1 New process for the synthesis of

(7-met hoxy- 3, 4-di hydr o- 1- napht hal enyl )acetonitrile and its application in
the synthesis of agonel ati ne The preseqt invention relates to a process for
-the industrial synthesis of (7-
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according to the process of the invention is useful in the synthesis of

agomel at i #ROmedgting, groN-(Z-(Trarethaxy-1-naph sty leeqi9midscet ani de, of formul a
(rr) : MO 10 (D Agonel atine, or

N-[ 2- (7- met hoxy-| - napht hyl ) et hyl ] acet am de, has val uabl e pharnmaco- | ogica
properti eMord spedtally, thaprdstret idventon réletes (v e podcebefonghe mdusthiel Hmthekiared, an

agoni st %lnelato ystemreceptors and, on the other hand, an
ant agoni st'® S?mPﬂﬂgggﬁﬁgE&?ééeptor. Those 15 properties confer activity in
the central nervous system and, nore especially, in the treatnent of
severe depression, seasonal affective qgforders, sl eep di sorders,

cardi ovascul ar
O‘ (I).

The compound of formula (I) obtained according to the process of the invention is useful

MeO.

in the synthesis of agomelatine, or N-[2-(7-methoxy-1-naphthyl)ethyl]acetamide, of
formula (I) :

MeO
aD.

10

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

logical properties.

Indeed it has the double feature of being, on the one hand, an agonist of melatoninergic

system receptors and, on the other hand, an antagonist of the 5-HT,c receptor. Those
15 properties confer activity in the central nervous system and, more especially, in the

treatment of severe depression, seasonal affective disorders, sleep disorders, cardiovascular
pathologies, pathologies of the digestive system, insomnia and fatigue resulting from

jetlag, appetite disorders and obesity.



pat hol ogi es, pathol ogi es of the digestive system insomia and fatigue
resulting from jetlag, appetite disorders and obesity. N -1COwe

Agonel atine, its preparation and its therapeutic use have been described in
Eur opean Patent Specification EP 0 447 285. In view of the pharnaceuti cal
val ue of this conpound, it has been inpgrtant to be able to obtain it by
an effective industrial synthesis process that is readily transposable to

an 5 industrial scale and that results in agonelatine in good yield and
wi th excelAgemelatige; iy prensration mpbis ftherapquip ysp f@vadﬁﬁelmsmérm $ropgag

preparati ‘i”?teﬂf mlgﬁ EP®) 44% Risght steps, starting from
one

7- met hoxy- gl ving an average yield of less than 30% That
process |nvoIves the action of ethyl bronpacetate, followed by

aromati sati on an onification t field th c spondi n aC| |ch is
Phon e oman ik Siing P REHCa el 45lnp of it Sertitiiny ek feero e 6 it

( 7- met hox yyplaid@Phy By IRl Mdusirla® syhtRbss BRICBE fHat iovadil b»angﬁghmklterhn and
then condensation of the acetyl chloride. Transposition ¥o an industri al

scal & has inflysirial scatteandribatiresudtd in pgonatiltiiedup goed yistd adrwih expellenitpuribe
process, these being caused principally by problens of reproducibility of
the first step, which constitutes the action of ethyl bronpacetate on

7- met hoxy Phtehe$peri fvatod BEPaw 44T 0851 @escfibésie Priparaiioh oK Ygsméeafinein di gt wtdpsng in
ethyl (7- netho:y 3,4-di hydro- 1(2H) - . napht hal enyl i dene) et hanoat e. Mor eover,
the subseq@atmg e g- raffthamﬂrﬁ?traéa@q, giving ancaveiage edef kegsahan 30%ei hydr o- 1( 2H) -
napht hal enyl i dene) et hanoat e has often been inconplete and resulted, after
saponification, in a mxture of products that is difficult to purify.

That process involves the action of ethyl bromoacetate, followed by aromatisation and

saponification to yield the corresponding acid, which is then converted to acetamide and
10 subsequently dehydrated to yield (7-methoxy-1-naphthyl)acetonitrile, this being followed

by reduction, and then condensation of the acetyl chloride.

Transposition to an industrial scale has quickly demonstrated the difficulties of carrying

out the process, these being caused principally by problems of reproducibility of the first

step, which constitutes the action of ethyl bromoacetate on 7-methoxy-1-tetralone
15 according to the Réformatsky reaction resulting in ethyl (7-methoxy-3,4-dihydro-1(2H)-

naphthalenylidene)ethanoate.

Moreover, the subsequent step of aromatisation of ethyl (7-methoxy-3,4-dihydro-1(2H)-

naphthalenylidene)ethanoate has often been incomplete and resulted, after saponification,

in a mixture of products that is difficult to purify.

20 The Applicant has now developed a new industrial synthesis process that results, in a
reproducible manner and without the need for laborious purification, in agomelatine of a

purity compatible with its use as a pharmaceutical active ingredient.

An alternative to the difficulties encountered with the process described in Patent
Specification EP 0 447 285 has been obtained by directly condensing a cyano compound

25 with 7-methoxy-1-tetralone. It was in addition necessary that the condensation compound



20 The Applicant has now devel oped a new i ndustrial synthesis process that
results, in a reproducible manner and wthout the need for | aborious
purification, in agonelatine of a purity conpatible with its use as a
pharmaceutical active ingredient. An alternative to the difficulties
encountered with the process descri bed _i3n_ Patent Specification EP 0 447
285 has been obtained by directly condensing a cyano conpound 25 with

7-met hoxy-I|-tetralone. It was in addition necessary that the condensation
conmpound ebtaiededcondsli| traddndibey spbjestadj det erpreadlisaiidnato syeldor(7taethprey-4-
(7-met hoxy- Il hi hyl.)acetonitrile. It is apparent that

(7-met hoxéfl%},l%gg%)cﬁ{fgﬁgiﬁ' -napht hal enyl )acetonitrile would constitute an

i deal synthesis internediate that neets the requirenents for direct
synthesis from5 7-nethoxy-|-tetral one, and woul d be an._excel]ent substrate
for the ardbifePPasht bat Crepthoryd¢-ifndror panhihalenyhacgiond e aioukh sapstiyte an
tetral one gt ok Lt AN=To I el : upgls b i n
the liter 3‘%%% e&ﬁ%%aﬁ%@ﬁh%ﬁ t}Iggt g%t% SE)Heec#ﬁuggﬁ@g[ﬁ %% %E%CSZQ%S}%HSngAgiH bes
t he cHnderfsatthoxy-dftetcalams apd wphldiivospdxoelkng suhstrhteGorf the eromdtissteirssdpone, and
Pat ent Specification US 3 931 188 descri bes the condensati on of
acetonitrile with tetralone 10 leading to a cyano internediate which is

directly qngaund fd? HeedgbdisestieMatibRast it@fhlonePWith estetdditrile or acetonitrile
7-met hoxy-1-tetral one, the condensation of acetonitrile yields a m xture of

i somers i somppeis ask descrbersin thelitssaturee Impgroeulpio PeteainSpasticaterb’S 3 $%2 443hor
portion, d%gc(t\‘l%'égit}peq cBr?deﬁLan'&leoig'cﬁ'anEth{y? p'}logﬁl(gn%%ith 6-fluoro-1-tetralone, and
Patent Specification US 3 931 188 describes the condensation of acetonitrile with tetralone
10 leading to a cyano intermediate which is directly engaged in the subsequent reaction.
Applied to 7-methoxy-1-tetralone, the condensation of acetonitrile yields a mixture of
isomers in which "exo" constitutes the major portion and "endo" the minor portion,

according to Figure 1 :

Figure 1
CN CN
0
MeO MeO MeO
CH,CN

- + ’

"exo" major portion "endo" minor portion

15 obtaining such a mixture requiring subsequent drastic aromatisation conditions that are not

compatible with the industrial requirements for the purpose of carrying out the synthesis of

agomelatine.

The Applicant has now developed a new industrial synthesis process that allows (7-
methoxy-3,4-dihydro-1-naphthalenyl)acetonitrile to be obtained in a reproducible manner
20 and without the need for laborious purification, especially free from the "exo" impurity of

formula (IIT) :



CH3CN "exo" major portion MeO "endo"” mnor portion 15 obtaining such a

m xture requiring subsequent drastic aromatisation conditions that are not
conpatible with the industrial requirenents for the purpose of carrying out
the synthesis of agonelatine. The Applicant has now devel oped a new

i ndustrial synthesis process that allows (7-

met hoxy- 3, 4-di hydr o-| - napht hal enyl )acetonitrile to be obtained in a
reproduci bl e manner 20 and wi thout the need for |aborious purification,
especially free fromthe "exo" inpurity ofNornula (111) : which inpurity
cannot be subjected to subsequent aronatipation under operating conditions

that are conpatible with the Midust rial equi renents for the purpose of
: 5l\/br specifically, the

carrying out the synthesis of ago
present invention relates to a pro the inddstrial synthesis of the
conpound of forrmula (1) : MO~ which™is aracterised in that

7-met hoxy-| -tetralone of fornmula (IV) : MO' 10 is reacted with
cyanoacetic acid of fornmula (V) : (V) in conditions wherein the water

f or med i swhiriDmgyuriiyn cahmotpbessuigjetalf ta swdtsequeni carammtisation under operating

conditions that are compatible with the industrial requirements for the purpose of carrying

out the synthesis of agomelatine.

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

the compound of formula (1) :

CN

SONE

which is characterised in that 7-methoxy-1-tetralone of formula (IV) :

MeO_

MeO\
Iv)

10 is reacted with cyanoacetic acid of formula (V) :

HO
G
o ™

in conditions wherein the water formed is removed, in the presence of a catalytic amount

of a compound of formula (VI) :



of a compound of fornmula (VI) : wherein Rand R, which may be the sane or
different, each represents a |linear or branched (C3-C o)alkyl group, an
unsubstituted or substituted aryl group, or an unsubstituted or
substituted |inear or branched aryl (G -C6)al kyl group, 5 to yield the
conmpound of forrmula (1) after fiItratiqp_and washing with a sodi um

hydr oxi de sol ution, which conpound of formula (1) is isolated in the form
of a solid after recrystallisation 10 wherein : aryl is understood to nean
a phenyl, naphthyl or biphenyl gioup, otheltern1"subst|tuted" governing the
t erns "aryI" and "aryl al kyl " Bend¥es thar theMaromatic noiety of those
groups nmay be substituted by from1l to identical or different groups
selected fromlinear or branched (C-C6)al kyl, hydroxy and |inear or
branched (C1-C6)al koxy. Mre especially, the mater formed during the
reaction is renoved by distillation. There is preferably used a
reaction 3GetesnR AR’ waré;hmy&iq the sAmepRsifarent @aq>h @a@ﬁerttﬁahn%ﬂr OB hraarhedy

that of whteli)aRA GUGP, BPARRGRRLADE Yubdifhed AFToAR, 27201 bR YRt er.

such as, xyl ene, toluene, anisole, benzene,
tetrachlosmﬁﬁhyﬂbnmmroymhnﬁmﬂaqﬂ(6rCkﬁﬁgﬂgyh¢ne Preferably, the reaction

IS carrled ou ith refl ux. of tol en nor.e especi.ally,., 20
Wt b ef | gl e comheunda G ‘@é@fgﬁep?i‘%%é}fa‘“ﬁ 8‘?‘80’6&‘ SR Bgroridge
catal yst ghmlioyedniBPESSEoMR 3f [fbRARMa @Y is isolated in the form of a solid after

recrystallisation

wherein :
- aryl is understood to mean a phenyl, naphthyl or biphenyl group,

10 - the term “substituted” governing the terms “aryl” and “arylalkyl” denotes that the
aromatic moiety of those groups may be substituted by from 1 to 3 identical or
different groups selected from linear or branched (C;-Ce)alkyl, hydroxy and linear
or branched (C;-C¢)alkoxy.

More especially, the water formed during the reaction is removed by distillation. There is
15 preferably used a reaction solvent that has a boiling temperature higher than or equal to
that of water, and even more preferably that forms an azeotrope with water, such as, for
example, xylene, toluene, anisole, ethylbenzene, tetrachloroethylene, cyclohexene or

mesitylene.

Preferably, the reaction is carried out with reflux of toluene or xylene and, more especially,

20 with reflux of toluene.

Advantageously one of the groups R or R’ of the catalyst employed represents a linear or
branched (Cs3-Cig)alkyl group and the other represents an aryl or arylalkyl group. More
especially, a preferred catalyst is that of formula (VL) :



branched (C3-C o)al kyl group and the other represents an aryl or aryl al kyl
group. More especially, a preferred catalyst is that of formula (VL)
Ri(CH2)-NH3 0 "--r1'R (VI,) wherein R a represents a phenyl group
unsubstituted or substituted by one or nore linear or branched
(Cl-C6)al kyl groups, nis O or 1, and R, represents a linear (C3-G o)alkyl
group. Advantageously, R a represents an unsubstituted or substituted
phenyl group, nore 5 especially an unsubstituted phenyl group. The
preferred group R is the heéyL«ggpupf Adyantageously, nis 1. The
preferred catal yst used in Fre proces¥Haccorging t¥kt he invention is

benzyl ammoni um heptanoate of fornula (VI1) g 10 CH3 (VII). Advantageously,
t he conpound of fornula (VI) is obtained after filtration and washing wth
a mneral or organic basic solution, such as NaOH, KCH, Ca(CH)2, Sr(OH)2 or
NHAOH, and nore especially wth a sodi um hydroxide solution. 15 This
process i svhereimRitrerraseats 4 pheaybgroup gpsubpidtuted) or supstiguted By gpg or more lingar gfys

the " endon GepRod gptﬂgg'rgqgéaarfsgh s 0 b1, R LA Airlr (Sl Alrtip?! ©:

This resultors a ri sing’consi'dering gratur ting to
that type of reaction, which nost frequently reports obtaining
"exo"/"endo"' m xtures_ (Tetrahedron, 1966, 22 302&-%02?). The result is
due to t hédyaptaggously. BageRipsgnisan unsubstituted or substituted phenyl ‘group, more

5 especially an unsubstituted phenyl group.
The preferred group R, is the hexyl group.
Advantageously, nis 1.

The preferred catalyst used in the process according to the invention is benzylammonium

heptanoate of formula (VII) :

+ -
[:::]//\\NH3 O\H//\\¢/”\\//“\CH3 (vViD).
0

10

Advantageously, the compound of formula (VI) is obtained after filtration and washing
with a mineral or organic basic solution, such as NaOH, KOH, Ca(OH),, St(OH), or

NH,4OH, and more especially with a sodium hydroxide solution.
15 This process is of particular interest for the following reasons:

- it allows the "endo" compound, exclusively, to be obtained on an industrial scale.

This result 1s altogether surprising considering the literature relating to that type of

reaction, which most frequently reports obtaining "exo"/"endo" mixtures

(Tetrahedron, 1966, 22, 3021-3026). The result is due to the use of a compound of

20 formula (VI) as reaction catalyst instead of the ammonium acetates currently used

in such reactions (Bull. Soc. Chim. Fr., 1949, 884-890).



20 formula (VI) as reaction catal yst instead of the amoni um acet at es
currently used in such reactions (Bull. Soc. Chim Fr., 1949, 884-890). -
the rate of conversion obtained is very high, exceeding 97% unlike that
whi ch coul d be observed using acetic acid, for which the rate does not
exceed 75% The conmpound of formula (1) .so obtained is new and is useful as
an internediate in the synthesis of agonelatine, in which it is subjected
to aromatisation followed by reduction 5 and then to coupling with acetic
anhydri de. The ti®xeatploésomedraion jobtairedr iat eery Meghi, presedingn9 Bt valskentirat whaght j ¢
in any way. Exanpl,e 1.: (7: Mt hoxy- 3, .4-di KOzl - napht h tonitrile
There are intr 85@8 3’3 olbﬁ?rgedau%%aﬁe%f rg%lé’r %5% gcrhC{B%.raégg%esgg l gx”ééka 5%,

7-met hoxy-1-tetral one, 60.3 kg of cyanoacetic acid and 15.6 kg of

heptanoic acid in toluene in the %resenpe of 12.7 kg of 10 benzyl am ne. The
m xture i Ihgeampaued of &rmyla (Mse pbiamed; ig eyt ad 1S ijeldy) B8 #p dntermgdiate in the

di sappear %%tp%ﬁf?g?%o%élﬁﬂlei, th %f@heiﬂ és @Iﬂ?ecwdl t‘)qrﬁrgatjs-mgn %lf‘(ﬁ"}é&i ﬁ}af'e%uglﬁ&nai ned

i s washed ene and then t trate obtalined is washed w a 2N
sodi um hydnéxietieo salpling ovitheavdtic sntysledeent |y with water until neutral. After
removal of the solvent by evaporation, the resulting solidis
recrystallised froman ethanol/water (80/20) mxture to give the title
product 15 in a yield of 90% and with a chem cal purity exceedi ng 99%
Melting point : 48-50C Exanple 2 : o

( 7- Met hoxyhs Exaniplep delow ilpstpdie Hglieyaptipa bt dnnatdimibit Thanyeway.-e i nt r oduced
into a 670 litre reactor 85.0 kg of 7-nethoxy-|-tetralone, 60.3 kg of
cyanoacetic acid and 15.6 kg of heptanoic acid in toluene in the presence

of 11.0 kExamplé1 ani(7iMethox3,47iiblydre-1imapheivdletylpicetoaitrile. Wien all the
starting substrate has di sappeared, the

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
10 benzylamine. The mixture is heated at reflux. When all the starting substrate has
disappeared, the solution is cooled and filtered. The precipitate obtained is washed with
toluene and then the filtrate obtained is washed with a 2N sodium hydroxide solution and
subsequently with water until neutral. After removal of the solvent by evaporation, the
resulting solid is recrystallised from an ethanol/water (80/20) mixture to give the title product
15 in a yield of 90% and with a chemical purity exceeding 99%.
Melting point : 48-50°C

Example 2 : (7-Methoxy-3,4-dihydro-1-naphthalenyl)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 11.0 kg of
20 aniline. The mixture is heated at reflux. When all the starting substrate has disappeared, the
solution is cooled and filtered. The precipitate obtained is washed with toluene and then the
filtrate obtained is washed with a 2N sodium hydroxide solution and subsequently with water
until neutral. After removal of the solvent by evaporation, the resulting solid is recrystallised
from an ethanol/water (80/20) mixture to give the title product in a yield of 87% and with a

25 chemical purity exceeding 99%.

Melting point : 48-50°C



solution is cooled and filtered. The precipitate obtained is washed with
toluene and then the filtrate obtained is washed with a 214 sodi um

hydr oxi de sol uti on and subsequently with water wuntil neutral. After
removal of the solvent by evaporation, the resulting solid is
recrystallised froman ethanol/water (80/20) m xture to give the title
product in a yield of 87% and with a 25 chem cal purity exceeding 99%
Melting point : 48-50C -8 CLAIMS 5 10 1. Process for the industrial

synt hesis of the conpound of fornula (1) MeO which is characterised in
that 7-nmethoxy-I-tetral one of fornmul . MeOis reacted with
cyanoacetic acid of formula (V) : HO in conditions wherein the water
formed is renoved, in the presence of a catalytic anount of a conpound of
formula (VI) : wherein Rand R, which may be the sane or different, each
represents a linear or branched (C3-C o)al kyl group, an unsubstituted or

substitut §d fylesHfPHRE in@lstil synthesis of the compound of formula (I)

CN

SORK

which is characterised in that 7-methoxy-1-tetralone of formula (IV) :

MeO-_

0]
MeO<_
av)
5
is reacted with cyanoacetic acid of formula (V) :
HO
Y\ CN
A\
o ™)
in conditions wherein the water formed is removed, in the presence of a catalytic
amount of a compound of formula (VI) :
N 0 R
*—NH, \”/ (VD
10 ©

wherein R and R’, which may be the same or different, each represents a linear or
branched (Cs-Cjp)alkyl group, an unsubstituted or substituted aryl group, or an
unsubstituted or substituted linear or branched aryl (C,-Cg)alkyl group,



unsubstituted or substituted |inear or branched aryl (G -C6)al kyl group, to
yield the conmpound of formula (1) after filtration and washing with a

sodi um hydroxi de sol ution, which conpound of fornula (1) is isolated in
the formof a solid after recrystallisation, wherein : 5 aryl is
understood to nean a phenyl, naphthyl ory bi phenyl group, the term
"substituted" governing the terns "aryl™ ‘and "aryl al kyl" denotes that the
aromatic noiety of those groups nmay be substituted by froml to 3 identical
or differento giddpbe sempotrd of rformyla (Barfierr filratine ad washings pathky sodisgdr oxy
and |inear r .branched. (G ;C8) al kox 2. Process r. the.synthesi,s, of

t he conpound X?rof‘b({;ﬁfuglo 1)Nhéc?gc08PH)|°Héd £ %g%rfnélilan{qffs lsglﬁge(raal{:lttger f%%qd&ih%g?lﬁdat
the reacti onaftsr eafykialdaget, Wi th reflux of toluene. 3. Process for the

synt hesis of the conpound of fornmula (1) according to claiml,
characterised in that the catalyst enployed is that of formula (VI2) : R
(CHI)-" a NH3;lpiywherein Ra' represents a phenyl group unsubstituted or
substituted by one or nore |inear or branched (Cl-C6)al kyl groups, nis O
or 1, and R represents a linear (C3- C o)al kyl group. 4. Process for the

StathesL, o e ORI B kST Ly BT Pt ™
- the term “substituted” governing the terms “aryl” and “arylalkyl” denotes that the
aromatic moiety of those groups may be substituted by from 1 to 3 identical or
different groups selected from linear or branched (C;-C¢)alkyl, hydroxy and linear
or branched (C;-Cg¢)alkoxy.

10 2. Process for the synthesis of the compound of formula (I) according to claim 1,

characterised in that the reaction is carried out with reflux of toluene.

3. Process for the synthesis of the compound of formula (I) according to claim 1,

characterised in that the catalyst employed is that of formula (VL) :

+
) H O R
RE/(C 2)“\NH3 \”/ a (Vla)
O

15 wherein R,’ represents a phenyl group unsubstituted or substituted by one or more
linear or branched (C;-Ce)alkyl groups, n is O or 1, and R, represents a linear (C;-

Cio)alkyl group.

4. Process for the synthesis of the compound of formula (I) according to claim 1,

characterised in that R represents a hexyl group.

20 5. Process for the synthesis of the compound of formula (I) according to claim 1,

characterised in that R' represents a benzyl group.



20 5. Process for the synthesis of the conpound of forrmula (I) according to
claiml1, characterised in that R represents a benzyl group. -10 6.

Process for the synthesis of the conpound of fornmula (1) according to claim
1, characterised in that the catal yst used is benzyl ammoni um hept anoat e of
formula (V1) @ CH (VIl). 5 7. Conpound,of fornula (1) whichis

(7-met hoxy- 3, 4-di hydro-1-napht hal enyl )- acetonitrile, for use as an
intermediate in the synthesis of agonelatine. 8 Process for the synthesis
of agonel &t i Reoesssarfer thy syndhasishel serporuperngf of dermmla (P13ccordingataclami ded in

that the co n fo ' t aj.ped. b [ S
accordi ng th§#§&8ﬁ%ﬂoﬂ£gF%?néﬂ% %%ﬂgg 3%@ i & ?ﬁ%?@g ég& gﬁaﬁgﬁéﬁﬁggt?%n
foll owed by fdghuledwidti on and then to coupling with acetic anhydride.

+ -
[:::]//\\NH3 O\ﬂ//\\v/ﬁ\\//\\cna (v1D).
o)

5 7. Compound of formula (I)which 1is (7-methoxy-3,4-dihydro-1-naphthalenyl)-

acetonitrile, for use as an intermediate in the synthesis of agomelatine.

8. Process for the synthesis of agomelatine starting from the compound of formula (I),
characterised in that the compound of formula (I) is obtained by the synthesis process
according to any one of claims 1 to 6, and is subjected to aromatisation followed by

10 reduction and then to coupling with acetic anhydride.



