NEW PROCESS FOR TI I E SYNTHESI S OF | VABRADI NE AND ADDI TI ON SALTS
THERECF W TH A PHARMACEUTI CALLY ACCEPT@BLE ACI D The present invention
relates to a process for the synthesis of ivabradine of formula (T):
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hydrochl oride’starting fromthe conpound of formula’(l11): CH3HN
0C143 OCH3 : :

5 addition salts thereof with a pharméceutically acceptable acid, and hydrates thereof.

Ivabradine, and its addition salts with a pharmaceutically acceptable acid, and more especially
its hydrochloride, have very valuable pharmacological and therapeutic properties, especially
bradycardic properties, making those compounds useful in the treatment or prevention of
various clinical situations of myocardial ischaemia such as angina pectoris, myocardial infarct
10 and associated rhythm disturbances, and also in various pathologies involving rhythm

disturbances, especially supraventricular rhythm disturbances, and in heart failure.
The preparation and therapeutic use of ivabradine and its addition salts with a
pharmaceutically acceptable acid, and more especially its hydrochloride, have been described

in the European patent specification EP 0 534 859.

15  That patent specification describes the synthesis of ivabradine hydrochloride starting from the
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which is resolved to yield the conpound of fornula (111): 2 CH3HN
00 13 0043 which is reacted with the:%onpound of formula (1V): 0430
-CH30 the catal yti c hydrogenation of which yields ivabradi ne, which
is then converted into its hydrochl oride. The di sadvantage of that
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the catalytic hydrogenation of which yields ivabradine, which is then converted into its
hydrochloride.

The disadvantage of that synthesis route is that it results in 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):



In view of the pharmaceutical value of this conpound, it has been
inmportant to be able to 10obtain it by3an effective synthesis process
resulting in ivabradine in a good yield. The present invention
relates to a process for the synthesis of ivabradine of formula (1):
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which process is characterised in that the compound of formula (VI):
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is subjected to the action of a thiol in an organic solvent to form the hemithioacetal of
5  formula (VII):
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wherein R represents a substituted or unsubstituted, optionally perfluorinated, linear or
branched alkyl group, a substituted or unsubstituted aryl group, a substituted or unsubstituted
benzyl group or a group CH,CO,FEt,

10 which is subjected to a cyclisation reaction to yield the compound of formula (VIID):
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wherein R is as defined hereinbefore,



OCH3 CH30 wherein R represents a substituted or unsubstituted,
optionally peril wuorinated, |inear or Branched al kyl group, a
.Substituted or unsubstituted aryl group, a substituted or
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Preference is given to the thiol selected for reacting with the compound of formula (VI) being

10 thiophenol.

Preference is given to the solvent used for the reaction for cyclisation of the compound of

formula (VII) to form the compound of formula (VIII) being dichloromethane.

In a preferred embodiment of the invention, the reaction for cyclisation of the compound of
formula (VII) to form the compound of formula (VIII) is carried out in the presence of a
15 reagent selected from acetic anhydride, trifluoroacetic anhydride and trimethylsilyl

trifluoromethanesulphonate.

Greater preference is given to the reaction for cyclisation of the compound of formula (VII) to

form the compound of formula (VII) being carried out in the presence of trifluoroacetic
anhydride.

20 Even greater preference is given to the reaction for cyclisation of the compound of
formula (VII) to form the compound of formula (VIII) being carried out in the presence of

trifluoroacetic anhydride and a Lewis acid selected from BF3.0Et,, Sc(OTf); and Yb(OTH)s.

Even greater preference is given to the reaction for cyclisation of the compound of
formula (VII) to form the compound of formula (VIII) being carried out in the presence of

25  trifluoroacetic anhydride and BF5.OEt,.



»I n a prefen-ed enbodi rent of the invention, the reaction for
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THF: tetrahydrofuran
IR: infrared

The Examples hereinbelow illustrate the invention.

The melting points (MP) were measured using a Kofler block (KB).
15 The infrared spectra were recorded on a Bruker Tensor 27 infrared apparatus with a Golden

Gate ATR accessory. The substances are placed on the plate in pure form.

EXAMPLE 1: tert-butyl [2-(3,4-dimethoxyphenyl)ethyl]carbamate

Di-tert-butyl dicarbonate (12 g; 55.2 mmol) is added to a solution of 2-(3,4-dimethoxy-
phenyl)ethylamine (10 g; 55.2 mmol) in dichloromethane (200 mL). After being in contact for
20 1 hour at ambient temperature, the reaction mixture is concentrated under reduced pressure.
The residue is taken up in pentane (100 mL) and, after being in contact for 1 hour at ambient

temperature, the suspension is filtered over a frit. 13.2 g of the title product are obtained in the

form of a solid.

Yield =85 %



15The infrared spectra were recorded on a Bruker Tensor 27 infrared
apparatus with a CGolden Gate ATR acceséory. The substances arc placed
.on the plate in pure form EXAMPLE 1: tert-butyl

[ 2- (3, 4-di met boxyphertyl)ethyljeurbama ¢ Di-tert-butyl dicarbonate
(12 g; 55.2 mml) is added to a solution of 2-(3,4-dinethoxy-
phenyBet hyl am ne (10 g; 55.2 mol) in dichloronethane (200 nL) After
bei ng immpertSac2°G.or 20 1 hour at anbient tenperature, the reaction
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Yield = 64 %
15 1IR:v=3340, 1678, 1519, 1167 cm™.

EXAMPLE 3: N-{[(7S)-3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-yljmethyl}-N'-[2-
(3,4-dimethoxyphenyl)ethyl]-V-methyl-1,3-propanediamine

9 g (17 mmol) of the compound obtained in the step above are dissolved in a 2.8N ethanolic
HCI solution. After being in contact for 2 hours at ambient temperature, the reaction mixture
20  is concentrated under reduced pressure. The residue is taken up in IN sodium hydroxide
solution and then the aqueous phase is extracted with ethyl acetate. After drying of the
organic phase over MgSO, and then concentration under reduced pressure, 6.8 g of the title

product are obtained in the form of an oil.

Yield =93 %
25 IR:v=3304,2793, 1261, 1236, 1205, 1153 cm"".



9 g (17 mvol) of the conpound obtained in the step above are

di ssolved in a 2.8N ethanolic HCL solution. After being in contact
for 2 hours at anbient tenperature, the reaction mxture 20 is
concentrated under reduced pressure. The residue is taken up in IN
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the reaction mxture is concentrated under reduced pressure and then
the residue is taken up in distilled water. After extraction with
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are dried over MgSO4 and then concentrated under reduced pressure. 6.2 g of the title product

are obtained in the form of an oil.

Yield = 81 % (2 steps)
20 IR:v=3406,2794, 1641, 1261, 1236, 1205, 1153 cm™.

EXAMPLE §: N-{3-[{[(75)-3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-yl|methyl}-
(methyDamino]propyl}-/V-[2-(3,4-dimethoxyphenyl)ethyl]-2-oxeacetamide

To a solution of oxalyl chloride (0.6 mL; 6.77 mmol) in 25 mL of dichloromethane there is
added, at -78°C, a solution of DMSO (0.9 mL; 12.32 mmol) in 5 mL of dichloromethane.

25  After being in contact for 1 hour at —78°C, a solution of the compound obtained in the step



To a solution of oxalyl chloride (0.6 nm; 6.77 nmmol) in 25 nL of

di chl oronet hane there is added, at -78& a solution of DMSO (0.9 nth;
212.32 mmol) in 5 m, of dichloronethane. 25After being in contact for
1 hour at -78C, a sol ution of the conmpound obtained in the step 8
above (3 g; 6.16 mmol) in 25 m, of dichloronmethane is added over 0.5
hour. After being in contact for 1 hour at -78C, triethylarnine (4.3
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sol ut i oniesk= A& conpound obtained in the step above (2.6 g; 5 17

nmol ) IR 6Q %@%@ﬁéé@ﬁ getl%@eucgdegl gﬁmng in contact overnight

at anbient te ere are ‘a i N ‘successi on,
trlfluoroacetlc anhydride (6 5 nL; 47 mmol) and then BF3. OEt 2 (6 5

m.; 26 mmol The reaction m xture is stirred for 3 hours at
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g of the title product are obtained in the formof an oil. Yield =
38% 20l R v = 2790, 1641, 1245, 1205, 1174 cnii. EXAWPLE 7:
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title product are obtained in
15 ambient temperature and then poured into saturated aqueous NaHCO; solution. The residue
obtained after drying the organic phase over MgSOy and then concentrating under reduced
pressure is purified by chromatography on silica (CH,Cl/EtOH/NH,OH 28 % : 97/3/0.3).

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

Yield =38 %
20 IR:v=2790, 1641, 1245, 1205, 1174 cm™.

EXAMPLE 7: 3-{3-[{[(75)-3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-yljméthyl} -
(methyDamino]proepyl}-7.8-dimethoxy-1,3,4,5-tetrahydro-2 H-3-hbenzazepin-2-one

Raney nickel (2.5 g) (50 % in H,O) is added to a solution of the compound obtained in the
step above (0.8 g; 1.39 mmol) in ethanol. After being in contact for 1 hour at reflux, the
25  suspension is cooled and then filtered over Celite. 600 mg of the title product are obtained in

the form of an oil.



the formof an oil. 9 Yield =94 %IR v = 2788, 1646, 1519, 1461,
1245, 1105 cmt  EXAMPLE 8: 9

.3-13-14[ (75) - 3, 4-di net hoxyhi cycl oi 4, 2. 0l octa-L3,5-trien-7-yll

(et hyl ) am nol propyl 1- 7, 8- di met hoxy- L3, 4, 5-t etrahydro-2H 3- benzazepin
-2-one 5hydrochloride The title product is prepared, starting from
the product obtained in the step above, by follow ng the procedure
described in patent specification EP 0 534 859 (Exanple 2, Step E).
10 CLAI d1i El;,/)cess for the synthesis of ivabradine of fo ula (1):
char act ’F}sea i’h that the compound of fornula (VI): CH30

IR: v =2788, 1646, 1519, 1461, 1245, 1105 cm™.

EXAMPLE 8: 3-{3-[{[(7S)-3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-yljmethyl}-
(methyl)amino]prepyl}-7,8-dimethoxy-1,3,4,5-tetrahydro-2H-3-benzazepin-2-one
5  hydrochloride

The title product is prepared, starting from the product obtained in the step above, by
following the procedure described in patent specification EP 0 534 859 (Example 2, Step E).



OCH3 OCH3 (VI) 5 CH30 Is subjected to the action of a thiol in an
organic solvent to folt the hcmithioacé®al of fornula (VII1): OH OCH3
V), OCR CH30 wherein R represents a substituted or
unsubstituted, optionally perfluorinated, |inear or 10branched al kyl
group, a substituted or unsubstituted aryl group, a substituted or
unsubsti tuted benzyl group or a group CH2CO2Et,
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1. Process for the synthesis of ivabradine of formula (I):
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wherein R represents a substituted or unsubstituted, optidnaﬂy perfluorinated, linear or

10 branched alkyl group, a substituted or unsubstituted aryl group, a substituted or unsubstituted
benzyl group or a group CH,CO,Et,



11 which is subjected to a cyclisation reaction to yield the conpound
of formula (M11): RSO wherein R islhs defined hereinbeforc, which
s subjected to a reduction reaction to yield ivabradine of fornula
(1), which may 5 optionally be converted into addition salts thereof
wi th a pharmaceutically acceptable acid selected from hydrochloric
aci d, hydrobrom c acid, sulphuric acid, Fhosphoric acid, acetic acid,
trill uorbisbds pebjert¢dito 4 eyslisagionceattiopya vieldctha compoundadfdnineula ¢VH]):
succinic acid, glutaric acid, fumaric acid, tartaric acid, maleic
acid, citric acid, ascorbic acid, oxalic acid, nethanesul phonic acid,
benzenesul phorigoaci d and canphoric acid, and into hy%ﬁgtes t her eof .
102. Synthesis progess acecording to clapm i'Sed in that
the organic solve gd | he reacti gn’for flprmatli on of the(V ),

hem t hi oacet@l, 0ot RQ 1) isdi cHloremethape’3. Synthesis
process according to e her crarﬁ?T\ﬁf clMGim 2, Char&&terised in that
the thiol that is reactgd Wath the conpound of fornula (VI) is

t hi ophenol. 4. Synthesi s prwpcess according to one of clainms | to 3,
characterised in that the solvent used 15in the reaction for

cycl i sawheninoR is dsedefivppbemthbeforé,ormul a (VI1) to fitful the conpognd
f f V1 | 1§ dichloroneth LS. t .S pr.ocess accordin
o o MRl LRERIELIENS, o Sl RSB A0 YL

cycl3 sapptmaly teh@neafaomis a@ditibRAM tefdr it @ Tﬁh@ﬁﬁé&bﬁﬁ@f&%ﬁ%l@l‘md
fornula@éVlll is carried out in the presence of a reagent sel ected

f r om ac#l¢cgedanypdhydrechleti¢ ppido hpdiebranzic 20ah sylphittde aidd phospietipyacki lagdtic
trifl uO{lc%T,Et}iﬁﬁgx%ﬁyétﬁha%ri](ﬁtlgctic 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 2. Synthesis process according to claim 1, characterised in that the organic solvent used in

the reaction for formation of the hemithioacetal of formula (VII) is dichloromethane.

3. Synthesis process according to either claim 1 or claim 2, characterised in that the thiol

that is reacted with the compound of formula (VI) is thiophenol.

4. Synthesis process according to one of claims 1 to 3, characterised in that the solvent used
15 in the reaction for cyclisation of the compound of formula (VII) to form the compound of

formula (VIII) is dichloromethane.

S. Synthesis process according to one of claims 1 to 4, characterised in that the reaction for
cyclisation of the compound of formula (VII) to form the compound of formula (VIII) is
carried out in the presence of a reagent selected from acetic anhydride, trifluoroacetic

20 anhydride and trimethylsilyl trifluoromethanesulphonate.

6. Synthesis process according to claim 5, characterised in that the reaction for cyclisation of
the compound of formula (VII) to form the compound of formula (VIII) is carried out in

the presence of trifluoroacetic anhydride.



6. Synthesis process according to claimb5, characterised in that the
reaction for cyclisation of the compouhd of formula (VII1) to formthe
.conpound of formula (VIIl) is carried out in the presence of
trifluoroacetic anhydride. 12 7. Synthesis process according to
claim6, characterised in that the reaction for cyclisation of the
compound of formula (VI1) to formthe conpound of formula (VIII) is
carried out in the presence of trilluoroacetic anhydride and a Lew s

261 Sech LM SRtk R BB R UKD B o

cycli sat i othe ebmpbendcoffoorini (GI)ftodban (Ad dompoand of Mordiga CONDALAskriel out in
formula (VIIl) is carried out in the presence of trifluoroacetic
anhydr i de BAJTESRE O tpifluorogeetisy anhydside awdoe d<avis @stst aflagied dram BHOED,

clainms 1 t@.&rrchalasi6ihsed in that the reaction for reduction of
t he conpouné o?ﬁgornuﬁa ?'III) is carried out in the presence of

Raney 10ni ckel in ethanol or in the presence of samariun(ll) iodide

Co t OLLgh%ﬁ;n%gﬁggceéﬁcgcﬂd?O@nﬁo %1911 9,fchfaroarcteml}ilsgd 1 \ﬂlgt:the r%ggt?on%gyc]hjéétion of

the compound of formula (VII) to form the compound of formula (VIII) is carried out in
the presence of trifluoroacetic anhydride and BF;3.OFEt,.

9. Synthesis process according to one of claims 1 to 8, characterised in that the reaction for
reduction of the compound of formula (VIII) is carried out in the presence of Raney

10 nickel in ethanol or in the presence of samarium(Il) iodide in tetrahydrofuran.

10. Compound of formula (VI):

. OCH,
CH,
| (VD.
CH.O

11. Compound of formula (VII):

N

OH
R 0 OCH

| | (VID

CH,0 N\/\/N N\
CH,O




wherein R represents a substituted or unsubstituted, optionally

pertluorinated, |inear or branched alkyi group, a substituted or
.unsubstituted aryl group, a substituted or unsubstituted benzyl group
or a group CH2CO2Et. 12. Conpound of formula (M I1): RS wherein R

is as defined in claim11.

wherein R represents a substituted or unsubstituted, optionally perfluorinated, linear or
branched alkyl group, a substituted or unsubstituted aryl group, a substituted or unsubstituted
benzyl group or a group CH,CO,Et.

12. Compound of formula (VIII):

CH,O

CH, N ’
| | (VIID)
CH3O N \/\/N /

5 RS O

wherein R is as defined in claim 11.



