ethylN-12-[2-(cyanomethy1)-4,5- dimethoxyphenyllethyll - -alaninateoxalate (10.6 g, 25.9 mmol). Stirring is carried out for 30 minutesat ambient temperature, and then 23.1 ml of methanol (570 mmol, 22eq.) are poured in dropwise. The mixture is heated for 16 hours at60C, and is then hydrolysed using 100 mL of 5N hydrochloric acid.There are then added 100 mL of dichloromethane and 25 200 mL ofdemineralised water. After separation of the phases, 50 ml of lONsodium hydroxide solution are added (pH > 10) to the aqueous phaseand extraction is carried out using 3 x 70 mL of dichloromethane. Theorganic phases are combined and washed with 2 x  -16- 75 mL ofsaturated aqueous NaC1 solution and then dried over MgSO4. Aftercarrying out drying in vctcuo, there are obtained 6.15 g of acolourless oil corresponding to the title compound. 5 Yield: 85 %NMR (CDC13, 400MHz): 1.54 ppm (2H, quintuplet) - 2.59 ppm (2H, t) -2.66 ppm (4H, m) -3.44 ppm (2H, t) - 3.72 ppm (3H, s) -3.73 ppm (311,s) -3.88 ppm (2H, s) -6.82 ppm (1H, s) -6.91 ppm (1H, s). 10 13CATIVIR (CDC13, 100MHz): 19.96 ppm (CH2) - 32.44 ppm (CH2) - 32.69 ppm(CH2) - 46.73 ppm (CH2) - 50.58 ppm (CH2) - 55.51 ppm (CI-13) - 55.59ppm (CH3) - 59.62 PPm (CH2) - 112.98 ppm (CH) - 113.65 ppm (CH) -119.54 ppm (Cq) - 120.92 ppm (Cq) - 131.27 ppm (Cq) -147.03 ppm (Cq)-148.23 ppm (Cq). PREPARATION J:
15(2-{24(3-ch1oropropyl)araino1ethy1}-4,5-ditneth0xyPhenyl)acet0nitn1le To a mixture of 2- {2-1(3-hydroxypropy1)amino]ethyll
-4,5-dimethoxypheny1)acetonitrile (1.7 g, 6.1 mmol) and triethylamine(2.5 ml, 18.3 mmol, 3 eq.) in 16 mL of dichloromethane there isadded, by pouring dropwise, a solution composed of 885 IA of thionylchloride (12.2 mmol, 2 eq.) and 1 mL of dichloromethane. The mixtureis heated for 2 hours at 40C, 
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111 NMR (CDC13, 400MHz): 1.91 ppm (2H, quintuplet) — 2.75 ppm (2H, m) — 2.77 ppm (2H, 

m) — 2.83 ppm (2H, m) — 3.59 ppm (2H, t) — 3.71 ppm (2H, s) — 3.86 ppm (3H,$) — 3.87 ppm 

(3H, s) - 6.71 ppm (1H, s) — 6.84 ppm (1H, s). 
13C NMR (CDC13, 100MHz): 21.11 ppm (CH2) — 32.73 ppm (CH2) — 33.16 ppm (CH2) — 

5 43.04 ppm (CH2) — 46.88 ppm (CH2) — 50.45 ppm (CH2) — 56.03 ppm (CH3) - 56.08 ppm 

(CH3) — 112.17 ppm (CH) —113.08 ppm (CH) - 118.20 ppm (CH) — 120.02 ppm (Cq) — 

130.19 ppm (Cq) —147.72 ppm (Cq) — 148.74 ppm (Cq). 

EXAMPLE 1: 

{2-12-({34{[(7S)-3,4-dintethoxybicyclo[4.2.0joeta-1,3,5-trien-7- 	] 	ethylKinethy1)- 

10 aminolpropylIamino)ethy11-4,5-dimethoxyphenyllacetonitrile 

First variant 

A mixture of 3 -chloro-N- { [(75)-3 ,4-dimethoxybicyclo [4.2.0] octa-1,3 ,5-trien-7-yl]methyll -N-

methyl-1 -propanamine oxalate (15 g, 40.1 mmoles) and 85 mL of aqueous 1N NaOH solution 

in 150 mL of dichloromethane is stirred for 1 hour at ambient temperature. The mixture is 

15 separated, and the organic phase is dried over MgSO4  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] o cta-1 ,3 ,5-tri en-7-ylimethyll-N-methy1-1 -prop anamine. 

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 NaHCO3  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 and then, once it has returned to ambient temperature, is
hydrolysed using 15 mL of demineralised water. After stirring
overnight at ambient temperature, 3 inL 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 isextracted with 20 ml of dichloromethane. The organic phases arc
combined and washed with 25 mL of saturated aqueous NaC1 solution25and then dried over MgSO4. After carrying out drying in vacuo, 1.5g of a brown oil corresponding to the title compound are obtained.Yield: 83 %  -17-  'H NAIR (CDC13, 400MHz): 1.91 ppm (2H, quintuplet)-2.75 ppm (2H, m) -2.77 ppm (2H, m) -2.83 ppm (2H, m) -3.59 ppm (2H,t) -3.71 ppm (2H, s) - 3.86 ppm (3H,$) -3.87 ppm (3H, s) -6.71 ppm(1H, s) -6.84 ppm (1H, s). 13C NUR (CDC137 100PIHz): 21.11 ppm (CH2)- 32.73 ppm (CH2) - 33.16 ppm (CH2) - 5 43.04 ppm (CH2) - 46.88 ppm(CH2) - 50.45 ppm (CH2) - 56.03 ppm (CH3) - 56.08 ppm (CH3) - 112.17ppm (CH) -113.08 ppm (CH) - 118.20 ppm (CH) - 120.02 ppm (Cq) -
130.19 ppm (Cq) -147.72 ppm (Cq) - 148.74 ppm (Cq). EXAMPLE 1:
(2-I2-({31{1(75)-3,4-dimethoxybicyc1o[4.2.0Jocta-1,3,5-trien-7-yl1methyl)(methyl)-
10aminolpropy1}kunino)ethy1l-4,5-dimeth0xyphenyl}acet0nitrile Firstvariant  A mixture of 3-chloro-N-
{[(75)-3,4-dimethoxybicyc1o[4.2.0]octa-1,3,5-trien-7-yl]methyll -N-methyl-1 -propanamine oxalate (15 g, 40.1 mmoles) and 85 inL of
aqueous IN Na01-I solution in 150 mL of diehloromethane is stirredfor 1 hour at ambient temperature. The mixture is 15 separated, andthe organic phase is dried over MgSO4 and subjected to drying invacuo to obtain 11.3 g of an orange oil corresponding to 3-chloro-N-{[(7S)-3,4-dimethoxybicyclo[4.2.0] octa-1,3,5-trien-7-y1lmethyl
-N-methyl-l-propanamine. The product obtained above is stirred atambient temperature in the presence of potassium iodide (1.46 g, 8.78mmoles) in 200 mL of acetonitrile. To the resulting mixture there are
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Second variant 

A 	mixture 	of 	(2- {2-[(3 -chloropropyl) amino] ethyl} -4,5-dimethoxyphenyl)acetonitril e 

5 

(870 mg, 	2.93 	mmol), 	1-[(75)-3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-yli-N-methyl- 

methanamine hydrochloride (714 mg, 2.93 mmol) and triethylamine (1.25 ml, 8.97 mmol, 

3 eq.) in 10 mL of acetonitrile is heated at reflux for 6 hours. After returning to ambient 

temperature, the mixture is filtered in vacuo. The filtrate is dried over MgSO4  and subjected 

to drying in vacuo to obtain a brown meringue (0.9 g, 66 %) corresponding to the title 

compound. 

Yield: 66 % 

10 I  H NMR (CDC13, 400MHz): 2.10 ppm (12H, s) - 2.45 ppm (2H, m) - 2.84 to 2.94 ppm (2H, 

m) - 3.10 to 3.60 ppm (10H, m) 3.80 ppm (6H, m) - 4.36 ppm (NH, s) - 6.56 ppm (1H, s) - 

6.69 ppm (1H, s) - 6.78 ppm (1H, s) - 6.83 ppm (1H, s). 
13C NMR (CDC13, 100MHz): 21.3 ppm (CH2) - 21.8 ppm (CH2) - 29.0 ppm (CH2) - 

36.2 ppm (CH2) - 37.5 ppm (CH) - 40.7 ppm (CH3) - 45.6 ppm (CH2) - 48.6 ppm  (CH2)  - 

15 55.1 ppm (CH2) - 56.1 ppm (CH3) - 56.2 ppm (CH3) - 56.4 ppm (CH3) - 56.6 ppm (CH3) - 

60.1 ppm (CH2) - 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 12424{3- R R7S)-3,4-dimethoxybicyclo [4.2.01ocia-1,3,5-trien-7-yll methyl} (metity1) 

azninolpropyl}ainino)ethyll-4,5-dimethoxyphenyijacetic 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 

25 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 

20 added, in succession, triethylamine (5.6 mL, 40.2 mmoles) and then[2-(2-aminoethyl)-4,5- dimethox)Thenyllacetonitrile (8.82 g, 40.1mmoles) dissolved in 50 mL of acetonitrile. After being in contactfor 24 hours at 60C, 150 mL of water are added and the mixture isextracted by adding dichloromethane (150 mL). The organic phase iswashed with 185 mL of water and 15 mL of 37 % aqueous hydrochloricacid solution. The aqueous phase is collected, 185 mL 25 of saturatedaqueous NaHCO3 solution are added and the resulting phase isextracted with 150 mL of dichloromethane. The organic phase is driedover MgSO4 and subjected to drying to obtain 14.1 g of an orange oilcorresponding to the title compound. Yield: 75 %  -18- Second variantA mixtureof (2- {2-[(3 -ehloropropyl) amino] ethyl I
-4,5-dimethoxyphenyHacet0nitrile (870 mg, 2.93 mmol),1-[(7S)-3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-y11-N-methyl-methanamine hydrochloride (714 mg, 2.93 mmol) and triethylamine (1.25ml, 8.97 mmol, 5 3 eq.) in 10 mL of acetonitrile is heated at refluxfor 6 hours. After returning to ambient temperature, the mixture isfiltered in vacuo. The filtrate is dried over MgSO4 and subjected todrying in vacuo to obtain a brown meringue (0.9 g, 66 %)corresponding to the title compound. Yield: 66 % 10 NMR (CDC13,400MHz): 2.10 ppm (I2H, s) -2.45 ppm (2H, m) -2.84 to 2.94 ppm (2H,m) -3.10 to 3.60 ppm (10H, m) 3.80 ppm (6H, m) -4.36 ppm (NH, s)-6.56 ppm (1H, s) - 6.69 ppm (1H, s) -6.78 ppm (1H, s) -6.83 ppm(11-1, s). 13C NMR (CDC13, 100MHz): 21.3 ppm (CH2) - 21.8 ppm (CH2) -29.0 ppm (C1-12) 36.2 ppm (CH2) - 37.5 ppm (CH) 40.7 ppm (CH3) - 45.6ppm (CH2) - 48.6 ppm (CH2) -- 15 55.1 ppm (CH2) - 56.1 ppm (CH3) -56.2 ppm (C1-13) - 56.4 ppm (CH3) - 56.6 ppm (CI-13) - 60.1 ppm (CH2)-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,1491 ppm, 149.9 ppm and 150.9 ppm (9C q). EXAMPLE 2:
20(2-12-(13-1{1(7S)-3,4-dimethoxybicydo[4.2.01octa-L3,5-trien-7-AJmethyl}(methyl)- 
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ambient temperature. The suspension obtained is filtered in vacuo. The filtration liquors are 

subjected to drying in vacuo to obtain 0.7 g of a yellow meringue corresponding to the title 

compound. 

Yield: 52 % 

5 1H NMR (CDC13, 400MHz): 2.10 ppm (2H, m) - 2.54 ppm (3H, s) - 2.70 to 3.30 ppm (12H, 

m) - 3.47 ppm (2H, s) - 3.55 ppm (1H, m) - 3.71 ppm (3H, s) - 3.73 ppm (3H, s) - 3.74 ppm 

(3H, s) - 3.75 ppm (3H, s) - 6.55 ppm (H, s) - 6.62 ppm (H, s) - 6.63 ppm (H, s) - 6.64 ppm 

(H, s). 
13C NMR (CDC13, 100MHz): 20.7 ppm (CH2) - 28.1 ppm (CH2) - 34.9 ppm (CH2) - 

10 37.0 ppm (CH) - 39.1 ppm (CH3) - 40.1 ppm (CH2) - 44.7 ppm (CH2) - 48.1 ppm (CH2) - 

52.9 ppm (CH2) - 54.8 ppm (CH3) - 54.9 ppm (CH3) - 55.2 ppm (CH3) - 55.3 ppm  (CH3)  - 

59.1 ppm (CH2) - 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- (3-4 {1(74-3,4-dimethoxybicyclo 14.2.0] octa-1,3,5-trien-7-y1l methyl{ (me 	y1)amhicol-

propy1}-7,8-dimethoxy-1,3,4,5-tetrahydro-2H-3-benzazepin-2-one 

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 IN 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 % 

aminolpropyllamino)ethy114,5-dimethoxypitenyliacetic acid 1.3 g ofthe product obtained in Example 1 (2.77 mmoles) and 1.11 g of NaOHpellets (27.7 mmoles) are heated at reflux in 6.2 mL of ethanol and14.6 mL of water. After refluxing for 6 hours, the reaction mixtureis hydrolysed using 10 mL of water, and 20 mL of 25 dichloromethaneare added. The organic phase is extracted with 20 inL of water. Theaqueous phases are combined and washed with 15 mL of diehloromethane.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-19- ambient temperature. The suspension obtained is filtered invacua. The filtration liquors are subjected to drying in vacuo toobtain 0.7 g of a yellow meringue corresponding to the titlecompound. Yield: 52 % 5 I H NMR (CDCli, 400MHz): 2.10 ppm (211, m)-2.54 ppm (311, s) -2.70 to 3.30 ppm (12H, m) - 3.47 ppm (211, s)-3.55 ppm (111, m) -3.71 ppm (3H, s) -3.73 ppm (31I, s) -3.74 ppm(3H, s) -3.75 ppm (3H, s) -6.55 ppm (H, s) -6.62 ppm (H, s) -6.63 ppm(H, s) -6.64 ppm (H, s). I3C AIMR (CDC11 100MHz): 20.7 ppm (CH2) -28.1 ppm (CH2) - 34.9 pPm (CHD 10 37.0 ppm (CH) - 39.1 ppm (CHO -40.1ppm (CH2) - 44.7 ppm (CH2) - 48.1 ppm (CH2) - 52.9 ppm (CH2) - 54.8ppm (CH3) - 54.9 ppm (CH3) - 55.2 ppm (CHO - 55.3 ppm (CH3) - 59.1ppm (CH2) - 105.8 ppm (CH) - 106.2 ppm (CH) - 111.6 ppm (CH) - 112.6ppm (CH) 126.3 ppm, 127.0 ppm, 133.2 ppm, 134.2 ppm, 146.9 ppm, 147.2ppm, 148.7 ppm, and 
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I  H NMR (CDC13, 400MHz): 1.78 ppm (2H, m) - 2.32 ppm (3H, s) - 2.40 to 2.80 ppm (5H, m) 

- 3.16 ppm (2H, t) - 3.19 ppm (1H, m) - 3.42 ppm (3H, m) - 3.55 to 3.80 ppm (16H, m) - 

6.50 ppm (1H, s) - 6.52 ppm (1H, s) - 6.61ppm (1H, s) - 6.65 ppm (1H, s). 

I3C NMR (CDC13, 100MHz): 25.0 ppm (CH2) - 31.3 ppm (CH2) - 34.3 ppm (CH2) - 

5 39.2 ppm (CH) - 41.2 ppm (CH3) - 41.6 ppm (CH2) - 43.9 ppm (CH2) - 45.6 ppm (CH2) - 

54.1 ppm (CH2) - 54.9 ppm (CH3) - 54.9 ppm (CH3) - 55.2 ppm (CH3) - 55.3 ppm (CH3) - 

60.7 ppm (CH2) - 105.8 ppm (CH) -106.4 ppm (CH) - 112.1 ppm (CH) - 112.9 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 

149.6 ppm (8C q) - 176.9 ppm (C=0). 15 EXAMPLE 3:
3-{3-10(7S)-3,4-dimethoxybleyelo[4.2.010eta-1,3,5-trien-7-yll methyl}
(methyl)aminob
propyl1-7,8-dimethoxy-1,3,4,5-tetrahydro-2H-3-benzazepin-2-one In a
three-necked flask, mix 0.7 g of the product obtained in Example 2
(1.44 mmoles) and 0.4 nth of triethylamine (2.88 mmoles) in 14 mi.,
of dichloromethane. Ice the mixture at 5C 20 and add, dropwise, 0.16
niL of thionyl chloride (2.16 mmoles). Stir for 1 hour at 30C 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%  -20-   NAIR
(CDC13, 400MHz): 1.78 ppm (2H, m) -2.32 ppm (3H, s) -2.40 to 2.80 ppm
(5H, m) - 3.16 ppm (2H, t) - 3.19 ppm (1H, m) -3.42 ppm (3H, m) -
3.55 to 3.80 ppm (16H, m) - 6.50 ppm (1H, s) -6.52 ppm (114, s) -
6.61ppm (1H, s) -6.65 ppm (1H, s). 13C NMR (CDC13, 100MH4: 25.0 ppm
(CH2) - 31.3 ppm (CH2) - 34.3 pPm (CH2) 5 39.2 ppm (CH) -41.2 ppm
(CH3) -41.6 ppm (CH2) -43.9 ppm (CH2) -45.6 ppm (CH2) 54.1 ppm (CH2)
- 54.9 ppm (CH3) -54,9 ppm (CHO - 55.2 ppm (CH3) -- 55.3 pPm (CH3) -
60.7 ppm (CH2) - 105.8 ppm (CH) -106.4 ppm (CH) - 112.1 ppm (CH) -
112.9 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
(I):  
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The invention claimed is: 

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

(I) 

(I)

 

 

wherein a compound of formula (VI): 

         (VI) 

(VI)

 

 5 

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 (I), which may be converted into an addition salt thereof with a 

pharmaceutically acceptable acid selected from hydrochloric acid, hydrobromic acid, 10 

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. 

 

2. The process according to claim 1, wherein the coupling agent used to carry out the 15 

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

chloride, thionyl chloride, N,N-dicyclohexylcarbodiimide (DCC), 1-ethyl-3-(3-

dimethylaminopropyl)carbodiimide (EDCI), N,N-carbonyldiimidazole (CDI), 1-

, 
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propanephosphonic acid cyclic anhydride (T3P) and 1-(methylsulphonyl)-1H-

benzotriazole. 

 

3. The process according to claim 2, wherein the coupling agent used to carry out the 

reaction for lactamisation of the compound of formula (VI) is thionyl chloride. 5 

 

4. The process according to claim 3, wherein the amount of thionyl chloride used to carry 

out the reaction for lactamisation of the compound of formula (VI) is between 1 and 5 

equivalents. 

 

5. The process according to claim 1, wherein the base used to carry out the reaction for 

lactamisation of the compound of formula (VI) is selected from triethylamine, 10 

diisopropylethylamine and pyridine. 

 

6. The process according to claim 5, wherein the base used to carry out the reaction for 

lactamisation of the compound of formula (VI) is triethylamine. 

 

7. The process according to claim 1, wherein the organic solvent used to carry out the 

reaction for lactamisation of the compound of formula (VI) is selected from 15 

dichloromethane, tetrahydrofuran, acetonitrile, acetone and toluene. 

 

8. The process according to claim 7, wherein the organic solvent used to carry out the 

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

 

9. The process according to claim 1, wherein the reaction for lactamisation of the compound 

of formula (VI) is carried out at a temperature between 0°C and 40°C. 20 

 

10. The process according to claim 1, wherein the compound of formula (VI) is prepared 

starting from the compound of formula (VII): 

 

 

 



H3CO NH2  

H3CO 

I I 
N 

OCH3 

OCH3 N 

H3 CO 

X-.._/----/  

le OCH3 

OCH3 
H3CO 

I I 
N 

H3 CO N
\/

N 
 

alk OCH3 

OCH3 
H3CO 

OHO  

-23- 

(VII) 

(VII)

 

 

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

         (VIII) 

(VIII)

 

 

wherein X represents a halogen atom, a mesylate group or a tosylate group, 5 

 

in the presence of a base, 

in an organic solvent, 

to yield the compound of formula (IX):      

(IX) 

(IX)

 10 

 

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

the compound of formula (VI) 

      (VI) 

(VI)

 

, 

, 

, 

. 
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11. The process according to claim 1, wherein the compound of formula (VI) is prepared 

starting from a compound of formula (X): 

(X) 

(X)

 

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

 

HCl
 

 

in the presence of a base, 

in an organic solvent, 

to yield the compound of formula (IX): 

          (IX) 

(IX)

 10 

 

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

the compound of formula (VI): 

          (VI) 

(VI)

 

, 

, 

, 

. 

sharon
Text Box

sharon
Text Box

sharon
Text Box



-25- 

 

12. The process according to claim 10, wherein the base used to carry out the alkylation 

reaction between the compound of formula (VII) and the compound of formula (VIII) is 

selected from potassium carbonate, sodium carbonate, caesium carbonate, potassium 

hydrogen carbonate, sodium hydrogen carbonate, triethylamine, diisopropylethylamine 

and pyridine. 5 

 

13. The process according to claim 12, wherein the base used to carry out the alkylation 

reaction between the compound of formula (VII) and the compound of formula (VIII) is 

triethylamine. 

 

14. The process according to claim 10, wherein the organic solvent used to carry out the 

alkylation reaction between the compound of formula (VII) and the compound of formula 10 

(VIII) is selected from acetonitrile, acetone, methyl ethyl ketone (MEK), 

dimethylformamide (DMF), N-methylpyrrolidone (NMP) and dimethyl sulphoxide 

(DMSO). 

 

15. The process according to claim 14, wherein the organic solvent used to carry out the 

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

(VIII) is acetonitrile. 

 

16. The process according to claim 10, wherein the alkylation reaction between the 

compound of formula (VII) and the compound of formula (VIII) is carried out at a 

temperature between 20°C and 100°C. 

 

17. The process according to claim 10, wherein the base used to carry out the hydrolysis of 20 

the compound of formula (IX) to form the compound of formula (VI) is selected from 

potassium hydroxide, sodium hydroxide, lithium hydroxide and barium hydroxide. 

 

18. The process according to claim 17, wherein the base used to carry out the hydrolysis of 

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

hydroxide. 25 
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19. The process according to claim 10, wherein the organic solvent used to carry out the 

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

alcoholic solvent. 

 

20. The process according to claim 19, wherein the alcoholic solvent used to carry out the 

hydrolysis of the compound of formula (IX) to form the compound of formula (VI) is 5 

selected from methanol, ethanol, isopropanol and butanol. 

 

21. The process according to claim 20, wherein the alcoholic solvent used to carry out the 

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

ethanol. 

 

22. The process according to claim 10, wherein the hydrolysis of the compound of formula 10 

(IX) to form the compound of formula (VI) is carried out at a temperature between 0°C 

and 110°C. 

 

23. The process according to claim 11, wherein the based used to carry out the alkylation 

reaction between the compound of formula (X) and the hydrochloride of the compound of 

formula (III) is selected from potassium carbonate, sodium carbonate, caesium carbonate, 15 

potassium hydrogen carbonate, sodium hydrogen carbonate, triethylamine, 

diisopropylethylamine and pyridine. 

 

24. The process according to claim 23, wherein the based used to carry out the alkylation 

reaction between the compound of formula (X) and the hydrochloride of the compound of 20 

formula (III) is triethylamine.  

 

25. The process according to claim 11, wherein the organic solvent used to carry out the 

alkylation reaction between the compound of formula (X) and the hydrochloride of the 

compound of formula (III) is selected from acetonitrile, acetone, methyl ethyl ketone 25 

(MEK), dimethylformamide (DMF), N-methylpyrrolidone (NMP) and dimethyl 

sulphoxide (DMSO). 
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26. The process according to claim 25, wherein the organic solvent used to carry out the 

alkylation reaction between the compound of formula (X) and the hydrochloride of the 

compound of formula (III) is acetonitrile. 

 

27. The process according to claim 11, wherein the alkylation reaction between the 5 

compound of formula (X) and the hydrochloride of the compound of formula (III) is 

carried out at a temperature between 20°C and 100°C. 

 

28. The process according to claim 11, wherein the base used to carry out the hydrolysis of 

the compound of formula (IX) to form the compound of formula (VI) is selected from 10 

potassium hydroxide, sodium hydroxide, lithium hydroxide and barium hydroxide. 

 

29. The process according to claim 28, wherein the base used to carry out the hydrolysis of 

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

hydroxide. 15 

 

30. The process according to claim 11, wherein the organic solvent used to carry out the 

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

alcoholic solvent. 

 20 

31. The process according to claim 30, wherein 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. 

 

32. The process according to claim 31, wherein the alcoholic solvent used to carry out the 25 

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

ethanol. 

 

33. The process according to claim 11, wherein the hydrolysis of the compound of formula 

(IX) to form the compound of formula (VI) is carried out at a temperature between 0°C 30 

and 110°C. 
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34. A compound of formula (VI): 

 

 

       (VI) 

(VI)

 5 

 

 

35. A compound of formula (IX): 

       (IX) 

(IX)

 

. 

. 
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