"~ -1- NEW PROCESS FOR THE SYNTHESI S OF | VABRADI NE AND ADDI TI ON SALTS
THEREOF W TH A PHARVACEUTI CALLY ACCEPTBLE ACI D The present invention
relates to a process for the synthesis of ivabradine of formula (1):
or 3-{311 78'#( 3, 4-di met hoxybi cyclo[4.2.0]octa-1, 3,5-trien-7-yline
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is resolved to yield the conmpound of

' propyl} -7,8- dlmethoxy-l 3.4 5-tetrahydr0-2H 3 benzazep1n—2 -one,

addition salts thereof with a phaﬁnaceutically acceptable acid, and hydrates thereof.

Ivabradine, and its addition salts With a pharniaceutically >accbeptable acid, and more
espécially its hydrochloride, have very valuable pharmacological and therapeutic
properties, especially bradycardlc properties, making those compounds useful in the
treatment or prevention of various chmcal situations of myocardial 1schaem1a such as
angma pectoris, myocardial infarct and assomated rhythm disturbances, and al_so in various
pathologies  involving Arhythmb disturbancés, eépecially :vsupra\‘/entrit:ular._, rhythm

disturbances, and in heart failure.
The preparation and therapeutic use of ivabradine and its addition salts with a
pharmaceutically acceptable acid, and more espec1ally 1ts hydrochlorlde have been

described in the European patent spec1ﬁcat10n EP 0 534 859

That patent specification describes the Synthesis of ivabradine hydrochloride stafting from -

‘the compound of formula (II):

OCH
| : an,

H,N - OCH
.HCI
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"OCl 13 CH3HNOCH3 which is reacted with the conpound of fornula (V):

cup alp to yield the conpound of fornula (VI): t he
catal ytic hydrogenation o 1 which yields ivabradine, which is then
“converted into its 10hydrochloride. -3- In view of the

phar maceuti cal value of this conpound, -?¢ has been inportant to be
able to obtain it by an effective synthesis process resulting in
ivabradinc in a good yield. The present invention relates to a
process for the synthesis of the conpound of formula (VII), in
raceni ¢ owhiopis eaveyedioto the cpmpaynd of formula (HI

X
(1D,

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

CH,HN

o OCH;
(Iv),
L
CH,HN OCH,
5 which is reacted with the compound of formula (V):
CH,0 =
N1 V)
CH,0
O
to yield the compound of formula (VI):
CH,O
3 o - OCH;
~ 3
Ill I / (VD),
CH,O Ne """ OCH

the catalytic hydrogenation of which yields ivabradine, which is then converted into its

10 hydrochloride.

The disadvantage of that synthesis route is that it results in ivabradine in a yield of the

order of only 0.6 %.



“wherein R represents a hydrogen atomor a methyl group, characterised

in that the conmpound of forrmula (VII1): Is reacted with the
conpound of foi(lda (I1X), in raemc or optically active form in the
~10formof the free base or a salt: wherein R is as defined

herei nbefore, in the presence of a salt3of a transition netal or of a
| ant hanide, in a solvent, 1 5to yield the conpound of famula (X), in

racem ¢ ap @@k ot dhd phadshé@cdiOfalle ofGhis compound, it has been important to be able to

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 the compound of

formula (VII), in racemic or optically active form:

CH.O

\ 3

R

l i [ (VID,
CH,0 NN 7

5 O

wherein R represents a hydrogen atom or a methyl group,

characterised in that the compound of formula (VIII):
CH,0
‘ N
. (VIID)
O

is reacted with the compound of formula (IX), in racemic or optically active form, in the

10 form of the free base or a salt:
P
R X
HN OCH

3

wherein R is as defined hereinbefore,

in the presence of a salt of a transition metal or of a lanthanide,
in a solvent,

15 to yield the compound of formula (X), in racemic or optically active form:



which is converted into the conmpound of formula (VII) by the action
of a hydride donor agent. In a preferred enbodi ment of the

i nvention, the conmpound of formula (1 X) is in optically 5active form
"nore especially of configuration (S). In the case where R represents
a hydrogen atom the product of the reaétion of the conpound of
formula (X) with the hydride donor agent is then the conpound of
formula (XI), @iparticular case of the conpounds of f a (vil):

0 10whi ch may be Ny gz ated to yield jvabradi éﬁﬂula (r):

whi ch may opti onal grted into additlion salts thereof with a
phai . maceut i gal by—agcept abl e \aci d_sel eced fromp chloric ac®d,
hydr obroni ¢ aci d, phyri ¢ AGT phggphorfc acid, acéllf acid,
trifluoroacetic acid, aC|d p vic acid, malonic acid, 15
succinic acid, giutaric acidg fumari ¢ aci d, tartaric acid, maleie
acid, citric acid, ascorbic acid, oxalic acid, nethanesul phonie acid,
benzenesulhikbns comertdd and thanmhpourd @coanulan®I)riyothkyadtian ef athydriéotionor

agent.

In a preferred embodiment of the invention, the compound of formula (IX) is in optically
5 active form, more especially of configuration ().

In the case where R represents a hydrogen atom, the product of the reaction of the

compound of formula (X) with the hydride donor agent is then the compound of

formula (XI), a particular case of the compounds of formula (VII):

CH,0
N
CH.O E = (XD,
O
10 which may be N-methylated to yield ivabradine of formula (I):
CH,0
OCH
L
(@,
CH,0 N SN Zoch

which may optionally be converted into addition salts thereof with a pharmaceutically
acceptable acid selected from hydrochloric acid, hydrobromic acid, sulphuric acid,
phosphoric acid, acetic acid, trifluoroacetic acid, lactic acid, pyruvic acid, malonic acid,
15 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.



"-5- In the case where R represents a nethyl group, the product of

the reaction of the conmpound of forrmula (X) with the hydride donor
agent is then ivabradine of fornmula (1), a particular case of the
“conmpounds of formula (VI1): 5whi ch may optionally be converted

into addition salts thereof with a phai-fraceutically acceptable acid
sel ected from hydrochloric acid, hydrobromc acid, sulphuric acid,
phosphoric acid, acetic acid, trifluoroacetic acid, lactic acid,
pyruvic acid, mal oni ¢ acid, succinic acid, glutarlc acid, fumaric

aci d, t arItrleth¢ casacfd@re Ra¢repsentsci wethgl groiip, th@pwdu@tsﬁécﬁhdﬁe@ctam of thosempamnd

acid, enzenesul.p
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t he |nven&&gafﬂ&b@m@@mu@@m@ngﬁﬂipvmyla (I'X) is inraccmc form

the case where R represents a hydrogen atom the product of the
reaction of the conpound of fornula (X) with the hydride donor agent
is then the rac Hk? conpound of 15fornula (XI1), a particul ar case of

t he compounds o VIT): OCH
CH,0 N N M,
O
5 which may optionally be converted into addition salts thereof with a pharmaceutically

acceptable acid selected from hydrochloric acid, hydrobromic acid, sulphuric acid,
phosphoric acid, acetic acid, trifluoroacetic acid, lactic acid, pyruvic acid, malonic acid,
succinic acid, glutaric acid, fumaric acid, tartaric acid, maleic acid, citric acid, ascorbic
acid, oxalic acid, methanesulphonic acid, benzenesulphonic acid and camphoric acid, and

10 into hydrates thereof.

In another preferred embodiment of the invention, the compound of formula (IX) is in
racemic form.
In the case where R represents a hydrogen atom, the product of the reaction of the

compound of formula (X) with the hydride donor agent is then the racemic compound of

15 formula (XII), a particular case of the compounds of formula (VII):
CH,O
) [
H
N P (XID),
CH,0 Ne " ocH,
)

which may be N-methylated to yield the racemic compound of formula (XIII):



whi ch may be AT-nethylated to yield the racem ¢ conpound of formula
(XI11): which may optionally be converted into addition salts
thereof with a pharmaceutically 5 acceptable acid selected from
“hydrochl oric acid, hydrobronic acid, sulphuric acid, phosphoric acid,
acetic acid, trifluoroacetic acid, |act¥e acid, pyruvic acid, malonic
acid, succinic acid, glutaric acid, fumaric acid, tartaric acid,

mal ci ¢ acid, c¢Hyoc acid, ascorbic acid, oxalic acid,

met hanesul phoni ¢ atid enesulphoniqcﬁci a R&Hs acid, and
into hydrates ther¢ (1Im the case re Rjfrepresents a nethyl

group, the prodoetNa ti op~of ithe compoundsef formula (D
with the hydride donor a |§\fﬁgﬁ\f%e aceni c conp®&hld of fornula
(XII1), a particular case ok\ the conpounds of fornmula (VII): 0 the
optical resolution of which y elds ivabradine of foiinula (1): -7-

the optical resolution of which yields ivabradine of formula (I):

CH,O

CH, | \\[: }
CH,0 Ne N = D,

o

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

into hydrates thereof.

10 In the case where R represents a methyl group, the product of the reaction of the compound
of formula (X) with the hydride donor agent is then the racemic compound of

formula (XIII), a particular case of the compounds of formula (VII):

CH,O

o OCH;
[ | [
(X11D),
CH,0 N SN = OCH,

O

the optical resolution of which yields ivabradine of formula (I):



whi ch may optionally be converted into addition salts thereof with a
pharmaceutically acceptable acid selected from hydrochl oric acid,
“hydrobrom ¢ acid, sul phuric acid, phosphoric acid, acetic acid,
trifluoroacetic acid, lactic acid, pyruvic acid, malonic acid, 5
succinic acid, glutaric acid, fumaric adrd, tartaric acid, maleic
acid, citric acid, ascorbic acid, oxalic acid, nethanesul phonic acid,
benzenesul phoni cCE©Oi d and canphoric acid, and into hydgg es t hereof

Anong the salts of twamd{tioq netals or | gnt han at may be
used to carry out thg aCt i on\ bet ween t e3ccnpopnd f formula IVIII)
and the conpourd,of Rg il a (13, there N0 e tioned, t-hout

S H_y
inplying any limtation, soppef (1) chlioride? copper (1) ©6FHon de,
copper (1) iodide, yttriun(ITIR\ trifluoronethanesul phonate,
| ant hanunm(111) trifluoronmethanesul phonate, praseodym un(111) trill
uor onmet hanesul phonate, neodym un(l11) trifluoromethanesul phonate,

samari un({hich hbj f@ﬂ@ﬁﬁgﬁ%@%ggxﬁég{eﬁ riﬁﬂ)ﬁ%cﬁiﬁi?&’ SR Wb With a pharmaceutically

trifluoromethanesul phon Iniu
trifl uor omethiablesat¢iphsaterte] ftoen bliiyuingdhlldrjc tacidf | hyairabromid acid, sulphuric acid,

met hanesul phopat e, .qyspr.osi LL1) tri.tluoromethapesul phonate, ) )
ol i (| PB4 iy SiRee e SEAHEHELE 2y BRI porivic acd, alonic acid
trifhuor ofrbmanasy! phonrt £i@NHnakt ekidMrtdrld acid, maleic acid, citric acid, ascorbic
tritluoronethanesul phonate. Preference is given to the transition

met al sal acidisaxalie geide methpnegylphonic 4ved, rhsaztrieswlphetioedd ant eanphyiw add.odnd
forma (VLI e _conpound of fornmula (IX) being copper(l)
ZOChIorid%$)%ﬁ%%gsﬁ%gm§olvents that may be used for carrying out the
reaction between the conpound of formula (VII1) and the conmpound of
formula (1 X) there may be nentioned wi thout inplying any |imtation:

al cohol | cABEPG ARt saltsedfpieansionymeglstrirel lanbemdeothab mayi broped parsatry out the
25di met hyl., SRS LA %B()mnd of formula (VIII) and the compound of formula (IX), there

10 may be mentioned, without implying any limitation, copper(I) chloride, copper(I) bromide,
copper(l) iodide, yttrium(III) triﬂﬁoromethanesulphonate, lanthanum(II) trifluoromethane-
sulphonate, praseodymium(IIl) trifluoromethanesulphonate, neodymium(IIl) trifluoro-
methanesulphonate, samarium(III) trifluoromethanesulphonate, europium(Ill) trifluoro-
methanesulphonate, gadolinium(IIT) trifluoromethanesulphonate, terbium(II) trifluoro-

15 methanesulphonate, dysprosium(IIl) trifluoromethanesulphonate, holmium(IIl) trifluoro-
methanesulphonate, erbium(Ill) trifluoromethanesulphonate and Iutetium(II) trifluoro-

methanesulphonate.

Preference is given to the transition metal salt used for carrying out the reaction between
the compound of formula (VII) and the compound of formula (IX) being copper(l)
20 chloride.

Among the solvents that may be used for carrying out the reaction between the compound
of formula (VIII) and the compound of formula (IX) there may be mentioned, without
implying any limitation:

- alcoholic solvents, especially methanol, ethanol and isopropanol;

25 - dimethyl sulphoxide (DMSO);



-8- N, Ndinethy-I1formam de (DVF); - N-nethyl pyrrolidone (NWP).
Preference is given to the solvent used for carrying out the reaction
“between the conmpound of fornmula (VIII) and the conpound of formula
(I'X) being nmethanol. 5Anmong the hydride donor agents that may be used
for carrying out the conversion of the denpound of formula (X) into

t he conpound of fornula (VI1) there may be nentioned, w thout
implying any |imtatyondimeasifdfhitideqboqohydride, sodi um

cyanobor ohydri de and al so the conpl exes borane- nor phol i ne and

bor ane- di net hyl ant néV-methylpyrgligonpENMEvent s that nay be used for

i . L - 0f gi_mul X) hnto the
carr g Sy AR NGt SN, 10NN B 20 01 e
any | i m t af foomulagVédhaid the sompemidsof feapeiai(Bt) beinpehb@aadl, et hanol and

i sopropanol ; N, N-di met hyl formam de (DVF); N-nethyl pyrrolidone (NWP)
"5 The conpounds of formulae (VII1) and (X) are new products which

are ysefu 1S i i 1.6 :
o, S by ok LIRSS o3y 0,608 STRIHL o s i o v
addi ti on sahpantiherieohulai (X iatoptharcoapeutd offdrynude (€[} dizre nagi ek apationed,

hydr at t f d as.such they.forman inteqral part of th .
oY ccont i MOBRE ot B0 £ G oSO G BN - oa Rl & PRBorohydride and

I nvent i onalsd-itetcortipl @b behakipolissadd bbihe-dfnedy gt hyl f bnnani de
IR- infra-red
Among the solvents that may be used for carrying out the conversion of the compound of
10 formula (X) into the compound of formula (VII) there may be mentioned, without
implying any limitation:
- alcoholic solvents, especially methanol, ethanol and isopropanol;
- N,N-dimethylformamide (DMF);
- N-methylpyrrolidone (NMP).

15
The compounds of formulae (VIII) and (X) are new products which are useful as synthesis
intermediates in the chemical or pharmaceutical industry, especially in the synthesis of
ivabradine, addition salts thereof with a pharmaceutically acceptable acid and hydrates
thereof, and as such they form an integral part of the present invention.

20 The Examples hereinbelow illustrate the invention.

List of abbreviations used:
DMF: N,N-dimethylformamide
IR: infra-red

The melting points (m.p.) were measured using a micro Kéfler (MK) apparatus.



The nelting points (mp.) were neasured using a mcro Koller (M
apparatus. -9- EXAMPLE 1:

3-(7,8-D tnet hoxy-2-ox0-1, 2, 4, 5-tetrahydro- 31f - 3- benzazepi n- 3-y1) -
propanenitrile 2 g (9 mmol) of

7, 8-di met hoxy-1, 3, 4, 5-t et rahydr o- 2H 34, ®azazepi n- 2- one are di ssol ved
in 30 mM, of DMF. To the resulting solution there are added, at 25C,
432rrg(1E>&1wmlE15 1 (Z 8k f €. A _oh)-
suspension in oil. Sti r(rl ng |é§m€§?%%{d)gozu§g%ﬁ% am #g%egé%%zgﬁgiéew
t enperature and t her eprepapgeitrittdded a solution of 0 9 m. (10.8 mol,
1.2 equival ents) of 3-bronopropionitrile in 10 nL of DWMF. Heating at
50Cis th t he sol vent |

evapor at egré (? rr| e resfh%%réhqxé’ Qg’%eite ?}“WO g"?jgﬁbﬁ’fl%ﬁ%‘é@lﬁa?n‘éne f;}ﬁélrﬁé@lwed in
with wat e3o ndr bE@M)FeTo m&@éumﬁg sbetied tl?é?éj aﬁvma ai et 64%%%%‘@6%9%%01

There are _obtained 4.1 g of a residue, which i1s pur|

chr ofrat Og} aﬁﬁylVéWHngf gofblﬁmshﬂdnda ag a1 0%t suspension in oil. Stlmng is carried out for
di chl oro t ha 1.5 re are_.obtained 6 of the title
pr oduct Fﬁst ﬁé gr%ﬁg Iaen§(§? ber, ﬁ‘&e £0g @Feumggf‘d} é“agedr% solution of 0.9 mL

. 8- di met (10:8yminoB, U2 bquitvelerid yﬂs%&h%ﬁm RAZARERI 1V AL WD) °
(V\/m te solid, mp.. = t1196 198)& el p26% 151 R (pure) W '}F&Rﬁ%ﬁ@?@ ¢

1648, 16096, hefscféﬂedl%&éor %‘blz‘wrs g 4henthe solﬁmwpmpzrated off'The residue is taken

3-[3-(11( 0 . en: 7- ygni et
| ami no) pr%%nl%fﬂ@%rﬁ%ﬁ%{e}f )P%%k eﬁl‘ﬁgﬂkﬂ% elil PYer(IJM 8S§H-fi§3‘t %?%‘igﬁpﬁmg& to
onelO dry@tseplliere Neq obtained 4 1 g of a residue, which is purified by flash chromatog;aphy

78 34d t h bi cyclo[ 4. 2. | octa-1, 3,5-trien-7-ylimethyl
[ (78)- n 300 g 0(%X5tha (el%an dichloromethane/ethanol:95/5). The¥e are obtzzned 630 mg of

20di et haxy tﬂteoﬁﬂfdﬁetzlrﬂﬂ'i_b Ev&%{ %’f‘yeﬁilr 81136k 1%”&%&% ? ?’é)dfm&ﬁé‘ sdas

m de Under nitro mmol , 1.5 eqU|va

1-[(7S)- S?Walwdn%tgHoicmeQMImpmnz i9evetaed (\8hie tolidem-/ ﬂ%nmsha am ne
hydrochl ori de are dissolved in 10 nL of nethanol. To the resultlng
solution there are added 0.46 nL (3 27 mmol, 1.5 equival ents) of
triethyl anelie= 266, 260 ng (2.62 mmol) of copper(l) chloride (purity:

0 /? Then 25 600 2.18 mmol ) of

ipg- dulﬁcépwyvf - 1648, 4663, tléﬂ8 AR¢dr 228H BMoenzazepi n- 3-

yI)propanenltrlle dlssolved in 10 m, of nethanol are added dropw se.
Heating at reflux is carried out for 12 hours, then cooling to

anbi ent t@gﬁ BIRLLE2E, 3a[r:;d({ﬁ7sj-3 ALDiRe ko 30 §Qﬂbr g‘lhy §rt9i?éh- : lmeth

sol ution and 30 ni of dichl oronet hane are “adde dr’gani ¢
amino)propyl]-7,8-dimethoxy-1,3,4,5-tetrahydro-2H-3- benzazepm—2-

one

Step 1: N-{[(75)-3,4-dimethoxybicyclo[4.2.0]octa-1,3 ,5-trien-7-yl|methyl}-3-(7,8-
20 dimethoxy-2-ox0-1,2,4,5-tetrahydro-3 H-3-benzazepin-3 -yDpropanimidamide

Under nitrogen, 630 mg (3.27 mmol, 1.5 equivalents) of 1-[(75)-3,4-dimethoxybicyclo-
[4.2.0]octa-1,3,5-trien-7-ylJmethanamine hydrochloride are dissolved in 10 mL of
methanol. To the resulting solution there are added 0.46 mL (3.27 mmol, 1.5 equivalents)
of triethylamine and 260 mg (2.62 mmol) of copper(I) chloride (purity: 90 %). Then
25 600 mg (2.18 mmol) of 3-(7.8-dimethoxy-2-oxo0-1,2,4,5-tetrahydro-3 H-3-benzazepin-3-
yl)propanenitrile dissolved in 10 mL of methanol are added dropwise. Heating at reflux is
carried out for 12 hours, then cooling to ambient temperature, and 5 mL of 35 % aqueous

sodium hydroxide solution and 30 ml. of dichloromethane are added. The organic phase is



-10- extracted, dried over MgSHA4, filtered and then evaporated to
dryness. There are obtained 1.08 g of a brown oil containing 47 %
~expected product. This oil is used without purification in the step
that foll ows. Step 2: 3- [3 -( [(75)-3,4-Di net hoxybi cyclo

[4.2.0] octa-1,3,5-trien-7-ylinmethyl 1-Hm no)-

5propyl] -7, 8-di net hoxy-1, 3, 4, 5-tetrahydro- 2H 3- benzazepi n-2-one 1 g

of the predtictedobiial oed MpSCH, dfiteted aahithah rivaghrdiéd Yo dmndsdldheiesare obtained
dlssolved |n 15 mL _of nethanol; the_resulting solution.is_ then cooled
to 0C and! 99 v %@rmnrﬁ%mn@m@geda. PaPERRcy Brodeefgi g oil is used without

tetrabor %Mﬁ’fdaﬂ@n ﬁfﬁe%g%ﬁ f§§ #4Jing is carried out overnight at

anbi ent t'enperature, 3 mL of 20 % aqueous sodi um hydroxi de
solution and 10 20 niL of di chI ororret hane are added. Vi gorous stirring

wmshid v SR P88 B7Deh Ty agaE s R BB R g Bt VRS b SFeoto

dryness. JQgy1e7 @d%@dﬁ}em 4 ﬂte%hﬁﬂo-@ﬁ?ﬂ@h@a‘%elhﬁ P i ed by flash
chr omat ogr aphy on of silica (eluant =

di chl or onet hane/ et hanol /' NI LO| l: 90/10/1) to yield 300 ng of expected

Fggt’jg;:t | E Qr%g f grro égﬂs?d n S@X@E%eu@mg 47/g/( gr\rlned’lne% is dlsg(;sl)ze(i iR 15 mL of

3- (13- 111(ASharel4- t&tﬂégﬂhﬁ%%hlt%hc isOnien? cBdie@t @& be@, Bud ricenmé Y2 bt Nty
yl') (et hyl) am noi prop%/ 8-di net hory-1, 3,4, 5-tetrah)dro-2H 3-benzaz
epi n- 2- onkZ2@@valgnts) o sodium tetraborohydride are added. Stirring i$ carried out overnight at

3-[3- (1[( 711%161%’ t%m%eﬁ%re,oﬁéj Jch%XCJJ? Lnlh %f 91) % a%lug'm%’ s%d Jn!l %Qat%x}/de JE%MZ%' alnd

am no) -

propgl ] - 72Bmdi sraditidsyonietidand , abe h(ﬁieﬂaWygﬂeréﬁrﬁn@Ma’mﬂﬁpbm-ﬁr @ﬂenmutes The
hydr ochl ori de 300 ng (0.65 mml) of the am ne obtained in

Step 2, av&awfPhateisdhemhextmcad, srshedewihivaten érleme%rhMgﬁquﬂt?rﬁ% S then

sol ution ther6:dss (deeds- @ﬁerghl &%éfx@agﬂ] g BremubMalathSls Phrifd | by flash

hydrochlorit acid solution in Stirring 1s carried
at 25C fowhr@rﬁatﬁgmphubasloom mmemamdmmmmam/ymmmm@{w%wm to

I's cryst a}'fllellds}% nrlgr 8 Xpectgl{ product in the form of an oil.

15 Yield = 30 % (over 2 steps)
IR (pure) : v = 3302, 1649 cm™.

EXAMPLE 3 : 3-{3-[{[(79)-3,4-Dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-yl}-
methyl}(methyDamino|propyl}-7,8-dimetheoxy-1,3,4,5-tetrahydro-

2H-3-benzazepin-2-one

20 Step 1: 3-[3-({[(79)-3,4-Dimethoxybicyclo{4.2.0]octa-1,3,5-trien-7-yl Jmethyl }amino)-
propyl]-7,8-dimethoxy-1,3,4,5-tetrahydro-2 H-3-benzazepin-2-one hydrochloride

300 mg (0.65 mmol) of the amine obtained in Example 2, Step 2, are dissolved in 10 mL of
acetonitrile. To the resulting solution there is added 0.65 mL (1.3 mmol, 2 equivalents) of
2M hydrochloric acid solution in diethyl ether. Stirring is carried out at 25°C for
25 15 minutes, and then evaporation to dryness. The product is crystallised from 20 mL of

acetone. The solid is filtered off and dried. 230 mg of white crystals are obtained.



acetone. The solid is filtered off and dried. 230 ng of white
crystals are obtained. Yield =71 % mp. = 204-206C Step 2: 3-
(3-[{[(7S)-3, 4-di met hoxybi cyclo[4.2.0]ocra-1,3,5-trien-7-yllnmethyll (m
et hyl) -

am notropyl | - 7, 8-di met hoxy- 1, 3, 4, 5-t et r&hydr o- 2H 3- benzazepi n- 2- one
5180 ng (0.36 mmol) of hydrochloride obtained in Step 1 are dissol ved
in a mxture of 10 nL of nethanol and 5 nL of dichl oronethane To the
resultingysqlgﬁ'qp there are added 0.04 rilL (0.54 nmol, 1.5
equivalent§3dﬁf1fdrna|dehyde (37 %in water) and a grain of
bromocresg| , grapnodelN aqueous hydrochloric acid solution is added
until the pl-1 1s 4 (yellowcoloured solution) and then stirring is
carried out at 25C for 30 mnutes. There 10 are then added 23 ny

05C Tor 18toRau < S 1L STl e ety Pichofd 4 DlaetSt S 3HGE el TmEhy1) Bhethy)-
evapor at i Qﬁiﬂo@pr@ﬁ%@?ﬁ@dﬁﬁ%};&{yﬂi,gdf,ﬁ‘féttrahgcﬁgfﬁ{-@{]b%ni’agEq%@gnez50 ng of

an oil which is purified | dsh chr onat ogr aphy on 0 g of silica
(eluant = dichl oronet hane/ et hanol / NELO L 90/10/1) to yield 100 ng of

25 A o 6 AR
{7 (75)-3, 82 B et ROyl el 914, 2. LOCta: 1 5.8t Ghe gl -ty (et
yl') am nol BPEEYL| (Oﬁflanmoyr/»ek-ﬁ@ﬁyi@l,eatsm of formmaldehyde 63 P 3n ertera2Biangiainoof
Eranpi ¢ o0 U eheor BER OARECH IRelbrl AEiCRIOG] CRPL Y Pty s 4
i n pat ent (ysfewtdoiaatd solufidbh)hnd3heB S@rrinkXanphd ut St @p°EYfor 30 Adnutes. There
5 (0 73y hep s iR YBE emeD et odiet eempborgb dridensimigg s caried out a

ggtz 2%; : %( g@ﬁoog koras REhRM RV IrdinBih Rl BrY a8, shdmbfd PO Y dRyREN s
carried out. There are obtained 250 mg of an oil which is purified by flash chromatography
on 100 g of silica (eluant = dichloromethane/ethanol/NH,OH: 90/10/1) to yield 100 mg of

the title product in the form of a colourless oil which crystallises at ambient temperature.

15 Yield=58%
m.p. = 98-100°C

EXAMPLE 4: 3-{3-[{[(7S)-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 hydrochloride

20 The hydrochloride of the product obtained in Example 3, Step 2, is prepared by following
the procedure described in patent specification EP 0 534 859 (Example 2, Step E).



‘Step 1: N

R7S) - 3, 4- Di net hoxybi cycl o[ 4. 2.0]octa-1, 3,5-trien-7-ylinmethyl }

-3-(7, 8-

5di net hoxy- 2- oxo-1, 2, 4, 5-t et rahydr o- 3H 3- benzazepi n- 3-y1) - N-net hyl pro
pani ni dani de Under nitrogen, 691 ng (2:88 mmol, 1.5 equival ents) of
1-[(75) -3, 4-di net hoxybi cycl o[ 4. 2. Oloct a-

L3, 5-tri eBEXAMPLEN :ne3-H3-| {t(élS)&l;lﬁammetmmbmyﬂbml Upcai-g, 3;ﬂ—&$@1-?/-§q | n
10 nL of nethanol. To tgfy resulting solution there are _ added 0.4
(2.83 mmol, 1.5 equi vaeERtdmedyannaelpyoRnli-dHacthony -ty 1»%%31%10)

of copper(l) chl ori dey b ddMzeriR-2%ne Then | 0 520 ng (1.89 mmol) of
3-(7, 8-di net hoxy-2-oxo-1, 2, zel{cietraeydro 3H 3-benzazepi n- 3-

yepropanenitrile dissol ved | n 10 mL of nethanol are added dropvvi se.
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extracted, dried over MySO4, Itered and then évaporat’ed to dryness.
There are obtained 151.08 g of a brown oil containing 46 %expect ed

product . Ig{yié 0{ro z«:éelnS 69% enqg \QAZ t8§ Ouf OP Y, 5 feiqﬁlavtaienps) of & R?S)Sg gpdlmet%oxyblcyclo-

foll ows.
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carried oyt overnjight at. a nt tenperature, d then 5 nL of 20 %
agueous s)g?ﬂrﬁl?ﬁnﬁ? ﬂ‘ﬁ@l‘@gb%ﬁ Port g eﬁ@nﬂ{_arﬁfa%a‘?‘%ﬂqoﬁ?’v&?eﬁﬁ% Yrrgtlux is
added. Vi GahQuSutSthi D4 hBks! Bek @5(51&1%@0%&&9 rter%ﬁeﬁlu%‘ &35 %h%fofmrﬂqﬁeous
phase is then extracted, washed wth water, dried dver MySO4

filtered sddm hﬁdromdapo}ruabednd a0 mlynéémhlowmﬂbanesare 268dab{Thé neghnic fthasd is

i | which f | h t 100 g of sil
(ot vant PRl PidorE aon ABRAMaER Sortr 17 aargrenfestere e
theitide ]p(DS)CEJ@f d Brdvie dioEontRhin 401 6. expeés% ﬂo@h@t T o% (soMQH Rithout
steps) IR (pure) : v = 1633, 831-672 cnt EXA

3-0- 1 1(7159T1f¥§af401Dnrfb@ﬁT@RWé®llﬂV@14 2.0locta-1, 3, 5 trien-7-yll-methyl |
(et hyl ) ani i nol propyli-7, 8-di net hoxy-1, 3, 4, 5-tetrahydro-

Step 2: 3-{3-[{[(75)-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

1 g of the product obtained in Step 1 (containing 46 % amidine) is dissolved in 15 mL of
20 methanol and then 86 mg (2.26 mmol, 1.2 equivalents) of sodium tetraborohydride are
added at ambient temperature. Stirring is carried out overnight at ambient temperature, and
then 5 mL of 20 % aqueous sodium hydroxide solution and 20 mL of dichloromethane are
added. Vigorous stirring is carried out for 15 minutes. The organic phase is then extracted,
washed with water, dried over MgSOy, filtered and then evaporated to dryness. There is
25 obtained 1 g of an oil which is purified by flash chromatography on 100 g of silica (eluant
= dichloromethane/ethanol/NH4OH: 90/10/1) to yield 210 mg of the title product in the

form of an oil.



52H 3- benzazepi n- 2-one hydrochl ori de The hydrochl ori de of the product
obtained in Exanple 5, Step 2, is prepared by follow ng the procedure
described in patent specification EP 0 534 859 (Exanple 2, Step E).
EXAMPLE 7: _

3-{3-[{[(7S) -3, 4- Di net hoxybi cyclol4.2.0]l®cta-1,3,5-trien-7-y11-

net hyl } (met hyDani nol propyl ) - 7, 8- di met hoxy- 1, 3, 4, 5-t et r ahydr o-

102H 3- beWidd e{fldtooone gy ochl oride Starting fromracenic

(3, 4-di nmet hoxybi cycl 014. 2. 0] octar 1, 3, 5-trien-7-ypnet hanam ne, and

f ol | owi ng!R (RITpY 0t 5A6P3.d8dc47Ise -by the sequence of Exanples 2 and 3,
3- f3-[[(3,4- dimethoxybicyclo [4.2.0]octa-1,3,5-trien-7-yl)nethyl]
(et hyl ) am no] propyl } -7, 8-

di met hoxyEXAVIPLE é:et sqwg(m)a;h-himwﬁ v Blof4. 2.0foclt 1 B03-lidlR eyl 52. 1
g of this raccmc conpound are then separated on a 60 cm x 60
col um packed with 2. mefyldmethyliamipakpropyl} A:8-dimethogpdsd,4,5ttetrahydro20

pm . sThe el uant used,j;S;. § of .
et hagol [acetonitril e/%#?’t ﬁ§/ g%éélﬁe'ez( 8?3 l(‘)ytbr(?fgl.ofdﬁy volune) at a flow
rate of 50 mL/min. The associated ultra-violet detector is used at a
wavel ength o 80 .a There are obtai ned 0. 95 of the enantioner
of conf ?gﬂP%EY%HQ‘(I?é)%? ff heere hPoiringd whFkempln ﬁ%?ig&els @rm)ate:cdéw %lgwmg
of the gRaptd rdeQdri LaurabbaR , o gywhite
Ter i ngue. T o apl o dePap R R AR IFh 384 50 LB ke g 1 <
then obtained by follow ng the procedure described in patent

ifi ' . -14- EXAMPLE 8:
P05 115 EaRMPLEY. 8 R A iR e BisT e ol a2 Blacta-Lef Sy ryensT-vi-
met hyl i | met hyl i ani nol ﬂ@f}gg(h-eﬁxﬁ)a%iﬂs}ﬂ?ﬁﬁyl}lq%-éiééthﬂk&-ﬁ‘[}){ﬂéﬁ%ﬁyd%%ﬂZ

azepi n- 2-one hydrochl or
10 2H-3-benzazepin-2-one hydrochloride

Starting from racemic (3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-yl)methanamine, and
following the protocol described by the sequence of Examples 2 and 3, 3-{3-[[(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-2 H-3-benzazepin-2-one is obtained.

15 2.1 g of this racemic compound are then separated on a 60 ¢cm x 60 mm column packed
with 2.1 kg of Chiralpak ® AD phase (particle size 20 um). The eluant used is a mixture of
ethanol/acetonitrile/diethylamine (10/90/0.1 by volume) at a flow rate of 50 mL/min. The
associated ultra-violet detector is used at a wavelength of 280 nm.

There are obtained 0.95 g of the enantiomer of configuration (R) in the form of a white

20 meringue and then 0.95 g of the enantiomer of configuration (S), also in the form of a

white meringue.

The hydrochloride of the enantiomer of configuration (S) is then obtained by following the
procedure described in patent specification EP 0 534 859 (Example 2, Step E).



Starting fromracenc

(3, 4-di net hoxybi cycl o[ 4. 2. 0]octa-1, 3,5-trien-7-yl)-N nethyl -

5met hanam ne, and by follow ng the protocol described in Exanple 5,
there is obtained 3- {3-[[(3, 4-dinmethoxybicyclo [4.2.0]
octa-1,3,5-trien-7-yl)methyl] (nethypamo]propyl -

7, 8- dlnethoxy 1, 3,4,5-tetrahydro-211- 3- benzazepi n-2-one. 2.1 g of
this rac CEiXLAMBm@n d3-E3-¢{[{ 1848, mafeﬁicaglbmyd@ £P.0pecac1 305-mrierc-Blyljm
packed with 2.1 kg of Chiral pak (8). AD phase (particle size 20 n%‘_@
The el uant used i3 a MEUIHEICH NRnRINOPY AT -gHpethoxeldl &Etigiraky
(10/90/0.1 by vol une),pat n. The associ at ed
ultra-violet det ectorZ?sg’ g%‘iaggﬁélhaé%(\g/){é engﬂk’/rm’fe 280 nm There are
obtained 0.95 g of the enantioner of configuration (R) in the form of

.a white ringue _and then O. of th onfi

(8) "l o e TRBE mBrer it b TR P R b Tt G e g
enanti OmefeHan&fi Qlfe' S B KADWIRY thSprbRROI ARLALOEH @)Yanfl%ﬂa |50Yﬂeﬂeglst (hﬁamed 3-
procedure described in patent Specification EP O anple 2,

Step E). {3-i[%3.4dinetBxybiciried&@sHottar],1, ﬁrérlgyﬁﬁ@mfwllﬂfnethyé)amrﬂp@mw}ef
Formula (Yl g meltBx b A G2y AR A b BG5S M ™

2.1 g of this racemic compound are then separated on a 60 cm x 60 mm column packed
with 2.1 kg of Chiralpak ® AD phase (particle size 20 um). The eluant used is a mixture of -
10 ethanol/acetonitrile/diethylamine (10/90/0.1 by volume) at a flow rate of 50 mL/min. The
associated ultra-violet detector is used at a wavelength of 280 nm. '
There are obtained 0.95 g of the enantiomer of configuration (R) in the form of a white
meringue and then 0.95 g of the enantiomer of configuration (S), also in the form of a

white meringue.

15 The hydrochloride of the enantiomer of configuration (S) is then obtained by following the
procedure described in patent specification EP 0 534 859 (Example 2, Step E).



5wherein R represents a hydrogen atom or a nethyl group,
characterised in that the compound of formula (M11): CH30 O is
reacted with the conpound of fornmula (IX), inrace'. ic or optically
active form in the formolfree base or a salt: 10 OCH3 OCH3 (I X),
wherein Ris as defined hereinbcfore, i¥-the presence of a salt of a
transition netal or of a lanthanide, in a solvent,

CLAIMS

1. Process for the synthesis of the compound of formula (VII), in racemic or optically

active form:
CH,O
OCH
P
CH,0 N ~_N = (VID,
OCH,
O
5 wherein R represents a hydrogen atom or a methyl group,

characterised in that the compound of formula (VIII):

CH,O ‘
N
. . (VIID)
O
is reacted with the compound of formula (IX), in racemic or optically active form, in the

form of the free base or a salt:

OCH

\ 3
R
' | /[ (1X),

HN OCH,

10
wherein R is as defined hereinbefore,

in the presence of a salt of a transition metal or of a lanthanide,
in a solvent,

to yield the compound of formula (X), in racemic or optically active form:



to yield the conpound of fornmula (X), in racemc or optically active
form O which is converted into the conpound of formula (VIl) by the
.action of a hydride donor agent. 2. Synthesis process
according to claiml, characterised in that the conmpound or 5fornula
(1X) is of configuration (S). 3. Synthedbs process according to claim
2, characterised in that R represents a hydrogen atom and in that

t he product orCHH& reaction of the conpound of fornula0&§) with the
hydri de donor agent he~conpound of for nul-a I particul ar
case of the conpou la (VI1): | wh|c$ ma opplonaIIyZQe

[ ph tically =X
oric’acid, hydrdB¥8ni ¢ acid,

ic acid, trifluoroacetic acid,
lactic acid, pyruvic acid, ma@onic acid, succinic acid, glutaric

acid, finnaric acid, tartaric acid, malcic acid, citric acid, .
ascor bi ¢ Which.is gepyprted daio; the gempounds o fmewild GABNY theciation of a hydride donor
benzenesu&&%gnic acid and canphoric acid, and into hydrates thereof

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

5 formula (IX) is of configuration (S).

3. Synthesis process according to claim 2, characterised in that R represents a hydrogen
atom, and in that the product of the reaction of the compound of formula (X) with the
hydride donor agent is the compound of formula (XI), a particular case of the

compounds of formula (VII):

CH,0 N OCH,
CH,0 N | /[ XD

3 N\/\/ OCH3

10 0
which may be N-methylated to yield ivabradine of formula (D):
CH,0

OCH

R
@,

CH,0 NN Zocn

which may optionally be converted into addition salts thereof with a pharmaceutically
acceptable acid selected from hydrochloric acid, hydrobromic acid, sulphuric acid,
15 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



4. Synthesis process according to claim?2, characterised in that R
represents a nmethyl group, and in that the product of the reaction of
.the conmpound of fornmula (X) with the 5hydride donor agent is then

i vabradi ne of forrmula (1), a particular iase of the compounds of
formula (M1): whi ch may optionally'b‘ converted into addition
salts thereof with a pharnmaceutically acceptable acid selected from
hydr ochl of¢ig. exalig acisy dredimnestiphandd acid shengenesilphewic dcidlandphogbhoe iagld, and
acid, acet] i rifd uoroacetic acid, lactic acid, pyruvie acid,

mal oni ¢ a%ﬁg?%%h%%#%?%ﬁécid, glutaric acid, fumaric acid, tartaric
acid, maleic acid, citric acid, ascorbic acid, oxalic acid,

met hanesul phoni ¢ aci d, benzenesul phoni c acid and canphoric acid, and

i nto hydr 4t e3Y#thesiesfocess accordimg tosglairh e ichagetigtisassinatheb Rafentesenss @ methyl
1, characterj iy s . i | X)e A S 1D .
raeem c for n‘l!gr%glg ’ %@nl%lﬁg%it%@ P g{g(gg)gld%grg g%tm%n%ftﬁé%g?ér%d&f fottid (X) with the
char &ct er i sehlydritlet HaorRageapriesket svabridink edeformatipmI)aadpdrticdlatadehsf the
product of the reactigp of %Sﬁ conpound of foimula (X) with the
hydri de donofolRRes P5iamela@dBii ¢ conpound of formula (X 1), a
particul ar case of the conpounds of foimula (VII): which my be

N-nmet hyl ated to yield the racem c conpound of foula (XII1):
CH,0

OCH
u
@,
CH3O N\/\/N = OCH3

O

which may optionally be converted into addition salts thereof with a pharmaceutically
acceptable acid selected from hydrochloric acid, hydrobromic acid, sulphuric acid,
10 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.

5. Synthesis process according to claim 1, characterised in that the compound of

15 formula (IX) is in racemic form.

6. Synthesis process according to claim 5, characterised in that R represents a hydrogen
atom, and in that the product of the reaction of the compound of formula (X) with the
hydride donor agent is the racemic compound of formula (XII), a particular case of the

compounds of formula (VII):



the optical resolution of which yields ivabradine of formula (1): CH
0 CH30 whi ch may optionally be converted into addition salts
.thereof with a pharnmaceutically acceptable acid selected from
hydrochl ori ¢ acid, hydrobrom c acid, suﬁfhuric aci d, phosphoric acid,
acetic acid, tri fluoroacetic acid, lactic acid, pyruvic acid,

mal oni ¢ acid, succinic acid, glutaric acid, fumaric acid, tartaric
acid, maleic deil® citric acid, ascorbic 10acid, -oxal beyaci d,

met hanesul phoni ¢ ag nrzenesul phoni ¢ aci g—ay1d horic acid, and
into hydrates ther [ Synt\hesi s prodéss accprding to cIain1§XI)
characteri se§H,@7t n gr omayr and ~i;n t hat tﬁé

product of the reactiong e conpound of follaula ( wWith the
hydri de donor agent is the Nacem ¢ conpound of formula (XII1), a
particul ar case of |Sthe conPounds of formula (MII): O

which may be N-methylated to yield the racemic compound of formula (XIII):

CH,O

OCH
CH3 I \ 3
|
X110
CH.,O \\//»\\//N' _— (X1,
3 N OCH,

the optical resolution of which yields ivabradine of formula (I):

CH,O

D
CH,0 Ne N = O,
5 0

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

into hydrates thereof.

7. Synthesis process according to claim 5, characterised in that R represents a methyl
group, and in that the product of the reaction of the compound of formula (X) with the
hydride donor agent is the racemic compound of formula (XIII), a particular case of

15 the compounds of formula (VII):



‘the opti cal
CH30 CH, |

resol ution of which yields ivabradine of formula (I):

CH30 which may optionally be converted into addition

.salts thereof wwth a pharmaceutically 5 acceptable acid sel ected
from hydrochl oric acid, hydrobromc aci@L sul phuric acid, phosphoric
acid, acetic acid, trifluoroacetic acid, lactic acid, pyruvic acid,
mal oni ¢ acid, succinic acid, glutaric acid, ffimaric acid, tartaric

acid, maleic a
met hanesul phoni ¢ ag
into hydrates ther
clainms 1 to
or of a | anthani de used Y

conmpound of forrmula (VIII)

ric acid, ascorbic acid, |i coeni d,
enesul phoni cCHci ¢ dc horic acid, and

@22 d

. nt hesi s pr‘ces a chdlng to any @ng)of
isedrmnvkﬁétvkﬁg It o trgpgi ti on net al
garry out the reaction betweeh the
and t he conpound of ffin-nula (I1X) is

\°4J

,H3‘8 h a

sel ected from copper(I) chIoP|de copper (1) bronlde copper (1)

i odi de,
trifluor

Vi PR s ltish o WA B RS0 8a e 0um D)

15net hanesul phonat e, ncodynlun(lll) trlfluoronethanesulphonate,
samarium(111) trifluoronethanesul phonate, europiunm(I1l) trill

uor onet hanesul p |
terbiunm(111) trifluo mesul phonat e, ?H l

10

15

20

oadollnlun(lll) trifluoro \\Pa esH| phonat e,

D,
Ne N = OCH

3

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

into hydrates thereof.

Synthesis process according to any one of claims 1 to 7, characterised in that the salt
of a transition metal or of a lanthanide used to carry out the reaction between the
compound of formula (VIII) and the compound of formula (IX) is selected from
copper(I) chloride, copper(I) bromide, copper(l) iodide, yttrium(III) trifluoromethane-
sulphonate, lanthanum(III) trifluoromethanesulphonate, praseodymium(III) trifluoro-
methanesulphonate, neodymium(IIl) trifluoromethanesulphonate, samarium(III)
trifluoromethanesulphonate, europium(III) trifluoromethanesulphonate,

gadolinium(III) trifluoromethanesulphonate, terbium(II) trifluoromethanesulphonate,
dysprosium(Ill)  trifluoromethanesulphonate,  holmium(III)  trifluoromethane-
sulphonate, erbium(II) trifluoromethanesulphonate and lutetium(Ill) trifluoro-

methanesulphonate.

Synthesis process according to any one of claims 1 to 8, characterised in that the

solvent used to carry out the reaction between the compound of formula (VIII) and the



dysprosiurn(l11)trifluoronet hanesul phonate, hol mun(lI1)trifluoronetha
ne- sul phonate, erbiun(111) trifl uoronet hanesul phonate and
Jdutetium(111) trifluoro- 20net hancsul phonate. -20- conpound of
formula (1 X) is selected from al coholic,sol vents, dinethyl

sul phoxi de, N, N-di met hyl formani de and AT-net hyl pyrrolidone. H

Synt hesi s process accor di n% to any one of claims 1 to 9,

char act er i sefoPROYKae! formulaydX) desdieninst framerieohplisdsolsntsadingetbylt sulphwxide,
conversion o tg the conmpound of
formula (VI ;legﬁge g@&é%g[flg%?n&é; é@d&% O(%lreohydrl de, sodium

cyanobor ohydri de, the conplex borane nor phol i ne and t he conplex

bor anedi neg hyl am ne. Compound of formula (MVII1):
Conpound &¢- Wthﬁﬁl%lpf%f:ss "‘r?ofch’é&ﬁ‘i’ @nprong i laimsy 1 409, \Félalfaé?eﬁfﬁed/\ﬁéﬁ@“f rihe

Ris as defipedidetdnbofhgBnt used to carry out the conversion of the compound of formula (X)
5 to the compound of formula (VII) is selected from sodium tetraborohydride, sodium
cyanoborohydride, the complex borane-morpholine and the complex borane-

dimethylamine.

11. Compound of formula (VIII):

CH,0
N
. (VIID).
CH3Om \/\\N
O

10 12. Compound of formula (X), in racemic or optically active form:

CH.O

3 OCH
R | X ’

|

CH.O N N _— (X)s
3 \/\”/ OCH3
NH
6)

wherein R is as defined in claim 1.




