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CLAIMS

1. Process fojthe synthesis of the compound formula (VI), in its racemic or optically active

form:
CH,Q

CH,0 = OCH,

(VD

2

OCH,

wherein A represents HyC-CH; or HC%CH,

characterised in that the compound of fofgula (VII), in racemic or optically active form:

OCH,
(VID,

~
X NN

CH,

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

is subjected to an alkylation reaction with the compound gf formula (VIII):
CH,

CH,O

N\/\/N\CH (VI 3

wherein A is as defined hereinbefore,
in the presence of a base,

in an organic solvent.

2. Synthesis process according to claim 1, characterised in that the compo

formula (VII) is in optically active form, and more especially of configuration ().

of
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3 thesis process according to claim 2, characterised in that the group A represents
Ho§-CH,, and in that the product of the alkylation reaction of the compound of
formia (VII) with the compound of formula (VIII) is ivabradine of formula (I):

CRO OCH,
= CH, | N
I

CHOTRY N SN OCH,

(I)’

\

O
5 which may optionally%be converted into addition salts thereof with a pharmaceutically
acceptable acid selected frigm hydrochloric acid, hydrobromic acid, sulphuric acid, phosphoric
acid, acetic acid, trifluoroadgtic acid, lactic acid, pyruvic acid, malonic acid, succinic acid,
glutaric acid, fumaric acid, ic acid, maleic acid, citric acid, ascorbic acid, oxalic acid,

methanesulphonic acid, benzene8ulphonic acid and camphoric acid, and into hydrates thereof.

10 4. Synthesis process according tdiclaim 2, characterised in that the group A represents
HC=CH, and in that the prodiigt of the alkylation reaction of the compound of
formula (VII) with the compound of¥formula (VIII) is the compound of formula (V):

CH,0 N OCH,
~3 H, l
= v

O

the catalytic hydrogenation of which yields ivabradine'gf formula (I):

CH,0
OCH.
CH, X ’

X | o,

15 0
which may optionally be converted into addition salts thereof %yith a pharmaceutically
acceptable acid selected from hydrochloric acid, hydrobromic acid, sulghuric acid, phosphoric
acid, acetic acid, trifluoroacetic acid, lactic acid, pyruvic acid, maloni8 acid, succinic acid,
glutaric acid, fumaric acid, tartaric acid, maleic acid, citric acid, ascorbi acid, oxalic acid,

20  methanesulphonic acid, benzenesulphonic acid and camphoric acid, and into hydrates thereof.
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5. Swxpthesis process according to claim 1, characterised in that the compound of

formyyla (VII) is in racemic form, and in that the alkylation reaction of the compound of

form

(VID) with the compound of formula (VII) is followed by a step of optical

resolutioR, of the racemic compound of formula (VI) obtained.

5 .
in that the pr
formula (V1) is ivabradine of formula (I):
CH,0
= CH,
l
CH;0™ N\ f Ne N
O

Synthesis prdgess according to claim 5, characterised in that A represents HoC-CH,, and

uct obtained after the step of optical resolution of the compound of

- OCH;

/ (I) >
OCH,

which may optionally be converted, into addition salts thereof with a pharmaceutically

10 acceptable acid selected from hydrochldgic acid, hydrobromic acid, sulphuric acid, phosphoric

acid, acetic acid, trifluoroacetic acid, lactic acid, pyruvic acid, malonic acid, succinic acid,

glutaric acid, fumaric acid, tartaric acid, maleic acid, citric acid, ascorbic acid, oxalic acid,

methanesulphonic acid, benzenesulphonic aci

7. Synthesis process according to claim 5, chara

15 that the product obtained after the step of

formula (VI) is the compound of formula (V):

CH,O
\\ CI:HB

CH,0

0

|

d camphoric acid, and into hydrates thereof.

rised in that A represents HC=CH, and in

tical resolution of the compound of

the catalytic hydrogenation of which yields ivabradine of formula (I):

CH,O

2

X

N\/\/N

CH,O

- OCH;
W),

OCH,

- OCH;
o (I)7

OCH,
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whichay optionally be converted into addition salts thereof with a pharmaceutically

acceptablg acid selected from hydrochloric acid, hydrobromic acid, sulphuric acid, phosphoric

acid, aceti®acid, trifluoroacetic acid, lactic acid, pyruvic acid, malonic acid, succinic acid,
glutaric maric acid, tartaric acid, maleic acid, citric acid, ascorbic acid, oxalic acid,
methanesulphotfg acid, benzenesulphonic acid and camphoric acid, and into hydrates thereof.

according to any one of claims 1 to 7, characterised in that the base
used to carry e alkylation reaction of the compound of formula (VII) with the
compound of form \ (VIII) is selected from potassium carbonate, sodium carbonate,

caesium carbonate, potdgsium hydrogen carbonate and sodium hydrogen carbonate.

9. Synthesis process accord o any one of claims 1 to 8, characterised in that the base
used to carry out the alkylaipon reaction of the compound of formula (VII) with the

compound of formula (VIII) is patassium carbonate.

10. Synthesis process according to any s e of claims 1 to 9, characterised in that the solvent
used to carry out the alkylation reachon of the compound of formula (VII) with the

compound of formula (VIII) is selected i acetonitrile, acetone and butan-2-one.

11. Compound of formula (VIIa), a particular ca$¢ of the compounds of formula (VIL), in its

racemic or optically active form:

X AN

wherein X represents a halogen atom or a mesylate group.
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CLAIMS

1. A process for the synthesis of the compound formula (VI), in its racemic or optically

active form:

CH,0

CH,0 N
A 1L

N
N " = OCH,

OCH,

0
wherein A represents H,C-CH; or HC=CH,

wherein a compound of formula (VII), in racemic or optically active form:

OCH,
=
l[ (VID,
X N
OCH,

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

is subjected to an alkylation reaction with the compound of formula (VIID):

CH,0

CH,0

Ne NN CH, (vi,

in the presence of a base,

in an organic solvent.

(VD,

2. A process according to claim 1, wherein that the compound of formula (VII) is in

optically active form.

3. The process according to claim 2, wherein the compound of formula (VII) is in the (S)

configuration.
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4. The process according to Claim 2, wherein the group A represents H,C-CH,, and wherein

the product of the alkylation reaction of the compound of formula (VII) with the

compound of formula (VIII) is ivabradine of formula (I):

CH,0 oct,
Gy

CH,0 Ne N Z oCH,

D,

O
which may optionally be converted into addition salts thereof with a pharmaceutically
acceptable acid selected from hydrochloric acid, hydrobromic acid, sulphuric acid, phosphoric
acid, acetic acid, trifluoroacetic acid, lactic acid, pyruvic acid, malonic acid, succinic acid,
glutaric acid, fumaric acid, tartaric acid, maleic acid, citric acid, ascorbic acid, oxalic acid,

10  methanesulphonic acid, benzenesulphonic acid and camphoric acid, and/or into hydrates

thereof.

5. The process according to claim 3, wherein group A represents HC=CH, and wherein the
product of the alkylation reaction of the compound of formula (V IT) with the compound

of formula (VIII) is the compound of formula (V):

OCH
~ ?H.’» [ = ’
/ (V)a
OCH,

CH,O

15 O

the catalytic hydrogenation of which yields ivabradine of formula (I):

CH,0

3 OCH
Gt 1\[ 3

/ (I)’
OCH,

CH,0 N ~N

O
which may optionally be converted into addition salts thereof with a pharmaceutically
acceptable acid selected from hydrochloric acid, hydrobromic acid, sulphuric acid, phosphoric

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

6. The process according to claim 1, wherein the compound of formula (VII) is in racemic
form, and in that the alkylation reaction of the compound of formula (VII) with the
compound of formula (VIII) is followed by a step of optical resolution of the racemic

compound of formula (VI) obtained.

7. The process according to claim 6, wherein A represents H,C-CHa, and in that the product

obtained after the step of optical resolution of the compound of formula (VI) is

ivabradine of formula (I):

CH,O

- | - OCH;
I / (D »
OCH,

CH,O NN

0]
which may optionally be converted into addition salts thereof with a pharmaceutically
acceptable acid selected from hydrochloric acid, hydrobromic acid, sulphuric acid, phosphoric
acid, acetic acid, trifluoroacetic acid, lactic acid, pyruvic acid, maldnic 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.

8. The process according to claim 6, characterised in that A represents HC=CH, and in that

the product obtained after the step of optical resolution of the compound of formula (VI)

is the compound of formula (V):

OCH

~ L
/ (V)a

OCH,

CH,O N~

CH,O

O

the catalytic hydrogenation of which yields ivabradine of formula (I):
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CH, | Xy 0 |
' / (I):
OCH,

CH,0 N AN

CH,0

0]

which may optionally be converted into addition salts thereof with a pharmaceutically

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

acid, acetic acid, trifluoroacetic acid, lactic acid, pyruvic acid, 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.

10.

11.

12.

The process according to claim 1, wherein the base used to carry out the alkylation
reaction of the compound of formula (VII) with the compound of formula (VIII) is

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

hydrogen carbonate and sodium hydrogen carbonate.

The process according to any one of claim 1, wherein that the base used to carry out the

alkylation reaction of the compound of formula (VII) with the compound of formula

(VIII) is potassium carbonate.

The process according to claim 1, wherein the solvent used to carry out the alkylation

reaction of the compound of formula (VII) with the compound of formula (VIII) is

selected from acetonitrile, acetone and butan-2-one.

A compound of formula (VIIa), a particular case of the compounds of formula (VII), in

its racemic or optically active form:

OCH,
~
IE (VIIa),
X X
OCH,

wherein X represents a halogen atom or a mesylate group.




