-1- New process-¥or the synthesis of agonel ati ne The present
invention relates to a new process for the industrial synthesis of
agomel atine, or N-[2-(7-methoxy- | -ndphthyl)ethyl] acetani de, of
formula (1): NI-1COV MO (1). Agonel atine, or

N[ 2- (7- met hoxy- | - napht WNeiwv) mtolgss faicdieayn thesis bfisgamatluthée 5

phar macol ogi cal properties. It has, in fact, the double
characteristic of being, on the one hand, an agoni st of receptors of
t he nel atoni nergi ¢ system and, on the other hand, an antagoni st of

t he 5- HT2the pesgttanventibhesleteptop@ewi escass Gori the industriat kyntlodsiswoftagoimelatine,
t he central ryous, sysfem e especjall in the treatnment of
maj or dep?%¥§?6X?m§@E§b'aﬁmﬁﬂﬁkﬁgﬁ%@ﬁa 8 ﬁ?mé} b 10 di sorders,
cardi ovascul ar pat hol ogi es, pathol ogi es of the digestive system
insommia and fatigue due to jet-lag, appetite disorders and obesity.

Agonel atine, its preparation and its use cbligrapeutics have been
described in European patent specifictations 0 447 285 and EP 1

564 202. In view of the pA¥FPraceuti cak. val ue of this conpound, it has
been inmportant to be able to @@ it using aneffective

i ndustrial synthesis process eadily transferable to the
i ndustrial scale and which provi des agonel atine in a good yield and
with excellent purity.

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 S—HTZC 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-meth0xy—1—tetralone, in an average yield of less than 30 %.



Pat ent specification EP 0 447 285 descri bes production of agonel ati ne
in eight steps starting from7-methoxy-I-tetralone, in an average
.yield of less than 30 % -2 |In patent specification EP 1 564 202,

t he Applicant devel oped a new, nmuch nore effective and

i ndustrialisable synthesis route in onI%‘four steps starting from
7-met hoxy-1-tetralone that nmakes it possible to obtain agonel atine

i n hi ghl yinrpafEno shecifldlatomBERNe564 202a theed pplicdef develdped y stal miucle nfoax effeddive

However, the search for new.synthesig routes, especially startin

from st arat“gd_ﬁi‘ffé‘?agWQF §Ynf§ﬁ3_é% oo el Fegsteny R i7OTe -ﬁﬁﬁylxw-l_-tgetralone
-tetral onfar fnak&UETEREY &t bbthin” &of¥ediine iﬁhﬁgﬁgwegﬁﬂﬁhbt@ﬁlaﬁﬂ&t innyieehi-
his investigations and has devel oped a new process for the synthesis

of agoneldeffingé crystatlinedgrof.r om 3- met hoxyacenapht hoqui none: this new
starting ,material has. the advantage of being. sinple, readily. .
obt ar nabl 40T R o G GArt B bev oY Ludiar gy Narting SR stafing materials
3- Met hox viageRaRs mgwtmnﬁngmog?sa%u@lbﬁ& ibagrdiig spdvasiage of having

a naphthalene ring systemin its structure, which avoi ds inclusion

of an ar obhst Applidaphhas equtinped bistineestigaticne sind hag dsvappadhanewpredosnffar the
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that is conpatible with 15 its use as a pharnaceutical active )
i ngredi erfost MMetBpreErenaphibpguinpnge mereewsit aispybat ithh advpaipge qfohaving a
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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 (IT):

MeO

20

oK

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



MeO\ \ (I), which process is characterised in that

3- met hoxyacenapht hoqui none of formula (l11): 20 0 0 MO is reacted
_in the presence of a strong base to yield the conmpound of fornula
(rrr)y: -3- OHOO MO (In), which is subjected to anmination to
yield the compound of formula (I1V): ol NO Met) \ (1V), 1-55 1-55
which is subjected to the action of a reducing systemto yield the
conpound of 5 formula (V):

n
I
i

HO O

Sol

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

MeO

av),

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

5 formula (V):
SOl

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

MeO

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,, ((CHj3)3-Si),NLi
(LiHMDS) or ((CHj3)3-Si);NNa (NaHMDS).

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

anhydride.



NH2 MO/ / (V), which is successively subjected to the action of
sodi um acetate and then acetic anhydride to yield the conmpound of
_formula (1), which is isolated in the formof a solid. The conpound
of formula (11) is accessible to the person skilled in the art by
means of 10 conventional chenical reactions and/or cheni cal
reactions described in the literature. Advantageously, the
conver si ohs dlic rétmcmgnpetend iofthd eomudraiod df)the rbmpbhed obd foouwd @V) into the

formula (111) accardin the j.nventiaon is, carried out using 2,
((CH3) 3- mﬁw 0? E?fﬁw%t?&b?cce(@%}%t@i HBRGLD (NEI0F DY) SiVes t@rﬁgﬂ%ﬁ or to
am nat i onpg eqgiié BR T3IWARNerably carried out using NHACL and

propyi phosphoni ¢ anhydride. -4- As the reducing systemin the

conversion of the conmpound of formula (1V) into the conmpound of
formula (V) according to the invention preference is given to Li AlH4
or to the couple BH3. THF/ A1C13. This process is especially valuable

for the fplik gmicBg i§ @%}é@iﬁﬁyvﬁuablb%ﬁﬁ&ﬁﬁloﬁn@%ﬁn@.l e to obtain the
conmpound of forrmula (1) on an industrial scale in excellent yields,

starting froma sinple, lowcost starting material; - it nmakes it

possibl e to_avoid,an, oot it(i %‘Bﬂa%”th{e ERGbLAM (?fef%%lrjﬁl% bhs faphthal Al in
ring” systemis present In the startingrsubstrate;
excellent yields, starting from a simple, low-cost starting material;

- it makes it possible to avoid an aromatisation reaction because the naphthalene ring

system is present in the starting substrate;

- 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-Methexy-1-naphthyl)ethyljacetamide

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;SO4 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 g_oint: 99°C



- finally, the conmpound of fornula (1) obtained has, in reproducible
marnmer, the 10 characteristics of the crystalline formdescribed in
_patent specification EP 1564202. The conpound of formula (1V)
obt ai ned according to the process of the invention is new and useful
as an intermediate in the synthesis of &gonel atine, wherein it is
subjected to a reduction reaction, then to a coupling reaction with
acetic anhydride. The Exanples hereinbelowillustrate the invention

without Iimting. it Ln any way. 5 anple 1:,

N-[ 2- ( 7- 14i etaﬁ@e’i@z ?:/a-%ﬁ?ﬁw-mm%wa%?we@% J:

(7-Met hoxy-1-naphtltyl)(oxo)acetic acid In a reactor, 4 ng of o
18-cr own-% agedrder, gl tiregpnaBondrgblefneiANGERD dY & iBluedveediniedml of acetonitrile,

i nt roduced ,int Spensi of. 100 f 3-met hoxya pht iaon
10 il 2 EISREARSH 30 o e ot s fop X MERMRIARZIRRY JIHHICIANE o
t enper at Uh€endNof & additioh,) 3.8 sitdTehisgRogdaaihe af ambinetnipéradi¥e Hhe solution is

solution (3 m). After two extractions with ethyl acetate, the
sol vent s siFied dor 4 Bowy apdataptarsenath spREns alaihen sYaarased offothg iresidpetip gaken

titl te.d I QLR i f.. 88..9
o 1 e s Pl o b R0f o LYSRL s Sh ' B 8 e
Step B: ZolvéntVerdithey diied apditNusSQ; 2ndtheaceipmteoffno gictidthe ttiole ,prédugt of the

t he conpound gbtained in.Step IS Jntroduced into 30 m of
acet oni t rPTROL ala?rangmhgl%we@ xgd8d vathge mbqa?wr&wf Bhdsphoni ¢

anhydridqugﬂggéggtqggqf NHAC and, at the end of the addition, 3.8

m of diisopropylarnine at anbient tenperature. The solution is 5
stirred for 4 hours under nitrogen, the solvents are then evaporated

off 10 the r eSiéqggeC{' 3—(9—%&2oxy-I-naphthyl)ethanamine

480 mg of the compound obtained in Step B dissolved in THF (20 ml) are introduced into a
reactor, followed by 2 eq. of AiCl; and finally, slowly, 6 eq. of BH;. THF solution, and the
reaction mixture is stirred for 2.5 hours. Water (12 ml) is then added, followed by 25 ml of
IN sodium hydroxide solution together with 800 mg of solid sodium hydroxide, and three
15 extractions with methyl tert-butyl ether (20 ml) are carried out. The solvents are then dried
over NapSO, 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-1-naphthyl)ethyl]acetamide

In a reactor, 5 g of the compound obtained in Step C and 2 g of sodium acetate are
20 mtroduced 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 pfoduct in a yield of 80 % with a
chemical purity of 99 %.
25 Melting point: 108°C



up in saturated aqueous NaC solution, and extraction with ethyl
acetate is carried out. The solvents are then dried over Na2SO4 and
_then evaporated off to yield the title product in the formof an
orange solid in a yield of 80 %and with a chem cal purity of 90

Mel ting point: 112C 10 Step C 2- (7- Met hoxy- 1 - napht hyl ) et hanani ne 480
my of the conpound obtained in Step B dissolved in THE (20 nl) are
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slowy, 6 eqg. of BH3. and the  reaction mixture is
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of I N sodi um hydroxide solution together with 800 ng of solid sodium
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the title product in a yield of 80 %with a chemcal purity of
25 Neltimg2point: 108C -

The following parameters were accordingly determined:

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

Example 3 : 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 D5005
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):



6- Exanpl e 2. Determination of the crystalline formof the conpound
N-[2- (7 met hoxy-I|-naphthyl)ethyllacetam de obtained in Exanple | Data
~recording was carried out using the D8 high-resolution diffiactoneter
fromBruker AXS with the follow ng paraneters: an angul ar range of
3-90 in terns of 20, a step of 5 0.01 4nd 30 s per step. The
N-[ 2- (7-met hoxy-1 - napht hyl ) et hyl ] acet am de powder obtai ned in Exanple
1 was deposited on.a,.tyansp ssi or untin ort..The X-ray.. s ce
is a copper tubbé“géfaﬁéﬁataz 1. 54056 ?rpaﬂfg‘qs}ﬁutgﬁf?i&& nel Eﬁ%ﬁ‘é"&% nt
nmonochr omgt or (Ge(1434 crystal) |and an enreugy-resol ved solidsstate
detector (jivi XP-DI, {bytec-SEPI3)]. The cgnpound 1S Well 13

crystallised—the iﬁﬁ%4mﬁdth at fal f=nei gigt--f s of thejorder gf, 0.07
in terns [1T0—of—20—Ihe fottowng paraneters_wereaccagrdingt
det er m ned: crysﬁgﬂgstructure of—uni-t ?éﬁ?: ronrocH ¢ @%t eeH
paranmeters: a = 20.0903 A, b = 9.3194 A, ¢ = 15.4796 A, R =108.667 -
space group: P21/n 15 - nunber of nolecules in the unit cell: 8 -
volune of the unit cell: V'.;t cell = 2746.742 A3 - density: d =1.13

g/cnB. Exanple 3 : Determ nation, by neans of the X-ray powder
diffraction diagram of the crystalline formof the

N-12- (7-met h. oxy- 1| -napht hyl ) et hyl ] aeetam de 20 conpound obtained in
Exanple 1 The crystalline formof the conpound obtained in Exanple 1
is characterised by the



following X-ray powder diffraction diagram mneasured using a Sienens
D5005 diffraetoneter (copper anticathode) and expressed in terns of
_interplanar distance d, Bragg's angle 2 theta, and relative
intensity (expressed as a percentage in relation to the 25 nost
intense line): -7- Angle 2 theta () Int&rplanar distanced (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
conmpound of forrmula (I) NHCOMe MO \ \ (t), <characterised in that
3- met hoxyacenapht hoqui none of forrmula (I1): 0 0 MO 5 is reacted in
the presence of a strong base to yieqfislfhey conmpound of formula (I11):

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

NHCOMe

SO

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

MeO

g

O
@]

MeO

0y

51

is reacted in the presence of a strong base to yield the compound of formula (111):

0

MeO

(Im),

W) T
o
W

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

O
HN

2

MeO

av),

W



0O HOO MO/ (111), which is subjected to amnation to yield the
conpound of forrmula (IV): O HNO MO (IV), -9- which is subjected
,to the action of a reducing systemto yield the conmpound of fornula
(V): NAZ MeO ~-C6 M which is successively subjected to the action
of sodium acetate and then acetic anhyd?‘l de 5 to yield the conpound
of formula (1), which is isolated in the formof a solid. 2. Process
for the synthesis of the conpound of fornula (1) according to claim
1, characterised.in that fhe conversion of the conpound of fornula
(i1 1 nt OVRIRR oot T the R 201 AI 1upEe ceipebdb ol Shen gormpps of
3. Procesgrh@h (Vite synthesis of the conpound of formula (1) according
to claim1,

NH,

SO

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

MeO

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/AICl;.

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

synthesis of agomelatine.
15 5. 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 (IIT) 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 (III) characterised in that compound of formula (III) is obtained

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



10 characterised in that the conversion of the conpound of formula
(I'V) into the conmpound of fornmula (V) is carried out using the

- coupl e BH3. THF/ Al Cl 3. 4. Conpound of formula (1V) according to claim

| for use as an internediate in the synthesis of agonelatine. 15 5.
Use of conpound of fornula (1V) accordilﬂg toclaim4 in the synthesis
of agonel atine. 6. Use of conmpound of formula (11) according to
claiml1 in the synthesis of agonelatine. 7. Use of conpound of
formula (JI1,) accordi to.claiml1 in the synthesis of.agonel ating.

20 5. pr ShedbofiSt ohdhe wtibess T, fealhiin A TR By GG | CTEPA v &
starting frQupous®BPRMAIONV SKAMEisel ik dhat PARAGIRTIF $66hdIN (IMYES obtained
conpound of fornmula (l11l) is obtained by the synthesis process
accor di ng t dydhy synkessfprodess ascotding tpany-on@-of glaiPs boeds for t he
syntpesi s of agonel atine according to claiml starting froma

conpound of forrmula (IV) characterised in that conpound of formula
(1V) is o Proeds foy thbesyathatibess sgRhele@ssS a06R0hdi 100 cla@nanyst@fifg Ofrom a
clains 1 or 2. 5 10. Process for the synthesis of agonel atine

accor di ng t ¢ogiParnd of &ravda 6 hegaefaiisee snihotiaempruntariniarmaulp\(y) is obtained
Characteris thé‘s&d?ﬁésiscpg?%gy?&o?&in oy e(&Y)cldﬁﬁsTt?@ 3! geo' by the

synt hesi s process” accor 0O any-one-o al b



