New process for the synthesis of agonelatinc The present invention
relates to a new process for the industrial synthesis of agonel atine,
or hMZ-(?-nEtboxy-l-naphthyfiethyliacethnide, of forrmula (1):

Agonel atine,orN-[2-(7 ethoxy- 1 -naphthyl)ethyl}acetam de, hasval uabl e
5phar macol ogi cal proper tNemsprdeessHas the syntlesis, of tagemdlatinle e _
characteristic of being, on the one hand, an agonist of receptors of
the nel atoni nergi ¢ system and, on the other hand, an antagoni st of

the 5-11T2c receptor. These properties provide it with activity in

t he cent r&he peseusvenpionaatatendo amsmepresgse domthkeyindustrial spnthessnofhagomaddtine,

maj or depresshon, asonal f i.ve disorder., sleep 10di sorders,
ca{diovas%%$§?325?%§?%6?@%@ﬁégﬁﬁﬁﬂﬁﬁF%§“§%O?ﬁ%“ﬁﬁbﬁgtive system
insomia and fatigue due to jet-lag, appetite disorders and obesity.
Agonel atine, its preparation and its use in therapeutics have been
described in European patent specifica : Q0 447 285 and EP 1 564
202. In view of the ph imaceutical value of this conpound, it has

been inportant to be able gduage it using an effective
adily transf&table to the
< 0.0

i ndustrial synthesis process
i ndustrial scale and which pro grel atine in a good yield and

with excellent purity. - 2 -

Agomelatine, or  N-[2-(7-methoxy-1-naphthyl)ethyl]acetamide, has valuable

5 pharmacological properties.

It has, in fact, the double characteristic of being, on the one hand, an agonist of receptors of
the melatoninergic system and, on the other hand, an antagonist of the 5-HT,¢ receptor.
These properties provide it with activity in the central nervous system and, more
especially, in the treatment of major depression, seasonal affective disorder, sleep
10 disorders, cardiovascular pathologies, pathologies of the digestive system, insomnia and

fatigue due to jet-lag, appetite disorders and obesity.

Agomelatine, its preparation and its use in therapeutics have been described in European

patent specifications EP 0 447 285 and EP 1 564 202.

In view of the pharmaceutical value of this compound, it has been important to be able to
15 produce it using an effective industrial synthesis process which is readily transferable to

the industrial scale and which provides agomelatine in a good yield and with excellent

purity.

Patent specification EP 0 447 285 describes production of agomelatine in eight steps

starting from 7-methoxy-1-tetralone, in an average yield of less than 30 %.



In patent specification EP 1 564 202, the Applicant devel oped a new,
much nore effective and industrialisable synthesis route in only four
. steps starting from7-nethoxy- 1 -tetralone that nmakes it possible to

obtai n agonel atine in highly reproducib#g manner in a well-defined
crystalline form 5However, the search for new synthesis routes,

especially starti n%fr_om starting materials that are less costly than
7- met hoxyﬁ; paten grecHicatien EPd 2ad & thaArplicant devplopgh e newngugh giqre giective

has cont ia'ﬁﬁ.eigd&%ﬁ%fgs%ﬁggtggﬂ aR%e ﬁnﬁgp F5ur BRI PR FoRERIRESSE tdfone

the synthesis o Ine s

3- met hox ythstemakdst hq@ssiblene: obthinsaguavelinar ini highlyateprodakibiasnanher in a well-
advant age_ of being _sinple, readily obtainable in |arge quantities at

| ess 10cdéfnedenyseamenapht hoqui none moreover al so has the

advant ag%{f\I«e RAVIHBYedRARNEAR GGt BtSY %Eﬁ'e'aaill dtdrBin tf{\dﬂ?_%ééf’tﬁlg WhicEhIs

avoi ds inclusion of an aromatiSation step 1I'nto the synthesis, a step
t hat i s ahataysleps odstlgiirtn & nfetlmmy antetralbus,tis cadreryblyi stifl relfevamtgw. Thi s new

process reover nmkes it. possible to obtain . agopelatinpe in
Pepr oduc HIecAHAIERT oy e bbb FEGUEHITy TAGE GUSORL f FebapPess for the
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active ingredient. re specifically, the present invention relates
to a proceasrifldrastthe ailvahtager ¢fabeiny ammdsirsadity obfaingblapo dage sfuatigianatdess
(r): whi ch, pracess i s aracterised in that .
3-me h Oxycgéte n%fg\ﬁ?o[ﬁ%)a’ F%Rg%(gﬂmpg?wgre?ﬁr ago has the advantage of having a
naphthalene ring system in its structure, which avoids inclusion of an aromatisation step
into the synthesis, a step that is always problematic from an industrial point of view.
This new process moreover makes it possible to obtain agomelatine in reproducible
manner and without requiring laborious purification, with a purity that is compatible with

15 its use as a pharmaceutical active ingredient.

More specifically, the present invention relates to a process for the industrial synthesis of

the compound of formula (I):

NHCOMe

@

which process is characterised in that 3-methoxyacenaphthoquinone of formula (II):

MeO

20

olk

is reacted in the presence of a strong base to yield the compound of formula (I1I):



which is subjected to am nation to yield the conpound of formula
(rv): 0 112No which is subjected to the action of a reducing
.systemto yield the conpound of 5formula (V): which is
successively subjected to the action of;sodi umacetate and then
acetic anhydride to yield the conpound of fornmula (1), which is
isolated in the formof a solid. The conpound of forrmula (I11)
is accessible to the person skilled injthe art by neans of

10conventi onal chem cal reactions BAo ‘Piem' cal reactions described
inthe literature. Advantageously, the c@nversion of the conmpound of
formula (H) into the conpoundu&af_forgulal(lll) according to the
invention is carried out using Nal CH3) 3- SG2NLi (11 TI MDS) or
RCH3) 3- SO2NNa (NaHVDS). As the r @ stem i(AVt he conversion of
t he conpound of fornula (1V) into th& cowpound of forrmula (V)
according to the invention preference is given to LiAlH4 or to the
coupl e BRshighr Isabeeted to amination to yield the compound of formula (IV):

HN 0

C -

which is subjected to the action of a reducing system to yield the compound of

5 formula (V):

MeO

CO e

which is successively subjected to the action of sodium acetate and then acetic anhydride

to yield the compound of formula (I), which is isolated in the form of a solid.

The compound of formula (II) is accessible to the person skilled in the art by means of

10 conventional chemical reactions and/or chemical reactions described in the literature.

Advantageously, the conversion of the compound of formula (II) into the compound of
formula (III) according to the invention is carried out using NaNH,, ((CH3);-S1),NLi
(LiHMDS) or ((CH3)3-S1),NNa (NaHMDS).

15 The amination reaction is preferably carried out using NH4Cl and propylphosphonic

anhydride.



This process is especially valuable for the follow ng reasons: 5it
makes it possible to obtain the conpound of fornmula (1) on an
-industrial scale in excellent yields, starting froma sinple,

| ow-cost starting material; it nakes it possible to avoid an
aromati sation reaction because the naphthal ene ring systemis present
in the starting substrate; finally, the conpound of fornula

(1) obt ai edhhaeducing pysgrne dodhe|cenvepiaarof theecomertvaind cafeforatilac Vo fintchghe
talli i i ificatien EP.15642Q2. .
compound St IsERR T, OhBE TS BPER L GEbeRRersp S REER IF 14l or o

i nvent i onthe sonewBARAHIFANQL. as an internediate in the synthesis of
agonel atinc, wherein it is subjected to a reduction reaction, then to
a coupling reaction with acetic anhydri de. The Exanpl es
hereinbelow illustrate the invention without Iimting it in any way.
15Exanpl e 1: N 2-(7-Methoxy-1-naphthypethylla etal 'de Step A

( 7- Met hoxXVhib proapistib ydpeCialip valmeblic doathe dollowiag reaaaisor, 4 ng of
18-crown-6 ether and then 230 ng of NaNl-12 are successively

i ntroduced into a suspension of 100 ng of 3-nmet hoxyacenapht hoqui none

inlsm of it HoXdi [ e, Nt [ :
terporat ur e, Verekoy 3 Ty 20 PRt L ERE g PO’ FFoSkp TRl scale in
sol ution (3 migxcelidnt greldsyetasingrioat b eisplwi Io-a@shsthrtiag eteatraal; t he
solvents are dried over Na2SO4 and then evaporated off to yield the
title product in the formof a yellowsolid in a yield of 88 % and

with a chenicak nfued i Yosiblees Sydidan afnMsatdil ehdbnRRbMse 199aphfia@RieBing
2- (7- Met hoxy- 1- napht hyO- 2- oxpacetatnide In a reactor, 1 g of 'the
conmpound obt ai $Y8I§™ i PSseRf i thesstarting gahserate; i nto 30 m of acetonitrile,

- finally, the compound of formula (I) obtained has, in reproducible manner, the

10 characteristics of the crystalline form described in patent specification EP1564202.

The compound of formula (IV) obtained according to the process of the invention is new
and useful as an intermediate in the synthesis of agomelatine, wherein it is subjected to a

reduction reaction, then to a coupling reaction with acetic anhydride.
The Examples hereinbelow illustrate the invention without limiting it in any way.
15 Example 1: N-[2-(7-Methoxy-1-naphthyl)ethyl]acetamide

Step A: (7-Methoxy-1-naphthyl)(oxo)acetic acid

In a reactor, 4 mg of 18-crown-6 ether and then 230 mg of NaNH, are successively
introduced into a suspension of 100 mg of 3-methoxyacenaphthoquinone in 1 ml of
DMSO. The mixture is stirred for 30 minutes at ambient temperature. Water (2 ml) is then
20 added, followed by 2N HCI solution (3 ml). After two extractions with ethyl acetate, the
solvents are dried over Na,SO; and then evaporated off to yield the title product in the

form of a yellow solid in a yield of 88 % and with a chemical purity of more than 94 %.

Melting point: 99°C



and there are then added 439 g of propyl phosphoni c anhydride and 438
ng of NE4Cl and, at the end of the addition, 3.8 m of

-di i sopropyl am ne at anbient tenperature. The solution is 5stirred for
4 hours under nitrogen, the solvents ar ¢ t hen evaporated off, the
residue is taken up in saturated aqueous Nad solution, and
extraction wwth ethyl acetate is carried out. The solvents are then
dried over Na2SO4 and then evaporated off to yield the title product

in the forn1o$ §§° r sol i.d i Leld of 80% and with a chem ca
purity of 909 tep b ?f(ﬁ}g%%f&gi-dgag%tl%_j%b—oxoacetamz%e
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sol ution together with 800 . of .sol id sodi ym hydroxi de, and three
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N-12-(7- -1- ht hyl i et hyl tan de | : tor,..n2,g of th
compound B a1 K G Er L SR ARG  helu b BReS a0 80" |1
i nt r oducedeking popirharrol’. The m xture is stirred, 2.3 g of acetic

anhydri de are then added, the reaction mxture is heated to refl ux
and 20 m of water are added. The reaction mxture is allowed to

t t } . i.pitat bt ai di
o ot MR SETALYLS Blab SR aRIAL] 3L° OF 8 Qe; o yield the
titl t ield of. 80 % with_a.cheni it 99 %
25nel | ngedarnel 1 shePowsdiiacdtn b i HEenGH o HIHe0GRY Steanipdhced anips
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in Exanple 1 Data recording was carried out Using
hi gh- r esdfastippRugiure 1sattreddee!.5 boom Brattkéi2 mXSswharhaddaé, oddwedbngds ml of

par anmet er;g scﬁﬁ'urﬁr}gfﬂ%o%der &ﬂ%%nqggéﬁgowftﬁ] 86 rmrIgBoP goli%losbdf%ms ﬁ}gtﬂogifde, and three
15 extractions with methyl tert-butyl ether (20 ml) are carried out. The solvents are then dried
over Na,SO4 and then evaporated off to yield the title product in the form of a yellow oil in a

yield of 80 % and with a chemical purity of 95 %.

Step D: N-[2-(7-Methoxy-I1-naphthyl)ethyl]acetamide

In a reactor, 5 g of the compound obtained in Step C and 2 g of sodium acetate are
20 introduced into ethanol. The mixture is stirred, 2.3 g of acetic anhydride are then added, the
reaction mixture is heated to reflux and 20 ml of water are added. The reaction mixture is
allowed to return to ambient temperature and the precipitate obtained is filtered off, washed
with an ethanol/water 35/65 mixture to yield the title product in a yield of 80 % with a
chemical purity of 99 %.
25 Melting point: 108°C



50.010 and 30s per step. The N42-(7-nethoxy-|-naphthyBethyliacetan de
powder obtained in Exanple 1 was deposited on a transm ssion nounting
-support. The X-ray source is a copper tube (X Culcd = 1.54056 A). The
nounting includes a front nonochromator (Ge(111) crystal) and an
energy-resol ved solid-state detector (MQP- D1, Moxtec-SEPH). The

compound is well crystallised: the |ine width at half- hei ght is of
the order Exampledz | eﬁéwfmftﬂgcrﬁt@hhofdmﬁ@emnmhdmﬁ-[m

accordi ngly determ cryst clur I clinic

unit cell parameter s%gmxy ]gﬁa%%%ﬁ%g h Ef\ tﬂ?“eg mEi‘BmP?@ b A 13

= 108. 667 space group: P2 15nunber of nDIecuIes inthe unit cell: 8

vol une of Defagrecoidingoehd carMediotit edng tH27B8 . MR rA31ution ditiactodtetd- fén Bruker

cnB. Exa e 3 erm nation, by neans of the X—réay powder
gi ffracti %ﬁ@?{tﬂefmﬁa@a@m@mm iapgulporarge pf BHE0° in terms of 260, a step of
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The compound is well crystallised: the line width at half-height is of the order of 0.07° in terms

10 of 20.

The following parameters were accordingly determined:

- crystal structure of unit cell: monoclinic
- unit cell parameters: a =20.0903 A, b=9.3194 A, ¢ =15.4796 A, B=108.667°
- space group: P2;/n
15 - number of molecules in the unit cell: 8
- volume of the unit cell: Vi e = 2746.742 A®
- density: d=1.13 g/em’.

Example3 : Determination, by means of the X-ray powder diffraction diagram, of
the crystalline form of the N-[2-(7-methoxy-1-naphthyl)ethyl]acetamide

20 compound obtained in Example 1

The crystalline form of the compound obtained in Example 1 is characterised by the
following X-ray powder diffraction diagram, measured using a Siemens DS5005
diffractometer (copper anticathode) and expressed in terms of interplanar distance d,
Bragg's angle 2 theta, and relative intensity (expressed as a percentage in relation to the

25 most intense line):



Angle 2 theta (1 . interpianar distance d ( 9.26 9.544
8.419 13 15.34 5.771 24 17.15 5.165 100

23 10.50

-7
Angle 2 theta (°) Interplanar distance d (A) Intensity (%)
9.26 9.544 23
10.50 8.419 13
15.34 5.771 24
17.15 5.165 100




- 8- CLAIMS 1. Process for the industrial synthesis of the conpound
of formula (I) characterised in that 3-nmethoxyacenapht hoqui none of
~formula (11): is reacted in the presence of a strong base to yield
t he conpound of fornmula (I111): O whichgis subjected to arnination to
yield the compound of formula (I1V):

CLAIMS

1. Process for the industrial synthesis of the compound of formula (1)

NHCOMe

L

characterised in that 3-methoxyacenaphthoquinone of formula (II):

MeO

38

MeO
4y

O o]

is reacted in the presence of a strong base to yield the compound of formula (II1):

O
T -

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

O
SO



O which is subjected to the action of a reducing systemto yield the
conpound of formula (V): whi ch is successively subjected to
-the action of sodium acetate and then acetic anhydride 5to yield the
conpound of fornula (1), which is isolaged in the formof a solid. 2.
Process for the synthesis of the conpound of formula (1) according to
claim1l, characterised in that the conversion of the conmpound of
formula (I1) into the conpound of formula (111) is carried out using
NaNH2. r hg s esks upd

accordi ng t(gﬁc% gg@i%t&i&%hglre aX %)El i ég %d‘{ En% g?ﬂaﬁcg)n %ﬁ%l%%%oﬁf% of
conpound fekmbr(v)l a (1V) into the conpound of formula (V) is carried
out using the couple BH3. THF/ A1C13. 4. Corrpound of foula (1V)
according to claiml for use as an interne
agonel ati ne. 155. Use of conpound of for
4 in the synthesis of agonel atfhe
according to claim 1 in the synth

which is successively subjected to the action of sodium acetate and then acetic anhydride

5 to yield the compound of formula (I), which is isolated in the form of a solid.

2. Process for the synthesis of the compound of formula (I) according to claim 1,
characterised in that the conversion of the compound of formula (II) into the compound

of formula (III) is carried out using NaNHo,.

3. Process for the synthesis of the compound of formula (I) according to claim 1,
10 characterised in that the conversion of the compound of formula (IV) into the

compound of formula (V) is carried out using the couple BH;. THF/AICI;.

4. Compound of formula (IV) according to claim 1 for use as an intermediate in the

synthesis of agomelatine.

15 S. Use of compound of formula (IV) according to claim 4 in the synthesis of agomelatine.

6. Use of compound of formula (II) according to claim 1 in the synthesis of agomelatine.

7. Use of compound of formula (III) according to claim 1 in the synthesis of agomelatine.
20
8. Process for the synthesis of agomelatine according to claim 1 starting from a
compound of formula (IIT) characterised in that compound of formula (IIT) is obtained

by the synthesis process according to any one of claims 1 or 2.



7. Use of conpound of formula (H') according to claim1l1 in the

synt hesi s of agonel atine. 20 8. Process for the synthesis of

-agonel ati ne according to claim1 starting froma conpound of foinmula
(I'1l) characterised in that conpound of, forrmula (I11) is obtained by
t he synthesis process according to any one of clains 1 or 2. - 10 -
9. Process for the synthesis of agonel atine according to claim1
starting froma conpound of fornmula (1V) characterised in that

conmpound @f l 8. ( I.S. obtaikned by .the synthesis.process ..

accor di nth olglg’%ggoﬁoé %’fy) Sc‘%"zlllersrlg’ fﬂf &gmﬁ‘.e%‘ '8¢ %F%rg{é%gs %‘? ocrlegfnh SPHME S 2
of agomel at i ceenmeadodifdgnulH(IV) @haradteséedrih ithg cbmpbuml SOBRANRIATS is obtained
formula (V) characterised in that conpound of formula (V) is obtained
by the synt h35ths spitBesdsrrogess geerdige toamngnesfeclamsdiaizos 1 to 3.

5
10. Process for the synthesis of agomelatine according to claim 1 starting from a
compound of formula (V) characterised in that compound of formula (V) is obtained

by the synthesis process according to any one of claims 1 to 3.



