1 NEW PROCESS FOR THE SYNTHESI S OF | VABRADI NE AND ADDI TI ON SALTS

THEREO ' | TH A PHARMACEUTI CALLY ACCEPTABLE ACI D The present invention

rel ates to aNPWEBOESESSFOR THRSYNYRENTQH YABRARING ANP ABPITRONSALTS THEREOHWITH

or di ml)et gogygi eyclo [4.2.0] QpﬁmﬁA&uw‘icAUL&a@cEPMBtmtkryl | (met hypam no

pr opy ne enz

AR R R ST g A e ETU T

hydrates thereof |vabradine, and its addition salts wth a

phai tiaceutically acceptable acid, and nore especially its

hydrochl oride, have very val uabl e pharmacol ogj °Ghd t herapeutic

properties, especially bradycardic propertie ki ng t h@se conpounds

useful in the treat t or pr vention of g cocmj cal situations

of nyocardi al ischa , hyocardial infarct

10and associ ated rhythm ur balices, d al so in various pathol ogi es

i nvol ving rhyt hm di Bfoarbarnce especi al ly supraventricul ar rhythm

di sturbances, and in heart falluﬁé The preparation and therapeutic

use of ivabradine and its addition salts with a pharmaceutical ly

acceptabl e acid, and nore especially its hydrochl oride, have been

(LJIJefscr i ed i lzL{Bf[Q[éESU -ppetmeakebitydpdd. 0locatl Hirtih-0-ybj3skti3B Pmethyl)amino |-
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only Anot her ivabradine synthesis route, which is based on a

reductive am nation reaction, has been described in the European

pat ént asipiionfshlcsatheen! ERh b B8EnaGStically acceptable acid, and hydrates thereof.

[vabradine, 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 thythm disturbances, and in heart failure.

The preparation and therapeutic use of ivabradine and its addition salts with a '

pharmaceutically acceptable acid, and more especially its hydrochloride, have been described

in the European patent specification EP 0 534 859. Unfortunately, the ivabradine synthesis
15  route described in that patent specification results in the expected product in a yield of only

1 %.

Another ivabradine synthesis route, which is based on a reductive amination reaction, has

been described in the European patent specification EP 1 589 005.

Reductive amination is a route that is a favoured approach for preparing amines. As this
20  approach does not require isolation of the intermediate imine formed, this coupling reaction

between an aldehyde and an amine in the presence of a reducing agent is widely used for the



Reductive ammat on is a route that is favour ed approach for
“preparing amnes. As this 20approach dbes not require isolation of
the internediate imne forned, this coupling reaction between an

al dehyde and an amine in the presence of a reducing agent is wdely
used for the 2 The procedural protocols conventionally enployed for
car r yi nfhoptoceddaiqrotweoclanvmaniiomllyremplowidt foecaryseg oft reduwwiizh nomstion are:

anmounts of hydride donors. such as borohydrides (NaBH4, B N, or
NaBH( OAc) 3) , St UsplaftoiRionieyie SpeRt Pgﬁyc{rsgr%nagsesu_ ah@%foyg@% AdFEH:,
gener at es NURBBAYENWANMBIRONYGE s and the reagents in themselves are

toxic. In the case of catal yti¢ hydrogenation, the fact that the
reduci ng ageaoi catdytiohwitogenntidnydr ogen i s certainly of environnental
val ue. The synthesis described in patent specification EP 1 589 005
follows this second route. 10The patent specification EP 1 589 005

nare] y . ‘ . . . Lor | .
e Y G RURHIE RO AR hu B! USRIl e
cat al ytare téwidr ogenati on reaction in the presence of hydrogen and a
pal | adi um catal yst to yield the conpound of fornmula (I111): 15 ILCO

1-1, 0
In the case of catalytic hydrogenation, the fact that the reducing agent is molecular hydrogen

is certainly of environmental value. The synthesis described in patent specification

EP 1 589 005 follows this second route.

10  The patent specification EP 1 589 005 namely describes the synthesis of ivabradine

hydrochloride starting from the compound of formula (II):

H,CO =
m\lﬂo (In
H,CO o _J
0

which is subjected to a catalytic hydrogenation reaction in the presence of hydrogen and a

palladium catalyst to yield the compound of formula (III):

H,CO
:@Q\Iﬂo (T
H,CO O\)
O

which, without being isolated, is reacted, in the presence of hydrogen and a palladium

15

catalyst, with the compound of formula (IV):

OCH,
_HCI Iv)
H
N OCH,



whi ch, without being isolated, is reacted, in the presence of
" hydrogen and a pal |l adium catal yst, with the conpound of formula (IV):
0C113 OCH3 HC1L (1V) 3 to yield ivabradine of formula (1) in

hydrochlogrdid o pidie EnARRIVATLAARNRK L A Synt hesi s route is the

use of a’palladium catalyst | adium |1 ke rhodium ruthenium or
iridium netals that are Iikew se used for catalysing reductive

am nat i eactions,. LS a precious taI he scar ci - and
consequ@?ﬁ‘? V%P(P@tﬁg%?fi%@t Syn@‘ﬁﬁﬁ%ﬂ%%? fL 5 ﬂ%%@‘“&“\fﬁy%h limt its
acceptability. The present Application describes an ivabradine
synthesis route which nmakes it possible to dispense with the use of a
preci od@llﬁéﬁlal Ilkﬁrréowmefs efnﬁlenmvem 1rt§lmmemataé&sthaaml lyketvosmuwdcf@egatafy@mg
t he synt char ac%

inth at &%C 1V8 5\%16%}?& rg?cglfo%}? r}{”’:l gre(c%us nlet%?)%ﬁ sg‘egcl(t:b and consequently 1g§1 price -

5  and also the toxicity of which limit its acceptability.

The present Application describes an ivabradine synthesis route which makes it possible to

dispense with the use of a precious metal.

The present invention relates namely to a process for the synthesis of ivabradine of

formula (I):

OCH,
H,CO ‘@\OC
o0
co /
10 ©

characterised in that the compound of formula (V):
H,CO
S Ol
CO
O
is subjected to a reductive amination reaction with the amine of formula (VI):

OCH,
VI
N OCH

/ 3

15  in the presence of an iron-based catalyst,
in the presence or not of trimethylamine N-oxide,

under dihydrogen pressure,



is subjected to a reductive am nation ﬁeaction with the am ne of
“formula (VI): OCH3 (VD 0033 15in the presence of an iron-based
catalyst, in the presence or not of trinethylam ne N-oxide, under

di hydrogen pressure, 4 in an organic solvent or m xture of organic
solvents. Unlike precious netal conpounds, iron conpounds are usually
non- t oxin@nanghnic Mvesabt sixine odiougrdantdlyenpr. esent in nature. They are
metallic entities which are not harnful to the environnment. The
present invention proposes using netal conplexes which are, in

addi ti oqpprikReg@Yiol® ke CoRpolfi @ oA MRLHHERILLE KEAW MR A Bhd/ 88n salts are
reductive amnation reactions in the presence of silylated hydrides

( Ent halabun@&ntlgh preSatt Gne nat@ 1 OThed, ark4 ietadlid Bntibest whidy ercamet dwfnpful vio the

exanples in the literatur.e ich describe reductive am nation based.
on- cat AP r By SRAPHO R ERES e af oo R oifth S5 Efon
965596%asPR) hRHIeM et al . Chem Asian 101 2011, 6, 2240-2245). The
operating conditions described by Bhanage require the presence of a
wat er - sol ubl e conpl ex conposed of an iron(ll) salt and EDTA in a

medi umheated 10 a _high tenperature and.under a high hydr.oggn
or essurior complefeboll MoV RaBCLRIY ARG R Rl Bl RR e of

publ i cafiliyRied BydriRs FEGDalcalS. @hepiCatEhayapoaoli neldildiggy bandaeke atehénly two

expect ed product to be obtained,. ) ] o )
examples in the literature which describe reductive amination based on catalytic
hydrogenation (Bhanage B. M. et al Tet. Lett. 2008, 49, 965-969; Beller M. et al. Chem Asian

10 J. 2011, 6, 2240-2245).

The operating conditions described by Bhanage require the presence of a water-soluble
complex composed of an iron(Il) salt and EDTA in a medium heated to a high temperature

and under a high hydrogen pressure.

Applying the operating conditions described in that publication to the preparation of
15  ivabradine did not enable the expected product to be obtained.

The following Table summarises the tests carried out in a 20-ml. autoclave in the presence of

4 mL of degassed water, under 30 bars of hydrogen for 18 hours. The reactions were carried

out at the scale of 0.5 mmol with an aldehyde/amine ratio of 1/1.5 (except for line 1:

aldehyde/amine (1/1) and addition of 1 % p-toluenesulphonic acid). The amounts in mol% are

20 calculated with respect to the aldehyde.

NT{ is the abbreviation for trifluoromethanesulphonamide.



The follow ng Table sunmarises the tests carried out in a 20-nL
“autoclave in the presence of 4 nL of degassed water, under 30 bars of
hydrogen for 18 hours. The reactions were carried out at the scale of
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t he presence %P Igzérrﬁo/ F'e3(CO} 21in vari\ggs S0 ventsqgjt 5\}é}g{’?(aukﬁrled er
25 bars 3f| Re@BYEGHI®(5)18 hours) The |eacisons jere ca ivedradide i n a

20-i nt Lautlocl ave in the prlesence of 4 of dpnatcnd solvent. 10 The

tests wered EoMNIIe6HQ(G5} he scal® of 1] moi8Swith| an al d¥hybrasiene

rati o of —i/ft—wth I 9% p-toltuenesutphontrcacid—Table2—Results—for
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2di chl oriengmibhiameon BYBellabd@dibs the reductive amination of various aldehydes by aniline

derivatives in the presence of Fe;(CO);, in toluene under 50 bars of hydrogen at 65°C.

Applying the operating conditions described in that publication to the preparation of
5  ivabradine did not enable the expected product to be obtained.
The following Table summarises the tests, which were carried out in the presence of
1.7 mol% Fe;(CO),, in various solvents at 65°C under 25 bars of hydrogen for 18 hours.
The reactions were carried out in a 20-mL autoclave in the presence of 4 mL of degassed
solvent.
10 The tests were condﬁcted at the scale of 1 mmol with an aldehyde/amine ratio of 1/1 with 1 %

p-toluenesulphonic acid.

Table 2. Results for reductive amination reactions catalysed by Fe;(CO);,

1 toluene 0% ivabradine
2 dichloromethane 0% ivabradine
3 tetrahydrofuran 0% ivabradine
4 | N-methylpyrrolidone 0% ivabradine

The iron-based catalyst used in the reaction for the reductive amination of the compound of

formula (V) with the compound of formula (VI) preferably has the following general formula:



tetrahydrofuran 0% i vabradi ne N Met hyl pylTA i dO1lle 0% i vabradi ne
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wherein R, R2, R3 and R4 independently represent: a hydrogen

atom or a group -Si RSR6R7, wherein R5, R6 and R7 independently

or an optionally substituted ar

or branched (G -C6)al kyl

hetg&ﬁ?ronatlc group, or

represent an optionally 5substituted,,|inear

group or an optionally substituted nqkic or heteroaronmatic group,
ﬁsggaor
R | R

10
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wherein Ry, Ro, R3 and R4 independently represent:
e ahydrogen atom, or
e a group —SiRsRgR7, wherein Rs, R and Ry independently represent an optionally
substituted, linear or branched (C;-Ceg)alkyl group or an optionally substituted
aromatic or heteroaromatic group, or
e an optionally substituted aromatic or heteroaromatic group, or
e an optionally substituted, linear or branched (C;-Ce)alkyl group, or
e an electron-attracting group, or
e an amine group that is aliphatic, aromatic, heteroaromatic or carrying an electron-
attracting group, or
e an aliphatic, aromatic or heteroaromatic ether group,
or the pairs Ry and Ry, or R, and Rj, or R3 and R4 form, together with the carbon atoms

carrying them, a 3- to 7-membered carbocycle or heterocycle,

X represents:
e an oxygen atom, or
e a—NH group or a nitrogen atom substituted by an aliphatic, aromatic, heteroaromatic
or electron-attracting group, or
e a —PH group or a phosphorus atom substituted by one or more aliphatic, aromatic or
electron-attracting groups, preferably forming a phosphine, phosphite, phosphonite,
phosphoramidite, phosphinite, phospholane or phospholene group, or

e a sulphur atom,

L;, L, and L, independently represent a carbonyl, nitrile, isonitrile, heteroaromatic,
phosphine, phosphite, phosphonite, phosphoramidite, phosphinite, phospholane, phospholene,
aliphatic amine, aromatic amine, heteroaromatic amine, electron-attracting-group-carrying

amine, aliphatic ether, aromatic ether, heteroaromatic ether, sulphone, sulphoxide or



an optionally substituted, |inear or ;anched (G -Co6)al kyl group, or
"an electron-attracting group, or 10 an’am ne group that is aliphatic,
aronatic het eroaromatic or carrying an el ectron- attracting group,

o 2" B TP A CCPLRURL L T SRRV s

car bon fatnise:carrying them a 3- to 7-nmenbered carbocycle or

het erocycl e, 15X represents: an oxygen atom or a -NH group or a
nitrogen atom substituted by an aliphatic aromatic, heteroaronatic or
el ectron-attracting group, or a -P group or a phosphorus atom
substituted by one or nore aliphatic, ﬁronatrc or

20el ectron-attracting groups, preferagbh yzforntng a phosphi ne,
phosphite, phosphonite, phosphoranid;pe phosphi nite, phosphol ane or
phosphol ene group, or a sul phur, g&tom_ LI, L2 and L3 independently
represent a carbonyl, nitrite, i soni'tril & heteroaronatrc phosphi ne,
phosphi te, phosphonite, phosphorantdlte phosphi ni te, phospholane

phosphol ene, 25aliphatic.a ar omat am ne, heteroaronmati e,.
D oot 1 MRt Yaaed Apndims e e ar s BT PEFest oo Cha o SR erein

et her, Relepreddfi® AR pEoRfICubsBittRNAREG orodp RRAXI FeioRiily zubiﬁtu@éﬂjéﬂofﬂaﬂg or
group or an N-heterocycli'c carbene group avi ng one of

f ol | owihetgréaspmmatiagroupmwher ei n Y and Z i ndependent |y represent a
sul phur or oxygen atom or a group NRs wherein

K represents a carbon or nitrogen atom,

Ry and R;¢ independently represent a hydrogen atom, an optionally substituted alkyl group, an
optionally substituted aromatic or heteroaromatic group, a halogen atom, an aliphatic,
10  aromatic or heteroaromatic ether group, an aliphatic, aromatic or heteroaromatic amine group,
or the pair Ry and Ry form, together with the atoms carrying them, a 3- to 7-membered

carbocycle or heterocycle,

or

15  wherein R;; and R, independently represent an optionally substituted alkyl group or an

optionally substituted aromatic or heteroaromatic group.

An electron-attracting group is a group which attracts electrons more than a hydrogen atom

occupying the same position in the molecule would.

Among the electron-attracting groups there may be mentioned, without implying any
20  limitation, the following groups: ester, acid, nitrile, aldehyde, ketone, amide, nitro, sulphone,

sulphoxide, sulphoximine, sulphonamide or phosphoric diester.



R8 represents an optionally substitut egl al kyl group or an optionally

" substituted aromatic or heteroaromatic group, K represents a carbon

or nitrogen atom R9 and R10 i ndependently represent a hydrogen atom
an optionally substituted al kyl group, an optionally substituted
aromatic or hetcroaromatic group, a halogen atom an aliphatic, 10
aromat ila ar elvdbémear afethe dnedriien, greoirpp-basedatitplgstt used ar dwatehctiaar for the
het eroaromati c am ne group, or the pair an 0 form. taogether
with t Heg%cpdﬁ@n%awi (%dh? Humpougdf thignaia @Wéﬁégge%amfégw a (V1) has
het er oq?“[;hﬁ}o“@i Ghetahengi:n R11 and R12 independently represent an
optionally subs%?t uted al kyl group or an optionally substituted
aromati c or heteroaromatie group. An electron-attracting group is a
group which attracts el ectrons nore_than a hydrogen atom occupyi ng

t he sanme position in the nol ec%e Ig. Anong t he

el ectron-attracting groups the men iﬁned, wi t hout i nplying
any 20limtation, the follow ng Ry oypR, est rI,)acid, nitrile,

al dehyde, ketone, amide, nitro, sulphone, sul phoxide, sulphoxim ne,

sul phonani de or phosphoric diest®. | €0 In an enbodi nent of the
invention, the iron-based catalyst 49ed in the reaction for the
reductive amnation of the conmpound of formula (V) with the congound
of Por nieaeIp\R2) andaRs 368 TeBIePERATY J5RESE AP 105 fpi. o getherswifh, Sheesardogatoms
and R3 r esel ) ogether with the

car bon Cglf}g{rgrlg t@%&’r@?% Wgﬁ%%ﬁ%_gr b?%?d;% oh tgog}dc 1%’:’ar bocycl e or

het er oaypndIRg,and R4 independently represent:

e cither a group —SiRsRe¢Ry, wherein Rs, R¢ and R; independently represent an
optionally substituted, linear or branched (C;-Cglalkyl group or an optionally
10 substituted aryl group,
e or an optionally substituted aromatic or heteroaromatic group,

e or an optionally substituted, linear or branched (C1-Cg)alkyl group.

The catalyst of formula (VIII) used in the reaction for the reductive amination of the
compound of formula (V) with the compound of formula (VI) is preferably selected from the

15  following catalysts:

0
S Tl =2 w
SiMe N | o
OC/’FC' 3 O//“ OC/Fe SIMC3
oc €O 0 rs
0C €O
Si(iPr), Si(iPr),

iﬁ?o oD :f%o
XII

Si(iPr)
oc—Fe }
oC CO OC CO



and RI and R4 independently represent:_  either a group --Si R5SR6R7,
“wherein R5, R6 and R7 independently represent an optionally
substituted, linear or branched (G -C6)al kyl group or an optionally
10subs th taldgtiflgr @ﬁ%l)digf{eﬁy Bf theShy ioﬁp{qeqpﬁl—{)%se(§ lé?t%ws{ He %dinatﬁg MBIl 9&r the
het eroaromati ¢ group, or an optiohally substituted, 9 Near or

br ancheddiycGhve @mimdtion|of ghicoegmpound o fomidh Y8 with thocompaund\dfifbimuls €dD)itras
the reactiogn for the reductive am nation of the conpound of fornmula
(V) wi tthe fHeviRhEosHd fTomWar nul a (V1) is preferably sel ected fromthe
t5follow ng catalysts: 9 1In another enbodi nent of the invention,

the iron-based catal yst used in the reaction for the reductive

am nation of the conpound of faimul & (V) with the conmpound of formila
(M) has the follow ng general H; .ORZ((% R4 Fe OC | *N Co* 5
wherein R7 and R3 each represent I ogen atom or form together

wi th the carbon atons carrying t%ﬁe a'3- to 7-nmenbered carbocycle or

het erocycle, and RL and R4 i nde f represent: either a group
- Si RBR6R7, wherein R5, R6 and R7 indep ently represent an
optionally substituted, linear or branched (Cl-C6)al kyl group or an

optional |y 1Qsubstituted aromati c or heteroaromatic group, or an
opt Ponarheeis fssind: Ra eashdppseant @ hyrrageh &EQ3n o6 Aot dogithgrpyith theggarbgn atoms

OBt 1 ONabkpuRSh! £ 16 mkloBERN cBlbobfADEPEReGa D) al kyl group.  The

catal ys fornu use he reaction for the reductive
am nat iand Rofant lRe indeppadendy ofpréentrul a (V) with the conpound of fornul a
(VI) is preferably selected fromthe 15follow ncha,t | ysts:
e cither a” group —SiR5R¢R;, wherein Rs, Rg and "Ry independently represent an
optionally substituted, linear or branched (C;-Cg)alkyl group or an optionally
10 substituted aromatic or heteroaromatic group,
e or an optionally substituted aromatic or heteroaromatic group,

e or an optionally substituted, linear or branched (C;-Cg)alkyl group.

The catalyst of formula (XIII) used in the reaction for the reductive amination of the
compound of formula (V) with the compound of formula (VI) is preferably selected from the

15  following catalysts:

SiMe, SiMe,
0 0
l (XIV) EtO,C (XV)
| .
oc—Fe_ SiMe, EtO,C _Fe SiMe,

In another embodiment of the invention, the iron-based catalyst used in the reaction for the
reductive amination of the compound of formula (V) with the compound of formula (VI) has

the following formula:



SiMe, dFr O (XIV) OC Fe Si M3 -- OC N I n anot her enbodi nent of the
“invention, the iron-based catal yst uség in the reaction for the
reductive am nation of the conmpound of fornmula (V) with the conpound
of formula (VI) has the follow ng foppula: 10 SIM cAr O _Fe ,
StMe, - OC N In another enbodi nent [of°the invention, the iron-based
catal yst used in the reaction f&ﬁ@educ%{, e am nation of the
conpound of forrmula (V) with th rrpunch ormula (VI) has the

fol l owing fornula: Ph oc—Fe_ SMe;
o¢ NF
S

In another embodiment of the invention, the iron-based catalyst used in the reaction for the
reductive amination of the compound of formula (V) with the compound of formula (VI) has

the following formula:

Ph

Ph =0
Ph” | XVID)

5]
oc”| ~co
Co

The amount of catalyst used in the reaction for the reductive amination of the compound of
formula (V) with the compound of formula (VI) is from 1 mol% to 10 mol% relative to the

aldehyde.

The amount of trimethylamine N-oxide used in the reaction for the reductive amination of the
10  compound of formula (V) with the compound of formula (VI) is from 0 to 3 equivalents

relative to the catalyst, more preferably from 0.5 to 1.5 equivalents relative to the catalyst.

The dihydrogen pressure in the reaction for the reductive amination of the compound of
formula (V) with the compound of formula (VI) is preferably from 1 to 20 bars, more

preferably from 1 to 10 bars, and even more preferably from 1 to 5 bars.

15  Among the solvents that may be used for carrying out the reaction for the reductive amination
of the compound of formula (V) with the compound of formula (VI) there may be mentioned,
without implying any limitation, alcohols, preferably ethanol, isopropanol, trifluoroethanol,

tert-butanol or methanol, tetrahydrofuran, ethyl acetate, acetonitrile and dioxane.



Ph_O0 Ph I Ph Fe ocY) to CO (XVIl) The 1armunt of catalyst used in the
"reaction for the reductive am nation o]f t he conpound of formula (V)
with the conmpound of fornmula (VI) is from1l nol%to 10 nol %relative

to the : AL ' ' ; e
react [ ond P REEhh, AR ey e B et e oSl p 8 e
(V) wi tdépmprendoijounda 0F) %ol thel can(piind o&foimoln (V1) B ethaaqui val ent s
relative to the catalyst, nore preferably fromO0.5 to 1.5 equival ents
relative to the catal yst. The di hydrogen pressure in the reaction For

the redygd \eeRthRaA @R r&iuctiDe amAHRBH 76 @bn fRIRENANLE Ydmpblkl bhformula (V)
conmpound of forrmula (VI) is preferably from1 to 20 bars, nore

pr ef er adpldytht compdund ofl ®rivatas(VIamdprefeeabl ynbiroen B ¢ é0AW!, yndre pmeferably om 50
bar 15 ng the sol vents .that .ma for carrying out the
reactio %rgtwgi%a{}zﬁf?pgfgg&ﬁgﬁog%ﬁ(?gq ﬁf(ﬁg:‘corrpound of formula (V)

wi th the conpound of fornula (VI) there may be nentioned, w thout
inmplying any limtation, al cohols, preferably ethanol; isopropanol,

t rifl uotloeEkamples hereinbelowt ilngratothenetantipel , tetrahydrof uran, et hyl

acet at acetonitrile and,dioxane. 11 The solvent preferafly,used ...
For car Tyt FauBt dhaSioBEps o Pifion Ebedlifes e ig AR 8 F0ro0HRSR siiea
conpoungtjof fornmula (V) with the conpound of formula (VI) is ethanol.
The terrﬁlsr ture of the reductive am nation reaction between the

conpounéghe i NofRspectiavare gaserdedat ¢¥Mdlind of fornula (V1) is
. 100C, d
byl ror b sHBRE SR Y S ors T BB Bh AR ot eh GBS EL O, Leow

i |1 ust rahefdlevihg ubbieivatonsT heveCltded nm3ed b6 dBBdribg riap pyalsukinklet @t)l doublet (d),
procedures are carried out on 70-230 nesh silica gel. The 111 NWR

spect r adeybiet v dovriela (dd). aimbet (Piquadeipisl é0e HEWGRIS) (Bhi ft s are expressed

in ppm(internal reference: TMS).

The catalysts used in the process of the invention can be prepared in accordance with the
methods described in the following publications: Synlert 1992, pp1002-1004, Synlert 1993,
15  pp924-926 and Advanced Synthesis and Catalysis 2012, 354 (4), pp597-601.

General procedure A for preparation of 3-{3-[{[(7S)-3,4-dimethoxybicyclo[4.2.0]octa-
1,3,5-trien-7-ylJmethyl}(methyl)amino]propyl}-7,8-dimethoxy-1,3,4,5-tetrahydro-2H-3-

benzazepin-2-one

1 mmol of [(75)-3,4-dimethoxybicyclo[4.2.0]Jocta-1,3,5-trien-7-yl]-N-methylmethanamine
20 and 1 mmol of 3-(7,8-dimethoxy-2-0x0-1,2,4,5-tetrahydro-3H-3-benzazepin-3-yl)propanal
are introduced into a clean and dry stainless-steel autoclave under an argon atmosphere. The
mixture is degassed by three vacuum/argon cycles, and 2 mL of distilled and degassed ethanol

are added. The solution is stirred at 85°C for one hour.

A mixture of 5 mol% of iron complex and 5 mol% of trimethylamine N-oxide in 1 mL of
25  ethanol is prepared over 30 minutes in a Schlenk tube under an argon atmosphere and then

introduced into the autoclave.



The foll ow ng abbreviati ons have beend@aed to describe the peaks:
" singlet (s), doublet (d), doublet of blets (dd), triplet (t),
quadruplet (q), multiplet (m. The catal ysts used in the process of

the in - b d ' . . :
descri b PAOGER R A RREA SR ARCEREARERN ] B Ga o8B don g
Synl et tstﬂﬁéﬁ&;t gp8CHpH24-1986 andihadwantad iSyimnhesirsednd ahtcal jesmra@t2ind
354 (4) 597-601. Ceneral procedure A for preparation of

3-{3- [{‘I‘-?? PEESHEddi t net hoxybi cycl o[ 4. 2. 0loct al, 3, 5-trieu-7-yl ] met hyl | (
met hyl ) pEni el eRviuke Ys ﬁit@eﬁ%%?&a@tw%teﬁ meubal GRAVAL 93 ZHwdter) using ethyl
benzazepi n-2-one 1 mol

[ (79) - Rgcdtath assohertbi cycl 014 2.0l1locta-1,3,5-trien-7-yl1l1l- N-net hyl net ha
namne 20 and 1 Imo! of

3(7, 8-di net hoxy- 2-oxo-1, 2, 4, 54et r ahydr o- 3H 3- benzazepi n- 3-yl ) pr opanal
are i ntTRduead prdtuet & SR @NEilidA Yeb thht 65sitabRely1 Aviee! @%8) UWREEL0.5 %
an argon at m)sphere e mxture is degassed by three vacuum argon
cycl es, trigiglaming) tofobtiins thieleikpertethprodegassed et hanol are added. The
solution is stirred at 85C for one hour. A m xture of 5 nol % of

iron conplex and 5 mol % of trinethylam ne N-oxide in 1 nil- of 25

et hanol Gisgerfll ?ﬁaéeﬂir@\ﬂrfoﬁ%&bﬂﬂtﬁﬁi b 33{39{(€H‘ISPK,@dJIﬁ@tM)@ﬁicy@l&[ﬁﬁB.@Wta-
at nrosphere and then i ntroduced into the autoclave. he aut ocl ave

is thent éﬁd@@@-hﬁﬂ@eﬂnﬁ{m@@d)q@mgmey’(}57,%dugythgm-ls%Srteﬁ'ehydm-ZHﬁ-
m xt.ur ed at 85C for 16 hours and the autoclave is then
re;(ltl?r ngbaént%ie;)n%z(g} t enperature and deconpressed. The reaction

m xture is filtered over deactivated neutral al um na (3 %vvater)
using ethyl Sacetate as solvent. The crude prod is purif

silica befmad 95nE(7S>p%ﬂtdami@she¥mw%ét2aqlected5? %ﬁlw YﬁlloNsn%lylmethanannne
o LI ot O AP Bickdifo XD A% RS AN aro-2 6 Bl ISHH Spaftl
3- ( 3- [ (¥ B)trasiudedinne b lvbeay kind ydoy ofathl&s Bleet hatbcldy Sunder em-a?qu dtmosplieyd. )T he

gg;? ;ZB Ztg}dxrtlnt? Q%%gg}%'s}eﬁ ) ?}pl(rjelsgzlag&umf( %/golﬁ%yglesS artl(? 5 rn%t]gg d1stll%<ﬁ and c}egassed ethanol
[ (73) - 3ié aaagaemmm@m Qikfed2at®50CBr dnShRirt The Rod v¥hbel BRAOYH TR LiRd

nam ne and
3-(7, 8- mdneaﬂgoﬁ ylea woclayezlszth@n pletedbwydir biydtdgsn bemsmz é@ ibars3 aydl )I}:w rspetivn

al are introduced i.nto | ean and dr aln ess s aut o

inder MRS o SERSepnas S BRd ot bR dbETIFIEF iiudhed S ambient
vacuun @mngenngy ehededithrekséd. of distilled and degassed ethanol 15 are
added. The solution is stirred at 85C for one hour. The iron conpl ex
(5 nol 9Ahe teagriemitinereis Hhesn . ovEhdeagiveteaneatial alumdna 6§ S erpiemdising ethyl
hydr.og essy 5 bars) and the reaction mxture is stirred at 85C
fo%b zﬁgﬁ%gmand%?ﬁen the autoclave is returned to anbient

tenperature and deconpressed. The reaction mxture is filtered

over deactl vat ed neutral _alumna (3 % water) using ethyl 20acetate as
sol vent The¢iade preechisoitiied; an am EPlettluAt: s@emfaéls/egml apgpigdpsS) with 0.5 %

g)e(gtegtnglélg&lp}é%ct %%&%&/ %ﬁecgé I% ?‘fé %triethylamne) to obtain the

[ (7S)-3, 4-Di net hoxybi cycl o[ 4. 2. 0] octa-1, 3,5-then-7-yl]niethyl }

(et hyl) anmo] -
25propﬁ¥ﬁm& net hoxy-1, 3, 4, 5-tetrahydr o- 2H 3- benzazepi n-2-one is
prepar ey ??Hgfs@'ﬁﬂﬁl&e%ﬂ%l &cl@[ﬂ%%]@e{ael Asifet D& PRERANGReRI MR 01-F ON

catal yst o r mil Yield
25  propyl}-7,8- dlmethoxy 1,3.,4,5-tetrahydro-2H-3-benzazepin-2-one is prepared according to
general procedure A in the presence of the iron catalyst of formula (IX).

Yield =61 %



13 11-1 NWR (CDCI3): 5 = 6.67 and 6. 64, 2s 6.55 and 6.50 (2s,
“2H): 3.79 and 3.78 (2s, 12H); 3.76 (s, 2H): 367(m 2H): 3.45 (m
3H): 3.17 (dd, 1H); 2.99 (m 211): 2.65 (m 2H): 2.50 (dd, 1H):; 2.37

AR ST e S ooty s e

(et hyeHIBI)nczl% (s, 2H); 3.67 (m 2H); 3.45 (m, 3H); 3.17 (dd, 1H); 2.99 (m, 2H); 2.65 (m, 2H);
propyl } -7, 8-di net hoxy-1 5- tetrah&dro 2H 3- benzazepi n-2-one is

pr epar e%}SQ&(brléﬁ)n%Wét éféhe?r%ﬁ(sp?}ébéd @ AH)n the presence of the iron
ca Alyst of formula (X). Yield = 63 % EXAMPLE 3 103- 34
{[(78)-3,4-D tnethoxybicyclo

[4 2. 01 BKAMPIB 5-trien-7-yl I met hyl | (net hyl )am nol - propyl

bocih i 0 0 Gl TG SO At Hel goceenaB Br b HR mrBH ER Ay

of for 169 9 _dinYbefbe-T 3705 %ot L7714 teaRazepin-2- d ding ¢t
Caanl( Ty DA R T T O 3k usgpin 3 one is preparyd aceprdis o

} t met hygdnaral pojcedye dpin the presence of the iron catalyst of formula (X).

-7,8-di geth{@% -1, 3,4,5-tetrahydro- 2H 3- benzazepi n-2-one i s prepared
accordi hf'to é Aeral procedure A in the presence of the iron catalyst
of formula (XI1). Yield = 68 % EXAVWPLE 5 203- { 34

R7S) -3, 4-11i met hoxybi cyclo[4.2.0]octa-1,3,5-trien-7-yllrnethyll (nethy
| ) am noEXAMPLE 3

or oitar eir AL el Par e L R R i ne BN BaS D EnisSh on

cat aly 1} {08-auh@nd 4, Yielalydro 68 - dersiebia-Bond B d di
[(78)- m?%)}mst hoxyhl)g/g’lBo [ 4. Za%] Ooct a- b onRHepidd docording to

3, 5- t r gearal pydcpaee By inl therprasgsa il st iron catalyst of formula (XI).
Yield =79 %

EXAMPLE 4

15 3-{3-[{[(7S5)-3,4-Dimethoxybicyclo[4.2.0]Jocta-1,3,5-trien-7-ylJmethyl } (methyl)amino]-
propyl}-7,8-dimethoxy-1,3,4,5-tetrahydro-2H-3-benzazepin-2-one is prepared according to
general procedure A in the presence of the iron catalyst of formula (XII).

Yield =68 %

EXAMPLE 5

20 3-{3-[{[(7S)-3,4-Dimethoxybicyclo[4.2.0]octa~1,3,5-trien-7-ylJmethyl } (methyl)amino]-
propyl}-7,8-dimethoxy-1,3,4,5-tetrahydro-2H-3-benzazepin-2-one is prepared according to
general procedure B in the presence of the iron catalyst of formula (XIV).

Yield = 68 %

EXAMPLE 6

25 3-{3-[{[(7S)-3,4-Dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-ylJmethyl } (methyl)amino]-
propyl}-7,8-dimethoxy-1,3,4,5-tetrahydro-2H-3-benzazepin-2-one is prepared according to
general procedure B in the presence of the iron catalyst of formula (XV).

Yield = 68 %



propyl1l-7, 8-dini ethoxy- | ,13,4,5-tetrghydro-211-3-benzazepi n-2-one
"is prepared according to general proce ure B in the presence of the

iron catalyst of fornmula (XV). Yield = % 14 EXAMPLE 7
3-{3- [{tﬁ%\ Pﬁ Di nethoxybicyclo[4.2.0]octa-1
, 3, 5-tr t hyl } (net hyLam nol Propyl1-7, 8-di net hoxy-1, 3, 4, 5-ter

r ahydr 03- ZB'l—[BE(TZl%)Iﬁ,a-ZIEmelti}o?&ybmydel Dpbeppar B8, Saccoeflhgethyl } geetbyladmino]-
g{ grgdu:pgrgg%}fl%(ﬂ E{l’”%;s (19 gce gezrf Y rolil-? g b%%%a?zle 1§1t2 8I16 Is%rrenpyalre accord)mg to
[ (78) - Suehictdi ?%EMMI)QM& Rﬁ[séhcg oPIRGEGR heayseof FdrRftt/ oy et hyl | (et hy

Lanlnolpro 8- di net hoxy-1

, 3, &, 5- Yhﬂdaﬁ@d%o 2H 3- benzazepi n-2-one is prepared according to
general procedure B in the presence of the iron catalyst of formula
(XVIl). 10 Yield = 48 % 15 CLAIM5 1. Process for the synthesis of

i vabr adiggaMbrfog mula (1): 5 11, G0 H3CO
3-{3-[{[(7S)-3,4-Dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-yl Jmethyl } (methyl)amino]-
propyl }-7,8-dimethoxy-1,3,4,5-tetrahydro-2 H-3-benzazepin-2-one is prepared according to
general procedure B in the presence of the iron catalyst of formula (XVII).

10 Yield=48 %



is subjected to a reductive am nation yeaction with the am ne of
“foiiula (M): OCH3 OCR, (VI) in the 1;oireesence of an iron-based
catalyst, in the presence or not of trinethylamnc N oxide, 10under

di hydrogen pressure of from1l to 20cha in an organic sol vent or
m xture of organic solvents, at a tecg’p'e;m%ig'ure from25 to 100C. 2.

Synt hesi s process according to claim11, characterised in that the
iron-based catal yst has the foll ow ng general fornula: 16 wherei n
R1, 127, R3 and R4 independently represent: a hydrogen atom or a

group -fi ReRER7for REHRIRSERS iVEBraaNk dﬁoﬂnﬂfi@@?‘:”de”t l'y represent an

optionally 5substituted, |inear or branched (G -C6)al kyl group or an
optionally substituted OCH,

@
OCH,

CcO
H, m_/—}I_j
H,CO .

characterised in that the compound of formula (V):

H,CO

mﬂo V)

H,CO .

is subjected to a reductive amination reaction with the amine of formula (VI):

OCH,
VI
N OCH,

in the presence of an iron-based catalyst,

7

in the presence or not of trimethylamine N-oxide,

10 under dihydrogen pressure of from 1 to 20 bars,

in an organic solvent or mixture of organic solvents,

at a temperature from 25 to 100°C.

2. Synthesis process according to claim 1, characterised in that the iron-based catalyst has

the following general formula:



aromatic or heteroaromatic group, or zn optionally substituted
“aromatic or heteroaromatic group, or n optionally substituted,

| i near or branched (C-C6)al kyl group, or an electron-attracting
group, or 10 an amine group that is aliphatic, aromatic,

het eroaromatic or carrying an el _sattracting group, or an

al i phatic, aromatic or heteroaromat] Lher grgup, or the pairs Rl
and R2, or R2 and R3, or R3 and R&% o m* together with the carbon
atons carrying them a 3- to 7- rrer’qpefﬁ?d carbocycl e or heterocycle,
15X represents: an oxygen atom or' 19 -3NH group or a nitrogen atom
substituted by an aliphatic, aromatic, heteroaromatic or

el ect r aph@tinRC RL, 8, AdRIAndéPendently represedt:- PH group or a phosphor us
atom substituted by one or nore aliphatic, aromatic or

20el ect r onm- aftlnyda@gan&gorgr@ups or a sul phur atom LI, L2 and

3 1 ndependent |y, SRR A eattonil. oL ke S bR L S cpiomal

phogphi ni te,suBEtaﬁféhollﬁfasr o@h&%ﬁa@he(@f CaikgDatrbép aH B, oftloRARY | s(ilbstnuted
anine, heteroaromatic amne, electron-attracti ng- group-carrying 25

am ne, ali pkm@matleoh@teroanommgm@t per, hetcroaromatic ether,

sul phone, sul phoxi sul phoxi m.ne group or .an N heteroc C|IC
car bone. o? o aenaly Sihs SOt R S R R RGO Srb G C17° wher ei n

Y and Z 1 gdepagiRibily sdiRRhRRe Thedt of RO @)-QIBANLGLLB O 2 oroup

e an electron-attracting group, or
10 e an amine group that is aliphatic, aromatic, heteroaromatic or carrying an electron-
attracting group, or
e an aliphatic, aromatic or heteroarématic ether group,
or the pairs R; and Ry, or R; and Rj, or R3 and R4 form, together with the carbon atoms

carrying them, a 3- to 7-membered carbocycle or heterocycle,

15  Xrepresents:
e an oxygen atom, or
e a—NH group or a nitrogen atom substituted by an aliphatic, aromatic, heteroaromatic
or electron-attracting group, or
e a —PH group or a phosphorus atom substituted by one or more aliphatic, aromatic or
20 electron-attracting groups, or

e asulphur atom,

L;, L, and I independently represent a carbonyl, nitrile, isonitrile, heteroaromatic,
phosphine, phosphite, phosphonite, phosphoramidite, phosphinite, phospholane, phospholene,
aliphatic amine, aromatic amine, heteroaromatic amine, electron-attracting-group-carrying
25 amine, aliphatic ether, aromatic ether, heteroaromatic ether, sulphone, sulphoxide or
sulphoximine group or an N-heterocyclic carbene group having one of the two following

formulae:



R8 represents an optionally substitutq@ al kyl group or an optionally
" substituted aromatic or heteroaromatic ‘group, 5K represents a carbon
or nitrogen atom R9 and R10 i ndependently represent a hydrogen atom
an optionally substituted al kyl group, an optionally substituted
aromatic or heteroaromatic group, a haliogen atom an aliphatic,
aromatic or heteroaromatic ether growd, ~an aliphatic, aromatic or
het eroaronmati ¢ am ne group, or the pa -éRQ and R10 form together
with the atons carrying them a 3- % 7-wenbered 10car bocycl e or
het er ocycl e, or N N - wherein RLI®and 72 i ndependently represent
an optionally substituted al kyl group or an optionally substituted
aromati c or, heteroarqmatic group. 153. Synthesis process accogﬁiqgm;%n
8

cl ai m 2VheRar b aPdr] SEePIHCRRATCPIHEN & BHRHA B OX EeA )t OT & Ot
fol I ow I@Qr@ﬁ%@ﬁ@lan (ﬁfti%ﬁgl‘?}; substiMI&] Bik91 %n@rﬂij R RRNRIY SEERAA afomatic or

f
hydrogen atomor form together wth't arbon "atons” carrying them
a 3- t chefermpobetiegran@r bocycl e or heterocycle, 20 and R7 and R4
i ndependently represent: 18 either a group -Si RBR6R7, wherein R5,
R6 and R7 i ndependently represent an optionally substituted, |inear

or Branghgfedofs-A B8N i8Ry an optionally substituted aryl
group, or an optionally substituted aromatic or heteroaronmatic

gr oup,
Ry and Ry independently represent a hydrogen atom, an optionally substituted alkyl group, an

optionally substituted aromatic or heteroaromatic group, a halogen atom, an aliphatic,
aromatic or heteroaromatic ether group, an aliphatic, aromatic or heteroaromatic amine group,
or the pair Ry and Ry form, together with the atoms carrying them, a 3- to 7-membered

10 carbocycle or heterocycle,

or

RII\N/ C\N/Rlz
Non

wherein R;; and Ry, independently represent an optionally substituted alkyl group or an

optionally substituted aromatic or heteroaromatic group.

15 3. Synthesis process according to claim 2, characterised in that the iron-based catalyst has

the following general formula:

Rl
=
R | R, (VIID)
F

(]
oc” | *co
(60

wherein R, and Rj3 each represent a hydrogen atom or form, together with the carbon atoms
carrying them, a 3- to 7-membered carbocycle or heterocycle,

20  and R; and R4 independently represent:



5 or an optionally substituted, |inear,,or branched (G -C6)al kyl
" group. 4. Synthesis process according 1t80 claim3, characterised in
that the iron-based catalyst is selected from 5. Synthesis

process agcaor.gli t | ai ,pCh erd sed i.n,that ' - |
cat al yst hasf’rl%S{]%‘e g?%%l o%mrfé 6%765 n%lril%l%E% (%Shuel?%:aﬂd }QT 1&4{)%&&@3 %%T%gﬂ an
CO wher ei n dgticasty Rabanakd epeasent banthedr 00e0)alkg Goup OsiMan optionally
together with the carbon atons carrying them a 3- to 7-nenbered
carbocycl e cUPHENEAZEY&VP: and R and R4 i ndependent|y represent: 150
ei ther a graoyp -3i: . re 5 ' pendent |y
represent anOL}%B_taigE\ig yﬁéﬁtg}sﬁglﬁtaﬁing%{g qrih%g?a?%}lﬁgcr%@gﬁ’ed (G -C6)al kyl
grogp or an d@phicpAahdily ssbhiatiet Uikdr 8 aRited (Of-CRRIGI easupmat i ¢ group,
or an optionally substituted aromatic or heteroaromatic group, or an
optionally substituted, linear or branched (Cl-C6)al kyl group.

4. Synthesis process according to claim 3, characterised in that the iron-based catalyst is

selected from:

SiMe, SiMe,
O
T Tl = w
SiMe < | ]
OC’,Fe. 3 09181 oc—Fe SiMe,
oC CO O VAR
oC CO
Si(iPr), Si(iPr),
:ﬁo XD 0
N7 0—> (XID
“2 Si(iPr) Si(iP
0"8  oc-Fe ’ oc-Fe M0s
oCc CoO oC CO

5. Synthesis process according to claim 2, characterised in that the iron-based catalyst has

Rl
RQ\QO (XTIT)
R | R

Fe

7~ .
0C” 1 "Na.

CO\\

wherein R, and Rj3 each represent a hydrogen atom or form, together with the carbon atoms

10 the following general formula:

carrying them, a 3- to 7-membered carbocycle or heterocycle,
and R; and R4 independently represent:

15 e cither a group —SiRsRgR;, wherein Rs, R¢ and R; independently represent an
optionally substituted, linear or branched (C;-Cg)alkyl group or an optionally
substituted aromatic or heteroaromatic group,

e or an optionally substituted aromatic or heteroaromatic group,

e or an optionally substituted, linear or branched (C;-Cg)alkyl group.



19 6. Synthesis process according to ¢claimb5, characterised in that
" the iron-based catalyst is selected f dm 7. Process according
to claim 2, characterised in that the iron-based catal yst has the

5fol | owi n i RS | . 9 R . . .
~coor dithg Yaiepfhosss it rinbto ('S, el ot o ibh Yl paryst i
has the 1l&alddfsvmg fornmul a: Ph CO 9. Synthesis process according

to any one of clains 1 to 8 characterised in that the anount of
catal yst used in the }¥auctive amination reactiofiMs from1 nol%to

10 nol % relative t @l dehyde. 1510. Synt hesi rpcess according
to any one of cl to 9, GdMar act er i $EYCi the anttt
oc- ,Fe\ SiMe, Et0,C OC’,Fe\’ SiMe,

oC

oC N\\\ \\

7. Process according to claim 2, characterised in that the iron-based catalyst has the

5 following formula:

8. Process according to claim 2, characterised in that the iron-based catalyst has the

10 following formula:

Ph
Ph =0

(XVID)
Ph” 1 Y

F
oc”] “co
Co

9. Synthesis process according to any one of claims 1 to 8, characterised in that the amount
of catalyst used in the reductive amination reaction is from 1 mol% to 10 mol% relative to

the aldehyde.

15  10. Synthesis process according to any one of claims 1 to 9, characterised in that the amount
of trimethylamine N-oxide used in the reductive amination reaction is from 0 to 3

equivalents relative to the catalyst.



of trinmethylam ne N-oxide used in the_reductive am nation reaction is
“fromO to 3 equivalents relative to t k8 catal yst. 20 11. Synthesis
process according to claim 10, characterised in that the anount of
tri nmet hyl am.ne. ' ] he r.ed [ ' on. r tion i
trom 0.4 SRGRT GRS, UABRbE, L RIRLLRG | MRARRLAEEDh " BRF IO ahBune of
Synt hesi stripictity@smin@cNaxtdagsddo inlye egdictie @hdndtonlrdactidil is from 0.5 to 1.5
characterised_in that the 5di hydrogen pressure in the reductive
am nat i oncPERNtOFlatye t9 Bypcatad¥st.10 bars. 13. Synthesis process
according to any one of clainms 1 to 12, characterised in that the
solvent in the reductive amnation reaction is an al cohol. 14.
Synt hedRsSyrthesess pravessoactionding go cdnyi onel 3f ctdims actierlils etlaiantetibat it lieat the
solyent in the reductive anmi nation reaction js .ethan I.w'L015.
Syn?hesi sdiBy BRLLPTALE i fe{}iﬂc%‘fﬁﬁ%lﬁ%u% FeRSIqR Frpiy b Loy 4) B
characterised in that the tenperature of the reductive am nation
reaction is from50 to |100C

13. Synthesis process according to any one of claims 1 to 12, characterised in that the solvent

in the reductive amination reaction is an alcohol.

14. Synthesis process according to claim 13, characterised in that the solvent in the reductive

amination reaction is ethanol.

10 15. Synthesis process according to any one of claims 1 to 14, characterised in that the

temperature of the reductive amination reaction is from 50 to 100°C.



