
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):
0130 CI1 CHO   or3- {3-[
{[(7S)-3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-yllinethyll(meth
ypaminoj-
propyl}-7,8-dimethoxy-1,3,4,5-tetrahydro-211-3-benzazepin-2-one,
5addition salts thereof with a pharmaceutically acceptable acid, and
hydrates thereof. Tvabradine, and its addition salts with a
pharmaceutically acceptable acid, and more especially its
hydrochloride, have very valuable pharmacological and therapeutic
properties, especially bradycardic properties, making those compounds
useful in the treatment or prevention of various clinical situations
of myocardial ischaemia such as angina pectoris, myocardial infarct
10and 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. Unfortunately, the ivabradine synthesis
15route described in that patent specification results in the
expected product in a yield of only %. Another ivabradine synthesis
route, which is based on a reductive amination reaction, has been
described in the European patent specification EP 1 589 005.
Reductive amination is a route that is a favoured approach for
preparing amines. As this  20 approach does not require isolation of
the intermediate imine formed, this coupling reaction between an
aldehyde and an amine in the presence of a reducing agent is widely
used for the synthesis of compounds that are of value in the
pharmaceutical or agrochemical fields and also in materials science.
2  The procedural protocols conventionally employed for carrying out
reductive amination are:  either use of stoichiometric amounts of
hydride donors such as borohydrides (NaBH4, NaBH3CN or NaBH(OAc)3),
or catalytic hydrogenation. 5 The use of hydride donors generates
numerous waste products and the reagents in themselves are toxic. In
the case of catalytic hydrogenation, the fact that the reducing agent
is molecular hydrogen is certainly of environmental value. The
synthesis described in patent specification EP 1 589 005 follows this
second route. 10The patent specification EP 1 589 005 namely
describes the synthesis of ivabradine hydrochloride starting from the
compound of formula (II): 



CH,0 CH30 which is subjected to a catalytic hydrogenation reaction in
the presence of hydrogen and a palladium catalyst to yield the
compound of formula (III): CH30 CH30 15 which, without being
isolated, is reacted, in the presence of hydrogen and a palladium
catalyst, with the compound of formula (IV):  3 to yield ivabradine
of formula (I), in hydrochloride form. The disadvantage of that
synthesis route is the use of a palladium catalyst.   Palladium, like
rhodium, ruthenium or iridium, metals that are likewise used for
catalysing reductive amination reactions, is a precious metal, the
limited availability - and consequently 5high price - and also the
toxicity of which limit its acceptability. The present Application
describes an ivabradine synthesis route which makes it possible to
dispense with the use of a borohydride or a precious metal. The
present invention relates to a process for the synthesis of
ivabradine of formula (1):    



10 characterised in that the compound of formula (V): HiC0   H3C0 0
is subjected to a reductive amination reaction with the compound of
formula (VI): OCH3 CH3(VI) RNOCH3 in the presence of triethylamine
and formic acid, 15in the absence of solvent or in an alcoholic
solvent. The use of formic acid as reducing agent (Leuckart-Wallach
reaction) sometimes requires very elevated temperatures, possibly
reaching 180C, and the secondary formation of N-formyl type compounds
is often observed.  4 The amount of formic acid used in the reaction
for the reductive amination of the compound of formula (V) with the
compound of formula (VI) is greater than 1 equivalent per equivalent
of aldehyde, more preferably from 2 to 50 equivalents per equivalent
of aldehyde.   The amount of tricthylamine used in the reaction for
the reductive amination of the compound 5 of formula (V) with the
compound of formula (VI) is greater than 1 equivalent per equivalent
of aldehyde, more preferably from 2 to 50 equivalents per equivalent
of aldehyde. 



The temperature of the reductive amination reaction between the
compound of formula (V) and the compound of formula (VI) is
preferably from 15 to 100C, more preferably from 30 to 100C. 10 Among
the alcoholic solvents that may possibly be used for carrying out the
reaction for the reductive arnination of the compound of formula (V)
with the compound of formula (VI) there may be mentioned, without
implying any limitation, ethanol, isopropanol or trifluoroethanol.
The Example hereinbelow illustrates the invention. 15The column
chromatography purification procedures are carried out on 70-230 mesh
silica gel. The 11-1 NMR spectra are recorded at 400 MHz. The
chemical shifts are expressed in ppm (internal reference: TMS).
The following abbreviations have been used to describe the peaks:
singlet (s), doublet (d), 20doublet of doublets (dd), triplet (t),
quadruplet (q), multiplet (m). EXAMPLE 1:
3-13-[{R7S)-3,4-dimethoxybicyclo[4.2.01octa-1,3,5-trien-7-y1Jmethyl}-
(methyl)arninolpropyll-7,8-dimethoxy-1,3,4,5-tetrabydro-2H-3-
benzazepin-2-one In a clean and dry Schlenk tube, 025 mmol of
3-(7,8-dimethoxy-2-oxo-1,2,4,5-tetrahydro- 25
3H-3-benzazepin-3-yl)propanal, 0.25 mmol of
[(78)-3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-
trien-7-yli-N-methylmethanamine and 1 mL (7.4 mmol) of triethylaminc
are stirred at ambient temperature under an argon atmosphere for one
hour.  5 113 )iL (3 nunol) of formic acid are added cautiously and
the mixture is heated at 85C for 18 hours. After cooling to ambient
temperature, the reaction mixture is diluted with 5 mL of 3M aqueous
sodium hydroxide solution. The aqueous phase is extracted three times
with 5 inL, of ethyl acetate. The organic phases are combined, washed
with saturated aqueous NaC1 5solution (10 mL), dried over MgSO4 and
evaporated under reduced pressure. The crude product is purified on
silica gel (eluant: pentane/ethyl acetate (95/5)) to obtain the
expected product. Yield = 62 % 
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CCLLAAIIMMSS  

 

The invention claimed is: 

 

1. A process for the synthesis of ivabradine of formula (I): 
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wherein a compound of formula (V): 
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is subjected to a reductive amination reaction with the amine of formula (VI): 
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in the presence of formic acid in an amount greater than 1 equivalent per equivalent of 

aldehyde 

 

and of triethylamine in an amount greater than 1 equivalent per equivalent of aldehyde, 10 

 

at a temperature from 15 to 100°C, 

 

in the absence of solvent or in an alcoholic solvent. 

 

2. The process according to claim 1, wherein the reductive amination reaction is carried out 

in the absence of solvent. 

 

3. The process according to claim 1, wherein the amount of formic acid used in the reductive 15 

amination reaction is from 2 to 50 equivalents per equivalent of aldehyde. 
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4. The process according to claim 1, wherein the amount of triethylamine used in the 

reductive amination reaction is from 2 to 50 equivalents per equivalent of aldehyde. 

 

5. The process according to claim 1, characterised in that the temperature of the reductive 

amination reaction is from 30 to 100°C. 

5 

sharon
Line

sharon
Text Box

sharon
Text Box

sharon
Text Box


