New process for the synthesis of agonelatine The present invention
relates to a new process for the industrial synthesis of agonel atine,
or N-[2-(7-methoxy-1-naphthyeethyl]acetdni de, of fornula (1):

Agonel ati ne, or N-[ 2- ( 7- met hoxy- | - napht hypet hyl ] acet am de, hasval uabl e
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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-HT2c receptor. These properties provide it with actiyit¥ in the
central ndrvuesens nveatiomdatesrby @ newpwesess Ifgr, the industial spathesn pl egomelatine,
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insomia and fatigue due to jet-lag, appetite disorders and obesity.
Agonel atinc, its preparation and its use in therapeutics have been
described in European Patent specificatl oRecER.0 447 285 and EP 1 564
202. In view of the pharngf§uti | value of this conpound, it has
been inportant to be able 't peftge it using anIeffective

i ndustrial synthesis process eadi | y transf&able to the

i ndustrial scale and which pro gofrel 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 5-HT,¢ receptor.
These properties provide it with activity in the central nervous system and, more
especially, 1n the treatinent 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 %.



-.2 - In Patent specification EP 1 564 202, the Applicant devel oped a
new, nmuch nore effective and industrialisable synthesis route in only
. four steps that nmakes it possible to obtain agonelatine in highly

" reproduci bl e manner in a well-defined crystalline form The Applicant
has now continued his investigations and-devel oped a new process for
the 5 synthesis of agonelatine that is even nore effective than that
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productsc&p@mﬂbkng&hﬁm&maeaqhmmmnmgneahememgnﬁmnof reagents that are
present at the sane tine is very high. The Applicant has now
devel oped an industrial process which nakes it possible to obtain

20agornel %takfﬂlg (Hierd%%&%’steﬁsf?}ﬁ tal HEHE5Q 'ﬁr&c%sm%t 4IR%Ys ddsirable to industry because it
-napht hyDacetonitrile. Mre spécifically, the present invention

rel at es taowspr boessaving at paniindyshkdr iz, copmduestly ofowdrefical ngostindowéver,

formul a (rela(%u'cing the number of steps in a synthesis procedure is not a trivial exercise, especially

when industrial quantities are involved: two steps combined into one involve an increase in
15 the number and amounts of reagents present and, owing to the increased complexity of the

mixture, purification of the reaction product becomes more difficult. Finally, the

probability of secondary products appearing because of the greater number of reagents that

are present at the same time is very high. |

The Applicant has now developed an industrial process which makes it possible to obtain

20 agomelatine directly, starting from (7-methoxy-1-naphthyl)acetonitrile.

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

the compound of formula (I):

NHCOMe

DO

which process is characterised in that there is reacted (7-methoxy-1-naphthyl)acetonitrile

MeO

25 of formula (II):



-.3 - which is subjected to reduction by hydrogen in the presence
of Raney nickel in a nedium conprising acetic anhydride in a polar

. protic nediumto yield the conpound of foimula (1), which is isol ated
in the formof a solid. 5The conpound of formula (11) is obtained by
customary reactions of organic chem stry. The conpound of formula
(11) can, for exanple, be obtained by condensati on of cyanoacetic
acid with 7-nmet hoxy-tetral one fol |l owed by i dation of the
condensati on product, as described in Pagént specifications EP
564204 and EP1564205. Preferﬁpéy, converisi on of the conpound of.
Formul a (11) into the coin totnthof~harmitka (1) tCaccording to the
invention is carried out under a essure@pof 5 bars and, nore
preferably, is carried out using a pre e of from10 bars to 50
bars of hydrogen. Advantageously, conversion of the conpound of
formula (11) into the conpound of formula (1) according to the
invention is carried out at from 25C to 90C and, nore especially,
f r om 50Cvhishigeubjeaqhto redpelian Bf hysiagsn ini R Presgaeedol Raneyeniekel it f gppdium
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5 The compound of formula (II) is obtained by customary reactions of organic chemistry.
The compound of formula (II) can, for example, be obtained by condensation of
cyanoacetic acid with 7-methoxy-tetralone followed by oxidation of the condensation

product, as described in Patent specifications EP1564204 and EP1564205.

Preferably, conversion of the compound of formula (I nto the compound of formula (1)
- 10 according to the invention is carried out under a minimum pressure of 5 bars and, more

preferably, is carried out using a pressure of from 10 bars to 50 bars of hydrogen.

Advantageously, conversion of the compound of formula (II) into the compound of
formula (I) according to the invention is carried out at from 25°C to 90°C and, more

especially, from 50°C to 70°C.

15 The amount of Raney nickel used in the reaction converting the compound of formula (II)
into the compound of formula (I) is at least 5 % by weight and, more preferably, from

10 % to 20 % by weight.

The reaction medium for the reaction converting the compound of formula (II) into the
compound of formula (I) preferably comprises one or more polar protic solvents such as
20 ethanol, acetic acid and/or water, and more preferably ethanol and/or water. Optionally, the

reaction medium additionally contains sodium acetate.



" campound of formula (1) preferably conprises one or nore polar protic
sol vents such as 20ethanol, acetic acid and/or water, and nore
~preferably ethanol and/or water. Optionally, the reaction -nmedium
“additionally contains sodiumacetate. - 4 - This process is
especially valuable for the follow ngredsons: it makes it possible
to obtain the conmpound of forrmula (I) on an industrial scale in a
single step, starting from (7-nethoxy- 1-naphthyDacetonitrile, in
excellent yields of nore than 85 % this new process accordingly
al | ows t HEhis progessid egfeciatly valuablelfpr Bt dolbewipgoehsord in only 3 steps
starting from 7-nmet hoxy-tetral one; the conmpound of forrmula (I)
obt ai ned has, in reproducible manner, the characteristics of the
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operating conditions that have been devel oped nake it possible to
m ni m se for metiigln sp, sthsingdjaom (Gewthmgar inpphsblyidacewhitrilee in exesileanyields of
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secondary reaction which dramatically increases in magnitude when the
reaction is carried out as a "one-pot" reaction - to envisage

directly obtai tﬂé ng%xixﬁ&m%ormo? Lﬁ{x eflz Lé@e{%&le& 1)1a55,t A tIieBﬂ)dqu:f’Bm manner, the

(7-met hoxy- 1 -naphthyeacetonitri
characteristics of the crystalline form described in Patent specification EP1564202;

- the operating conditions that have been developed make it possible to minimise

formation of the major secondary product of the reaction: N,N-bis[2-(7-methoxy-1-

10 naphthyl)ethyl]acetamide, which originates from dimerisation between two reaction
intermediates; a priori it was in fact very difficult - in view of the very existence of

this secondary reaction which dramatically increases in magnitude when the

reaction is carried out as a "one-pot" reaction - to envisage directly obtaining the

compound of formula (I) starting from (7-methoxy-1-naphthyl)acetonitrile under

15 purity conditions that are compatible with its subsequent pharmaceutical use;
lengthy and highly detailed studies of the operating conditions were necessary in

order to arrive at an impurity level for the dimerised compound that is acceptable

for subsequent use of the compound of formula (I) as a medicament.
The Examples hereinbelow illustrate the invention but do not limit it in any way.

20 Example 1: N-[2-(7-Methoxy-1-naphthyl)ethyl]acetamide

Step A: (7-Methoxy-3,4-dihydro-1-naphthyl)acetonitrile

There are introduced into a 670 litre reactor 85.0 kg of 7-methoxy-1-tetralone, 60.3 kg of
cyanoacetic acid and 15.6 kg of heptanoic acid in toluene in the presence of 12.7 kg of
benzylamine (or 11.0 kg of aniline). The mixture is heated at reflux. When all the starting

25 substrate has disappeared, the solution is cooled and filtered. The precipitate obtained is



15 purity conditions that are conpatible with its subsequent
pharmaceutical use; lengthy and highly detailed studies of the

_ operating conditions were necessary in order to arrive at an inpurity
| evel for the dincrised conpound that is acceptable for subsequent
use of the conmpound of formula (1) as aSkredi canent. The Exanpl es
herei nbelow il lustrate the invention but do not Iimt it in any way.

20Exanpl & & Jv%h(tZrdélﬁé Lb@¥enlthambhRYdohby id dagledt Wit @NSE®Ru: hydroxide
(7-Met hoxy- 3, 4-di hydro-1-naphthyl)acetonitrite There are introduced

into a 62olulibh med rteerctith 8&eO un@l odutralitye tAfesx yevaparatingapBribe sgbiest. ke eplid
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mxture iygeld8pd®e, Ad Wit b bomi¥iigria) of hbe tBirs9Y Yoy 25substrate has
di sappear ed the solution is cooled and filtered. The precipitate

obt & ned Melting paint: 4%5%6d wi th tol uene and then the filtrate obtained
is washed with 2N sodi um hydroxi de solution and then with water until
neutrality. After evaporating off the solvent, the solid obtained is

r ecr yst algtéys Bel (7-Mxthagy-ethxphehylyaeemi(d0/ 20) mi xture to yield the
title product in a yield of 90% and with a chem cal purity of nore
than 99% 5Melting point: 48-50C Step B: . i

( 7- Met hoxipete- ave pHtadycoding o A79 Hire éear%é rl@-6dfgeof hte plladivun-pprcarbgn dry gpluene,

litre reagt.qr.1l i i
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1- napht h)dﬁh%@l%@ ﬁhttblule@e dires aadiedeﬁhd alsbodiaférk% af ellgdobethaenythtal Bloe 6Siclion is
kg of allyl nmethacrylate. The rea%tl on is
10 continued at reffux and is monitored by vapour phase chromatography. When all the starting
substrate has disappeared, the reaction mixture is cooled to ambient temperature and then
filtered. After evaporating off the toluene, the solid residue obtained is recrystallised from an
ethanol/water (80/20) mixture to yield the title product in a yield of 91 % and with a
chemical purity of more than 99 %.

15 Melting point: 83°C

Step C: N-[2-(7-Methoxy-1-naphthyl)ethyl]acetamide

There are introduced into an 8 litre reactor 136 g of Raney nickel, 2.06 litres of ethanol and
0.23 litre of water. Whilst stirring at 70°C and under 30 bars of hydrogen, the compound
obtained in Step B (0.8 kg), dissolved in acetic anhydride (2.4 litres), is added slowly. At the

20 end of the addition, the reaction mixture is stirred for 1 hour under hydrogen at 30 bars; the
reactor is then subjected to decompression and the liquors are filtered. After concentrating
the mixture, the residue is crystallised from an ethanol/water 35/65 mixture to yield the title
product ina yield of 89 % and with a chemical purity of more than 99 %.



© 10 continued at reflux and is nonitored by vapour phase

chromat ogr aphy. Wen all the starting substrate has di sappeared, the
~reaction mxture is cooled to anbient tenperature and then filtered.
- After evaporating off the toluene, the solid residue obtained is
recrystallised froman ethanol/water (80£20) m xture to yield the
title product in a yield of 91 % and wwth a chem cal purity of nore
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0.23 litre of water. Wiilst stirring at 70C and under 30 bars of

hydr ogen he copmpound obt ai ned in St . (,0 ! b

acetic a FICGEES WS G % 53“% iR %32@8 SI%Il é)hv'\f eg‘."lﬁ%\%’“ tdlgfgsd%)meén‘% %?mt%reuker
addi ti onAxk&,ifhe@Re ttbREwiR atirBetb: B bhigish fa@ge df BLYO° untens by d0pgestep of
at 30 bars; the reactor i's then subjected to deconpression and the

| i quors & °fant BOsadr stept Bire Ndadématbeiyntneplthybsthyliacetaptide pewglernabtaiged

crystallised fr an et hanol/water 35/65 m xt ' e 1€, 1] .
ot oduct | e b Br SO hate St Bpgteo e o] s o
% Melting,Roi fibe AOBK,, = 6.5405%aAD! Fhe: mb@itRipgTidealde®N @font hBonochromator
crystalline formof the conpound N-1247-

net hoxy- (Gedph) eryktpBtang lah zpengarresidvaskrodidritade defeetendXE-B1.04ogtec-SEPH).
recordi ng,was carri.ed gut in he D8. hi gh- i i Hfr

from Br ul FO‘RM P Weﬁﬁgsgglfsfe%vﬁﬁ%gmp‘glrd%a}hgh g{%%?%stgg&elddaré&rogﬁ?g@ fefms
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N12-( 7-rnet hoxy- 1- napht hypet hyl | acet am de powder obtai ned in Exanple

1 was defhsifolawving paraneiers wess repordingintdetegméngdport . The X-ray source
is a copper tube agthuI%éO, :'tl' 4056 (ﬁ‘}rﬁc The nounting includes a
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sol i d- st at e _dghAckRhataMidterPla = MOXHETASERH.3194 &, ¢ = 15.4796 A, B = 108.667°

space group: P2i/n

number of molecules in the unit cell: 8

_ volume of the unit cell: Vi con = 2746.742 A®

15

density: d=1.13 glom’.

Example 3 : Determination, by means of the X-ray powder diffraction diagram, of
the crystalline form of the N-[2-(7-methoxy-1-naphthyl)ethyljacetamide

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 és a percentage in relation to the

25 most intense line):



- The compound is well crystallised: the line width at half-height is
of the order of 0.07 in terns 10of 20. The foll ow ng paraneters were
~accordingly determ ned: crystal structure of unit cell: nonoclinic,
unit cell paranmeters: a = 20.0903 A, b = 9.3194 A, ¢ = 15.4796 A p =
108. 667 space group: P21/ n 15- nunber-of nolecules in the unit cell:
8 wvolunme of the un|t cell: V,,112746 742 A3 den5|ty d = 1 13 wn' .
Exanpl e 3:p Fonhy ST = Ve eTeT T raction

di agram af . q‘

N 12- ( 7- mgtboxy—t- 3 rpoundopt ai ned,4
Exampl e 1 Fhe—erystaltHine—+ftoun—ofi—the—con Jad obtatrmed i Exgnpie T
i s charact 1 f ol l-owi-ng—X-—+ay—poewder—di-Hractton—di-agram
measur ed Uusi ng a Si daefs D5005 dilf frac n_n:eﬁ‘ grl (Copp r AL Cat‘?\:ode)
and expregsed in terlfdSof jnterpllanar di sthifde d, Bragy' s andgfb@ 2
theta, and relative intensity (expressed as a percentage in relation

to the 25npst intense line): -7-
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A process for the synthesis of a conpound of formula
(7-met hoxy-| -napht hyDaceto rile of formula (I1):

CLAIMS

1. A process for the synthesis of a compound of formula (I)

NHCOMe

coo

wherein (7—methoxy—l-naphthyl)acetonitrile of formula (1I):

CN

SO

is subjected to reduction by hydrogen in the presence of Raney nickel in

MeO

- 8- CLAM 1.
(1) wher ei n

a medium comprising

acetic anhydride in a polar protic medium to yield the compound of formula (I), which is isolated

in the form of a solid.

2. The process of claim 1, wherein the reaction is carried out under a pressu

bars of hydrogen.

re of from 10 bars to 50

3. The process of claim 1, wherein the reaction is carried out at from 25°C. to 90°C.



CN is subjected to reduction by hydrogen in the presence of Raney
ni ckel in a nmedium conprising acetic anhydride in a polar protic
mediumto yield the conmpound of formula (1), which is isolated in the
formof a solid. 2. The process of claim1l, wherein the reaction is
carried out under a pressure of from 10 bars to 50 bars of hydrogen.
3. The process of claim1, wherein the reaction is carried out at
from25C to 90C. -9- 4. The process,of claiml1l, wherein the anount
of Raney nickel used in the reaction P$ from 10%to 20% by wei ght. 5.
The process of claim1, wherein the reaction nediumfor thc reaction

conprises ethanol and/or water. ) o
ZP The process of claim 1, wherein the amount of Rancy nickel used in the reaction 1s from 10% to

20% by weight.

5. The process of claim 1, wherein the reaction medium for the reaction comprises ethanol and/or

water.



