-1- NEW CO CRYSTALS OF AGOMELATI NE, A PROCESS FOR THEI R PREPARATI ON
AND PHARMACEUTI CAL COVPOSI TI ONS CONTAI'NI NG THEM The present invention
rel at es t ONEVEHOCRYST/LISAIRACDOMEGAMNEARIPROCESS AGH PHEIR-AREPARATION AND
napht hypet hyl | acet afHAKVHNCEUTICAL GOVIPPSITIONS GONTAMNIRG@IEHEMor t hei r
preparation and to pharmaceutical conpositions containing them
5Agonel at i ne, or NA2- ( 7- met hoxy- 1- napht hyDet hyl j acet am de, hasval uabl e
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5-11T2c receptor. These properties provide it with activity in the
central nervous system and, nore 10 especially, in the treatnent of
maj or depression, seasonal affective soidehme S| eep di sorders,
cardi ovascul ar pathologieskopathologies of the digestive system
insomi a and fatigue due t0 e ag. _ppetite disorders and obesity.
Agonel atine, its preparation a e in therapeulics have been
descri bed in European Patent Spe at1i on EP 0 447 285. 15l n view of
t he pharnmaceutical value of this conpound, a great deal of research
wor k has been carried out, making it possible to isolate different
pol ynor phic forns_having various advantages, especially regarding
purity, doatredess/for e eprstim dndyo pharnfasewifabeqropositens gentaining thew.
etc., allowi ng storage for an extended period w thout particular
conditions regarding tenperature, light, humdity or oxygen |evels.
20Fus t herAgmgslata®e, W tdr ani-@oUin&hongl edpehtl)éthyigndechilQr has  valuable
adm nistration to humans, it is very inportant to be able to control
its di ssdbanaselogigabpepediest o pronote rapid or, on the contrary, slow
diffusion. - 2 - The Applicant has now devel oped new co-crystals of
agonel atine which nmake it possible to nodify the dissolution rate of
t he acti Ve facgr bali thntdouHlheharacterigtst ¢l teinas ontidi oy Haad dreagoniseof icoeptors of
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Val doxaMD. Thése new co-crystals havirg a nodified dissoldtion
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mat ched to the desi.red use. o-crystal is rystal conpl ex :
Conposed Brrdis (D FRalEe pufp Btk ot ahdbast of it s Guer R fpsomnia and
crystal lfadduecGRiely jop0sl, appdiedisoldbisemacbe@tys. The main difference
between 10 solvates and co-crystals is related to the physical state
of the pure conponents: if one of the constituents is liquid at
anbi ent t r : l.ar i o} e
the compornrautét fis ghotfrfBh Iy E Pl RS Beel ek sh Euflgean
desi gnat eutday SpdugfidagiomEPOD44T ¥&3.al . The major difference between a
solvate and a co-crystal is the nuch greater stability of the
co-crystal conpared to the solvate A co-crystal is characterised by
15 the . Lo . ' 0
hr o di e oG eyl AR A AR inBPa BRAPUEH of rescprch york has
X-ray di fokemcdriiod odi, agpkangsit pbisible toGblasodidiehdne pblynkarphic doyms loaving various
whet her t iven constituents will be able to foul' a co-cr sgal .
havi ng o PAFIAEES DEH G- HEMDIE dRal.s SRRt deBodnriPiutS; iyl ,lognglation
rise to RuidXkARRSIdié OMAFink RRoriNOroR ANIREShded Bedod ithb&Upficular conditions
t hree-di nensi onal structure bears a direct relfationship to the
di ssol ut iregarding eenaBuituteh Bglinbumiditylos ospgenfloveled. The i nventi on
rel ates nore specifically to new co-crystals forned of agonel ati ne,
on the one hand, and an organic acid, on the other hand. The
CO- g Yst Fuftha®t2é,dis et &hyt 8 ve Meeatiéf inte AN fod 8dRInddAtien achsanshit 6very
are in a solid state at anbient tenperature. The organi c acids

important to be able to control its dissolution rate so as to promote rapid or, on the

contrary, slow diffusion.



25advant ageously selected. An alternative process conprises
"co-grinding the two constituents of the co-crystal. The co-grinding

is preferably carried out in a steel jar. A variant of this process
conprises adding an organic solvent durhing the grinding; in this

case, the co-crystal obtained is then dried. Anong the solvents used,
there may be nentioned, nore especially, alcohols such as 30for
exanpl e, ethanol or ethers such as, for exanple, diisopropyl ether.
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balls. The grinding is carried out using vibrations, preferably
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pr ef er abl e bedimgqRe - 40C and -60C, and nore preferably at -40C

10Anot her advant ageous process according to the invention conprises

m xi ng powders of agonel atine and of the acid in question in a m xer
and then extruding.by twin screw extrusion.wtho adiedinorder to
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. 6034 7.62656 14.07 12.2434 7.2293 30.56 12.4588 7.10477 10.78
6.43394 15.73 15.4174 5.74741 16. 17 15.5925 5.68326 19.78
5.19444 100 17.7473 4.99777 16.62 19.3834 4.57946 94. 32
4.48938 17.46 20.6894 4.29325 36.51 20.9759 4. 23524 16. 96
4.05886 28.16 22.8106 3.89859 41.15 23.1664 3.83951 10. 48
3,69623 18.91 | i . . .

Among the organic acids that are constituents of the co-crystals according to the invention,
there may be mentioned, by way of example, and without implying any limitation, para-
hydroxybenzoic acid, citric acid, oxalic acid, gallic acid, maleic acid, malonic acid, glutaric
acid, glycolic acid, ketoglutaric acid etc..

The proportion of organic acid used in relation to the agomelatine varies from 0.25 to
4 molar equivalents, preferably from 0.5 to 2 molar equivalents.

More especially, the invention relates to the following co-crystals: agomelatine/para-
hydroxybenzoic acid (2/1) and (1/2); agomelatine/citric acid (1/1); agomelatine/oxalic acid
(2/1); agomelatine/gallic acid (2/1); agomelatine/maleic acid (1/1); agomelatine/malonic
acid (1/1); agomelatine/glutaric acid (1/1); agomelatine/glycolic acid (1/1);

agomelatine/ketoglutaric acid (1/1).

The invention relates also to a process for obtaining co-crystals of agomelatine and organic
acids, wherein:
- the two constituents are mixed in an organic solvent in the desired proportions
(1 equivalent of agomelatine per 0.25 to 4 molar equivalents of organic acid);
- the solution obtained is stirred and optionally heated at a temperature not greater
than the boiling point of the selected solvent;
- the mixture is cooled, with stirring, and the co-crystal precipitates naturally or
precipitates after taking up in a second solvent;
- the precipitate obtained is filtered off and dried.
In the process according to the invention, the solvent used is preferably an alcohol such as,
for example, methanol or fert-butanol; an ether such as, for example, diisopropyl ether or
methyl terz-butyl ether; or an aromatic hydrocarbon such as, for example, toluene. When a
second solvent is used in order to promote precipitation of the co-crystal, benzonitrile is

advantageously selected.

An alternative process comprises co-grinding the two constituents of the co-crystal. The
co-grinding is preferably carried out in a steel jar. A variant of this process comprises
adding an organic solvent during the grinding; in this case, the co-crystal obtained is then
dried. Among the solvents used, there may be mentioned, more especially, alcohols such as

for example, ethanol or ethers such as, for example, diisopropyl ether.
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© 25.2672 3.52484 13.34 25.581 3.48231 5.37 26.3081 3.38769 16.92

26. 5266 3.36028 17.15 27.0632 3.29486 6.91 27.2996 3.26687 30.63
27.8968 3.19827 8.39 28.7066 3.10986 7.1 29.6523 3.0128 9.86 31.4888
2.84116 17.44 34.4996 2.59979 5.96 35.0074 2.56324 5.71 Bragg's
angles 2 %heta expressed in Q+0.2) characteristic. of t

i he X-ray . . .
powder di 115 8ER{IBA HidyACOB P Farried, guf usyng Bon-oxigisghle @31.565?6 21ingdipg is
22.81, 27:;:3Qeq B! ﬁsiﬂégViBPa.'ti'%é, ﬂ&@fa%@@b?itﬂﬁ? HH\Fiﬁg B frequency ranging from 20 to

30 Hz. The vibrations are applied for a period which may range from 15 minutes to

3 hours.

5 Another alternative process comprises mixing two solutions containing each of the
constituents and rapidly freezing the mixture obtained at a very low temperature, and then
at that same low temperature drying the co-crystal thereby obtained. The two constituents
are advantageously mixed in an organic or aqueous-organic solvent. The freezing and

drying are carried out preferably between -40°C and -60°C, and more preferably at -40°C.

10 Another advantageous process according to the invention comprises mixing powders of
agomelatine and of the acid in question in a mixer and then extruding by twin screw
extrusion without a die in order to obtain a solid granular product directly at the extruder
outlet. Preferably, the screw profile used is a high-shear profile, optionally using mixing
elements making it possible to improve the surface contact between the two constituents.

15 The L/D parameter of the screw may vary from 10 to 40 and the speed of rotation from 10

to 200 rpm. The temperature used varies from 40 to 100°C.

In the processes for preparation of the co-crystals according to the invention there may be
used a compound of formula (I) that has been obtained by any process, especially by the

process described in EP 1 564 202.

20 The co-crystals according to the invention exhibit properties that are highly valuable in
terms of stability and dissolution - two essential parameters in the pharmaceutical industry.
The dissolution of active ingredients is an important characteristic which may determine
the rate of their adsorption in the human body. It is an important step in the release process,
which has a major impact on the activity of a medicament. In fact, in order to cross
25 biological membranes or in order to be absorbed, the active ingredient has to be dispersed
in the molecular state in aqueous media (that is to say, dissolved) at the absorption site.
The dissolution rate of the active ingredient is governed by its physico-chemical

characteristics and also by the conditions of the absorption medium. It is accordingly



5316.59 g of agornelatine and 250 g of citric acid nonohydrate are
*mxed in a mxer of Turbula type for 10 mnutes. The m xture is then
extruded by twin screw extrusion without a die in order to obtain a
solid granul ar product directly at the §xtruder outlet. A high-shear
screw profile is used together W|th m Xing el ements in order to
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5.26837 13.25. 17.6782 5.01714 1Q0 19.8178. 4.48005 27.73 21.
4 18238 1S 111§f0§lg)ezlilvallt6>617lgfieye pping immediate-release pharmaceuftical orms in which

the dissolution rate is improved relative to the form currently available on the market and

15 also delayed-release forms in which the dissolution rate is retarded.

The pharmaceutical forms comprising the co-crystals according to the invention will be
used for their activity in respect of the central nervous system and microcirculation, in the
treatment of stress, sleep disorders, anxiety disorders and especially generalised anxiety
disorder, obsessive-compulsive disbrders, mood disorders and especially bipolar disorders,
20 major depression, seasonal affective disorder, cardiovascular pathologies, pathologies of
the digestive system, insomnia and fatigue due to jet-lag, schizophrenia, panic attacks,
melancholia, appetite disorders, obesity, insomnia, pain, psychotic disorders, epilepsy,
diabetes, Parkinson’s disease, senile dementia, various disorders associated with normal or
pathological ageing, migraine, memory loss, Alzheimer’s disease, and also in cerebral
25 circulation disorders. In another field of activity, it will be possible to use the co-crystals
according to the invention in sexual dysfunctions, as ovulation inhibitors and

immunomodulators and in the treatment of cancers.

The co-crystals according to the invention will preferably be used in treatments for major

depression, seasonal affective disorder, sleep disorders, anxiety disorders, mood disorders,



22. 3357 3.98038 39.37 23.2889 3.81958 10.11 23.9313 3.71848 64.55

© 24,3882 3.64985 17.32 25.1812 3.53668 5.33 27.5931 3.23278 5. 39

29. 6861 3.00945 7.02 30.7722 2.90566 7.71 - 9 - Melting point:
108-110C Exanpl e 3: Co-crystal of agonelatine/naleic acid (111) 1 g

of N-[2-(7-nmethoxy- 1 -napht hyl)et hyl]acet anm de and 482 ng of maleic
acid are introduced into a 25- non- oxi di sable jar. Two stainless
steel balP&ligrasqlanpathplages. é}aﬂ@ﬂ%@ fdhe iV e Wéteffarmsow gk fptigue due
Vi brationg:w Sean are applied for 60 mnutes to
yield the 51] % gP & Sﬂj{%légﬁ(ﬁg& haracterised by its nelting point
and by the foI I owi ng X-ray powder diffraction diagram neasured u5| ng
a Panal ytjcal Xpert Pro D diffractoneter (copper anti cathode

expr essed1L Bernyeition rslﬁtwfp ertg |P§ﬁ@?acaﬁlt§g§ﬁ%weﬁlﬁ%s§@§m§%g‘lﬁ éwtz%{
(expressed.d g Iy's"tgl Zcordd & Eﬂe"’ﬂﬂléﬁmh %géi'ﬁért\%tk( 85@5@%@'@3}2}%&1&6, inert, non-
percentage 10relative to the nost intense line): 2-Theta () exp. d

(A) ®xp. tbritersiplepts( Hm@1g5Hhe Bhart1284A086] ARiEitibhs Sﬁ@ﬁdlﬁg &z&zanmmm there

154031 3, 7y4gegrdﬁe§gon7eé r]ﬁ?)re5e7$;5)gcmﬁly§ AE)SS% that?u?e S%Ztal:)lll or orall parenteral (intravenous

ient

or subcutaneous) or nasal administration, tablets or dragées, granules, sublingual tablets,
capsules, lozenges, suppositories, creams, ointments, dermal gels, injectable preparations,

drinkable suspensions and chewing gums.

10 The useful dosage can be varied according to the nature and severity of the disorder, the
administration route and the age and weight of the patient. The dosage varies from 0.1 mg

to 1 g of agomelatine per day in one or more administrations.
The Examples hereinbelow illustrate the invention but do not limit it in any way.
Example 1: Co-crystal of agomelatine/citric acid (1/1)

15 Procedure A

3 g of N-[2-(7-methoxy-1-naphthyl)ethyl]acetamide and 2.6 g of citric acid are introduced
into a 100-ml flask. 30 ml of MeOH are added and the solution is stirred for 20 hours at
ambient temperature. After evaporation to dryness, the white gum obtained is taken up in
30 ml of benzonitrile added in portions of 3 ml. The suspension obtained is stirred until
20 conversion of the gum into crystals is complete. After filtering, and washing with 20 ml of
benzonitrile, the solid obtained is dried in vacuo at ambient temperature. It is characterised
by its melting point and by the following X-ray powder diffraction diagram, measured
using a Panalytical Xpert Pro MPD diffractometer (copper anticathode) and expressed in
terms of interplanar distance d, Bragg's angle 2 theta (expressed in °+0.2), and relative

25 intensity (expressed as a percentage relative to the most intense line):



17.72 17.2840 5.12642 21.02 17.5446 5.05086 5.98 17.9818 4.92905
©13.71 18.7041 4.74029 17.45 21.7442 4,08392 11.17 22.8692 3. 88551

10. 99 23,9084 3.71893 19.53 24.2950 3.66062 100 25.4494 3.49712 19. 43
26. 1055 3.4107 5.75 26.2070 3.39772 17.23 26.4841 3.36279 5.79
27.2254 3.27288 9.35 30.0238 2.9739 6.06 30.2591 2.95131 8.82 - 10

- Bragg's angles 2 th ) : haracteristic of the
X-ray powder diffract %‘YTI’GF%.SPQ’FB' 119%8) x5, 4 Intensity (794 29,
5.2156 16.94412 68.95
10.4436 8.47079 6.74
11.6034 7.62656 14.07
12.2434 7.2293 30.56
12.4588 7.10477 10.78
13.7638 6.43394 15.73
15.4174 5.74741 16.17
15.5925 5.68326 19.78
17.0703 5.19444 100
17.7473 4.99777 16.62
19.3834 4.57946 94.32
19.7762 4.48938 17.46
20.6894 4.29325 36.51
20.9759 4.23524 16.96
21.8985 4.05886 28.16
22.8106 3.89859 41.15
23.1664 3.83951 10.48
24.0776 3.69623 18.91
24.2435 3.6713 7.06
24.7742 3.59385 13.06
25.0152 3.55977 6.18
25.2672 3.52484 13.34
25.581 3.48231 5.37
26.3081 3.38769 16.92
26.5266 3.36028 17.15
27.0632 3.29486 6.91
27.2996 3.26687 30.63
27.8968 3.19827 8.39
28.7066 3.10986 7.1
29.6523 3.0128 9.86
31.4888 2.84116 17.44
34.4996 2.59979 5.96
35.0074 2.56324 5.71

Bragg's angles 2 theta (expressed in °+0.2) characteristic of the X-ray powder diffraction
diagram: 5.21°, 12.24°, 17.07°, 19.38°, 20.69°, 21.90°, 22.81°, 27.30°.

Melting point: 126-129°C
Procedure B

5 316.59 g of agomelatine and 250 g of citric acid monohydrate are mixed in a mixer of
Turbula type for 10 minutes. The mixture is then extruded by twin screw extrusion without

a die in order to obtain a solid granular product directly at the extruder outlet. A high-shear

screw profile is used together with mixing elements in order to improve the surface contact



Melting point: 73-75C Exanple 4: Co-crystal of agonel atine/ mal onic

“acid (1/1) 5A- solution of 300 ng of

N42- ( 7- met hoxy- | - napht hyl )et hyl l acetam de in 15 m of tert- butanol

is slowy added to a solution of 129 nggof malonic acid in 35 nil of
water in a 250-nil flask. The m xture isS stirred for 30 m nutes and
then the solution is frozen to_-40C and dried at that sane

t enper at UPEWESY the Wéy%OqSHtUS?tée?h? &/NiRerangiefeok the| ssresy gerscts, 1 9arliherrotagion
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diffracti diagram 10 neasured using a Panal ytical Xper
di f f r act owetperatyre oppeF°GanThe a:bhmyi%z)l abtdmedpuse&meazbt&mecﬂ esynstsoX-ray powder

interpla distance d, Bragg. s an heta_( se in +0.2),
and rel at ‘?@féa‘iuﬁflg%ﬁr?’ "(lé‘ﬁlb?sgg %S%at&iﬂﬁ%’é‘?ﬂ ve to the
nost intense line): 2-Theta () exp. d (A exp. Inten3|ty (%9 7.8661

11. 23971 16. 84 10.4713 8.44846 46.94 11.9502 7.406 45.62 12.7824
6. 92563 9.99 14.7848 5.99187 21.65 15. 3432 5 77504 19.95 16. 0487

S 17545 otvmBle BoGo il plaramessibivhcl G053 23 32 24, 0567
3.69939 6.29 24.5022 3.63313
A solution of 300.6 mg of N-[2-(7-methoxy-1-naphthyl)ethyl]acetamide in 15 ml of fert-
butanol is slowly added to a solution of 106 mg of gallic acid in 35 ml of water in a 250-ml
flask. The mixture is stirred for 10 minutes and then the solution is frozen to -40°C and
dried at that same temperature for 2 days in order to yield the title product, which is
10 characterised by its melting point and by the following X-ray powder diffraction diagram,
measured using a Panalytical Xpert Pro MPD diffractometer (copper anticathode) and
expressed in terms of interplanar distance d, Bragg's angle 2 theta (expressed in °+0.2), and

relative intensity (expressed as a percentage relative to the most intense line):

2-Theta (°) exp. d(A) exp. Intensity (%)

7.4888 11.8051 13.8
9.9347 8.90352 14.42
12.456 7.10638 9.11
12.7479 6.9443 14.08
14.0965 6.28286 5.63
14.4701 6.12146 20.24
16.7302 5.29926 14.01
16.829 5.26837 13.25
17.6782 5.01714 100
19.8178 4.48005 27.73
21.2441 4.18238 14.42
21.8521 4.06737 7.02
22.3357 3.98038 39.37
23.2889 3.81958 10.11
23.9313 3.71848 64.55
24.3882 3.64985 17.32
25.1812 3.53668 5.33
27.5931 3.23278 5.39
29.6861 3.00945 7.02
30.7722 2.90566 7.71

Bragg's angles 2 theta (expressed in °+0.2) characteristic of the X-ray powder diffraction
15 diagram: 14.47°, 17.68°, 19.82°, 22.33°, 23.93°.



56.82 25.0477 3.55523 23.07 25.2424 3.52825 40.38 25.7892 3.45467

©10. 44 26.7244 3.33585 7.17 27.3793 3.25753 20.44 27.9097 3.19682

26. 63 29.4500 3.03304 1041 34.0469 2.63332 5.16 Bragg's angles 2
theta (expressed in 1)+0.2) characteristic of the X-ray powder
diffraction diagram 10.47, 11.95, 14.78, 16.05, 22.32, 24.50, 25.05,
25.24, 27.38, 27.91. Melting point: 67-68C Exanple 5: Co-crystal of
agonel ati ne/ par a- hydroxybenzoic acid (2/1) 51 g of N42-(7-nmethoxy-

1- napht hy yﬁﬁgﬁd%%gy@@yﬂgzand 283.8 ng of para-hydroxybenzoic acid

are introduced'into a 25-m non-oxidisable jar. Two stainless steel
balls of 12 mmdianeter are added and the jar is closed. 200111 of

i sopropyl ether are added. Vibrations with a frequency of 30 Hz are
applied for 60 mnutes to yield the title product, which is

char act ef sgiloys:] £5-Fplihl AhRRlcRicrRNlaRiic dcig(f/9) | owi ng X-ray powder

di ffraction diagram 10 neasured using a Panalytical Xpert Pro MPD
cliffractoneter (copper anticathode) and expressed in terns of

i nterplanar_dis ce d,.Bragg’ I t het exp sed i.n +0. 2),.

and 1ol at v Sindandreepehpf DedufieRufisktid agt e 3 ok "pdichtia are
nost i nt epgedhdddanto a25TAEhan-bxideble f’ﬁ’r. o LaiRlesd e Balld of 10%hmldla®8BPare

8.28111 11.39 11.9471 7.40793 8.16 12.0698 7.33288 12.04 13, 1596
6. 72799 2added ang. degar is closed. Vibrations with a frequency of 30 Hz are applied for 60

minutes to yield the title product, which is characterised by its melting point and by the
following X-ray powder diffraction diagram, measured using a Panalytical Xpert Pro MPD
diffractometer (copper anticathode) and expressed in terms of interplanar distance d,

Bragg's angle 2 theta (expressed in °+0.2), and relative intensity (expressed as a percentage

10 relative to the most intense line):
2-Theta (°) exp. d (A) exp. Intensity (%)
8.5443 10.34036 13.27
11.3006 7.82375 41.61
15.4031 5.74794 37.77
15.5752 5.68481 5.97
17.1135 5.17711 17.72
17.2840 5.12642 21.02
17.5446 5.05086 5.98
17.9818 4.92905 13.71
18.7041 4.74029 17.45
21.7442 4.08392 11.17
22.8692 3.88551 10.99
23.9084 3.71893 19.53
24.2950 3.66062 100
25.4494 3.49712 19.43
26.1055 3.4107 5.75
26.2070 3.39772 17.23
26.4841 3.36279 5.79
27.2254 3.27288 9.35
30.0238 2.9739 6.06
30.2591 2.95131 8.82




6. 05948 6,29 14.7754 5.99567 11.14 14.907 5.94301 43.41 15.1499
©5.84827 14.08 16. 7697 5.28686 7.17 17.08 5.19149 8.17 17.2378 5. 14433
10.12 17.3731 5.10456 20.24 17.5783 5.04543 16.57 18. 3905 4. 82442
24.81 18. 7565 4.73108 11.19 18.9282 4. 68855 23. 85 19. 0366 4. 6621
21.45 19.4137 4.57238 8.15 19.6471 4.5186 20.4 19.9637 4.44765 20. 12
20. 1044 4.41683

10

Bragg's angles 2 theta (expressed in °+0.2) characteristic of the X-ray powder diffraction

diagram: 11.30°, 15.40°, 17.28°, 24.29°.

Melting point: 73-75°C

Example 4: Co-crystal of agomelatine/malonic acid (1/1)

Ac-solution of 300 mg of N-[2-(7-methoxy-1-naphthyl)ethyl]lacetamide in 15 ml of ters-
butanol is slowly added to a solution of 129 mg of malonic acid in 35 ml of water in a
250-ml flask. The mixture is stirred for 30 minutes and then the solution is frozen to -40°C
and dried at that same temperature for 2 days in order to yield the title product, which is
characterised by its melting point and by the following X-ray powder diffraction diagram,
measured using a Panalytical Xpert Pro MPD diffractometer (copper anticathode) and
expressed in terms of interplanar distance d, Bragg's angle 2 theta (expressed in °+0.2), and

relative intensity (expressed as a percentage relative to the most intense line):

2-Theta (°) exp. d (f&) exp. Intensity (%)
7.8661 11.23971 16.84
10.4713 8.44846 46.94
11.9502 7.406 45.62
12,7824 6.92563 9.99
14.7848 5.99187 21.65
15.3432 5.77504 19.95
16.0487 5.52273 100
16.7983 5.27793 11.99
16.9715 5.22445 139
17.1267 5.17745 9.19
21.0784 4.21489 9.77
22.3247 3.98233 23.32
24.0567 3.69939 6.29
24,5022 3.63313 56.82
25.0477 3,55523 23.07
25.2424 3.52825 40.38
25.7892 3.45467 10.44
26.7244 3.33585 7.17
27.3793 3.25753 20.44
27.9097 3.19682 26.63
29.4500 3.03304 1041
34.0469 2.63332 5.16




19. 09 20. 2539 4.38456 20.62 20.9205 4.24635 10.62 21.491 4.13489 100
- 12 - 21.7733 4.08191 91.9 22.2831 3.98966 7.75 23.7997 3.73875
12.32 23.9912 3.70935 8.36 24.2112 3.67614 6,78 24.6151 3.61672 17.26
24.9976 3.56224 22.13 26.5573 3.35646 4,08 26.7447 3.33337 5.85
27.5321 3.2398 12.36 29.4497 3.03306 12.87 Bragg's angles 2 theta

(expressed in 0+40.2) characteristic of the X-ray powder diffraction
di agram Buages anglesgh th car(eapresseg ing 0.2y cba;actq@stmf the Xar1y prgvdgp diffraction

20. 25, Zldfa%ran%ﬁo% Mebid g 7R011Rlyse B3 B C pENATREGe 65 K40~ LT #SL # o

agonel at i nefpara-hydroxybénzol é ‘aci d (172)

Melting point: 67-68°C

Example 5: Co-crystal of agomelatine/para-hydroxybenzoic acid (2/1)

5 1 g of N-[2-(7-methoxy-1-naphthyl)ethyl]acetamide and 283.8 mg of para-hydroxybenzoic
acid are introduced into a 25-ml non-oxidisable jar. Two stainless steel balls of 12 mm
diameter are added and the jar is closed. 200 ul of isopropyl ether are added. Vibrations
with a frequency of 30 Hz are applied for 60 minutes to yield the title product, which is
characterised by its melting point and by the following X-ray powder diffraction diagram,

10 measured using a Panalytical Xpert Pro MPD diffractometer (copper anticathode) and
expressed in terms of interplanar distance d, Bragg's angle 2 theta (expressed in °+0.2), and

relative intensity (expressed as a percentage relative to the most intense line):

2-Theta (°) exp. d (A) exp. Intensity (%)

10.6835 8.28111 11.39
11.9471 7.40793 8.16
12.0698 7.33288 12.04
13.1596 6.72799 22.29
14.6189 6.05948 6.29

14.7754 5.99567 11.14
14.907 5.94301 43.41
15.1499 5.84827 14.08
16.7697 5.28686 7.17

17.08 5.19149 8.17

17.2378 5.14433 10.12
17.3731 5.10456 20.24
17.5783 5.04543 16.57
18.3905 4.82442 24.81
18.7565 4.73108 11.19
18.9282 4.68855 23.85
19.0366 4.6621 2145
19.4137 4.57238 8.15

19.6471 4.5186 204
19.9637 4.44765 20.12
20.1044 4.41683 19.09
20.2539 4.38456 20.62
20.9205 4.24635 10.62
21.491 4.13489 100




1 g of N12-(7-methoxy-1-naphthypethyl]acetam de and 1.14 g of

" par a- hydroxybenzoic acid are introduced into a 25-m non-oxi di sabl e
jar together with 250 ul of diisopropyl ether. Two stainless steel

balls of 12 mm di aneter are added and t jar is closed. Vibrations
with a frequency of 30 Hz are applied for 120 nminutes to yield the

title product, 10 whi Gh—i-s¢charaecterised by its—pelting point and by
the followi ng X-ray pcvvde.zi' g& raet-i ori"ogég%grar, mag%gzred yIsing a
Panal yti cal Xpert Pro I‘V’PDZ\X%é‘;ractomst?)%wscopper amtézcat hode) and
expressed in ternms of int“"'géﬁnar e st3a7§§3“ on Braggég angle 2 theta
(expressed in 0.2), arrd—@%}ﬂzvc iutcug'ﬁél texpt ca%i%g as—a percent age
relative to the nost imtengg i ne)—23gha O exp; A exp.
Intensity (% 6.9836 1276519417 63 83%gsd 10745823 516 9. 4969

9. 31293 34.61 12. 2797 [77208598. 63 |12 985d450. 8484 8 1 1503 6. 7327
7.88 13.7866 6.42337 T.33243409951 6. 323334727 1 15. 2864 5. 62307 52.5
16. 1791 5.4785 32.32 [- 13753216. 6241 53339282 91. 261336 5572 5. 05145
39.19 18. 1485 4.8882 5%4. 91201873819 4. 82664 1731 12387

Bragg's angles 2 theta (expressed in °+0.2) characteristic of the X-ray powder diffraction
diagram: 13.16°, 14.91°, 17.37°, 18.39°, 18.93°, 19.04°, 19.65°, 19.96°, 20.25°, 21.49°,
25.00°.

Melting point: 93-95°C

5 Example 6: Co-crystal of agomelatine/para-hydroxybenzoic acid (1/2)

1 g of N-[2-(7-methoxy-1-naphthyl)ethyllacetamide and 1.14 g of para-hydroxybenzoic
acid are introduced into a 25-ml non-oxidisable jar together with 250 pl of diisopropyl
ether. Two stainless steel balls of 12 mm diameter are added and the jar is closed.
Vibrations with a frequency of 30 Hz are applied for 120 minutes to yield the title product,
10 which is characterised by its melting point and by the following X-ray powder diffraction
diagram, measured using a Panalytical Xpert Pro MPD diffractometer (copper anticathode)
and expressed in terms of interplanar distance d, Bragg's angle 2 theta (expressed in °+0.2),

and relative intensity (expressed as a percentage relative to the most intense line):

2-Theta (°) exp.| d(A)exp. | Intensity (%)
6.9836 12.65784 17.63
8.4549 10.45823 6.16
9.4969 9.31293 34.61
12.2797 7.208 38.63
12.9651 6.82845 14.3
13.1503 6.7327 7.88
13.7866 6.42337 7.33
13.9951 6.32814 27.1
15.7604 5.62307 52.5
16.1791 5.4785 32.32




19.
©19.
22.
23.
25.
26.

3253 4.5931 17.44 19.4415 4.56592 17.76 19. 7593 4,49317 51.9
959 4.44867 42.09 21.0028 4.22989 45.52 21.2989 4.17175 20. 42
0032 4.03979 60.83 22.6859 3.91973 11.33 22.9715 3.87164 20. 19
5476 3.77821 39.55 23.7609 3. 74477 93, 42 24.4422 3.64191 32.21
3271 3.51664 19.07 25.5471 3.48685 14.62 26.0938 3. 41502 100
8242 3.32367 21.88 269813

16.6241 5.33282 51.26

17.5572 5.05145 39.19

18.1485 4.8882 54.91

18.3819 4.82664 17.31

19.3253 4.5931 17.44

19.4415 4.56592 17.76

19.7593 4.49317 51.9

19.959 4.44867 42.09

21.0028 4.22989 45.52

21.2989 417175 20.42

22.0032 4.03979 60.83

22.6859 3.91973 11.33

22.9715 3.87164 20.19

23.5476 3.77821 39.55

23.7609 3.744717 93.42

24,4422 3.64191 32.21

25.3271 3.51664 19.07

25.5471 3.48685 14.62

26.0938 3.41502 100

26.8242 3.32367 21.88

26.9813 3.30467 164

27.9183 3.19586 6.85

28.4188 3.1407 27.49

28.7129 3.1092 30.36

29.276 3.05067 5.22

29.8536 2.99295 28.73

30.7825 2.90472 6.33

34.5702 2.59464 5.06
Bragg's angles 2 theta (expressed in °+0.2) characteristic of the X-ray powder diffraction
diagram: 9.50°, 12.28°, 14.00°, 15.76°, 16.18°, 16.62°, 17.56°, 18.15°, 19.96°, 21.00°,
21.30°, 22.00°, 22.97°, 23.55°, 23.76°, 24.44°, 26.09°, 26.82°, 28.42°, 28.71°, 29.85°.
Melting point: 116-118°C

5 Example 7: Co-crystal of agomelatine/oxalic acid (2/1)
1 g of N-[2-(7-methoxy-1-naphthyl)ethyl]acetamide and 185.5 mg of oxalic acid are
introduced into a 25-ml non-oxidisable jar. Two stainless steel balls of 12 mm diameter are
added and the jar is closed. Vibrations with a frequency of 30 Hz are applied for
15 minutes to yield the title product, which is characterised by its melting point and by the
10 following X-ray powder diffraction diagram, measured using a Panalytical Xpert Pro MPD

diffractometer (copper anticathode) and expressed in terms of interplanar distance d,



3.30467 16.4 27.9183 3.19586 6.85 28.4188 31407 27.49 28.7129 3.1092
© 30.36 29.276 3.05067 5.22 29.8536 2.99295 28.73 30.7825 2.90472 6. 33
34.5702 2.59464 5.06 Bragg's angles 2 theta (expressed in +0.2)
characteristic of the X-ray powder dlfﬁ4act|on di agram 9.50, 12.28,
14. 000, 15.76, 16.18, 16.62, 17.56, 18.15, 19.96, 21.00, 21. 30,
22.00, 22.97, 2155, 23.76, 24.44, 26.09, 26.82, 28.42, 28.71, 29.85.

Mel ting poiese’s apgle g thelp cexpessasting +9:2).andaplpdyeinteasity (rypesssadi a3 @/nskesnfage
acid (2/ dﬁ oxy- | -naphthypethyl]acetan de and
185.5 %%anggé ?%§%%? %?gﬁ% troduced into a 25-m non-oxi di sabl e
jar. Tmo stainless steel balls of 12 mmdianeter are added and the
jar is closed. Vibratieons—mth—afregquency—of30—Hz—are—applied for
15 minutes to yield t 2 Theta é)ﬁ’ﬂbcluca (Ahgkeh | Ingensitsé%er | sed by its
mel ting point and by the I0kg TOWIMy Y dogep pPowder gigffracti on
di agram mneasured usi Ng a;fadal ytifcal 7gppst Pro MPRh@i ffract onet er
(copper anticathode) and exgpisessed I neuefss of 1| nigrpel anay di stance
d, - 14 - Bragg's angle Zz0Beta (expressed 1N +0.&)a and| rel ative
intensity (expressed as aipencent age webabi ve|to thesnost|intense
line): 2-Theta () exp| d (1Apoexp. |Intensisty (9% 8.41632 10} 09092 8.8
12. 4791 7.09329 100 13B. 805548341451 28748B514. 0254 5.331452| 63. 44
14. 2244 17.6112 5.03608 83.89

17.8165 4.97852 55.54

19.6373 4.52082 57.35

19.7701 4.49075 45.05

21.533 4.12692 37.04

21.7182 4.08876 64.35

21.7902 4.07878 58.69

21.9725 4.04535 62.54

24.2928 3.66397 16.29

24.9548 3.56825 55.55

25.3868 3.50851 45.81

26.4367 3.3715 11.92

26.7285 3.33536 6.99

27.3623 3.25682 24.66

27.4684 3.24718 36.5

27.8038 3.20876 12.84

29.2866 3.04959 26.14

29.768 3.00136 26.04

30.8738 2.89633 5.28

31.2434 2.86291 8.55

31.853 2.8095 5.8

Bragg's angles 2 theta (expressed in °+0.2) characteristic of the X-ray powder diffraction
diagram: 12.48°, 13.80°, 14.02°, 14.22°, 15.30°, 15.43°, 17.61°, 17.82°, 19.64°, 19.77°,
5 21.53°,21.72°,21.79°, 21.97°, 24.95°, 25.39°, 27.36°, 27.47°, 29.29°, 29.77°.

Melting point: 112.5-114.5°C

Example 8: Co-crystal of agomelatine/glutaric acid (1/1)

1 g of N-[2-(7-methoxy-1-naphthyl)ethyl]acetamide and 555 mg of glutaric acid are

introduced into a 25-ml non-oxidisable jar. Two stainless steel balls of 12 mm diameter are



WWhhoro

. 22663 31.66 15.302 5.79047 61.34 15.4283 5.74335 27.34 17.6112
. 03608 83.89 17.8165 4.97852 55.54 19.6373 4.52082 57.35 19. 7701
. 49075 45.05 21.533 4.12692 37.04 21.7182 4.08876 64.35 21.7902
. 07878 58.69 21.9725 4.04535 62. 54 24.15928 3.66397 16.29 24.9548
. 56825 55.55 25. 3868 3.50851 45.81 26.4367 3.3715 11.92 26. 7285

33536 6eid?k?d %lZldSt%g%al'S 'is2 50?0%%& Vibrations with a frequency of 30 Hz are applied for
60 minutes to yield the title product, which is characterised by its melting point and by the
following X-ray powder diffraction diagram, measured using a Panalytical Xpert Pro MPD
diffractometer (copper anticathode) and expressed in terms of interplanar distance d,

5 Bragg's angle 2 theta (expressed in °+0.2), and relative intensity (expressed as a percentage

relative to the most intense line):

2-Theta (°) exp.| d (A) exp. Intensity (%)
9.5919 9.22091 22.85
10.3486 8.5483 28.18
11.9618 7.39882 23.63
13.0927 6.76218 8.08
13.7395 6.44526 5.45
14.7283 6.0147 8.81
16.4376 5.39291 13.05
16.9847 5.2204 10.58
17.493 5.06987 10.05
17.6723 5.01881 6.83
18.6123 4.76741 17.35
18.9534 4.68238 15.44
19.9041 4.46083 16.48
20.5662 4.31869 20.46
21.6468 4.10548 38.05
21.9751 4.04488 5.01
22.0881 4.02444 5.94
23.3395 3.81143 100
23.7133 3.75217 6.65
24.0288 3.70362 5.71
24.6109 3.61733 5.25
25.0027 3.56152 6.82
25.863 3.44497 8.04
27.6684 3.22415 17.51
29.1279 3.06584 4.97

Bragg's angles 2 theta (expressed in °+0.2) characteristic of the X-ray powder diffraction
diagram: 9.59°, 10.35°, 11.96°, 20.57°, 21.65°, 23.34°.

Melting point: 74-75°C



24.66 27.4684 3.24718 36.5 27.8038 3.20876 12.84 29.2866 3.04959

© 26.14 29.768 3.00136 26.04 30.8738 2.89633 5.28 31.2434 2.86291 8.55

31.853 2.8095 5.8 Bragg's angles 2 theta (expressed in 0+0. 2)
characteristic of the X-ray powder dlff1 action diagram 12.48, 13. 80,
14.02, 14.22, 15.300, 15.43, 17.61, 17.82, 19.64, 19.77, 521.53,

21. 72", 21. 79 21.97, 24.95, 25.39, 27.36, 27.47, 29 29, 29.77".

Mel ti ng &2@&13_1221ZC‘!sﬂilY.EHﬂlQéa%ﬁlﬂtlée/gemgbﬁéﬂyg?‘él

agonel atine/glutaric acid (1/1) - 15 - added and the jar is closed.
Vibrations with a frequency of 30 Hz are applied for 60 mnutes to

yi el d the gidflre[Pp(beieatoxyvibnaphthiyd)etiylloetireidesad 60 mp ofketdglngripacidtare
and by the follow ng X-ray powder diffraction dlpw%ram measur ed usj ng

a Panal ytipEeduosgénte aprpmpen-aiidisahic aringether ddhpdl 1icenabdeyo &ﬁ@less

expr essedd, dé Pb&lgsr %)de el a&aaddga %L@E}Fe%aidxs ARe8IibRa éﬁﬂg Whitha FrBGkeRcy

(expresse In re ative I ntensi ty expressea as a

per cgnt agd 3(lall{atalrc/applmdtfw Ifostinutedt engeld,iafey dr@nd etmight a&x4§)°Cd th{eAditle

$X298|82t g%]g {f%h%]@és]g]ga]ig%%sgc?i %%Jész %@ t%}\gégogtaf gnd gy %11481%11%%/1 r]élygp%]\';végder
diffraction diagram, measured using a Panalytical Xpert Pro MPD diffractometer (copper
anticathode) and expressed in terms of interplanar distance d, Bragg's angle 2 theta
(expressed in °+0.2), and relative intensity (expressed as a percentage relative to the most

10 intense line):

2-Theta (°) exp. d(A) exp. Intensity (%)
5.2391 16.86816 18.25
6.1796 14.30283 7.39
9.6513 9.16426 12.13
10.4827 8.43926 8.6
14.2638 6.20954 5
15.3616 5.76815 45.63
16.3452 5.41872 43.96
16.5381 5.35593 59.36
17.0478 5.20123 6.44
18.3191 4.84305 8.1
19.2396 4.61337 21.8
20.5617 4.31961 7.64
21.036 4.22329 12.12
21.3726 4.15752 7.66
23.57 3.77466 36.07
23.9026 3.7229 24.64
24.4145 3.64597 100
26.4474 3.37016 6.58
29.1314 3.06548 6.73
37.1969 2.41723 5.98

Bragg's angles 2 theta (expressed in °+0.2) characteristic of the X-ray powder diffraction
diagram: 15.36°, 16.34°, 16.54°, 19.24°, 23.57°, 23.90°, 24.41°.

Melting point: 94-96°C



6. 44526 5.45 14.7283 6.0147 8.81 16.4376 5.39291 13.05 16.9847 5.2204
©10.58 17.493 5.06987 10.05 17.6723 5.01881 6.83 18.6123 4.76741 17.35
18. 9534 4.68238 15.44 19.9041 4.46083 16.48 20. 5662 4.31869 20. 46
21.6468 4.10548 38.05 21.9751 4.04488 5,01 22,0881 4.02444 5.94
23.3395 3.81143 100 23. 7133 3.75217 6.65 24.0288 3.70362 5.71 24.6109

3.61733
Example 10: Co-crystal of agomelatine/glycolic acid (1/1)

1 g of N-[2-(7-methoxy-1-naphthyl)ethyl]acetamide and 319 mg of glycolic acid are
introduced into a 25-ml non-oxidisable jar. Two stainless steel balls of 12 mm diameter are
added and the jar is closed. Vibrations with a frequency of 30 Hz are applied for
5 15 minutes to yield, after drying overnight at 40°C, the title product, which is characterised
by its melting point and by the following X-ray powder diffraction diagram, measured
using a Panalytical Xpert Pro MPD diffractometer (copper anticathode) and expressed in
terms of interplanar distance d, Bragg's angle 2 theta (expressed in °+0.2), and relative

intensity (expressed as a percentage relative to the most intense line):

2-Theta (°) exp. d (10&) exp. Intensity (%)

10.2906 8.59638 4579
13.9365 6.35459 5.32
14.1139 6.27513 31.57
14.2265 6.22572 24.57
14.3625 6.16708 11.84
17.9846 4.93237 90.49
18.617 476622 10.66
18.8288 4.71308 89.79

19.19 4.62519 9.61
19.5137 4.54918 30.43
19.941 445266 6.52
20.6101 4.30959 66.27
20.9906 423232 8.23
22.8209 3.89685 6.31
23.6248 3.76604 5.61
23.9623 3.71375 26.41
242171 3.67524 17.2
24.3906 3.64949 100
26.4458 3.37037 27.5
28.1154 3.1739 29.75
28.4808 3.134 5.71
28.6849 3.11217 6.41
28.9288 3.08648 5.75
20.518 3.02621 29.2
32.2458 2.77386 14.35

10 Bragg's angles 2 theta (expressed in °+0.2) characteristic of the X-ray powder diffraction

diagram: 10.29°, 14.11°, 14.23°, 17.98°, 18.83°, 19.51°, 20.61°, 23.96°, 24.39°, 26.44°,
28.11°, 29.52°.

Melting point: 75-77°C



5.25 25.0027 3.56152 6.82 25.863 3.44497 8.04 27.6684 3.22415 17.51
©29.1279 3.06584 4.97 Bragg's angles 2 theta (expressed in 0+0. 2)
characteristic of the X-ray powder diffraction diagram 9.59, 10. 35,
11.96, 20.57, 21.65, 23.34. Melting poipt: 74-75C - 16 - Exanple 9:
Co-crystal of agonel atine/ketoglutaric acid (1/1) 1 g of

N12- ( 7- met hoxy- 1- napht hyl | et hyl | acet am de and 600 ng of ketoglutaric
acid are introduced into a 25-nil non-oxidisable jar together with

500 I'ii of ethanol. Two stainless steel balls of 12 min dianeter are
added and the jar is closed. Vibrations with a frequency 5 of 30 Hz
are appl i Edample 15 Measiirement of/ihel dissohitiomrrati ¢f thg corceystalght at 40C,

the title product, which is characterised by its nelting point and by
the follow ng X-ray powder diffraction diagram measured using a

Panal yti CMeaQﬁﬁ@rﬁEnt%thé\@@ddenr@féE %Fﬁfe%o &§Qﬂﬁ%ﬁta§féﬂ'1§§érfl@&i 61)1t \@ﬂlﬁi aid of a
expressed in terns of interplanar distance d, Bragg's angle 2 theta
(expr essedDIsS agalglical apparaal {pIOM8) imeensidie améapmsgslemedugnaat 37°C using a

() oxp. " RHOBR M Do BE st BESE st thicad INSHe g g Pigg fna are
Xp.
9. 6533 0. A#ficd s ptcdflaghBRtieled F9RE Esblkibnd0REGh2085H 5Bl L5mARA o the

5. 76815 45.63 16. 3452 5.41872 43.96 16.5381
dissolution rate obtained for agomelatine of form II contained in the marketed Valdoxan®

form:
(Dissolution rate of co-crystal) - (Dissolution rate of Valdoxan)
% = x 100
(Dissolution rate of Valdoxan)
0.0IN HCI pH 6.8 buffer
Compound of Example 1 +25% +70%
Compound of Example 2 +37% +29%
Compound of Example 5 +97% +89%
Compound of Example 6 +19% +46%
Compound of Example 7 +1.5% +33%

The results obtained show an increase in the dissolution rate of the co-crystals which

ranges from 33% to 97% under at least one of the two, acid or neutral, conditions tested.

0.0IN HCI pH 6.8 buffer
Compound of Example 3 -26% -4%
Compound of Example 4 -55% -21%
Compound of Example 8 -42% -29%
Compound of Example 9 -47% -32%
Compound of Example 10 -30% -30%
10 The results obtained show a reduction in the dissolution rate of the co-crystals which

ranges from 26% to 55% under at least one of the two, acid or neutral, conditions tested.



5.35593 59.36 17.0478 5, 20123 6.44 18.3191 4.84305 8.1 19. 2396

©4.61337 21.8 20.5617 4.31961 7.64 21.036 4.22329 12.12 21. 3726

4.15752 7.66 23.57 3.77466 36.07 23.9026 3.7229 24.64 24.4145 3. 64597
100 26.4474 3.37016 6.58 29.1314 3.06548 6.73 37.1969 2.41723 5.98
Bragg's angles 2 theta (expressed in 0+0.2) characteristic of the

X-ray powder diffraction diagram 15.36, 16.34, 16.54, 19.24, 23.57,
23. 90, meﬂ&é@i i%rf&e]ﬁﬁftﬁfl':‘fe asegpftarmaceytical eQmppsiion 0.  co-crystal of
agonel atine/glycolic acid (1/1) 1 g of

N42- ( 7- met hoxy- 1- napht hyDet hyl | acet at ni de and 319 ng of glycolic acid
are intr déduneb fonthe peepBativin of d A0@sabtitseich eoptamingl2fomg tof hgdmdstist eel

bal I s of é%ﬁ&r‘?negi gg&ter@e added and the jar is closed. Vibrati 096
with a fr O Xé@p areappfledforr515m’r’rute'st0y1efd, g
after dryiRghsOwRmbhethteat 40C, the title product, whichis . . 115
characterised by its nmelting point and by the follow ng X-ray powde§
di f f¥ act iMagdsiagr seqrateeasur.ed...usi.ng..a..RPanal.yt.i.cal...Xpen...pr.o..MPD. 2g
di ffract tert{ opper anti cathode) and expressed in terns of 33
interpla flzgpafe Hee d;  Bragy™s anghe 2 theta (expressed i'n+0; 2) g
and rel atNiyieodeRirBRSILY. . (expressed as. a. percentage relative to the15g

............................................................................................

nost intense line): 2-Theta () exp.
Anhydrous colloidal S1iCA.....ccccvviiriiieciiiccccece e lg

Pregelatinised maize starch, TYPE A ....ooiovireiiiieiiiiieee ettt O9¢g

10 Example 13: Retarded-release pharmaceutical composition

Formula for the preparation of 1000 tablets each containing 25 mg of active ingredient:

Compound of EXamPIE 9....c.couviiieiiiiicicreirtceers e sesss s seseans 50g
Lactose MONODYAIAte. .......cceeiiriirmieiiieeieetnteet et ste ettt e st e et ene e see s 100 g |
MagNESIUIML STEATALE ..c..eovveeueerierreenieeriiestestesttesteesaeesteesreseeesesseesnseseessesseesssareensennss 2g
15 POVIAOMNE ..ottt ettt sae e s ba e e saesbeesse e beessenaensaens 12 ¢
Anhydrous colloidal STHCA ........cccoviireiiiiiieiie et lg

HypromelloSe .......oooviviiiiiiiii ettt st 8 ¢g



d (A exp.

Intensity (% 10.2906 8.59638 45.79 13.9365 6.35459 5. 32

© 1439 6. 27513 31.57 14.2265 6 22572 24.57 14.3625 6.16708 11.84
17.9846 4.93237 90.49 18.617 436622 10.66 18.8288 4.71308 89.79 19.19
4.62519 9.61 19.5137 4.54918 30. 43 19._%§l 4.45266 6.52 20.6101

3

4.30959 66.27 20.9906 4.23232 8.23 22.

09 3.89685 6.31 23.6248

3.76604 5.61 23.9623 3. 71375

1.

5
2.
3.

10
4.
15 S.
6.

20

CLAIMS

Co-crystal of agomelatine, characterised in that it is composed of:
- agomelatine, or N-[2-(7-methoxy-1-naphthyl)ethyl]acetamide of formula (I)

NHCOMe

9@

- an organic acid which is in a solid state at ambient temperature.

MeO

and

Co-crystal according to claim 1, characterised in that the organic acid used contains

from 2 to 10 carbon atoms.

Co-crystal according to claim 1 or 2, characterised in that the organic acid used is
para-hydroxybenzoic acid, citric acid, oxalic acid, gallic acid, maleic acid, malonic

acid, glutaric acid, glycolic acid or ketoglutaric acid.

Co-crystal according to one of claims 1 to 3, characterised in that it modifies the active
ingredient dissolution rate compared to the form currently marketed in the

pharmaceutical product Valdoxan®.

Co-crystal according to one of claims 1 to 4, characterised in that it brings about a
modification of the active ingredient dissolution rate compared to the dissolution rate
of the form currently marketed in the pharmaceutical product Valdoxan® of at least

25% under neutral (pH 6.8) or acid (0.01N HCl) conditions.

Co-crystal according to one of claims 1 to 5 which is N-[2-(7-methoxy-1-naphthyl)-
ethyl]acetamide/para-hydroxybenzoic acid (2/1), characterised in its X-ray powder
diffraction diagram by the Bragg's angles 2 theta (expressed in °+0.2) 13.16°, 14.91°,
17.37°, 18.39°, 18.93°, 19.04°, 19.65°, 19.96°, 20.25°, 21.49°, 25.00°.



26.41 24.2171 3.67524 17.2 24.3906 3.64949 100 26.4458 3.37037 27.5

© 28.1154 3.1739 29.75 28.4808 3.134 5.71 28.6849 3.11217 6.41 28.9288

3,08648 5.75 29.518 3.02621 29.2 32.2458 2.77386 14.35 10Bragg's
angles 2 theta (expressed in +0.2) chagggteri stic of the X-ray powder
diffraction diagram 10.29, 14.11, 14.23, 17.98, 18.83, 19.51, 20.61,
23.96, 24.39, 26.44, 28.11, 29.52. Melting point: 75-77C - 18 -
Exanpl e 11: Measurenent of the dissolution rate of the co-crystals

Measur emgnt cof ¢ }{B@l Qdc%ﬁﬁxllgﬂ%d ik Bﬁélﬁﬁnsoi td I3€3wfii@h G W8 2%75[119@51%’3} @Qﬂplﬁtﬁyl)
carried out with aid of a uDI SS anal yti cal apparatus

aci di ¢ and athyHacatahidefpdiaimydoxWetzaisianigl 61/2) ichefangrisgse ad 1t@fX7r@jD powdﬂr
The results tai.ned are collated in t follow ng tables re. 5 oo
o beend sdTRaRiaradiaf AR MehEEeh AntRE 2 Peb It Fond M eE0 219 5 1 20s
co-crystal qarmarméoow g, die%20] Ut 569N18.28€ 19Dkai neshef o1, 3@9QE@0QF22@7°,
of formll contained in the marketed Val doxanéh) form (Di ssol ution

0]

rat e of co- @3y8t.ad3)76°, 14’ 36.091,3h-325128.4%, 341 HoRas$® 0/0 - x 100
(Di ssolution rate of Val doxan) 0.01N HCL

8. Co-crystal according to one of claims 1 to 5 which is N-[2-(7-methoxy-1-naphthyl)-
ethyl]acetamide/citric acid (1/1), characterised in its X-ray powder diffraction diagram
by the Bragg's angles 2 theta (expressed in °+0.2) 5.21°, 12.24°, 17.07°, 19.38°,
20.69°, 21.90°, 22.81°, 27.30°.

10 9. Co-crystal according to one of claims 1 to 5 which is N-[2-(7-methoxy-1-naphthyl)-
ethyl]acetamide/oxalic acid (2/1), characterised in its X-ray powder diffraction
diagram by the Bragg's angles 2 theta (expressed in °+0.2) 12.48°, 13.80°, 14.02°,
14.22°, 15.30°, 15.43°, 17.61°, 17.82°, 19.64°, 19.77°, 21.53°, 21.72°, 21.79°, 21.97°,
24.95°,25.39°, 27.36°, 27.47°, 29.29°, 29.77°.

15 10. Co-crystal according to one of claims 1 to 5 which is N-[2-(7-methoxy-1-naphthyl)-
ethyl]acetamide/gallic acid (2/1), characterised in its X-ray powder diffraction diagram
by the Bragg's angles 2 theta (expressed in °+0.2) 14.47°, 17.68°, 19.82°, 22.33°,
23.93°.

11. Co-crystal according to one of claims 1 to 5 which is N-[2-(7-methoxy-1-naphthyl)-
20 ethylJacetamide/maleic acid (1/1), characterised in its X-ray powder diffraction
diagram by the Bragg's angles 2 theta (expressed in °+0.2) 11.30°, 15.40°, 17.28°,

24.29°.

12. Co-crystal according to one of claims 1 to 5 which is N-[2-(7-methoxy-1-naphthyl)-

ethyl]acetamide/malonic acid (1/1), characterised in its X-ray powder diffraction

25 diagram by the Bragg's angles 2 theta (expressed in °+0.2) 10.47°, 11.95°, 14.78°,
16.05°, 22.32°, 24.50°, 25.05°, 25.24°, 27.38°, 27.91°.



pH 6.8 buffer Conpound of Exanple |I +25% +70% Conpound of Exanple 2
+37% +29% Conmpound of Exanple 5 +97% +89% Conpound of Exanple 6 +19%
+46% Conpound of Exanple 7 +1,5% +33% The results obtai ned show an
increase in the dissolution rate of thejco-crystals which ranges from
33% to 97% under at |east one of the two, acid or neutral, conditions
tested. 0.01N HCI pH 6.8 buffer Conpound of Exanple 3 -26% -4%
Conmpound of Exanple 4 -55% -21% Conpound of Exanple 8 -42% -29%

Conpound 1gf c@s@:gnmea&ordﬁg/w 8o CoRRAY Ndo Gf wﬁi’éﬁfﬁ) Z\ﬁ‘[zl@i mé@¥ky-3 ﬁhéphthyl)

10The results ai ned show a reduction in the dissolution rate
the co-cr ysteﬁlyé]aomamtdefgé\wg@@  ¢ity) rﬁi/zlﬁo/@ha@a%%du ruierts aX- raﬁa@t\fvdonehfﬁfactlon

the two, acid or a condi e o o
Accel er at ed dﬁagaégsé’ Bﬁa$x;?§gélﬁnlg£egﬁfilbeh$g ptu?sﬁ?%i ﬁ%?géas‘g)p ?@Igs 11.96°,
prepar at i on20f572000s3°apd @15 each contai ning 25 ng of agonel ati ne:
Compound of Exanple 5 50 g Lactose nonohydrate 115 g 5Magnesi um
stearate 2 g Maize starch 33 g Maltodextrins 15 g Anhydrous coll oi dal
si | '£a 1 14. Co-crystal according to one of claims 1 to 5 which is N-[2-(7-methoxy-1-naphthyl)-
ethyl]acetamide/glycolic acid (1/1), characterised in its X-ray powder diffraction
diagram by the Bragg's angles 2 theta (expressed in °+0.2) 10.29°, 14.11°, 14.23°,

17.98°, 18.83°, 19.51°, 20.61°, 23.96°, 24.39°, 26.44°, 28.11°, 29.52°.

15. Co-crystal according to one of claims 1 to 5 which is N-[2-(7-methoxy-1-naphthyl)-
10 ethyl]acetamide/ketoglutaric acid (1/1), characterised in its X-ray powder diffraction
diagram by the Bragg's angles 2 theta (expressed in °+0.2) 15.36°, 16.34°, 16.54°,

19.24°, 23.57°, 23.900, 24.41°.

16. Process for obtaining the co-crystal according to one of claims 1 to 15, characterised
in that:
15 - the two constituents are mixed in an organic solvent in the desired proportions
(1 equivalent of agomelatine per 0.25 to 4 molar equivalents of organic acid);
- the solution obtained is stirred and optionally heated at a temperature not greater
than the boiling point of the selected solvent;
- the mixture is cooled, with stirring, and the co-crystal precipitates naturally or
20 precipitates after taking up in a second solvent;

- the precipitate obtained is filtered and dried.

17. Process for the preparation of the co-crystal according to one of claims 1 to 15,

characterised in that the two constituents are co-ground.

18. Process for the preparation of the co-crystal according to one of claims 1 to 15,
25 characterised in that the two constituents are mixed in an organic Or aqueous-organic

solvent and then frozen and dried at a very low temperature.



Prcgel ati ni sed nai ze starch, Type A 9 g 10Exanple 13:

" Retarded-rel ease pharnaceutical conposition Formula for the
preparation of 1000 tablets each containing 25 ng of active

i ngredi ent: Conpound of Exanple 9 50 gokactose nonohydrate 100 g
Magnesi um stearate 2 g 15Povi done 12g Anhydrous colloidal silica 1 g
Hypronellose 85 g - 20 - CLAIMS 1. Co-crystal of agonelatine,
characterised in that it is conposed of: agonelatine, or

N[ 2- (7- et heydesd toapht ppabhvi lorars 2B1@@Af ackorditltd bhe of SRR 1%' 15,
organic acid which is in a solid state at anbient tenperature.

Co- cryst al &b@r@ﬁf@n&ﬁgi mdhai Ipaivaers, of epeineletied dsleaf thmactldnat qudsEon m@amxed ina
acid used conta%anll e2 &-rlo c% %_ a%ons . be gﬁ % 4
according td chailm f“%% %%YW%UWW%%&%%‘%@““
used is 10pa6ab@yﬁﬁqungmﬁmqua@kﬂdu@ngmﬁﬂxﬁgmddaaxaktc acid, gallic
acid, maleic acid, malonic acid, glutaric acid, glycolic aC|d or
ketoglutarlc acid. 4. Co- crystal according to one of clains 1 to 3,

charact eryigs ' . [ I
gy S e s R R R
product Val doxafiglaithbd.toT6; or yshidhatimcwithliong of ﬁlo(ﬁeﬂphfﬁfna@dtmicﬁﬁy dcdeptablle,
characterised in that it brlngs about a nodification of the active

i ngr edi ent dREL JPIPHA CREES- conpared to the dissol ution rate of the
formcurrently marketed in the pharmaceutical product Val doxan(r) of
at | east 25% under neutral (pH 6.8) or acid (0.01N HCl) conditions.

6. Co-crydt &Ihaanmuﬁhamgconmositien@hcaohﬁhgr&o kldim 30 Vbt ake irs the manufacture of

N-12-( 7- met hoxy- hth et hyl | acet am de/ par a- hydr oxybenzoi c
Nt (211 MeeanepBPe ki discE0us phe SRR DRt o i gt am by
the Bragg's angles 2 theta (expressed in 0+0.2) 13.16, 14.91, 17.37,
18.39, 18.93, 19.04, 19.65, 19.96, 20.25, 21.49, 25.000 . -21 - 7.

Co- tT yst 22. Xbeonatewigeal compesitibng hedonding to elBmnA) dbr use i Zhe( Thanefiabioxrey of

char act or 1 e igend BT R R Bt SERGR: araPl i tiRng, spgeialy
angles 2t hg%@erﬁ@éﬂrﬁﬁéﬁ? digor@er9- O%Ees&véQorr%)alsﬁ% dﬂ;érd@& mod/ Gisofdersl 8ad

16.62, 17.56, 18.15, 19.96, 21.00, 21.30, 22.00, 22.97, 523.55,
23.76, 24. 44spep@llyo, blg@alszdlsglslensz npgor7 1deppeysign, Sasasl cpffeetivie  disorder,

according t

a0Cor 00, { Qu9RRaRlu Ailhodo! BByl MZS WL ABER M mpi i g
X- 1 &y powderauel itd fdstaag |sahlzdp1a§manpimc tahieckBr Am@Binchaliag hpsetize tifsefdars obesity,
(expressed in +0.2) 5.21, 12,24, 17.07', 19.38. 20.69, 21.90, 22.81,

27.30. 109. TOUHY e Rigelts Aigordersorsailesyc Higprigs.1Parkinsonipi dipaps senile
N-[2-(7-net a[mnq
chgr aE:t eri S?g&X%m}ltvgﬁ?ﬁ% g%&%gv&% Cg%t?(?ﬁg%ltl ong{j?lg rdé(sr%o daf‘%gg-%l 6“”“6

angl es 2 t hetemdreX@seAsbdiniar’ s-kﬁseﬁ)e bhAd 480 11 3eil@Bral ﬂ:ﬂcﬂit;onldls&ﬂﬁrslﬁn(Bﬂso
15. 43, 17.61, 17. 1 53, .21.72, 21.79, 95
25.39, 27.38 Swa%ysfu%% ang §s pyu %ﬁ@lhl@wr% Ay fra@ua@%&laﬁtﬁ@ atné ig e
of g ai s 1D n2nbf ERcés. N[ 2- (7-met hoxy- 1-naphthyl) -

ethyl Jacetam de/gallic acid (2/1), characterised in its X-ray powder
diffraction dlagran1by the Bragg's angles 2 theta (expressed in 0.2)
14. 47, 17,6 23.9 accordi ng,.t o,one .of
cl ai s 13,’[4.0%53 tglhéchrq.{p% 5) fn?e Hgtc}%x}& 1 0P ﬁ%\é tﬁﬁltse_atm% or} disorders of the
et hyl ] acet apicigémméiccsydehd (1/1), characterised in its X-ray powder
diffraction diagramby the Bragg's angles 2 theta (expressed in +0.2)
11. 30, 15.40, 17. 28 24 29 12. Cb crystal according to one of cl ains

1to5 chois N hox h e/ mal oni c
aci d (/1) Cordyiit GbEudE I Y ot bt 18 RE R AGIha
by the Br aggmﬁe@n@h(ﬁﬁer% dnldedspedigXP eSafthell nx2ty?2 HisdRiled 7TobsédsivdSeompulsive

14.78, 16.05, 22.32, 24.50, 25.05, 25.24, 27.38, 27.91. - 22 - 13.
25 disorders, mood disorders and especially bipolar disorders, major depression, seasonal

affective disorder, cardiovascular pathologies, pathologies of the digestive system,



16. Process for obtaining the co-crystal according to one of clains 1
"to 15, characterised in that: 15the two constituents are mxed in an
organic solvent in the desired proportions (1 equival ent of

agonel atine per 0.25 to 4 nolar equivahgnts of organic acid); the
solution obtained is stirred and optionally heated at a tenperature

not greater .than.the, boi t of the selected solvent; . .
The ot ur e iPorggoAb s A% BF hegeniiehe Ticr ek a st capaie
natural l'y Ord&Q@Jr@(‘(ib@kﬁ}aru?s%nﬁﬁat ?Eunt ﬁlﬁ}cﬁgtléj&sbﬂael% §§ifeﬁ§5d B8 Nbark inb6h’s
precipitate obtained is I'teréd and dried Process for the

pr epar at i on difeaschesenide dmylsntm, acions disogdero amelatefd withinmsmal pp pathological
characterised in that.the two onz&kﬁuents re co-

8 ?und. %ﬁ.. lati
Process for BRESplega st PSHO0F ‘¥ TS St ?ea%Feé‘B diSRgncsrebHE culation

claigs 1 to dQrdSchalagker irse@dxhdl dhatindths! WadCanssdIMemt Sn@bRors and
m xed in an organic or aqueous-organic solvent and then frozen and

dried at a vemyunogwdrkfgyeped inrthe treatmegt of cageerpr ocess for the
preparation of the co-crystal according to one of clains 1 to 15,
characterised in that powders of agonelatine and of the acid in
guestion are mxed in a mxer and then the m xture is extruded by
twin screw extrusion without a die in order to obtain a solid
granul ar product directly at the extruder outlet. 520. Pharnmaceuti cal
conpositions conprising as active ingredient a co-crystal according
to one of clains 1 to 15, in conbination with one or nore

phar maceutically acceptable, inert, non-toxic carriers. 21.

Phar maceuti cal conpositions according to claim?20 for use in the
manuf act ure of medi canments for treating disorders of the

mel at oni nergi ¢ system 1022. Pharnmaceutical conpositions according to
claim20 for use in the manufacture of nedicanents for treating
stress, sleep disorders, anxiety disorders and especially generalised
anxi ety di sorder, obsessive-conpul sive disorders, nmood disorders and
especially bipolar disorders, major depression, seasonal affective

di sorder, cardiovascul ar pathol ogi es, pathol ogi es of the digestive
system insomia and fatigue t5 due to jet-lag, schizophrenia, panic
attacks, nelancholia, appetite disorders, obesity, insomia, pain,
psychotic disorders, epilepsy, diabetes, Parkinson's disease, senile
denentia, various disorders associated wth normal or pathol ogical
ageing, mgraine, nmenory |loss, Al zheiner's disease, and also in
cerebral circulation disorders, and also in sexual dysfunctions, and
as ovul ation inhibitors and i mmunonodul ators and in the 20treat nent
of cancers. 23. Co-crystal according to one of clains 1 to 15 for the
treatnment of disorders of the nelatoninergic system 24. Co-crysta
according to one of clains 1 to 15 for treating stress, sleep

di sorders, anxiety disorders and especially generalised anxiety

di sorder, obsessive-conpul sive 25di sorders, nood di sorders and

especi ally bipolar disorders, major depression, seasonal affective

di sorder, cardiovascul ar pat hol ogi es, pathol ogi es of the digestive
system - 24 - insomia and fatigue due to jet-lag, schizophrenia,
pani ¢ attacks, nelancholia, appetite disorders, obesity, insomia,
pai n, psychotic disorders, epilepsy, diabetes, Parkinson' s disease,
seni |l e denmentia, various disorders associated with normal or

pat hol ogi cal ageing, migraine, nmenory |oss, Al zheiner's disease, and
al so in cerebral circulation disorders, and al so in sexual
dysfunctions, and as ovul ation inhibitors and i m nunonodul at ors and
in the treatnment of cancers.



