-1-  NEWPROCESS FOR THE SYNTHESI S OF | VABRADI NE AND ADDI TI ON SALTS
THEREOF W TH A PHARMACEUTI CALLY ACCEPTABLE ACI D The present invention
relates to a process for the synthesis of ivabradine of formula (1):
or 3- - 13NEW PROCESS FOR THE SYNTHESIS OF IVABRADINE AND ADDITION SALTS THEREOF WITH
I'R7S) - 3, 4- di met hoxybi cycl| f-ARRMACH DTG AL LA ERTABLENTALY - yl ] net hyl |
(nethypan1no|propyl}-7,8-dinEthoxy-l,3,4,5-tetrahydro-2kk3-benzazepin
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pharmaceutically acceptable acid, and nore especially its
hydroch!oride, have very val uabl e phar macol ogi cal gnd therapeutic
properties, especially bradycardic properties anlhb t hose conpounds
useful in the treatment or prevention of var clinical®sjtuations
of nyocardi al ischa§p¢ﬁ,such i ‘ petar di al infarct
10 and associ ated rhyt hmA4 ~’urbsQEg§T\ano also in various
pathologies involving rh dis}hrbanggs, especially
supraventricul ar rhysoei disst urbasces, and in heart failure. The
preparation and therapeutic use of ivabradne and its addition salts
W th a pharnmaceutically acceptable acid, and nore especially its
hydrpchloride, have been described in the Eur opean pat ent

speci figat gpm@@%&zﬁéﬂmﬁﬁ&g bidydiopd. 2 padcent 3 Speen{7-dantthyl } osbyl) tawot-he
synthesi s of ivabradine hyg}ochloride starting fromthe conpound of

f or mul aprepyl}-7,8-domMshaerB 3,4,5-tetrahydro-2H-3-benzazepin-2-one,

5 addition salts thereof with a pharmaceutically 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 §59.

15  That patent specification describes the synthesis of ivabradine hydrochloride starting from the
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compound of formula (II):

which is resolved to yield the compound of formula (I1I):



which is resolved to yield the conmpound of formula (111):
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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):



the catal ytic hydrogenation of which yi el ds ivabradi ne, whi [
converted Into its hydrochloride. The4ﬁisadvantage of ihat ggn{ﬁegpgn
route is that it results in ivabradine in a yield of only I % In
view of the pharnaceutical value of this conpound, it has been
Important to be able to 10obtain it by an effective synt hesi s process
resulting in ivabradine in a good yield. The present invention :
rel ates to a process for the synthesis of ivabradpfe of formul a (r):

- 3- _mhlch.process is characterised in tha Re conpoung of fornul a
(VI):_|s subjected to a | actanisat on reac L the presence of a
coupl i ng agent and ahbase, ~ : } L tg ?ield i vabr adi ne
of forrrula(l), whi ch ma 0 addition salts thereof
with a phanlaceytlc é secept abl e aci d sel ect ed from hydrochl oric
aci d, hydrobrpn1c acﬁ , sul phuri Coaci d, phosphoric acid, acetic acid
trlf!uproacetlc acid, lactic acid, pyruvic acid, 10mal onic acid ’
suecinic acid, glutaric acid, furnaric acid, tartaric aci d, naléic

acid, citric acid, ascorbic acid. oxali ' ' [
benzenesbichhuisre hehaagrdddighoiiccoqupgnd ot fml Wapesul phoni c aci d,

H3CO N # Octs
3 \/\/
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is subjected to a lactamisation reaction,
5  in the presence of a coupling agent and a base,

in an organic solvent,

to yield ivabradine of formula (T), which may 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,
10 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 thercof.

Among the coupling agents that may be used for the reaction for lactamisation of the
compound of formula (VI) there may be mentioned, without implying any limitation, the
15  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 (T3P) and 1-(methylsulphonyl)-1H-benzotriazole.



and into hydrates thereof. Anpbng the coupling agents that may be used
for the reaction for lactam sation of “4he conmpound of foinula (VT)
there nay be mentioned, without implying any limitation, the 15
foll owing reagents: oxalyl chloride, thionyl chloride,
N, N-di cycl ohexyl car bodi i ni de (DCO) ,
1-et hyl- 3- (3-dirnethyl anmi nopro | ) carbodi i ni de (EDQl),
N, N- cartiengdugling iagert aprefe(abbr pse f%rtbw??é:ﬁ%sf%@ma@lé%ﬁoa ytejcgmpound of
anhydride (T .and 1- thyl sul phonyl) - 14 benzotri azole.  -4- The
coupliﬁgﬂgééiﬁbngngggﬁﬁngéed for the reaction for |actanisation of
the conpound of fornula (VI) is thionyl chloride. The ampunt of
thionyl chloride preferably used for c ryi ng. out . the reactd Fonts
| act ani Batdronmop ! et shiggidnarbsraplysed oo inguhitvkits thofchMsation
equi val %S oG B ¥ u@aéﬁ?' dNErPRERES thialalemy, ibqusised for
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carryin e reacti actam sation of the conpound of

formula (V1) there nmay he mentioned, without inplying any limtation,
triethylam ne, diisopropylethyl ani ne and pyridine. ... aati

pr efier abinpnedias DR (i 9y 5 WE PheorBarthity BfepdluP A Bmiston of the
the conpaundn®fo aiftha (W ndrs hiy elehieandme, withohntmplyine anyghmitation,
sol vents at may be used for carrying out the reaction for

I'act ami ssiethyimioé, diikepropylptenios atbpysing. (Vi ) t her e may be menti oned,
Wi thout inplying any linitation, di chl or onet hane, tetrahydrof uran,
acetonitrile, acetone and tol uene. The organi ¢ sol vent preferably

used f OfyCRIsk YréBraBlt udcdetor eaefingouf ok rbautibarfoshtiaonsagbn o dhe evpeg of
of fornmula (VI') is dichloroinethane. 15The reaction for |actam sation
of the fompbuNd isfrietbylamize- (Vi) is preferably carried out at a
tenmperature between 0C and 40C, inclusive. The present invention
l'ikewi se relates to a process for the s nthesis of ivabradine _—
starg i ngnfongnhé beranierspdwents thht may fralused i caryine @it Breocagion @r lactamisation
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dichloromethane, tetrahydrofuran, acetonitrile, acetone and toluene.

The organic solvent preferably used for carrying out the reaction for lactamisation of the

compound of formula (VI) is dichloromethane.

15 The reaction for lactamisation of the compound of formula (V1) is preferably carried out at a

temperature between 0°C and 40°C, inclusive.

The present invention likewise relates to a process for the synthesis of ivabradine starting
from the compound of formula (VI), which process is characterised in that said compound of

formula (V1) is prepared starting from the compound of formula (VII):

H3CO NH,
(Vi ,
H3CO
(1}
N
20
which is reacted with the compound of formula (VIII):



NH2 (WO which is reacted with the conpound of formula (VII1): -5-
0C113 (VITO OCH3 wherein X represent -a hal ogen atom a mesyl ate
group or a tosylate group, in the presence of a base, in an organic
solvent, 5 to yield the compound of fornula (1X): which is

hydrol ysed, by the action of a base in a m xture of organic sol vent
and water, to formthe conpound of formul a (V):

OCH3
\ (vim ,
N OCH;3
X \/\/
wherein X represents a halogen atom, a mesylate group or a tosylate group,
in the presence of a base,

in an organic solvent,

5  to yield the compound of formula (IX):

H | OCH;
H,CO N N
NN 1,

H;CO

which is hydrolysed, by the action of a base in a mixture of organic solvent and water, to form

the compound of formula (VI):

H | OCH;
H;CO N N
\/\/ (VD ,

H3CO
07 ~oH

10 which is converted into ivabradine of formula (I):



10which is converted into ivabradine of fornula (r)y: -6- in

accor dance Wi th the process described-ter ei nbefore. The present
Invention |ikew se relates to a process for the synt hesi s of

I vabr adi ne starting fromthe conmpound of fornula (VI'), which process
I's characterised in that said conpound of 5 fornula (V) is prepar ed
starting fromthe conpound of formnula (X): 1-13 CO 113 CO NCI (X)

I'l which is reacted with the hydrochl ori de of theocsnpound of forrrﬂl a

(I'11): HC1 H
) @
H3;CO
—
H;CO /

O

OCHs

in accordance with the process described hereinbefore.

The present invention likewise relates to a process for the synthesis of ivabradine starting
from the compound of formula (VI), which process is characterised in that said compound of

5  formula (VI) is prepared starting from the compound of formula (X):

H
H3CO N _~_-Cl

(X),
H;CO

il
N

which is reacted with the hydrochloride of the compound of formula (I1I):

OCH;
-~ : OCHs
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HCl

in the presence of a base,

10  in an organic solvent,

to yield the compound of formula (IX):



OCH3 OCH3 in the presence of a base, 10in an or ani c

X , sol vent, to
yield the conpound of formula (I1X): =7- mhicg i's hydrol ysed, by
the action of a base in a mixture of organi ¢ sol vent and wat er ’to
forg1t2e conPo?nd o{ formula (VI): 5which is converted jnto 1
| vabradi ne o ormula (I): in accordance with
descri bed herei nbefore. the process

H3CO N * Octh
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(IX),
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which is hydrolysed, by the action of a base in a mixture of organic solvent and water, to form

the compound of formula (VI):

3 \/\/
(VD),
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5 which is converted into ivabradine of formula (I):
OCH;3
ﬂ ’
OCHj5
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"
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O

in accordance with the process described hereinbefore.

Among the bases that may be used to carry out the alkylation reaction between the compound
of formula (VII) and the compound of formula (VIII) or the alkylation reaction between the
10 compound of formula (X) and the hydrochloride of the compound of formula (III) 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, diisopropylethylamine and pyridine.

The base preferably used to carry out the alkylation reaction between the compound of

15  formula (VII) and the compound of formula (VIII) or the alkylation reaction between the



Ampbng the bases that may be used to carry out the al kyl at i [

bet ween the conpound of fornul a (VII)‘Sané t he corrpoung of ?gr;:jla;“ "

(M) or the alkylation reaction between the 10 compound of formul a

(X) and the hydr ochl oride of the compound of fornula (') there may

be nenti oned, without inplying any limtati on, inorganic bases, such

as potassium carbonate, sodium carbonate, caesi um car bopat.e ’

pot assicempbyntt efeforvatab ¥htaed dhe hewraitaridpdelo din C%‘&P%‘Hhigl"g fogpyfa (1) is

organic ,bt sles,. such as triethyl am ne, diisopr opyl et hyl ani né and

pyri di fBCYBING ohound of formul a (X) and the hydrochl oride of the

conpound of forrmula (111) is triet hyl ami ne. Anpng the organic

sol vents that may be used to carry ou(} the al kyl ation.react.i
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nethyl ethyl ketone (MEK), dimethylformamide (DVEY . - ’
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the 10 co ound of tormula (Vi) and the conpound of formula (M1

or the d@hdeHyatilploxiéa@MEM) bet ween t he compound of fornula (X) and

t he hydroch!orlde of the conpound of formula (111) is acetonitrile

The al kyl ati on reaction between the conpound of formula (VI1) and fhe

conpounﬁh@for%éﬁﬁmb@eﬁt\/ kdfdrably ubel ab koalgt bain thee alitylasion besagieqn beteeen the

conpound of ornul a ( and t he 15hydr odch ?ri d he (9 Il .
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and 1001%twlegnC|tHes : c\:/o%ipound of formula (X) and the hydrochloride of the compound of

formula (III) is acetonitrile.

The alkylation reaction between the compound of formula (VI) and the compound of
formula (VIII) or the alkylation reaction between the compound of formula (X) and the
15  hydrochloride of the compound of formula (IIl) is preferably carried out at a temperature

between 20°C and 100°C, inclusive.

Among the bases that may be used to carry out the hydrolysis of the compound of
formula (IX) to form the compound of formula (VI) there may be mentioned, without
implying any limitation, potassium hydroxide, sodium hydroxide, lithium hydroxide and

20 barium hydroxide.

The base preferably used to carry out the hydrolysis of the compound of formula (IX) to form

the compound of formula (VI) is sodium hydroxide.

The organic solvent preferably used to carry out the hydrolysis of the compound of

formula (IX) to form the compound of formula (VI) is an alcoholic solvent.



Among the bases that may be used to carry out the hydrolysis of the
conmpound of fornula (1X) to formthe ébnpound of formula (VI) there
may be mentioned, w thout inplying any limtation, potassium
hydr oxi de, sodi um hydr oxi de, l'i thi um hydroxi de and 20 barium
hydr oxi de. The base preferably used to carry out the hydr ol ysi s of
the conpound of foima (I1X) to formthe conmpou

B

nd of fornula (M) is

sodi um AwdnghicdibzohThesdvernibet way Yensedip Ry g1l ‘ge lo}g%fag% of gl?er %Pﬂzﬂ?%md of
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sol Ve”ti&pﬂﬁ@?ﬁ s mAEti 415 @ebtiiamolL athiayioloisbptopendiydd blipséls of t he conpound
of formul'a (TX)" to formthe conmpound of formula (VI) there may be
mentioned, without inplying any limtation, nethanol, ethanol,
i sopropgnol, and. b I hg élt%()&m&j Sub Phe/ BREropysaf of ahd ompethd of
carry o fi?ﬁgﬂﬂ§6?§?§§igmg?d?ge gonpoun q? 5 fo?nupg (IX) to form
t he sconpatid (of) th donutie do¥ippund okfohanlal (VDTisethapelr ol ysi s of t he
conpound of formula (1X) to formthe conmpound of fornula (VI) is
preferably carried out at a tenmperature between 0C and 110C, .
| ncl usi hRoiTie SFABPURBSuRS of BHiulaa@X( 6 Forn{ th)commbubdpof domnas §61) is
3-1 {I( -3, 4% di methoxybicyclo [4.2 . o s .
- 0] oct aprifeBibhy tariiedoT-aflafterapergiurq bREVRGFERTA #isk! 10°Gr BERARE, et hyl N
{2- [2-(cyanonEthy1)-4,5-dinethoxyphenylIethyl} -13-al ani nate oxal ate
and (2- {2-[(3-
hydfpxypropybiapbariset byl | fodndladi natihoxgphenaBac Kbniandi | dsar &3-HdFS)-3.4-
conmpounds, for use as synthesis .internedi s 4 the chem 9.
phar macéaiatlvabbicndaed §lockshacrsry Y e ! Eaehi S ELEP k) Syl nr2
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| nvent i piirodyptépy@fanahileivi ot s afimethsevpheDNFacetinitelehgief erymeRmgeuyET use
i et hylts gylljrllt Qs(ijsx Iixgtfezrmediates in the chemical or pharmaceutical industry, especially in the

15  synthesis of ivabradine, addition salts thereof with a pharmaceutically acceptable acid and

hydrates thereof, and as such form an integral part of the present invention.

List of abbreviations used:

DMEF: dimethylformamide
DMSO: dimethyl sulphoxide

20  NMR: Nuclear Magnetic Resonance
m.p.: melting point

THF: tetrahydrofuran

The NMR spectra are recorded on a Bruker apparatus at 400 MHz for the proton spectra and
at 100 MHz for the carbon spectra.

25  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).

The Examples hereinbelow illustrate the invention.



20 NMR Nucl ear Magnetic Resonance mp.: meltin oint Tl-IF;
ydrofuran The NWVR spectra are recorde‘goon a Brugerp appar at LSF a: e%gh
MHz for the proton spectra and at 100 MHz for the carbon spectra. 25
The cheni cal shifts are expressed in terns of ppm (i nt ernal standard'
TMB). The followi ng abbreviations are used to describe the peaks: .
singlet (s), doubl et (d), doublet of doublets (dd), triplet (t), '
quadr URREPARATION tA:pl et (). The Exanpl es hereinbelow illustrate

the invention... -10- PREP Tl R .
N42- ( _3,&‘1%1@&4%’65? _nﬁ%y %’%‘E"i“#‘?rt"f‘%%‘?‘@édceet alllide To a
sol ution of 2-(3, 4-di net hoxypheny1) et hanami ne (50 g, 276 mmoles) in

350 nL of ethyl acetate sti d at [ '
added, B opviufieot & (BtdimedrBIeny) Ahdunbas b0 & 50 angise SuSUAEL pf gy

130 mmmol es) i.n 40 , r ; . . )
nour sty U PaTufl gy e s st st i
t for 1 hour

3; t \56; tearnhyiﬁﬁpi (as_gan'Lg(:mnmlm imé@ md dofithH agetptex Afipebeing in contac
er/triethylam ne (10Q ni/38.5 100 ;

NaCl s ot ibesit Separauich i TBFTg s fabong ettt Wl oL P Dy renicnts.
obtain ig ?évagléﬁg Wth & RELEE 0f Vot 1GARVIBHRRNT DM enIl/BS.5 el )X abd 0@ oripoisatirated
10 Yi el @: omp.: 93C )H NVR (CDC13, 400MHz): 2.86 ppm.(2H, t). -

3. 62 ppajuedh, Nal solut®@ apgris (hep|driey overé\.’lsﬁ%mﬁz Tgctedgo ﬁ?ylﬁﬁﬁc? 81‘?1%“‘65.5884fg

ppm ( 3H, : .. 13C N ): 34.4 p

) .4 ppm (CH2) - 41.3
ppm (c:%argel@ss."é‘d68%%@&&@%%&‘%&%&@%%#and 111. 8 ppm (2)CH) - 115.8
ppm (CFl, g, 1419F-13C)=288Hz) - 120.7 ppm (1CH) - 130.0 ppm 147.9
ppm and 149. 1Oppm (3 Cg) -- 157.5 ppm (C=0, 2J(9F-13C) =37Hz) .
PREPARAY it 88:70 N- { 2- [ 2- (chl oromet hyl ) - 4, 5- di net ho
henyl | e_tmfgzl 93-08, 2,2-tritluoroacetam de

'H NMR (CDCl3, 400MHz): 2.86 ppm (2H, t) — 3.62 ppm (2H, q) — 3.89 ppm (6H, s) —

6.52 ppm (NH) — 6.71 ppm and 6.84 ppm (3H, m).

BC NMR (CDClL;, 100MHz): 34.4 ppm (CHz) — 41.3 ppm (CH,) — 55.8 ppm (2CHs) —
15 111.6ppm and 111.8 ppm (2CH) — 115.8 ppm (CFs, q, 'J("’F-*C)=288Hz) — 120.7 ppm

(1CH) — 130.0 ppm, 147.9 ppm and 149.1 ppm (3 Cq) — 157.5 ppm (C=0, 2J(*’F-"*C)=37Hz).

PREPARATION B:
N-{2-]2-(chloromethyl)-4,S-dimethoxyphenyljethyl}-2,2,2-triflucroacetamide

In a three-necked flask, mix N-[2-(3,4-dimethoxyphenyl)ethyl]-2,2 2-trifluoroacetamide
20  (35g, 126 mmoles) and 37 % aqueous formaldehyde (776 mL, 1.014 mole) in 120 mL of
dichloromethane at 0°C. To the resulting two-phase mixture slowly add, at 0°C, 345 mL of
37 % aqueous hydrochloric acid solution and heat at 40°C. After being in contact for 3 hours,
hydrolyse the mixture using 250 mL of water and wash the aqueous phase with
dichloromethane (2 x 100 mL). Combine the organic phases, dry them over MgSOy and carry
25  out drying in vacuo to obtain a beige meringue (38.2 g). The product obtained is recrystallised

from toluene to obtain 31.5 g of a white powder corresponding to the title compound.



In a three-necked flask, mix
7V%2-(3,4-dinEthoxyphenypethyl]-Z,2,211Tifluoroacetanide 20 (35 g,
126 mmol es) and 37 % aqueous formal dehyde (776 nmL, 1 014 mole) in 120
mL of dichloronethane at 0C. To the resulting two-phase m xture
slowy add, at 0C, 345 nm_ of 37 % aqueous hydrochloric acid solution
and heat at 40C. After being in contact for 3 hours, hydrol yse the

m xt ur erigili MYo250 nL of water and wash t he aqueous phase with

di chl oronet hane (2 x 100 nlL). Conbine the organi ¢ phases, dry them
over N@&Qﬁléﬂ carry 25out drying in vaeuo to obtain a bei ge meringue
(38.2 g). The product obtained is recrystallised fromtoluene to
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g 5CD@A9 . 1180MR) -cﬁggp OJ@ngzg}I-IZ).)O- pptﬂxg:rgmm ¢CBI pym- (ﬁﬂw P pop. (G) -
. m - . m - . -
115. spg‘;ﬁﬁ pigr¥CHg) - iﬁ-@gﬂfﬁn&é%_gzsléﬁz]'&lpﬂm i‘gg.{n?(l S%%P%@”.P@ ggﬁ'é %.(gﬂ’ ¢

gggngﬁl %%B%)%H(Zﬁ “@7.7 o1 5. PRP( OFo pRAleE- 1580) pyai ik Cq) ~ 157.6 ppm

N-(212-&E¥nﬁqﬁﬁﬂﬁykﬁﬂmz5-dinethoxyphenylIethylf—2,2,2-trif|uoroacetat
nide In a three-necked flask stir, at anbient tenperature, a
suspensi on of sodi um cyani de (9.8 g, 200 nmmoles) in 160 nm. of DVBSO

Add to ph NQ dropwisc, a solution of N 12-12-
(chlor -4,5-01 net hoxyphenyl J et hy11-2. 2 f-tr;fluoro?ce%anide (26
g, 198 Nna@(yinonsghyl)-4c5- pxygheayllefbylied¢o4-teifiwosogceragmide | || " 50

m nutes at anbient tenperature, 15 hydrol yse the mixture using 300 niL
of water and extract the mixture wth di chl oromet hane (3 x 150

n) .
Conbi neyt hewres gakiee fhBiases aanchbivas kentiveatung ¢ FugBnYioR gl dedismsBapide 43 8 &
of NaOAc (150 nl) and sat urat NaCl sol utiqF , -
then dr 50(1( meSl b ?Eevrr&@@ﬁDWc%ﬁé‘?O"ﬂ%t iRy fhbOht fsondRl Omvl{z) =
duct , obt ai ' | om1- @midd J2@ @, 3B} aimoles) in
pr oduc ggﬁ)é&hmﬁlﬁglglz%%ggﬁéd{éﬁ kﬁﬁ}%@tgﬁr om 1-glfliRpeactafidd |26 g, 6%} @imo

12.8 g er correspon |n? to the tit]e conpound. 20 i
Yield: &1 % mfDMSTB L beifyRn (OMBS foroh fpwny 30 anipgtes i, ety t)em_pera ure,

3.38 211, q) : 3.73. 6H, 5) - ¢
(1115 pgg, olgs@gu%?)rﬁmt\(lrf%su%p faogmgzot;%%er( %xﬁg é)tt%gmh(ezrhﬁxtlﬁ?: %@N%%hl(égihﬁl;s%},lane
0 50 ey ot o et i
ppm ( CFBa0dc (1555@1;) and @})mml-ézgueggm@% Spiptpn %‘b X %B‘ﬁypﬁ%‘%y S%e% over

147.5 de”;s 4danzcli408a'rr2y 8&”&&3@01%) vacuo. The product obtained is recrystallised from toluene
(66 mL) to obtain 12.8 g of a white powder corresponding to the title compound.

20 Yield: 51 %
m.p.: 131°C

'H NMR (DMSO, 400MHz): 2.78 ppm (2H, t) — 3.38 ppm (2H, q) — 3.73 ppm (6H, s) —

3.91 ppm (2H, s) — 6.80 ppm (1H, 35) — 6.95 ppm (1H, s) —9.52 ppm (NH, t).

3¢ NMR (DMSO, 100MHz): 19.8 ppm (CHa) — 31.0 ppm (CHa) - 39.6 ppm (CHy) - 55.4 ppm
25  (CHs) - 55.5 ppm (CHs) - 113.1 ppm (CH) - 113.7 ppm (CH) - 115.9 ppm (CFs, q, 'J("’F-

3C)=288Hz) - 119.3 ppm, 121.2 ppm, 129.0 ppm, 147.5 ppm and 148.2 ppm (5 Cq) -

156.2 ppm (C=0, *J("°F-1*C)=36H2).




156. 2 ppm (C=0, 2J(9F-13C)=36Hz). -12- PREPARATI ON D:
[2-(2-an1noethy|)4,5-dinethoxyphenylPé%etonitrile Heat, at 50C, a

m xture of N—1242-(cyanonethyl)-4,5-dinethoxyphenyllethyll-z 2’2-
tritluoroacetanide (20.5 g, 64 8 ol es), ethanol (160 ni) bofassium
carbonate (13.2 g, 5 97.2 ol es) and water (40 ni) After being in
contact for 1 hour 30 minutes, extract the nixture by addi ng 200 ni
of dichloronmethane and 100 ni of saturated aqueous NaCl sol ution
Extract the o]V ’ohase with 100 nL of dichl oromet hane. Conbi ne t he

i o 6 2 e 9] : i
or gani .3shs *&H-'t hem wi t h sat ur at ed aqueous NaCl sol ution (100

m), dr -E%ﬁhé’tﬁxh@% aihdxglidnyl]acdtonitaileng | i
of a. ye[?l(ow ol | cgr)r esporﬁdi nlgiyiﬁ(i) ntyh]e t?t l e egg i:grr;gﬁzg. t?(i glbfjfu 901&) ?
?12.40780 %11 NVR (DVSO, 400MHz): 2.61 ppm (2H, m - 2.72 ppm (2H, m
m (2 eoaé, 'a?OS(g"W; Hr%%tﬁfe& %2J\/p@Ei—gb?anﬁﬁethﬁhz,%—cﬂlﬁ{&ﬁcﬁ'ybh@)yl]eﬁﬁyBQZ,Z,Z-
pp : 6 ppm , S) - 156. ppm (1H, ~s) 13C NM ?_ (DVB
100M42)mg§9rgecdmﬂid6@ﬁﬁ)5 g, @58 Snipples), CHRROL (169, 1YL pHAtYSEI) Carbg@t%?bap%g’
- -9 p

(CH3) - -
12150 gpi nreaey. %ﬁ%ztim@%}%fgﬁgngﬁ%‘g% ?’éc‘éﬁ%ﬁt ?@EZ%O@%&%&A%%‘V@%%

mixture by adding 200 mL of dichloromethane and 100 mL of saturated aqueous NaCl

solution. Extract the aqueous phase with 100 mL of dichloromethane. Combine the organic
phases, wash them with saturated aqueous NaCl solution (100 mL), dry them over MgSO,
and carry out drying in vacuo to obtain 10 g of a yellow oil corresponding to the title

10 compound.

Yield: 70 %
m.p.: 78°C

"H NMR (DMSO, 400MHz): 2.61 ppm (2H, m) — 2.72 ppm (2H, m) — 3.40 to 3.00

(NH,+HDO) — 3.72 ppm (3H, s) — 3.73 ppm (3H, s) — 3.90 ppm (2H, s) — 6.81 ppm (1H, s) -
15 6.92 ppm (1H, s)

B¢ NMR (DMSO, 100MHz): 20.0 ppm (CHy) — 35.9 ppm (CHy) — 42.9 ppm (CHy) —

55.5 ppm (CHj3) — 55.6 ppm (CH3) - 113.0 ppm (CH) — 113.7 ppm (CH) — 119.6 ppm,

121.0 ppm, 131.0 ppm, 147.1 ppm and 148.3 ppm (5 Cq).

PREPARATION E:
20 3-}{I(75)-3,4-dimethoxybicyclo[4.2.0]ecta-1,3,5-trien-7-yljmethyl} (methyl)amino}-1-

propanol

Heat, at 50°C, a mixture of [(75)-3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-yl]-NV-
methylmethanamine hydrochloride (20 g, 82 mmoles), triethylamine (34.2 mL, 246 mmoles)
and 3-bromo-1-propanol (14.8 g, 107 mmoles) in 100 mL of THF with 5 % DMF. After being
25  in contact for 24 hours, hydrolyse the mixture using 80 mL of water and extract with 80 mL

of dichloromethane. Wash the organic phase with saturated aqueous NaCl solution (5 x



20 31{R7S) - 3, 4-di net hoxybi cycl o[ 4. 2.0 cta-1,3
5-tr|en-7-ylinethyllinethytaninol-l-'é opanol Heat, at 50C, a mixture
of [(7,5)-3, 4-di met hoxybi cyclo[ 4. 2. 0] octad, 3, 5-tri en- 7-y11l. N.

met hyl net hanani ne hydr ochl ori de (20 g, 82 nmmles), triethylanine
(34.2 nL, 246 mmol es) and 3-bromp- 1 -propanol (14.8 g, 107 nmol es)

in 100 nL of THF. with 5 % . Aft bei [ : :
hours, @yakbl §igelt RETNMENHe 20 %E%gﬁuﬁ@pg?g 5\’[/3{ (g?tglglgg§'2; th gfc:: taz\é;\}neltl%w 8061
mL of déofr@%%%?@%ttg'%%ﬂe%&botuh@- organi ¢ phase with saturated aqueous
Nan sol ution X -13- 60°nL), dry it over MySO4 and carry out
dryi ng YieldoB6& n 23.7 g of a yellow oil corresponding to the title
conpound. Yield: 96% I HNIVIR (CDA i, 400MHz): 1.66 ppm (211 m
-2.31 ppm (3H, s) -2.50 to 2.70 ppm (SH, m 5 - 3.21 ppm (1H, dd),-
3. 54 pp® (i ([ADCE,300%ARPM 66 bpib, (25, Bd 2H, ppmp (316, $2 Jophio( A ey (SH, m)
6.69 ppm (IH ~s). 13C ATML? (CDC13, 100MHz): 27.7 3! C}g pNCTE
ppmS( CH2} .21 pomA1 Ppael) -€Ry>4-npm Glipam ¢ éﬂg)ppl%@é sgpth ?gﬁé?)_ _%%.pg p(pl)m’ $) -
(CH3) ¥36§&%%5§§r5(c}0) -62.8 ppm (CH2) -64.9 PP))) (CH2) - 106.7 ppm
(CH - 107! VCH) - 134.8 ppm 138.5 ppm 140. 4 ppm and 10149. 9
gpmhl( 4 Q‘g)}N\fj\\{ggEngATg&MfE) 27.7 ppm (CHj) — 34.8 ppm (CH3) — 40.4 ppm (CH) — 42.3 ppm
- ehl oro- -3, 4-di net h bl 1 L ri - Vi
LN R oI AT VSR YEhL 4531 ARSI i €50 o
(CHy) — 106.7 ppm (CH) — 107.4 ppm (CH) — 134.8 ppm, 138.5 ppm, 140.4 ppm, and
10 149.9 ppm (4 Cq).

PREPARATION F:
3-chloro-N-{[(75)-3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-yl] methyl}-/N-methyl-1-

propanamine

To a mixture of 3-[ {[(75)-3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-ylJmethyl } (methyl)-
15  amino]-1-propanol (20.8 g, 78.4 mmoles) and triethylamine (11 mL, 78.9 mmoles) in 200 mL
of dichloromethane add, at ambient temperature, 8.65 mL of thionyl chloride (157 mmoles).
After being in contact for 3 hours at 40°C, hydrolyse the mixture using 150 mL of water and
30 mL of aqueous IN NaOH solution. Adjust the pH of the aqueous phase to 10 using
aqueous 10N NaOH solution and extract with 50 mL of dichloromethane. Combine the
20  organic phases and wash them with saturated aqueous NayCOj3 solution (100 mL), dry them
over MgSOy and carry out drying in vacuo to obtain 19.8 g of a brown oil corresponding to

the title compound.
Yield: 89 %
"H NMR (CDCls;, 400MHz): 1.90 ppm (2H, m) — 2.28 ppm (3H, s) - 2.65 ppm (3H, m) -

25  2.68 ppm (2H, m) — 3.19 ppm (1H, dd) — 3.54 ppm (1H, m) — 3.56 ppm (2H, t) — 3.78 ppm
(6H, s) — 6.62 ppm (1H, s) — 6.66 ppm (1H, s).




To a m xture of 3-f :

{[(75) -3, 4-di met hoxybi cycl o[ 4.2.0] oct-34-1, 3, 5-tri en- 7-ylimethyl | (methy
I')- 15 amino] - 1- propanol (20. 8 g, 78.4 rrnnoles) and triethyl ani ne
(11 m, 78.9 moles) in 200 n_ of dichl oronet hane add, at anbi ent
tenperature, 8.65 nmL of thionyl chloride (157 nmol es). After being in
contact for 3 hours at 40C, hydrolyse the mi xture usi ng 15 é

wat er dfdNBOR NEDGY;, a6Rdbs 30N MO K|35 dRPmASHas 49@13&4? )T% -6 ppm

aqueous _phase_to 10 i\ng ueo ON tyi ¢ Xt 686 b (L
50 i 4F Tl o drsheiHaHe > ER R Ehe 00 LR o g sReppictin,)
b LN Sat ik BHmAQILOUS ONAZFER (S ut 1361 pRAA013L) ppoit 4P Bepproved LARSEPm
and carry out drying in vacuo to obtajn 19,8 g of a brown oil
correspgéndilng to the title conpound Yield: 89 % 11-1 NMR (CDC13,
400MHz): 1.90 ppm (2H, m) - 2.28 ppm (3H, s) - 2.65 ppm (3H, n) -
252.68 ppm (211, in) - 3.19 ppm (1H, dd) -3.54 ppm (1H n) -3.56 ppm
(2Hs; t)pREBARADIONEEH, s) -6.62 ppm (1H, s) -6.66 ppm (1H, s). -14-

(&) gorrR- U0y g eﬁﬁ@@%@?ﬁgﬁéﬁ'ﬂtﬁiﬁ%ﬁﬁ‘%g“y?}é‘?%‘fﬁ%&@5rﬁ

(CH3) -56. . .0 PPm (CH2) - 106.8 ppm (CH) - 107.4 ppm ( CH)
- 135, &*‘68%“‘@5%.3%‘%“3% 149.3 ppmand 149.9 ppm (4 Cq). 5 PREPARATI ON
G

3-ehloro-N-t[(73)-3, 4-cli l.e - sk B 355t 1 {[Tm¥dhi
ot hyl } 18 et Ph PR NS St arten b SR P ek BgB-ichensitmuim
N oty 2 CRRBEIEAY G 19) & 390 0010 i 0L vl by o rel
met hyl - 1- pr opanam ne .8 0,.69.8 mml es)_ i 0
acelliat ehbeatseatidsd + spluen10f OB 37id (ided. 7OSOITEPEN i Bl of sthanol
(6.91 76. 7. les) in. . €GP A fr@Mrefurginy tth embient
m xt ur rSQBﬁ?téon%TﬁPPng’ec%h}&grg?& é’?lfsr eH %xgn,&afcfgr%?%% urning to ggrrbi errlr% o
L enper afeperatdrbahgimikuireis Bltdred tet wdshad dvittadhed. of ethammd i pbigm bt Faasf 2
to obtain 17.35 g of a brown ov\qer corredspondi ng to the title
plic cqgpeund.

conpounerown powdey eQrepspeyding s

Yield: 67 %
15 m.p.: 154°C

"H NMR (DMSO, 400MHz): 2.14 ppm (2H, m) — 2.75 ppm (3H, s) — 2.88 ppm (1H, dd) —

3.12 ppm (2H, m) — 3.16 ppm (1H, dd) — 3.28 ppm (1H, dd) — 3.41 ppm (1H, dd) — 3.69 to

3.75 ppm (9H, m) — 6.79 ppm (1H, s) — 6.86 ppm (1H, s) —~ 9.21 ppm (20H).

B¢ NMR (DMSO, 100MHz): 26.8 ppm (CH,) — 35.0 ppm (CH,) — 37.5 ppm (CH) — 40.1 ppm
20  (CHj) - 42.6 ppm (CH;) — 53.1 ppm (CH;) — 55.8 ppm (CH3) — 55.9 ppm (CH3) — 58.6 ppm

(CHy) — 107.6 ppm (CH) — 108.0 ppm (CH) — 134.2 ppm, 135.7 ppm, 149.3 ppm and

150.2 ppm (4 Cq) — 164.4 ppm (C=0).

PREPARATION H:
Ethyl N—{z-[2-(cyanomethyl)—ét,s-'ciimethoxyphenyl]ethyl}-ﬁ—alaninate oxalate

25 A mixture of [2-(2-aminoethyl)-4,5-dimethoxyphenyl]acetonitrile (6.5 g, 29.5 mmol) and
ethyl acrylate (3.9 ml, 36 mmol, 1.2 eq.) in 120 mL of ethanol is stirred for 20 hours at



111 AWVR (DVBO, 400MHz): 2.14 ppm (2H, m) -2.75 ppm (3H s) - 2.88
(1H, dd) - 3.12 ppm (2H, ) - 3.16 pph’{1H, dd) pPs. gs ppm)(lH, dd) PP
3.41 ppm (1H dd) - 3.69 to 3.75 ppm (9H, m) -6.79 ppm (1H, s) -6.86
ppm (1H, s) -9.21 ppm (20H). NMWR (DMSO, 100MHz): 26.8 ppm (CH2) -35.0
ppm (CH2) -37.5 ppm (CH) -40.1 ppm 20 (CH2) -42.6 ppm (CH2) - 53.1
ppm ( CH2) - 95.8 ppm (CH3) - 55.9 ppm (CH3) - 58.6 ppm (CH2) . - 107.6
Bm E Sa)nblem aﬁggerzm. (1019) reactigumpxtiisnis spBisctpd o) dryimagn 3ap, thepy ghfs?)’“%e
- .4 ppm (C5Q). . di
NA2- 12-YC?3§518H SRS 1B lﬁé‘t"ﬁg%ggﬁg% %teﬁ;%d}?g% e A 18
- 15- anfheAtt teRReh Fdif@senth ef beantdoth(2mXe, MBemine, L95 e} daediptagioy ifiog

in vacuo; then th d ' i : : -
MV LI R TN
brosP [),erﬁg(?ﬁg ri}?}i}tgfr%@ﬁﬁ \%éhtgd (AP 29 Gl @fgetmceta% R50t6in) a white powder (9 g)

Pred € mXture occurs during contact at reflux. After

ret ur ni dgretonaingiteie itkn@enmtunde, the 5mixture is filt

\(/:\no: pelg md_ of tet hyIh acetate to obtain a white powder (Srg)d and washed
sponding to the title conpound. Yield: 74 % mp.: 218C NVR

(CDC13,Y§Q{)2@%: 1.19 ppm (3H, t) - 2.74 ppm (2H, t) - 2.88 ppm (2H,

m - 1 . ppm (2H, m -3.17 ppm (2H, t) -3.74 ppm (3H, s) -3.75

ppm (3Hnps)2183C93 ppm (2H, s) -4.09 ppm (2H, quadruplet) -6.88 ppm

(1H, s) -6.97 ppm (1H, s). 13C NAIR (CDC13, 100MHz): 14.00 ppm (CH3)

- 19.86 ppm (CH2) - 28.28 ppm (CH2) - 30.39 ppm (CH2) -42.25 ppm

(GH2) - 47 NbIr PO CHANMFH5160 ppni(3HCHS) 2-7455m8 22BPH) — 2GR pap CH, m) -

60. 53 CFD) - 113, )
2o PRos ;()pm ()ZH, ) 5 17 o) 5 7413, 74Pam { GH), - A9 363 RRLAGEN,

s) —4.09 ppm (2H, quadruplet) — 6.88 ppm (1H, s) — 6.97 ppm (1H, s).

B¢ NMR (CDCl;, 100MHz): 14.00 ppm (CHj) — 19.86 ppm (CH,) — 28.28 ppm (CH,) —
30.39 ppm (CH;) — 42.25 ppm (CH;) — 47.19 ppm (CHz) — 55.60 ppm (CHj3) — 55.62 ppm
(CH3) — 60.53 ppm (CH;) — 113.13 ppm (CH) — 113.74 ppm (CH) — 119.36 ppm (Cq) —

15  121.40 ppm (Cq) — 127.70 ppm (Cq) — 147.73 ppm (Cq) — 148.42 ppm (Cq) — 164.65 ppm
(Cq) — 170.29 ppm (Cqg).

PREPARATION I:
(2-{2-[(3-hydroxypropyl)amino}ethyl}-4,5-dimethoxyphenyl)acetonitrile

To a suspension of 10.8 g of NaBH,4 (284 mmol, 11 eq.) in 110 mL of THF there is added, at
20 several points over a period of time, ethyl N-{2-[2-(cyanomethyl)-4,5-
dimethoxyphenyl]ethyl}-B-alaninate oxalate (10.6 g, 25.9 mmol). Stirring is carried out for
30 minutes at ambient temperature, and then 23.1 ml of methanol (570 mmol, 22 eq.) are
poured in dropwise. The mixture is heated for 16 hours at 60°C, and is then hydrolysed using
100 mL of 5N hydrochloric acid. There are then added 100 mL of dichloromethane and
25 200 mL of demineralised water. After separation of the phases, 50 ml of 10N sodium
hydroxide solution are added (pH > 10) to the aqueous phase and extraction is carried out

using 3 x 70 mL of dichloromethane. The organic phases are combined and washed with 2 x



15 121. 40 ppm (Cqg) - 127.70 ppm (Ca) -, 147.73 ppm (Cq) - 148. 42 ppm
(Cq) - 164.65 ppm (Cq) - 170. 29 ppm ('&f). PREPARATI ON | :

(2-{2-10- hydr oxypr opyl ) am noj et hyl }-4, , 541 net hoxyphenypacetonitrile
To a suspension of 10.8 g of NaBH4 (284 mmol, 11 eq.) in 110 ni of
THF there is added, at 20 several points over a period of tine, et hyl
N-12-[2-(cyanonet hyl) -4, 5- di net hoxyphenyl | ethyl| - -alaninate .

oxal at §5(D. @& sgur@sd QQWS)NaCétﬁohﬁﬁc’ﬁga“ids%ﬁ%fi{“? (EI’V%ruMggQr“' “hiHiyiag out
at anbi ent tenperatyre na .t 23 | cotBdnl to e title
eq. ) aldéylﬂéd?g‘g’cf’?f %‘Flbep\?\ﬁ%sg?t&!‘}ﬁg 6m%x%u¥ea%gldi@g§%g@f or 1%) E{)ﬂglrs at
60C, aRdmpsutidien hydrol ysed usi ng 100 nL of 5N hydrochl oric acid.
There are then added 100 nL of dichl or onet hane and 25 200 nL of

demi neral i sed water. After separation of the phases, 50 M of | ON
sodisumﬁgﬁrgg%je sol ution are added (pH > 10) to the aqueous phase
and extraction is carried out usi ng 3 x 70 nL of dichl oronet hane. The
organi c phases are conbi ned and washed with 2 x -16- 75 nL of

car 'y et B GRSk dUAP B! b 235kl gk ALECbom (48
col our | ess ol Qndixngpd: QAN —t3.73 ppraaBHONG3.88 pyited, sBS 682 ppm
NVR ( 13,39‘2636’%2;}?%51). 24 2np%pm ?32H,h§qui nt SIEI gt) - 2.59 ppm (2H, t) -

2.66 ppitl( #H; 6.8 pp@. @H, pom (2H, t) - 3. 72 ppm (3H, s) -3.73 ppm (311,
s) .-3.88 ( ) 16882 6. 3250 pb3C(CH,) -
AT (B o JBug SRV ity Gy & TRl i) 5240 AC(CHy -
( CHZ% O-_fsé;t@ 5@3 Rg’g‘% gﬁ.&g?a.@?{zg pgﬁg(ﬂl—ppr? -(C5B) 553@%1@@(%%) —S9% g0
ppm - : m - : - - _
119. 54 (S (CHY2-98 ppm. é@{bpn%léé%) ppm fg{%}]ﬂ%%‘ CEF) @%582-@%5%% gfﬁ”

- 148. 23 ~ PR - ,

15(2-{ 2???%{’%3% eryl'; ag%rﬂll‘% )et %?/%%3 ﬁp’él(glq% net hOxyPhenyl ) acet Oni t n1
le To a mixture of 2- {2- 1(3- hydr oxypr opy1) ami no] et hyl |

-4, 5-di net hox hengr acetonitrile (1.7 g, 6.1 nmml) and tri et hyl am ne
(2.5 mﬁ&MP A: =3 €0.) in 16 nL of dichl oromethane there js

ad : I ' BLdifh henyiplfce®Biirild of t hi onyl
chi b1 o2 PRBYshRofidaninoRusal aS amcmuynhen e he m xtur

g.) mL of dichl oronet hane. The mi xture
i's heated for 2 hours at 40C

To a mixture of 2-{2-[(3-hydroxypropyl)amino]ethyl}-4,5-dimethoxyphenyl)acetonitrile
(1.7 g, 6.1 mmol) and triethylamine (2.5 ml, 18.3 mmol, 3 eq.) in 16 mL of dichloromethane
there is added, by pouring dropwise, a solution composed of 885 pL of thionyl chloride
(12.2 mmol, 2 eq.) and 1 mL of dichloromethane. The mixture is heated for 2 hours at 40°C,
20 and then, once it has returned to ambient temperature, is hydrolysed using 15 mL of
demineralised water. After stirring overnight at ambient temperature, 3 mL of aqueous 10N
sodium hydroxide solution (pH > 10) are added. After separation of the phases, the organic
phase is removed and kept. The aqueous phase is extracted with 20 ml of dichloromethane.
The organic phases are combined and washed with 25 mL of saturated aqueous NaCl solution
25 and then dried over MgSO,. After carrying out drying in vacuo, 1.5 g of a brown oil

corresponding to the title compound are obtained.

Yield: 83 %



20 and then, once it has returned to anbient tenperatur i
hydro!ysed using 15 nL of denineralisé& water. g?ter stf}rzﬁg
overni ght at anbient tenperature, 3 inL of aqueous 10N sodi um

hydr oxi de solutlon (pH > 10) are added. After separation of the
phases, the organic phase is renoved and kept. The aqueous phase is

extracted with 20 ml of dichl [
gggggnté%]aﬁ@ it o) 26 SHprT (4 ae) s By o B CH
en ie r . Af ' ' |

g of a b ont g Y ratneneagl PEL (25 bl QUL oIl sied HaGHOD €1

Y|2el7g égrﬁn %})2_31'7]17 pn_lgﬂ%gﬁl—%rﬁéﬁmm_' 3%1,4@.0M8-|§): 1.91 ppm (2H, quintupl et)

t) -3.71C (BIBCls) 100 p6 zér}rln E@H@%ﬂ 3.§$ﬁpéﬁ§#‘4’((§£2) 3_)33?26 %mpéml_b B

(1H 5)343-&h$4r%ﬁ§§q2;;u§,8%>p ISR DBCHAR EOOPLISE)I3 Bim LHBPATSG OBp
32. 737 pp Q - 33.16 %p ) - 5 43.04 ppm (CH2) - 46. 88 p

(CH2) -(CBR) 451 ppIM pEN2)CH) 56L0® ppm (@H3y 118.86.mpsn é@ﬁﬂ (CH¥.02 PE‘I‘ZE@? -

ppm ( -%13.0%:ppnh%§39 - @%ﬁ.%989§n1g5&9 - 120.02 ppm (Cq) -

130. 19 Ipprhoweg) (CD474732 ppm (&l 874875 Sim (Cq) . EXAVPLE 1

(2—I2-({31{1(75)-3,4-dinethoxybiCyclo[4.2.0Jocta-1,3,5-trien-?-yl1net

hyl)(nethyl)-

é?fﬁ;g?ﬁ&é@@&ﬂﬂﬁpﬂino)gthyﬁl-4,5-dinethOxyphenyl}acetOnitriIe First
of .3-chl or.q- .

{[(75) -‘*i?,‘@:@‘&mfy%ﬁw%%f%ﬁ%%&@??Lt,aél,%’-sitﬂe‘é'r?f T N

ety 'aﬂ:nﬁﬁ@%??lﬂ%ﬁ@)@ﬁ@i}%,&di@ﬂgmyﬂﬂen&l}meﬂon@)’ﬂ&and 85 inL of

aqueous IN ~solution in 150 nL of diehloronethane is stirred
for 1 hour at ambient tenperature. The mixture is 15 separ at ed, and

the organi.c phase is dried ov ' i [
SaRas er MgSH4 and subjected to drying in
vacuo g@£%€%a¥n—ll.3 g of an orange oil corresponding to é-cg

{ |[\+( 79) - B, fixdlireeft Beotydroey¢[(GF}3 zrcﬁpeﬁmxabigcgg[gzt.Q]p@tﬁ-_173,§¢qi%g%'§,]poﬁe%{y'ﬁ-zv-
-N-met hyl -1 - propanani ne. The product obt ajn ve i [ '
s A I A
ol es) i 5200 SHdiefioRRSRMHet i istired Tor 1 Mur asamibibnigtemiprtatre. Theméxtarceis
15  separated, and the organic phase is dried over MgSQOy4 and subjected to drying in vacuo to
obtain 11.3 g of an orange oil corresponding to 3-chloro-N-{[(75)-3,4-dimethoxybicyclo-
[4.2.0]octa-1,3,5-trien~7-ylmethyl } -N-methyl-1-propanamine.
The product obtained above is stirred at ambient temperature in the presence of potassium
iodide (1.46 g, 8.78 mmoles) in 200 mL of acetonitrile. To the resulting mixture there are
20  added, in succession, triethylamine (5.6 mL, 40.2 mmoles) and then [2-(2-aminoethyl)-4,5-
dimethoxyphenyl]acetonitrile (8.82 g, 40.1 mmoles) dissolved in 50 mL of acetonitrile. After
being in contact for 24 hours at 60°C, 150 mL of water are added and the mixture is extracted
by adding dichloromethane (150 mL). The organic phase is washed with 185 mL of water and
15 mL of 37 % aqueous hydrochloric acid solution. The aqueous phase is collected, 185 mL
25  of saturated aqueous NaHCO; solution are added and the resulting phase is extracted with

150 mL of dichloromethane. The organic phase is dried over MgSO, and subjected to drying

to obtain 14.1 g of an orange oil corresponding to the title compound.

Yield: 75 %



20 added, in succession, triet hyl ami ne (5.6 nL, 40.2 mol es) and then
[2-(2-am noet hyl ) -4, 5- di met hox) Thenyll$acetonitril e (8.82 g, 40.1

ol es) dissolved in 50 nL of acetonitrile. After being in contact

for 24 hours at 60C, 150 nL of water are added and the m xture is
extracted by addi ng di chl or onet hane (150 nL). The organic phase is
washed with 185 nL of water and 15 nmi of 37 % aqueous hydrochl oric

aci d s@edbndnarifile aqueous phase is collected, 185 nmL 25 of saturated
aqueous NaHCOB sol uti o adde 1 DG nRhRSSohdvacetonitrile
ext ractled \mlf‘WYGLSOO{:rL @F?%f@ﬁﬁ%g?rg I%p g&%@ﬁo%ﬁéﬁ%%’gﬂ% c phglsﬂg P s) dri ed
over qun@pdzgyb&]ﬁﬁﬁ)‘;m-t(ch):lBwdi@etmxsﬂdﬂtﬁﬂmmlﬂzctg-1o?fa5émerb7'élﬂgf¥'n@ﬁﬂﬂyl'
corresponding to the title compound. Yield: 75 % " 18- (?‘32%01%?' Y&y LAk
A m xt ungbinaine pgdiochloridn|(8Ho pigo pyi3) MaALh ad 8%6}%@‘( apne (1. > o ’
-4, 3-di et hoxypheny Lt i I/ 198 HOUR| JAfter returning to ambient
1-[%sﬁ%%%ﬁé&’ﬂ&%ﬁ%&ﬁ‘%{fz?.}%aO]g Oégtrg?‘zf’(% 5-trien-7-yl1- N neth eeted
et hanaginperattyelrine lionids ikt imyaco SBharitiaje iaiof ovet MgSchiand S%/ A
m, 8.97 mpl, 5 3 eq.) in 10.m of acetonjtril o ggﬁgs tle
for 6 Houbingap: wicup PR BB HHREREYS gdr)r%eé’a&ur@, t eg gnn%%?(gfﬂflé;ﬁ
filterecqnﬂpr&u}{&lcuo. The filtrate is dried over MySH and subjected to
drying Th'vacuo to obtain a brown meringue (0.9 g, 66 %

corresponding to the title conpound. Yield: 66 % 10 NVR ( CDC13,
400MHz) : . .1g()})pm(l2H, S) -2.45 ppm (2H, M) -2.84 to 2.94 ppm ( 2H,

m - 3. 181¢% 08 %80 ppm (10H, m) 3.80 ppm (6H, m -4.36 ppm (NH, s)

-6.56 ppm (1H, s) - 6.69 ppm (1H, s) -6.78 ppm (1H, s) -6.83 ppm

p
29.10 oot v 43D 63 it ORISR b B, 712 WP
5 : 3 S H, s) -
6. 2. ppi) (s BPBRATRI o 118 e AR (GH2)pom BT SpOISEEHR) (141 )

6 g{)m( -13) - 60.1 ppm (CH2)
-107. BOpbfaHl H, 407638 ppm (16h) ~ 6.83 pPopPid, CH) - 113. 6 ppm (CH) -

1e
iigiopgmaﬁgﬁ@é{ Ao ﬁ%{r?’é @Iaﬁpm%%é pem) 148,85 pam(cr,) -
ﬁg,( }22 ﬁg;@%ﬁ&l{ ETSL- B 4 pHinRUDOX DT G0 (@D 0496 tpanl GH5,) tr 456 pPmATHFED —
15  55.1 ppm (CH,) — 56.1 ppm (CH3) — 56.2 ppm (CHj) — 56.4 ppm (CH3) — 56.6 ppm (CH3) —
60.1 ppm (CHy) — 107.1 ppm (CH) — 107.3 ppm (CH) — 112.7 ppm (CH) — 113.6 ppm (CH) —
119.0 ppm, 120.8 ppm, 126.7 ppm, 134.1 ppm, 134.2 ppm, 148.5 ppm, 149.2 ppm, 149.9 ppm

and 150.9 ppm (9C q).

EXAMPLE 2:
20 {2-12-({3-[{[(75)-3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-ylmethyl} (methyl)-
amino]propyl}amino)ethyl}-4,5-dimethoxyphenyl}acetic acid

1.3 g of the product obtained in Example 1 (2.77 mmoles) and 1.11 g of NaOH pellets
(27.7 mmoles) are heated at reflux in 6.2 mL of ethanol and 14.6 mL of water. After refluxing
for 6 hours, the reaction mixture is hydrolysed using 10 mL of water, and 20 mL of
25  dichloromethane are added. The organic phase is extracted with 20 mL of water. The aqueous
phases are combined and washed with 15 mL of dichloromethane. The pH of the washed
aqueous phase is adjusted to 7 using aqueous 37 % hydrochloric acid solution and then drying

in vacuo is carried out. The yellow solid thereby obtained is taken up in 40 mL of acetone at



aninolpropylIanino)ethy114,5-dinethoxy itenyliacetic acid 1.3 g of

the product obtained in Exanmple 1 (Zrig'nnnles) and 1.11 g of NaOH
pellets (27.7 mmoles) are heated at reflux in 6. 2 m. of ethanol and
14.6 mL of water. After refluxing for 6 hours, the reaction mixture
i's hydrolysed using 10 mL of water, and 20 ni of 25 di chl or onet hane
are added. The organic phase is extracted with 20 inL_of water.. The
aqueousanias esmperetuco rihicrmspanionvebsiied! iniftlteredsinmacye. Hae AltGEigRdidia gre
The pH of . th shed .aqueous phase js adj | e
% hydir GEHIEGHA ¢O JONEE SoMLaR TR THed By mhele ¢o A% oAdHEc ST
The yek%ﬁgbﬁ&kid thereby obtained is taken up in 40 nL of acetone at
-19- anbient tenperature. The suspension obtained is filtered in
vacua. The filtration liquors are subj ected to drying in vacuo to

obtain 0.7 ¢g.9f a yellow meringue corresponding to the title
conpoung@—zifggl){;l' 52 %5 1 HNWR (CDJi, 400MHz): 2.10 ppm (211, m
-2.54 ppm (311, s) -2.70 to 3.30 ppm (12H, m - 3.47 ppm (211, S)

-3.55 ppm (111, -3. 71 ppm (3H, -3. 73, ppm I~ S
(315 ) o s P By -SSP B i =10 % 400 1on
(H s) 6. ). 1y ' )s) — 3073 7pmp H,GH2)3. 74 ppm
28.1 pprﬁl?(gﬁgﬂ%m ?}l-l’ﬁpgrﬁt ( r%k%%a’ rggbg p%?[?% ' 30 f’“?ﬁm O 40: 1
ppPm ( CHAY, 5) 44.78 rppri30HR)- 6-554ghn1 (Ppwh-(@PRppm (B sk~ ﬁé%rxp@é, ) ~0gppm
ppm (CH3) - 54.9 ppm (CH3) - 55.2 ppm (CHO - 55.3 ppm (CH3) - 59.1
ppm (Cl-ﬂ;’ s\ 105.8 ppm (CH) - 106.2 ppm (CH - 111.6 ppm (CH) - 112.6
ppm ( (132’)3(:1@123 (8P, 1201875 P 0. 71 3Bm2(CHM — B4 PpppHI46. B Dpwm (GH,)2-
ppn;lo 37.0 pggn(]CH%n— 39.1 ppm (CH3) — 40.1 ppm (CH;) — 44.7 ppm (CH;) — 48.1 ppm (CHy) —
52.9 ppm (CHy) — 54.8 ppm (CHj3) — 54.9 ppm (CHs) — 55.2 ppm (CH3) — 55.3 ppm (CH3) —
59.1 ppm (CH;) — 105.8 ppm (CH) — 106.2 ppm (CH) — 111.6 ppm (CH) — 112.6 ppm (CH) —
126.3 ppm, 127.0 ppm, 133.2 ppm, 134.2 ppm, 146.9 ppm, 147.2 ppm, 148.7 ppm, and

149.6 ppm (8C q) — 176.9 ppm (C=0).

15 EXAMPLE 3:
3-{3-[{1(75)-3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-yl]methyl} (methyl)amino]-
propyl}-7,8-dimethoxy-1,3,4,5-tetrahydro-2H-3-benzazepin-2-one

In a three-necked flask, mix 0.7 g of the product obtained in Example 2 (1.44 mmoles) and
0.4 mL of triethylamine (2.88 mmoles) in 14 mL of dichloromethane. Ice the mixture at 5°C
20  and add, dropwise, 0.16 mL of thionyl chloride (2.16 mmoles). Stir for 1 hour at 30°C and
then hydrolyse the mixture using 12 mL of aqueous 1N NaOH solution. Wash the organic
phase with, in succession, 10 mL of water and then 10 mL of saturated aqueous NaCl
solution. Dry the organic phase over MgSQO;, and carry out drying in vacuo to obtain 0.5 g of

an orange oil corresponding to the title compound.

25  Yield: 74 %



149.6 ppm (8C q) - 176.9 ppm (C=0). 15 EXAMPLE 3:

3-{3-10(7S)- 3, 4-di net hoxybl eyel of 4. 2.8%0et a- 1,3,5-trien-7-yll methyl}
(met hyl ) am nob

propyl 1-7, 8- di met hoxy- 1, 3, 4, 5-t et r ahydr o- 2H- 3- benzazepi n-2-one In a
three-necked flask, mix 0.7 g of the product obtained in Exanpl e 2

1.44 nmoles) and 0.4 nth of triethylanine (2. le [ 4 m

o1 i cHYDibCHda A0 ABTInE R PR ol B St S 3 e sty
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Wash t hesepgani e, Hhaas ppimllHj ) -suehpss(1dh s) 16.05ppod (WASer and t hen

10 nL of saturated aqueous sol ut i on. t he ni h F
VoSOF o Bt (C8Gk dOTRT 5Dttt K88 A1 DS Qg™ oent Eﬁléef%%)
corres ' the 4i OA4N cYgldiz .o —45 (CHp) —
(CDCT3, RoONA) P0Gl B GRTP S gpd g s T (20 o, 250, pprn
(5H, 1m)54.1 BpraGCPRIM- (5219, ppirh (CPIS)—lg4.|SmWI(€L(EI,{3)n)55--%PH@({gﬁﬁ)(?ﬁ,s pym (CH3) =
3.55 to 3.80 1 - 50 ) 134, _
6. 61pprik ppmif Thb 6s 5 b i o) AT RG] (18, BRrRROLA L3 oS (i
(CH2) -131s 3pRPM6GHEIm; 186.43pMRM {3¥pnb B9. 12 ppmn1¢:6i¥) ppmi.l 148.pprpm and
(CH3) -41.6 ppm (CH2) -43.9 ppm (CH2) -45.6 ppm (CH2) 54.1 ppm (CH2)

- 54.9 memmcqsﬁ,l@l-@m%p@)a 55.2 ppm (CH3) -- 55.3 pPm (CH3) -
60.7 ppm (CH2) - 105.8 ppm (CH) -106.4 ppm (CH) - 112.1 ppm (CH) -
112% ppm (CH) - 122.4 ppm 126.4 ppm 126.4 ppm 133.8 ppm 146. 1
ppm 146.8 ppm 148.4 ppmand 148.9 ppm (8C q) -171.2 ppm (C=0). 10
-21- CLAIM5 1. Process for the synthesis of ivabradine of fornula

(r):
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The invention claimed is:

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

(1
OCH;
OCH.
H;CO ﬂ\ 3
N—/_\N
H3CO /
0
wherein a compound of formula (V1):
(V1)
H3CO N _~_N
OCH;

H;CO

is subjected to a lactamisation reaction,

in the presence of a coupling agent and a base,

in an organic solvent,

to yield ivabradine of formula (1), which may be converted into an addition salt thereof with a
10  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.

15 2. The process according to claim 1, wherein the coupling agent used to carry out the
reaction for lactamisation of the compound of formula (V1) is selected from oxalyl
chloride, thionyl chloride, N,N-dicyclohexylcarbodiimide (DCC), 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide (EDCI), N,N-carbonyldiimidazole (CDI), 1-
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propanephosphonic acid cyclic anhydride (T3P) and 1-(methylsulphonyl)-1H-

benzotriazole.

The process according to claim 2, wherein the coupling agent used to carry out the
reaction for lactamisation of the compound of formula (V1) is thionyl chloride.

The process according to claim 3, wherein the amount of thionyl chloride used to carry
out the reaction for lactamisation of the compound of formula (V1) is between 1 and 5

equivalents.

The process according to claim 1, wherein the base used to carry out the reaction for
lactamisation of the compound of formula (VI) is selected from triethylamine,

diisopropylethylamine and pyridine.

The process according to claim 5, wherein the base used to carry out the reaction for

lactamisation of the compound of formula (V1) is triethylamine.

The process according to claim 1, wherein the organic solvent used to carry out the
reaction for lactamisation of the compound of formula (VI) is selected from

dichloromethane, tetrahydrofuran, acetonitrile, acetone and toluene.

The process according to claim 7, wherein the organic solvent used to carry out the

reaction for lactamisation of the compound of formula (V1) is dichloromethane.

The process according to claim 1, wherein the reaction for lactamisation of the compound

of formula (V1) is carried out at a temperature between 0°C and 40°C.

The process according to claim 1, wherein the compound of formula (V1) is prepared

starting from the compound of formula (V11):



10
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(VII)

H;CO NH,

H3CO
which is reacted with a compound of formula (V111):

OCH;
\
N OCH;

xS~

(VI

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 (1X):
(1X)

H | OCH,
H;CO N A~UN

OCH;
H;CO

which is hydrolysed, by the action of a base in a mixture of organic solvent and water, to form
the compound of formula (V1)

(V1)

H | OCH;
H;CO Ne~UN

OCH;
H;CO


sharon
Text Box

sharon
Text Box

sharon
Text Box

sharon
Text Box


-24-

11. The process according to claim 1, wherein the compound of formula (V1) is prepared

starting from a compound of formula (X):

(X)

H;CO N~_U

H;CO

l
N

5  which is reacted with the hydrochloride of the compound of formula (I11):

OCHs
4 i :OCH3 '

Tz

HCI

in the presence of a base,
in an organic solvent,

to yield the compound of formula (1X):
(1X)

H | OCH;
H3CO N\/\/N

OCH;
H;CO

10

which is hydrolysed, by the action of a base in a mixture of organic solvent and water, to form
the compound of formula (V1):

(Vi)

H | OCHs
H;CO N\/\/ N

OCH;
H;CO
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The process according to claim 10, wherein the base used to carry out the alkylation
reaction between the compound of formula (VI1I) and the compound of formula (V1I1) is
selected from potassium carbonate, sodium carbonate, caesium carbonate, potassium
hydrogen carbonate, sodium hydrogen carbonate, triethylamine, diisopropylethylamine

and pyridine.

The process according to claim 12, wherein the base used to carry out the alkylation
reaction between the compound of formula (V1I) and the compound of formula (VIII) is
triethylamine.

The process according to claim 10, wherein the organic solvent used to carry out the
alkylation reaction between the compound of formula (V1I) and the compound of formula
(V) is selected from acetonitrile, acetone, methyl ethyl ketone (MEK),
dimethylformamide (DMF), N-methylpyrrolidone (NMP) and dimethyl sulphoxide
(DMSO0).

The process according to claim 14, wherein the organic solvent used to carry out the
alkylation reaction between the compound of formula (VI1) and the compound of formula

(V) is acetonitrile.

The process according to claim 10, wherein the alkylation reaction between the
compound of formula (VII) and the compound of formula (VIII) is carried out at a

temperature between 20°C and 100°C.

The process according to claim 10, wherein the base used to carry out the hydrolysis of
the compound of formula (1X) to form the compound of formula (V1) is selected from

potassium hydroxide, sodium hydroxide, lithium hydroxide and barium hydroxide.

The process according to claim 17, wherein the base used to carry out the hydrolysis of
the compound of formula (IX) to form the compound of formula (VI) is sodium

hydroxide.
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The process according to claim 10, wherein the organic solvent used to carry out the
hydrolysis of the compound of formula (1X) to form the compound of formula (V1) is an

alcoholic solvent.

The process according to claim 19, wherein the alcoholic solvent used to carry out the
hydrolysis of the compound of formula (IX) to form the compound of formula (VI) is

selected from methanol, ethanol, isopropanol and butanol.

The process according to claim 20, wherein the alcoholic solvent used to carry out the
hydrolysis of the compound of formula (IX) to form the compound of formula (VI) is

ethanol.

The process according to claim 10, wherein the hydrolysis of the compound of formula
(IX) to form the compound of formula (V1) is carried out at a temperature between 0°C
and 110°C.

The process according to claim 11, wherein the based used to carry out the alkylation
reaction between the compound of formula (X) and the hydrochloride of the compound of
formula (1) is selected from potassium carbonate, sodium carbonate, caesium carbonate,
potassium hydrogen carbonate, sodium hydrogen carbonate, triethylamine,
diisopropylethylamine and pyridine.

The process according to claim 23, wherein the based used to carry out the alkylation
reaction between the compound of formula (X) and the hydrochloride of the compound of

formula (I11) is triethylamine.

The process according to claim 11, wherein the organic solvent used to carry out the
alkylation reaction between the compound of formula (X) and the hydrochloride of the
compound of formula (I11) is selected from acetonitrile, acetone, methyl ethyl ketone
(MEK), dimethylformamide (DMF), N-methylpyrrolidone (NMP) and dimethyl
sulphoxide (DMSO).
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The process according to claim 25, wherein the organic solvent used to carry out the
alkylation reaction between the compound of formula (X) and the hydrochloride of the

compound of formula (111) is acetonitrile.

The process according to claim 11, wherein the alkylation reaction between the
compound of formula (X) and the hydrochloride of the compound of formula (111) is

carried out at a temperature between 20°C and 100°C.

The process according to claim 11, wherein the base used to carry out the hydrolysis of
the compound of formula (1X) to form the compound of formula (V1) is selected from

potassium hydroxide, sodium hydroxide, lithium hydroxide and barium hydroxide.

The process according to claim 28, wherein the base used to carry out the hydrolysis of
the compound of formula (IX) to form the compound of formula (VI) is sodium
hydroxide.

The process according to claim 11, wherein the organic solvent used to carry out the
hydrolysis of the compound of formula (1X) to form the compound of formula (VI) is an

alcoholic solvent.

The process according to claim 30, wherein the alcoholic solvent used to carry out the
hydrolysis of the compound of formula (IX) to form the compound of formula (VI) is
selected from methanol, ethanol, isopropanol and butanol.

The process according to claim 31, wherein the alcoholic solvent used to carry out the

hydrolysis of the compound of formula (IX) to form the compound of formula (VI) is

ethanol.

The process according to claim 11, wherein the hydrolysis of the compound of formula
(1X) to form the compound of formula (V1) is carried out at a temperature between 0°C

and 110°C.
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34. A compound of formula (VI):

(V1)
N I\«/JC:Z::iZTIOC}h
H;CO N\/\/N
OCH;
H3CO
07 ~OH
35. A compound of formula (1X):
(1X)
H3CO N\/\/N
OCH;
H3CO
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