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):

s or
- 13- EWP, S OF AL D ON
513, 1017 A S o) A ML R et
-7,8-dipet hoxy-1, 3. 4, 5-tetrahydro-21f-3-benzazepin-2-pone S5addi {.i on
sai s HarasioR Aol R e St o SERREE L Ao P ADbe
t hereof |vabradine, and its addition salts with a pharmaceutically
accept abl e acidy,@nd nore especially its hydrochloride, have very

val uabl e pharmacol bsgizcal and t herapeuti ¢ properti cially
bradycardi c proper akimg those coltpounds |juseful in the
treatment or gy gven

%gious climncal fsituasiegs of myocdbdi al
i schaem a such "as angi na

s, ocardf al infarct OCtQand
associ ated rhyt hm di st ur banges, and al so in various pathol ogi es
i nvol ving rhyt hm di sturbance%, especially supraventricular rhythm
di sturbances, and in heart failure. The preparation and therapeutic

use of ivabradine and its addition salts with a pharmaceutically

Gescr | RG-S Ehf PR B A SRl pOUse 4 Brr by s gt B Dol
pat ent 58601 7 €alhARodes 81 PESrah Mo SHNENRSLSpf- ¥abr adi ne

hydrochl oride’starting fromthe conpound of formula’(11): 0C143
CH3HNOCH3 which is resolved to yield the conpound of forrmula (111):

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 compound of formula (III):

compound of formula (I):

CH,HN



2 [err] which is reacted with the conpound of fornula (IV): 0430
CH30 the catal ytic hydrogenation of Zwhi ch yi el ds ivabradi ne, which
is then converted into its hydrochloride. The di sadvantage of that
synthesis route is that it results in ivabradine in a yield of only 1
% I'n view of the pharmaceutical value of this conpound, it has
been inportant to be able to 10obtain it by an effective synthesis
process resulting in ivabradine in (éﬁéld. The present
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to yield the compound of formula (V):
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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):



&3 whi ch process is characterised in that the conpound of formula
(VI): O3 CH30 OCH3 CH30 IS subjeacted to the action of a thiol
in an organic solvent to formthe hemthioacetal of 5fornula (VI1):

OH RCCH 13 CH30 (OCH3

CH,0O OCH

I
CH,O NN 7 @,

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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CH,0
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):

CH,0

3 \
l (VII),

RS O

wherein R is as defined hereinbefore,



CH30 wherein R represents a substituted or unsubstituted, optionally
peril uorinated, linear or branched al Kyl group, a substituted or
.unsubstituted aryl group, a substituted or unsubstituted benzyl group
or a group CH2COZ2Et, 10which is subjected to a cyclisation reaction

to yield the conpound of fornmula (VIII): wherein R is as defined
her ei nbefore, 4 which is subjected to a reduction reaction to yield
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(VI'l) being dichloronethane. Preference is given to thée thiol

selected for reacting with the conmpound of fornula (VI) being
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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,.



15reagent selected from acetic anhydride, trifluoroacetic anhydride
and trimethylsilyl trifluoronmethanesul phonate. Greater preference is
given to the reaction for cyclisation of the conpound of fornula
(VIl) to formthe conpound of formula (VII1) being carried out in the
presence of trifluoroacctic anhydride. 20 Even greater preference is
given to the reaction for cyclisation of the conpound of fornula
(MI1) to formthe conmpound of foimula (M 11) being carried out in the
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reducti on of the conpound of formula (VIIl) is preferably carried out
in the presence of Raney nickel in ethanol or in the presence of
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abbreviations used: DVF: N N-dinmethylthrmani de 10 DMSG  di net hyl
sul phoxi de THF: tetrahydrofuran IR infrared The Exanpl es herei nbel ow

i1 ustrpleot i rdIVERE LS. The nel ting points (MP) were neasured using
a Kol |l er block (KBj.
DMEF: N,N-dimethylformamide

10 DMSO: dimethyl sulphoxide
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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product are obtained in the form of an oil.

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"".



EXAMPLE 3: N-{1(7S)- 3, 4-di rnet boxybi cycl o[ 4. 2. Ol octa-1, 3, 5-tri en-7-y

i met hyl )-N12- (3, 4-di met hoxyphenyl) et byl | - N-net hyl - 1, 3- propanei ne 9

g (17 mmol ) of the conpound obtained in the step above are di ssol ved
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 I N sodi um hydroxi de
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concentrating the organi c phase under pressure,
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next step without purification. Step 2:
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(2/1). After being in contact for 1 hour at anbient 15 tenperature,
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the res i n up istilled water. After extraction wt

et hyl @eﬁ% éﬁ nfﬂfle? rﬁ%ﬁg%% HHKRIRADeATISF beiag inoepriass ForNysms ahangbient

thers copgpRidates lﬂ&@% nedkeed B &g Yes;

are obt a?%gd inth e orlrln o?ﬁhan ol F‘ {egc]l ngeg@%u%d(é&g{l Iteep%sﬁde[h&{ 81% rsidue
is taken up in dlstﬂled water. After extraction with ethyl acetate, the combined organic phases
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



20l R v = 3406, 2794, 1641, 1261, 1236, 1205, 1153 cm 1. EXAMPLE 5:
N-{3-[{1(7S)-3, 4-di met hoxybi cycl o[ 4. 2. ®j octa-L3,5-trien-7-yl |l neth)1}-
_(met hypam no] propyl )-N-12- (3, 4-di met hoxyphenyl ) ct hyll- 2- oxoacet am de
To a solution of oxalyl chloride (0.6 nmL; 6.77 mmol) in 25 nlL of
di chl oronet hane there is added, at -78C, a solution of DMSO (0.9 nth;
12.32 mmol ) in 5 m, of dichloronmethane. 25After being in contact for
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hours at anbi ent ten'%erature and then poured into saturated aqueous
NaHCO3 NaH®s salutiphe Toe qugirdc phasselsi driglt ower MasO:Mmygotheanebnecrdrated under
congentr r d ur.e. e ti roduct are
obt §| ned (%C%gtpﬁ ‘f%orzrsnl%%foﬁ%% Sro taa6 gbt%g@/?nitae A Oftzaﬂz%? 1645,
1589, 1261, 1236 1207, 1151 cml EXAMPLE 6:
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| met hyI Dam noj pr opy

1} -7, 8-4i @gggy I 5-tetrahydro-2H 3-
10henzageg1|ﬂ 0}1%4 ﬁ?g%ﬁgﬁg’l ﬂ?@ @7? ﬁz}g 17 mmol ) is added to a
sol ution of the conpound obtained in the step above (2.6 g; 5 17
mmol) in 60 nL of dichl ororret hane. After bei ng}jl n contact overni

at ambileRAMBER S o130 3% 7h3d-dinethepdicy clai4 3dleetadibrtrien-7-yl met yl}-

o S BN O oy s TR A5G S AR
anﬁbentbdnemgﬁmﬂwm and then poured into saturated aqueous NaHCO3

solution. The residue obtained after drying the organi c phase over
MySO4 and then concentrating under reduced pressure is purified by

chr omatQgsaRAY @53shl! §37 G&h@?@&ﬁ%@ kd 4 %lh&«% bf 8 C({ﬁlﬁo&?d @&t&kn@é in the Rp

g of the title product are obtained in the form of
38% ZOIaROVa/ (=6 %7 80,7 méwl), m16MmL d2dshlodhyethanei AﬁeEk@lMEhE c@ntact overmght at
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in-2-ong mmol) and then BF;.0Et, (6.5 mL; 26 mmol). The reaction mixture is stirred for 3 hours at

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.



Raney nickel (2.5 g) (50 %in H20) is added to a solution of the
conpound obtained in the step above (098 g; 1.39 mmwl) in ethanol.
_After being in contact for 1 hour at reflux, the 25suspension is
cooled and then filtered over Celite. 600 ng of the title product are
obtained in the formof an oil. 9 Yield =94 %IR v = 2788, 1646,
1519, 1461, 1245, 1105 cnt EXAMPLE 8:

3-13-14[ (75) - 3, 4-di net hoxyhi cycl oi 4, 2. 0l octa-L3,5-trien-7-yll
(nethyL%a 'anﬁ;opyl1-7,8-dinethoxy-L3,4,5-tetrahydro-ZFFS-benzazepin
- 2-o0ne Wg%r Poride The title product is prepared, starting from
the proguet=piggailaesl 1509 tiag] stoal, plgvga’.by fol lowing the procedure
described in patent speC|f|cat|on EP 0 534 859 (Exanple 2, Step E).

10 CLAIM5S 1. Process for the synthesis of ivabradi ne of fo ula (r):

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).



»charact erised in that the conpound of fornula (VI): CH30 OCH3 OCH3
(VI) 5 CH30 is subjected to the acl®on of a thiol in an organic
solvent to folt the hcmthioacetal of fornmula (VI1): OH OCH3

CLAIMS

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

CH,0

CH, ’ , \[ 3
CH,0 NN — @,

characterised in that the compound of formula (VI):

0O
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0 OCH
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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,



(M1), OCR CH30 wherein R represents a substituted or
unsubstituted, optionally perfluorinatéd, |inear or 10branched al kyl
.group, a substituted or unsubstituted aryl group, a substituted or
unsubstituted benzyl group or a group CH2CO2Et, 11 which is
subjected to a cyclisation reaction to yield the conmpound of formula
(VITlr): RSO wherein Ris as defined hereinbeforc, which is
subj ect edichds subjedestioi agychgsdionirenstivn toyyieldthe vempawtidnd fofmilafWlDa (1),
which may 5 optionally be converted into addition salts thereof with
a pharmaceutically acceptable acid selected from hydrochl oric acid,
hydr obrom ¢ ac€Hgp_sul phuric acid, phosphoric acid, acetic acid,
trilluoroacetic acyg~\l actj c aci d, pyreﬁic aci g 3¢ acid,
succinic acid, gl g acidy, fumaric actrd, taftaric aci d, nak@hg |
c acid,

acid, citriccr@d ci d,~axalN o nesul phon
benzenesulphgﬁﬁc acrd a d'cnnﬁﬁ6fr§\égid, and info hy¥tht es thereof.
102. Synthesis process g ding to claim1l1, characterised in that
the organic solvent uggd inghe reaction for formation of the

hem t hi oacetal of formula (VII) is dichloronethane.
wherein R is as defined hereinbefore,

which is subjected to a reduction reaction to yield ivabradine of formula (I), which may
5  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 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.



3. Synthesis process according to either claiml or claim2,
characterised in that the thiol that it reacted with the conmpound of
formula (VI) is thiophenol. 4. Synthesis process according to one of
claims | to 3, characterised in that the sol vent used 15in the
reaction for cyclisation of the conpound of fornula (VI1) to fitful

t he conpound of fornmula (VIII) is dichloronethane. S. Synthesis
process according to one of clainms 1 to 4, characterised in that the
reacti on f | i i . e 0 . VIL) te formthe
S R
reagent sethecbegofinidof femtiaq Vanhy dointlehe domigouue oaeahile (CARNBYaticd@ut in
and trinmethylsilyl trilluoronethanesul phonate. 6. Synthesis process
accor di ng 16 RessnRs ©f tElgproaetici arlydride tandt a thsavis egid selactedrirom BF;.0ED,
cyclisati %(@&%Qﬁd%g@@ggd of formula (VII) to formthe conpound of
formula (MI'l) Ts carried out in the presence of trifluoroacetic
anhydride. 12 7. Synthesis process according to claim6,
charactgrigsed in that the reaction for cyclisation of the conpouynd of
f or Ia§'( HIFRSSE RO 't“‘r‘ﬁ@rﬂ{}’égrf?o“dﬁ‘&}l Ié’yfchﬂwmﬁ%éa Wﬁ@tltge feaciiogy for By ion of
in the preagg @%E@ﬁn& 61 fobMARQATBttb o WA dndRuaidr forhfiM BVABIiS carried out in
selected fromBF3.0Lt2, Sc(0 fel and Yb(OIl)3. 58. Synthesi’'s process
accor di ng the prsiseriano? {rilfdmapanstie pilgeldide and B&t.OBte reaction for
cyclisation of the conpound of foula (VIl) to formthe conmpound of
formula (MI11) is carried out in the presence of trifluoroacetic
anhydri gle syithebBproddst ecordiflg (Y BEShENPT AL STtk HOthhOthe #8acBbn for
clains 1 to 8, characterised in that the reaction for reduction of

t he conpoufdueionfr thalc@mpepng yofjferrewla r(VaH) duearrigd tové iprtbe @rsenasf of Raney
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10. Compound of formula (VI):
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11. Compound of formula (VII):
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CH30 CH30 11. Conpound of fornula (VII%{ OH 13 wherein R represents
a substituted or unsubstituted, optionally pertluorinated, |inear or
-branched al kyl group, a substituted or unsubstituted aryl group, a
substituted or unsubstituted benzyl group or a group CH2COR2Et. 12.
Compound of formula (M11): RS wherein Ris as defined in claim

11.
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 ’
I | (VLD

5 RS O

wherein R is as defined in claim 11.



