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The present invention relates to a process for the synthesis of the compound of 

formula (I):

(I),

wherein R represents a para-methoxybenzyl (PMB) group or the following group:

5

and also to the application of this synthesis process in the preparation of ivabradine 

and of a key synthesis intermediate thereof.

Ivabradine of formula (II):

(II),

or 3-{3-[{[(7S)-3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-10

yl]methyl}(methyl)amino]-propyl}-7,8-dimethoxy-1,3,4,5-tetrahydro-2H-3-

benzazepin-2-one,

and addition salts thereof with a pharmaceutically acceptable acid, and more 

especially the hydrochloride thereof, have very valuable pharmacological and 

therapeutic properties, especially bradycardic properties, which render those 15

compounds useful in the treatment or prevention of various clinical conditions of 

myocardial ischaemia, such as angina pectoris, myocardial infarction and associated 

rhythm disorders, as well as in various pathologies involving rhythm disorders, 

especially supraventricular rhythm disorders, and in heart failure.

The preparation and therapeutic use of ivabradine and addition salts thereof with a 20

pharmaceutically acceptable acid, and more especially the hydrochloride thereof, 

have been described in European patent specification EP 0 534 859.

,
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That patent specification describes the synthesis of ivabradine hydrochloride 

starting from the compound of formula (III):

(III), 

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

(IV),

5

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

(V)

to yield the compound of formula (VI):

(VI),

the catalytic hydrogenation of which yields ivabradine, which is then converted into 10

its hydrochloride.

The disadvantage of the synthesis route described in EP 0 534 859 is that it yields 

ivabradine in a yield of only 1 %.
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The patent specification EP 0 534 859 also describes the preparation of the 

compound of formula (V), an intermediate in the synthesis of ivabradine, starting 

from 3-(3-chloropropyl)-7,8-dimethoxy-1,3-dihydro-2H-3-benzazepin-2-one.

For preparation of the 3-(3-chloropropyl)-7,8-dimethoxy-1,3-dihydro-2H-3-

benzazepin-2-one, that patent specification refers to the publication of Reiffer M. et 5

al. (J. Med. Chem. 1990; vol. 33 (5), pages 1496-1504). That publication describes 

the synthesis of that chlorinated compound starting from 7,8-dimethoxy-1,3-

dihydro-2H-3-benzazepin-2-one.

In view of the pharmaceutical value of ivabradine, it is important to be able to 

obtain it using an effective synthesis process having a good yield.10

It is also especially valuable to obtain good yields of 7,8-dimethoxy-1,3-dihydro-

2H-3-benzazepin-2-one compounds, which are precursors of ivabradine.

The present invention relates to a process for the synthesis of the compound of 

formula (I):

(I),

15

wherein R represents a para-methoxybenzyl (PMB) group or the following group:

characterised in that the compound of formula (VII):

(VII),

wherein R is as defined hereinbefore,20

is subjected to a reduction reaction,

,
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in the presence of LiBH(Et)3,

in an organic solvent,

to yield the compound of formula (I).

The amount of LiBH(Et)3 used to carry out the reduction reaction on the compound 

of formula (VII) yielding the compound of formula (I) is preferably from 1 to5

3 equivalents.

Among the organic solvents that may be used to carry out the reduction reaction on 

the compound of formula (VII) yielding the compound of formula (I), there may be 

mentioned, without implying any limitation, tetrahydrofuran (THF), methyl

tetrahydrofuran (MeTHF), dichloromethane, toluene and diisopropyl ether.10

The organic solvent used to carry out the reduction reaction on the compound of 

formula (VII) yielding the compound of formula (I) is preferably tetrahydrofuran.

The reduction reaction on the compound of formula (VII) yielding the compound of 

formula (I) is preferably performed at a temperature from -100 °C to 20°C.

When R represents the following group:15

the present invention relates also to a process for the synthesis of ivabradine,

characterised in that the compound of formula (VIII), a particular case of the 

compounds of formula (VII):

(VIII)

20
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is subjected to a reduction reaction according to the process described hereinbefore

to yield the compound of formula (VI), a particular case of the compounds of 

formula (I): 

(VI)

and then the compound of formula (VI) is subjected to catalytic hydrogenation to 5

yield ivabradine of formula (II):

(II),

which may be converted into an addition salt thereof with a pharmaceutically 

acceptable acid selected from hydrochloric acid, hydrobromic acid, sulphuric acid, 

phosphoric acid, acetic acid, trifluoroacetic acid, lactic acid, pyruvic acid, malonic 10

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.

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

starting from the compound of formula (VIII), characterised in that said compound 15

of formula (VIII) is prepared starting from the compound of formula (IX):

(IX),

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

NO/EP2784066
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(X),

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 (VIII):5

(VIII),

which is converted into the compound of formula (VI) in accordance with the 

process described hereinbefore,

said compound of formula (VI) being converted into ivabradine of formula (II):

(II)

by the catalytic hydrogenation reaction described hereinbefore.10

Among the bases that may be used to carry out the reaction between the 

compound of formula (IX) and the compound of formula (X), there may be 

mentioned, without implying any limitation, inorganic bases such as potassium 

carbonate, sodium carbonate, caesium carbonate, potassium hydrogen carbonate

NO/EP2784066
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and sodium hydrogen carbonate, and organic bases such as triethylamine, 

diisopropylethylamine and pyridine.

The base used to carry out the reaction between the compound of formula (IX) and 

the compound of formula (X) is preferably potassium carbonate.

Among the organic solvents that may be used to carry out the reaction between the 5

compound of formula (IX) and the compound of formula (X), 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 used to carry out the reaction between the compound of 10

formula (IX) and the compound of formula (X) is preferably dimethylformamide

(DMF).

The reaction between the compound of formula (IX) and the compound of formula

(X) is preferably performed at a temperature from 20°C to 150°C.

The present invention relates also to a process for the synthesis of ivabradine 15

starting from the compound of formula (VIII), characterised in that said compound 

of formula (VIII) is prepared starting from the compound of formula (XI):

(XI),

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

(XII)

20

by a cyclisation reaction in the presence of a coupling agent,

in an organic solvent,
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said compound of formula (XII) then being reacted with the compound of formula 

(XIII):

(XIII)

in the presence of a base,

in an organic solvent,5

to yield the compound of formula (XIV):

(XIV),

which is subjected to a cyclisation reaction in the presence of a coupling agent,

in an organic solvent,

to yield the compound of formula (VIII):

(VIII),

10

which is converted into the compound of formula (VI) in accordance with the 

process described hereinbefore,
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said compound of formula (VI) being converted into ivabradine of formula (II):

(II)

by the catalytic hydrogenation reaction described hereinbefore.

The compound of formula (XII) is preferably formed in situ, that is to say it is not 

isolated before being reacted with the compound of formula (XIII).5

Among the coupling agents that may be used in the cyclisation reaction on the 

compound of formula (XI) yielding the compound of formula (XII), there may be 

mentioned, without implying any limitation, the following reagents: oxalyl chloride, 

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

dimethylaminopropyl)carbodiimide (EDCI), N,N-carbonyldiimidazole (CDI), 1-10

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

benzotriazole.

The coupling agent used in the cyclisation reaction on the compound of formula 

(XI) yielding the compound of formula (XII) is preferably thionyl chloride.

The amount of thionyl chloride used to carry out the cyclisation reaction on the 15

compound of formula (XI) yielding the compound of formula (XII) is preferably

from 1 to 5 equivalents.

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

on the compound of formula (XI) yielding the compound of formula (XII), there 

may be mentioned, without implying any limitation, tetrahydrofuran (THF), methyl20

tetrahydrofuran (MeTHF), dichloromethane, toluene and diisopropyl ether.

The organic solvent used to carry out the cyclisation reaction on the compound of 

formula (XI) yielding the compound of formula (XII) is preferably toluene.

The cyclisation reaction on the compound of formula (XI) yielding the compound of 

formula (XII) is preferably performed at a temperature from 20°C to 110°C.25

NO/EP2784066
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Among the bases that may be used to carry out the reaction between the 

compound of formula (XII) and the compound of formula (XIII), 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, 5

diisopropylethylamine and pyridine.

The base used in the reaction between the compound of formula (XII) and the 

compound of formula (XIII) is preferably triethylamine.

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

compound of formula (XII) and the compound of formula (XIII), there may be 10

mentioned, without implying any limitation, tetrahydrofuran (THF), methyl 

tetrahydrofuran (MeTHF), dichloromethane, toluene and diisopropyl ether.

The organic solvent used to carry out the reaction between the compound of 

formula (XII) and the compound of formula (XIII) may also be composed of a 

mixture of two solvents from among the organic solvents mentioned hereinbefore.15

The organic solvent used to carry out the reaction between the compound of 

formula (XII) and the compound of formula (XIII) is preferably a mixture of toluene 

and dichloromethane.

The reaction between the compound of formula (XII) and the compound of formula

(XIII) is preferably performed at a temperature from 0°C to 110°C.20

Among the coupling agents that may be used to carry out the cyclisation reaction 

on the compound of formula (XIV), there may be mentioned, without implying any 

limitation, the 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 25

(T3P) and 1-(methylsulphonyl)-1H-benzotriazole.

The coupling agent used to carry out the cyclisation reaction on the compound of 

formula (XIV) is preferably thionyl chloride.

The amount of thionyl chloride used to carry out the cyclisation reaction on the 

compound of formula (XIV) is preferably from 1 to 3 equivalents.30
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Among the organic solvents that may be used to carry out the cyclisation reaction 

on the compound of formula (XIV), there may be mentioned, without implying any 

limitation, tetrahydrofuran (THF), methyl tetrahydrofuran (MeTHF), 

dichloromethane, toluene and diisopropyl ether.

The organic solvent used to carry out the cyclisation reaction on the compound of 5

formula (XIV) may also be composed of a mixture of two solvents from among the 

organic solvents mentioned hereinbefore.

The organic solvent used to carry out the cyclisation reaction on the compound of 

formula (XIV) is preferably a mixture of toluene and dichloromethane.

The cyclisation reaction on the compound of formula (XIV) is preferably performed 10

at a temperature from 0°C to 110°C.

When R represents a para-methoxybenzyl group, the present invention relates also 

to a process for the synthesis of the compound of formula (XV):

(XV),

characterised in that the compound of formula (XVI), a particular case of the 15

compounds of formula (VII):

(XVI)

is subjected to a reduction reaction according to the process described 

hereinbefore,

to yield the compound of formula (XVII), a particular case of the compounds of 20

formula (I):
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(XVII)

and then the compound of formula (XVII) is deprotected to yield the compound of 

formula (XV).

Deprotection of the compound of formula (XVII) is preferably performed in 

trifluoroacetic acid at reflux.5

The compound of formula (XV) is useful as an intermediate in the synthesis of 

ivabradine, as has been disclosed in the patent application EP 2 135 861.

The compounds of formulae (VIII) and (XIV) are new compounds, for use as 

synthesis intermediates in the chemical or pharmaceutical industry, especially in 

the synthesis of ivabradine, addition salts thereof with a pharmaceutically 10

acceptable acid and hydrates thereof, and as such they form an integral part of the 

present invention.

List of abbreviations used:

DMF: dimethylformamide

IR: infrared15

NMR: Nuclear Magnetic Resonance

m.p.: melting point

THF: tetrahydrofuran

Flash chromatography on a silica column is carried out using an automated Buchi 

Sepacore chromatography apparatus.20

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

spectra and at 100 MHz for the carbon spectra.

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).25
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The Examples hereinbelow illustrate the invention.

PPRREEPPAARRAATTIIOONN AA::

33--{{33--[[{{[[((77SS))--33,,44--ddiimmeetthhooxxyybbiiccyycclloo[[44..22..00]]ooccttaa--11,,33,,55--ttrriieenn--77--

yyll]]mmeetthhyyll}}((mmeetthhyyll))aammiinnoo]]pprrooppyyll}}--77,,88--ddiimmeetthhooxxyy--11HH--33--bbeennzzaazzeeppiinnee--

22,,44((33HH,,55HH))--ddiioonnee ooxxaallaattee5

5.9 g of 7,8-dimethoxy-1H-3-benzazepine-2,4(3H,5H)-dione (25.1 mmol), 7.1 g of

3-chloro-N-{[(7S)-3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-yl]methyl}-N-

methylpropan-1-amine (25.1 mmol, 1 eq), 1.5 equivalents of K2CO3 (37.5 mmol), 

0.2 equivalent of KI (5 mmol) and 60 mL of DMF are introduced into a reactor. The 

reaction mixture is heated at 80°C for 2 hours, cooled to ambient temperature and 10

then 90 mL of ice-cold water is introduced. The product is extracted with 

dichloromethane (2 x 60 mL). The organic phase is washed with 10 % aqueous 

NaHCO3 solution (60 mL) and then with saturated aqueous NaCl solution until the

DMF has been removed.

After drying, the product is obtained in the form of an oil (11.4 g, 23.6 mmol), 15

which is dissolved in ethyl acetate (34 mL). The mixture is heated to reflux and 

then a solution of oxalic acid (23.6 mmol) in ethanol (34 ml) is introduced. The 

mixture is cooled to ambient temperature, stirred for 2 hours and then filtered, and 

the filtrate is washed with ethanol (20 mL). The product in salt form is dried in a 

fan oven at 40°C; 8.4 g of the title product are obtained in the form of a beige 20

powder.

Yield: 57 %

Analysis of the base:

1H NMR (CDCl3, 400MHz): 1.59 ppm (2H, m) – 1.61 ppm (2H, m) – 2.16 ppm (3H, 

m) - 2.39 ppm (1H, m) – 2.60 ppm (3H, m) – 3.13 ppm (1H, m) – 3.22 ppm (2H, 25

m) – 3.28 ppm (1H, m) - 3.36 ppm (1H, m) – 3.66 ppm (3H, s) – 3.67 ppm (3H, s) 

– 3.68 ppm (3H, s) – 3.69 ppm (3H, s) – 3.71 ppm (2H, m) - 6.64 ppm (1H, d) –

6.68 ppm (1H, d) – 6.71 ppm (1H, s) – 6.81 ppm (1H, s).

13C NMR (CDCl3, 100MHz): 26.24 ppm (CH2) – 27.55 ppm (CH2) – 36.38 ppm (CH2) 

– 39.16 ppm (CH2)- 41.54 ppm (CH2) -41.58 ppm (CH) – 42.90 ppm (CH3) – 56.54 30

ppm (CH2) - 56.56 ppm (CH3) – 56.70 ppm (CH3) - 56.98 ppm (CH3) - 57.03 ppm 

(CH3) – 63.15 ppm (CH2) – 108.63 ppm (CH) – 109.30 ppm (CH) - 115.34 ppm 

(CH) - 115.73 ppm (CH) – 127.08 ppm (C q) - 128.15 ppm (C q) – 136.66 ppm 
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(C q) – 140.30 ppm (C q) - 149.60 ppm (C q) – 149.76 ppm (C q) – 150.99 ppm 

(C q) - 151.57 ppm (C q) – 173.35 ppm (C q) - 173.95 ppm (C q)

PPRREEPPAARRAATTIIOONN BB::

{2-[2-({3-[{[(7S)-3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-

yl]methyl}(methyl)amino]propyl}amino)-2-oxoethyl]-4,5-5

dimethoxyphenyl}acetic acid

2.1 g of thionyl chloride (17.7 mmol, 1.6 eq) are added to a suspension of 2,2'-

(4,5-dimethoxybenzene-1,2-diyl)diacetic acid (2.76 g, 10.9 mmol, 1 eq) in toluene 

(50 mL). The reaction mixture is heated to 80°C and held at that temperature for 4 

hours with stirring. A further charge of thionyl chloride (519 mg, 4.36 mmol) is 10

added to the reaction mixture, held for 1 hour and then cooled to ambient 

temperature.

To the resulting solution there are added, at ambient temperature, triethylamine 

(3.31 g, 32.7 mmol, 3 eq) dissolved in dichloromethane (5 mL) and then a solution 

of N-{[(7S)-3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-yl]methyl}-N-15

methylpropane-1,3-diamine (2.87 g, 10.9 mmol, 1 eq) dissolved in

dichloromethane (10 mL). After remaining in contact for 30 minutes, 6 mL of water 

are added, and the aqueous phase is acidified with 1N hydrochloric acid solution 

and extracted with dichloromethane (70 mL). After drying of the organic phase, the 

residue is purified by flash chromatography on a silica column (dichloromethane/20

methanol/triethylamine, proportions 80/20/0.1). 1.92 g of the title product are 

obtained in the form of a beige meringue.

Yield: 35 %

1H NMR (CDCl3, 400MHz): 1.62 ppm (2H, m) – 2.26 ppm (3H, s) – 2.44 (2H, m) –

2.52 ppm (1H, dd) – 2.65 ppm (1H, dd) – 2.79 ppm (1H, m) – 3.13 ppm (2H, m) -25

3.18 ppm (1H, dd) – 3.44 ppm (2H, m) – 3.46 ppm (2H, s) – 3.49 ppm (2H, s) –

3.72 ppm (2H, m) - 3.73 ppm (3H, s) – 3.74 ppm (3H, s) – 3.77 ppm (3H, s) –

6.59 ppm (1H, s) – 6.63 ppm (1H, s) – 6.67 ppm (1H, s) – 6.72 ppm (1H, s) –

7.62 ppm (NH, t).

13C NMR (CDCl3, 100MHz): 26.1 ppm (CH2) – 35.5 ppm (CH2) – 37.7 ppm (CH2) –30

39.6 ppm (CH3) – 40.7 ppm (CH2) – 41.5 ppm (CH) – 42.1 ppm (CH2) – 55.1 ppm 

(CH2) – 55.8 ppm (CH3) – 55.9 ppm (CH3) – 56.2 (CH3) ppm – 56.3 ppm (CH3) -
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60.9 ppm(CH2) - 106.7 ppm (CH) – 107.4 ppm (CH) – 112.7 ppm (CH) – 113.7 

ppm (CH) – 126.5 ppm (C q) – 128.6 ppm (C q) – 134.7 ppm (C q) – 137.6 ppm (C 

q) – 147.6 ppm (C q) – 147.8 ppm (C q) – 149.5 ppm (C q) – 150.1 ppm (C q) –

172.3 ppm (C q) – 178.2 ppm (C q).

PPRREEPPAARRAATTIIOONN CC::5

33--{{33--[[{{[[((77SS))--33,,44--ddiimmeetthhooxxyybbiiccyycclloo[[44..22..00]]ooccttaa--11,,33,,55--ttrriieenn--77--

yyll]]mmeetthhyyll}}((mmeetthhyyll))aammiinnoo]]pprrooppyyll}}--77,,88--ddiimmeetthhooxxyy--11HH--33--bbeennzzaazzeeppiinnee--

22,,44((33HH,,55HH))--ddiioonnee

Thionyl chloride (1.68 mmol, 1.68 eq) is added to a suspension of {2-[2-({3-

[{[(7S)-3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-10

yl]methyl}(methyl)amino]propyl}amino)-2-oxoethyl]-4,5-dimethoxyphenyl}acetic 

acid (500 mg, 1 mmol) in a mixture of toluene/dichloromethane (15 ml, 66/33) at

60°C. After remaining in contact for 3 hours 30 minutes, 0.5 mmol of thionyl 

chloride dissolved in 5 mL of dichloromethane is added (0.5 eq). After remaining in 

contact for 1 hour 30 minutes, the reaction mixture is cooled to 25°C. 1N aqueous 15

sodium hydroxide solution (10 mL) and dichloromethane (10 mL) are added to the 

mixture. The two phases are separated, and the organic phase is subjected to 

drying over sodium sulphate and is then dried. 0.38 g of a dark red oil is obtained. 

The product may be purified by flash chromatography on a silica column (eluant:

dichloromethane/methanol 95/5). 20

Yield: 48 %

1H NMR (CDCl3, 400MHz): 1.59 ppm (2H, m) – 1.61 ppm (2H, m) – 2.16 ppm (3H, 

m) - 2.39 ppm (1H, m) – 2.60 ppm (3H, m) – 3.13 ppm (1H, m) – 3.22 ppm (2H, 

m) – 3.28 ppm (1H, m) - 3.36 ppm (1H, m) – 3.66 ppm (3H, s) – 3.67 ppm (3H, s) 

– 3.68 ppm (3H, s) – 3.69 ppm (3H, s) – 3.71 ppm (2H, m) - 6.64 ppm (1H, d) –25

6.68 ppm (1H, d) – 6.71 ppm (1H, s) – 6.81 ppm (1H, s).

13C NMR (CDCl3, 100MHz): 26.24 ppm (CH2) – 27.55 ppm (CH2) – 36.38 ppm (CH2) 

– 39.16 ppm (CH2)- 41.54 ppm (CH2) -41.58 ppm (CH) – 42.90 ppm (CH3) – 56.54 

ppm (CH2) - 56.56 ppm (CH3) – 56.70 ppm (CH3) - 56.98 ppm (CH3) - 57.03 ppm 

(CH3) – 63.15 ppm (CH2) – 108.63 ppm (CH) – 109.30 ppm (CH) - 115.34 ppm 30

(CH) - 115.73 ppm (CH) – 127.08 ppm (C q) - 128.15 ppm (C q) – 136.66 ppm 

(C q) – 140.30 ppm (C q) - 149.60 ppm (C q) – 149.76 ppm (C q) – 150.99 ppm 

(C q) - 151.57 ppm (C q) – 173.35 ppm (C q) - 173.95 ppm (C q).
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PPRREEPPAARRAATTIIOONN DD::

77,,88--ddiimmeetthhooxxyy--33--((44--mmeetthhooxxyybbeennzzyyll))--11HH--33--bbeennzzaazzeeppiinnee--22,,44((33HH,,55HH))--ddiioonnee

3 g of 7,8-dimethoxy-1H-3-benzazepine-2,4(3H,5H)-dione (12.8 mmol), 2 g of 4-

methoxybenzyl chloride (12.8 mmol, 1 eq), 2.64 g of K2CO3 (19.1 mmol, 1.5 eq), 

1.06 g of KI (6.4 mmol, 0.5 eq) and 30 mL of acetonitrile are introduced into a 5

100-mL three-necked flask. The reaction mixture is heated at 80°C for 3 hours 30 

minutes. 1 g of 4-methoxybenzyl chloride is introduced three times and the 

reaction mixture is held at 80°C for 24 hours. After returning to ambient 

temperature, 30 mL of water and 30 mL of dichloromethane are introduced. After 

extraction and drying of the organic phase, the dark red oil obtained is purified by 10

flash chromatography on a silica column (eluant: dichloromethane/methanol 99/1) 

to obtain the title product.

Yield: 52 %

1H NMR (CDCl3, 400MHz): 3.73 ppm (3H, s) – 3.85 ppm (6H, s) – 4.01 ppm (4H, s) 

– 4.85 ppm (2H, s) – 6.77 ppm (4H, m) – 7.20 ppm (2H, d).15
13C NMR (CDCl3, 100MHz): 44.71 ppm (2 CH2) – 45.08 ppm (CH2) – 55.18 ppm 

(CH3) –56.11 ppm (2 CH3) – 111.80 ppm (2 CH) -113.60 ppm (2 CH) – 123.64 

ppm (2 C q) – 129.69 ppm (C q) – 130.01 ppm (2 CH) – 148.75 ppm (2 C q) –

158.75 ppm (C q) – 170.82 ppm (2 C q).

EEXXAAMMPPLLEE 11::20

33--{{33--[[{{[[((77SS))--33,,44--ddiimmeetthhooxxyybbiiccyycclloo[[44..22..00]]ooccttaa--11,,33,,55--ttrriieenn--77--

yyll]]mmeetthhyyll}}((mmeetthhyyll))aammiinnoo]]pprrooppyyll}}--77,,88--ddiimmeetthhooxxyy--11,,33--ddiihhyyddrroo--22HH--33--

bbeennzzaazzeeppiinn--22--oonnee

A solution of 3-{3-[{[(7S)-3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-

yl]methyl}(methyl)amino]propyl}-7,8-dimethoxy-1H-3-benzazepine-2,4(3H,5H)-25

dione (0.47 g, 0.97 mmol) in THF (10 mL) is cooled to –78°C. LiBH(Et)3 (1.3 g, 

1.46 mmol, 1.5 eq, as a 1M solution in THF) is then slowly added to the reaction 

mixture. After 1 hour at –78°C, 15 mL of 1N HCl are added to the mixture. The 

reaction mixture slowly comes back to ambient temperature, where it is held for 18 

hours. The product is extracted with dichloromethane (2 x 10 mL). The organic 30

phase is dried over sodium sulphate and then evaporated. After purification by flash 

chromatography on a silica column (eluant: dichloromethane/methanol 9/1), 180 

mg of expected product are obtained.
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Yield: 34 %

1H NMR (CDCl3, 400MHz): 1.72 ppm (2H, m) – 2.27 ppm (3H, s) – 2.33 ppm (2H, 

t) – 2.50 ppm (1H, dd) – 2.65 ppm (1H, m) – 2.67 ppm (1H, dd) – 3.21 ppm (1H, 

dd) – 3.44 ppm (2H, s) – 3.47 ppm (1H, m) – 3.61 ppm (2H, m) - 3.85 ppm (3H, 

s) - 3.86 ppm (6H, s) – 3.90 ppm (3H, s) - 6.23 ppm (1H, d) – 6.32 ppm (1H, d) –5

6.70 ppm (1H, s) - 6.71 ppm (2H, s) - 6.79 ppm (1H, s).

13C NMR (CDCl3, 100MHz): 26.3 ppm (CH2) – 35.1 ppm (CH2) – 40.7 ppm (CH) –

42.4 ppm (CH3) - 43.3 ppm (CH2) - 46.2 ppm (CH2) - 54.7 ppm (CH2) - 55.9 ppm 

(CH3) - 56.2 ppm (CH3) - 56.3 ppm (CH3) - 61.9 ppm (CH3) - 106.7 ppm (CH) -

107.4 ppm (CH) -109.4 ppm (CH) - 111.2 ppm (CH) - 117.0 ppm (CH) - 124.8 ppm 10

(C q) - 126.4 ppm (C q) - 128.7 ppm (CH) - 135.0 ppm (C q) - 139.1 ppm (C q) -

148.0 ppm (C q) - 149.3 ppm (C q) - 149.7 ppm (C q) - 149.8 ppm (C q) - 167.6

ppm (C q).

EEXXAAMMPPLLEE 22::

33--{{33--[[{{[[((77SS))--33,,44--ddiimmeetthhooxxyybbiiccyycclloo[[44..22..00]]ooccttaa--11,,33,,55--ttrriieenn--77--15

yyll]]mmeetthhyyll}}((mmeetthhyyll))aammiinnoo]]pprrooppyyll}}--77,,88--ddiimmeetthhooxxyy--11,,33,,44,,55--tteettrraahhyyddrroo--22HH--

33--bbeennzzaazzeeppiinn--22--oonnee

In a 250-ml autoclave, 4 g of the product obtained in Example 1 and 2 g of Pd(OH)2

20 % on carbon (water content: 50 %) are added to a solution of ethanol (90 mL) 

and acetic acid (10 mL). After remaining in contact for 5 hours at ambient 20

temperature under a hydrogen pressure of 5 bar, the reaction mixture is filtered 

over Celite®. The residue obtained after concentrating under reduced pressure is 

taken up in dichloromethane (100 mL) and then washed with saturated aqueous 

sodium bicarbonate solution. The oil obtained after drying the organic phase over 

MgSO4 and then concentrating under reduced pressure is purified by 25

chromatography over silica (dichloromethane/ethanol/NH4OH 28 %: 95/5/0.5), and

2.6 g of the title product are obtained in the form of an oil.

Yield: 74 %

IR (pure): σ = 2788, 1646, 1519-1461, 1245-1105 cm-1.
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EEXXAAMMPPLLEE 33::

77,,88--ddiimmeetthhooxxyy--33--((44--mmeetthhooxxyybbeennzzyyll))--11,,33--ddiihhyyddrroo--22HH--33--bbeennzzaazzeeppiinn--22--oonnee

1 g of LiBH(Et)3 (1.12 mmol, 1.33 eq, 1M solution in THF) is added to a solution of

7,8-dimethoxy-3-(4-methoxybenzyl)-1H-3-benzazepine-2,4(3H,5H)-dione (300 mg, 

0.84 mmol) in THF (4.5 mL) at -78°C. The reaction mixture is held at that 5

temperature for 1 hour 30 minutes with stirring and then hydrolysed with saturated 

aqueous ammonium chloride solution (4 mL). After a slow return to ambient 

temperature, 2 mL of water and 5 mL of dichloromethane are introduced, the 

aqueous phase is extracted with 10 mL of dichloromethane, and the organic phase 

is dried. The crude product obtained is purified by flash chromatography on a silica 10

column (dichloromethane/methanol 98/2) to obtain the title product.

Yield: 63 %

1H NMR (CDCl3, 400MHz): 3.48 ppm (2H,s) – 3.75 ppm (3H, s) - 3.85 ppm (3H, s) 

-3.89 ppm (3H, s) – 4.67 ppm (2H, s) – 6.18 ppm (1H, d) – 6.29 ppm (1H, d) –15

6.68 ppm (1H, s) – 6.79 ppm (1H, s) – 6.80 ppm (2H, d) – 7.05 ppm (2H, d).

13C NMR (CDCl3, 100MHz): 43.20 ppm (CH2) – 50.18 ppm (CH2) – 55.22 ppm 

(CH3) – 55.94 ppm (2 CH3) – 109.42 ppm (CH) – 111.19 ppm (CH) – 113.94 ppm 

(2CH) – 117.30 ppm (CH) – 124.63 ppm (C q) – 126.41 ppm (C q) – 127.86 ppm 

(1CH) – 128.65 ppm (C q) – 128.96 ppm (2CH) – 147.95 ppm (C q) – 149.82 ppm 20

(C q) – 158.92 ppm (C q) – 167.90 ppm (C q).

EEXXAAMMPPLLEE 44::

77,,88--ddiimmeetthhooxxyy--11,,33--ddiihhyyddrroo--22HH--33--bbeennzzaazzeeppiinn--22--oonnee

640 mg (1.89 mmol) of 7,8-dimethoxy-3-(4-methoxybenzyl)-1,3-dihydro-2H-3-

benzazepin-2-one are refluxed in 4 mL of trifluoroacetic acid. After remaining in 25

contact for 8 hours, 8 mL of demineralised water are added and the reaction 

mixture is filtered. The precipitate obtained is washed successively with 4 mL of 

demineralised water and then twice with 4 mL of methanol to obtain, after drying,

401 mg of a green powder corresponding to the title product.

Yield: 97 %30

m.p.: 236°C
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1H NMR (CDCl3, 400MHz): 3.42 ppm (2H, s) – 3.86 ppm (3H, s) – 3.88 ppm (3H, s) 

– 6.17 ppm (1H, m) – 6.29 ppm (1H, d) – 6.70 ppm (1H, s) – 6.75 ppm (1H, s) –

7.68 ppm (NH).

13C NMR (CDCl3, 100MHz): 42.65 ppm (CH2) – 55.97 ppm (2 CH3) – 109.78 ppm 

(CH) – 111.48 ppm (CH) – 116.89 ppm (CH) – 122.69 ppm (CH) – 123.56 ppm 5

(C q) – 126.77 ppm (C q) – 148.11 ppm (C q) – 149.87 ppm (C q) – 170.18 ppm 

(C q)/
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Patentkrav 

1. Fremgangsmåte for syntese av en forbindelse med formel (I): 

(I),

 

hvor R representerer en para-metoksybenzyl (PMB)-gruppe eller den følgende 

gruppe: 5 

 

k a r a k t e r i s e r t  v e d  at en forbindelse med formel (VII): 

(VII),

 

hvor R har ovennevnte betydning, 

underkastes en reduksjonsreaksjon, 10 

i nærvær av LiBH(Et)3, 

i et organisk løsemiddel, 

for å gi en forbindelse med formel (I). 

2. Syntesefremgangsmåte ifølge krav 1, k a r a k t e r i s e r t  v e d  at 

mengden LiBH(Et)3 som brukes til å utføre reduksjonsreaksjonen på forbindelsen 15 

med formel (VII) for å gi en forbindelse med formel (I), er fra 1 til 3 ekvivalenter. 

3. Syntesefremgangsmåte ifølge krav 1 eller krav 2, k a r a k t e r i s e r t  

v e d  at det organiske løsemiddel som brukes til å utføre reduksjonsreaksjonen på 

, 
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forbindelsen med formel (VII) for å gi en forbindelse med formel (I), er valgt fra 

tetrahydrofuran (THF), metyltetrahydrofuran (MeTHF), diklormetan, toluen og 

diisopropyleter. 

4. Syntesefremgangsmåte ifølge krav 3, k a r a k t e r i s e r t  v e d  at det 

organiske løsemiddel som brukes til å utføre reduksjonsreaksjonen på forbindelsen 5 

med formel (VII) for å gi en forbindelse med formel (I), er tetrahydrofuran. 

5. Syntesefremgangsmåte ifølge et hvilket som helst av kravene 1 til 4, 

k a r a k t e r i s e r t  v e d  at reduksjonsreaksjonen på forbindelsen med formel 

(VII) for å gi en forbindelse med formel (I), utføres ved en temperatur fra -100°C 

til 20°C. 10 

6. Fremgangsmåte for syntese av ivabradin med formel (II), ifølge krav 1, hvor 

R representerer den følgende gruppe: 

 

k a r a k t e r i s e r t  v e d  at en forbindelse med formel (VIII), et spesialtilfelle av 

forbindelsene med formel (VII): 15 

(VIII)

 

underkastes en reduksjonsreaksjon ifølge krav 1 

for å gi en forbindelse med formel (VI), et spesialtilfelle av forbindelsene med 

formel (I): 
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(VI)

 

og at forbindelsen med formel (VI) deretter underkastes katalytisk hydrogenering 

for å gi ivabradin med formel (II): 

(II),

 

som kan omvandles til et addisjonssalt derav med en farmasøytisk akseptabel syre 5 

valgt fra saltsyre, hydrobromsyre, svovelsyre, fosforsyre, eddiksyre, 

trifluoreddiksyre, melkesyre, pyruvinsyre, malonsyre, ravsyre, glutasyre, 

fumarsyre, vinsyre, maleinsyre, sitronsyre, askorbinsyre, oksalsyre, 

metansulfonsyre, benzensulfonsyre og kamfersyre, og til hydrater derav. 

7. Syntesefremgangsmåte ifølge krav 6, k a r a k t e r i s e r t  v e d  at 10 

forbindelsen med formel (VIII) fremstilles utgående fra en forbindelse med formel 

(IX): 

(IX),

 

som omsettes med en forbindelse med formel (X): 

(X),

 15 

hvor X representerer et halogenatom, en mesylatgruppe eller en tosylatgruppe, 
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i nærvær av en base, 

i et organisk løsemiddel, 

for å gi en forbindelse med formel (VIII): 

(VIII).

 

8. Syntesefremgangsmåte ifølge krav 6, k a r a k t e r i s e r t  v e d  at 5 

forbindelsen med formel (VIII) fremstilles utgående fra en forbindelse med formel 

(XI): 

(XI),

 

som omvandles til en forbindelse med formel (XII): 

(XII)

 10 

i nærvær av et koblingsmiddel, 

i et organisk løsemiddel, 

hvilken forbindelse med formel (XII) deretter omsettes med en forbindelse med 

formel (XIII): 

(XIII)

 15 
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i nærvær av en base, 

i et organisk løsemiddel, 

for å gi en forbindelse med formel (XIV): 

(XIV),

 

som underkastes en cyklisasjonsreaksjon i nærvær av et koblingsmiddel, 5 

i et organisk løsemiddel, 

for å gi en forbindelse med formel (VIII): 

(VIII).

 

9. Fremgangsmåte ifølge krav 1, hvor R representerer en para-

metoksybenzylgruppe, for fremstilling av en forbindelse med formel (XV): 10 

(XV),

 

k a r a k t e r i s e r t  v e d  at en forbindelse med formel (XVI), et spesialtilfelle av 

forbindelsene med formel (VII): 
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(XVI)

 

underkastes en reduksjonsreaksjon ifølge krav 1 

for å gi en forbindelse med formel (XVII), et spesialtilfelle av forbindelsene med 

formel (I): 

(XVII)

 5 

og at forbindelsen med formel (XVII) deretter avbeskyttes for å gi en forbindelse 

med formel (XV). 

10. Forbindelse med formel (VIII): 

(VIII).

 

10 
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11. Forbindelse med formel (XIV): 

(XIV).
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