- 1 - NEW CRYSTALLI NE FORM VI OF AGOVELATI NE, PREPARATI ON METHOD AND
APPLI CATI ON THEREOF Technical field The invention relates to a
crystalline form of agonel ati ne,

N-[ 2- ( 7- met hoxy- 1- napht hyrnacetam de, its preparation and use

t hereof . Techni cal Background Agonelatine with chem cal nane

NA2- (7- et howwlc;@?@mmmtp@dm BLOE AV 1N D, AFBBONa E0XEH ARBS
the followi ng fornula: MO CH%PQdAﬂQNQﬂ%ﬂ%b%t'ne has dual effects
by acting as an agoni st of nelatoninergic systemreceptors and as an
ant agoni st of the 5HT2C receptor. Its properties allowit to be
active in the central nervous system especially in the treatnent of
maj or depr.@fSdabMcld Seasonal affective disorder, sleep disorder,

cardi ovascul ar di seases, diseases of the dlgestlve system insonnmia
and fat i gire iventive delisss tp etcryisiabline forp of pgomeldiing; Nilb&haehenid -Tgpftyi g etamide,
Agonel atine is the % | at oni nergi ¢ anti depressant, and is

ef f ect i véSPEPFIRE 2p ?W@ng of depression, the inprovenent of sleep
paranmeters and the mai ntenance of sexual function. The preparation
and therapeutic use of agonel ati ne have been reported in the European
pat ent ERCUhicdBBackiidud ew of the pharnaceuti cal value of agonelatlne
it is critical to obtain the said conmpound in a hi pure,

stable c rA,gsmémme nwitf ghamiees e IN-Bo7Riethexyg batphibehsty Eﬁ? aggride; 4 ‘w e
it will m t@gﬁﬁus |gngnarnaceut|cal formul ati ons and stable
enough fof P@ﬁ 2 SY'6% 8§ t hout specific requirenents regarding
‘tenperature, light, hunmidity or oxygen |evels
ChinesePatentsCN200510071611.6,CN200610108§§§.7,CN200610108394.8and
CN200610108395. 2 have respectively disgfo GHie crystalline fornms H,
11, IV, V of agonel ati ne and wmbe preparati ons thereof. Anong these,
crystalline form1l is prepared b stallization from et hanol and
wat er; crystalline fonn 111 is prepdafed by hedtl ng agonel ati ne at

| 10C until conplete nelting occurs and then slowy cooling down until
formation &‘Beﬁtrﬁ@ h&d Hal &i’ects%&)é&tr@'als laf 8gdh R HA thVatbifincfi€Pak@dedojtoR @ad asng
agonelatlne at 110C until conplete nelting occurs, followed by

rapi dly eogonistgpfdeH TS BP0 Os arvgerties arﬂt)mlfntp fhe active ot pyralaseges Briom.

until formation of the crystal .occurs; stallipe.fo
by so- caPiPerplly hi’“gH‘eeﬁ“r:*al’“’tjﬁ’"¥ %’Eﬁﬁrnid%?“‘ﬁ‘? T}%ﬁﬁoﬂ"d Ctéﬁoa%%ﬂr i h Ssleé% R
Descri pt 'Q&O&Ecuiabﬁlshggl giesgaggg Aol g&ﬁ\'}é e inlddfid Ql\ﬁ%iéu@ Rads&it ByOjet lag,

provi de a new cryst ormof agornélatine, i.e. crystalline form

VI, whi Cﬁbpéﬁgldm&ﬁan\kﬁhﬂlﬁblbe@lt}c hapmchfe s tthe Srsi melahainphiar atidpuesianiaknd is
formul ation. Another objective of the invention is to provide a
process #ffctiyriopthe FTPij@Iﬁ E deprdssions thie dinproxAment of glsen prEFaptgrhd thgpgipfenagce

,S|nple to i easi | roduci bl e.. The .crystall

agonel at Prs kR ey BEREBPGE frer L SR TR ek ferp R Th Bl
crystalI%g&x&p%ﬂkpﬁpﬁgqﬁg!atlne shows mai n peaks at the diffraction
angles 20 11.1 11.82, 17.49, 18.29, 19.48, 19.72', 20.50, 21.76,
22.54, 22.97, 24.56, 25.36, 27.16 and 31.93. The crystalline form of
agonel ati ne, wherein the main peaks at the diffraction aqgles 20d|lna

the X-r agn poneleihe aharmpcseiidabrplusi Oigﬁcé’f’ﬁl%‘f‘e’t‘h’é Ce?%t%ﬂbrai“h‘éef § fngroun

a onelat shoms foll ng relative i
28 Rel at rtee?]nSI ga%lel iryit%Wne %rm as well” as JN% %&)% xtegroédcﬁnlﬁﬁ Q%E "i’tg\%ﬁ)be

advantageous in phannaceutlcal formulations and stable enough for. long-term storage without

spec1ﬁc requirements regardmg temperature, light, hum1d1ty or oxygen levels.

Chinese  Patents  CN200510071611.6, CN200610108396.7, CN200610108394.8  and
CN200610108395.2 have respectively disclosed the crystalline forms II, I, TV, V of agomelatine

and the preparations thereof.
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Among these, crystalline form 11 is prepared by recrystallization from ethanol and water; crystalline
form III is prepared by heating agomelatine at 110°C until complete melting occurs and then slowly
cooling down until formation of the crystal; crystalline form IV is prepared by heating agomelatine at
110°C until complete melting occurs, followed by rapidly cooling down to 50-70°C and maintaining
at 70°C for about 5h until formation of the crystal occurs; crystalline form V is prepared by so-called

“high-energy” mechanical grinding of agomelatine.

Description of the Invention

An objective of the invention is to provide a new crystalline form of agomelatine, i.e. crystalline

form V1, which exhibits valuable characteristics in the pharmaceutical formulation.

Another objective of the invention is to provide a process for preparing crystalline form VI of

agomelatine, which is simple to implement and easily reproducible.

The crystalline form of agomelatine, wherein the X-ray powder diffraction diagram of the crystalline
form of agomelatine shows main peaks at the diffraction angles 26 11.13°, 11.82°, 17.49°, 18.29°,

19.48°, 19.72°,20.50°, 21.76°, 22.54°, 22.97°, 24.56°, 25.36°, 27.16° and 31.93°.

The crystalline form of agomelatine, wherein the main peaks at the diffraction angles 20 in the X-ray
powder diffraction diagram of the crystalline form of agomelatine shows the following relative

intensity (in percentages):

20° Relative Intensity
11.13 : 124
11.82 17.8
17.49 20.7
18.29 17.9




12.2 31.93 10.1 A process for preparing the crystalline form of
agonel ati ne, wherein agonelatine is firstly dissolved in acetic acid
and then added into 0-25C water to precipitate the crystal. The
process for preparing the crystalline_formof agonelatine above,
wherein the solution of agonelatine in acetic acid is nost preferably
added slowy to water wth-econtinuous—stirring-to—Ffaecthitate the
precipitation of the crystal. 1Th&® said gradual 6&idition to water may
be achi eved by dropw sg—addition—The pharnacotogical—|studies with
crystalline formVl of| agonel a%¥he accondi ng t &°% he i nyenti on showed
that the crystalline formVI 2@ @gornelatlne be used in the
treatnent of diseases pf the ‘Fatoninerqic system _sl eep di sorder,
stress, anxiety, seasonal affegtfve disorder ofg- mjor depression,
cardi ovascul ar di seases, diseases of the digestive systtem insomia
and fatigue caused by |jet |agp2schizophienia, pwbia, depression and
the |like. The crystalline—form-Vi—of—agonetatine—provi-ded accordi ng
to the invention may be fornuRated together w242 vari oys
pharmaceutical | y acceptabli @ adjuvants of excipients as |various dosage
forms for oral or injection admhistration. -134 - Accarding to the

i nvention, the new crystallin rmVl iis obtajnhed with high purity,
stability and good reproduci bi 17 y, andlis advantageous for the
pharmaceutical fornulation. Ipyaddition,| the stability and solubility
of said crystalline form-are-also—superiror—over—the—several existing
‘crystalline fornms. Brilef DescBi.gtion of [{the Drewing Fig.| is an X-ray
diffraction di agram of theTrystartine formVvi—obtained from Exanpl e
1 of the invention, neasured by Braker D8 ADVANCE i nstrunment under
0,02 . schieRscBur BT HE US Rain e A C e gt i Hita
Speci fi ¢ ERRACIAEME e XRBPIG 2530 wak: BgREBhAL hgysas di ssolved in 4ml
of acetic acid with stirring, then slowy added dropwi se to 80mL of
water. The m xture was maintained at OCwith stirring for 3.5h and
filtered. The solid was washed with water 8nilx2, dried_at 55C under
vacuum unti®|Prechs e PiRtingdlae copaling forp o giegeleing p§oss WhFPR hs apliten of
Purity: 99.6%. melti i.nt: 97-98C. I Qf:.a Ml S
i 550 ved P IE AR ot -aeabt & her drsin aEFTRR @t SupOURURLE LR
dropw se #gi80mt Riciphad@rof Mgy XTudr KidVasiuBlafitial Redht@tmBGeWchibved by
stirring for 3h and filtered. The solid was washed with water 8mlx2,
dri ed at dd@isaadiéionvacuum until the wei ght was constant to give 0.90g
of white solid. Purity: 99.6% nelting point: 97-98C. Exanple 3 2g of
agonel ati ne was dissolved in 8Inl of acetic acid with stirring, then
slowl y added, dr i . . ter ' ire - ' i
207208 w R RS, B Ry B VTP b et R B FR
wat er  16Rflowed thadlthk @@s@ﬁin@@@n W@Eﬁgoﬁ@ﬁﬁk&érﬁldyrﬂeiulsedtiﬂ EheWRhigbkt ofdBeases of the
constant to give |.76g of white solid. Purity: 99,6% nelting point:
97-98C. meldpnineFivesyteny steert disonder, farsmanfieta goseblaffeize fisotar Bxappl €PPssitas
dried to give a powdery product, whose X-ray. diffracgtion di agram was
pl otted WERYEHE rdbsle%fﬁsardg%ﬁﬁ%fc‘if il dreeshreaygeBonsomgre A ftiePe PR et o

I ntensi ty 35,10l QMbia, dPresGftha BEWLRLT Ve Intensity

The crystalline form VI of agomelatine provided according to the invention may be formulated
together with various pharmaceutically acceptable adjuvants or excipients as various dosage forms

for oral or injection administration.
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According to the invention, the new crystalline form VI is obtained with high purity, stability and
good reproducibility, and is advantageous for the pharmaceutical formulation. In addition, the

stability and solubility of said crystalline form are also superior over the several existing crystalline

forms.

Brief Description of the Drawing

Fig.l is an X-ray diffraction diagram of the crystalline form VI obtained from Example 1 of the
invention, measured by Bruker D8 ADVANCE instrument under the following settings: Cuka 40Kv

40mA as light source, step length 0.02°, scan speed: 8°/min, scan range: 3°-80°, room temperature.

Specific Embodiments

Example 1

1g of agomelatine was dissolved in 4ml of acetic acid with stirring, then slowly added dropwise to
80ml of water. The mixture was maintained at 0°C with stirring for 3.5h and filtered. The solid was
washed with water 8mlx2, dried at 55°C under vacuum until the weight was constant to give 0.91g of

white solid. Purity: 99.6%, melting point: 97-98°C.

Example 2
1g of agomelatine was dissolved in 4ml of acetic acid with stirring, then slowly added dropwise to
80ml of water. The mixture was maintained at 5°C with stirring for 3h and filtered. The solid was

washed with water 8mIx2, dried at 55°C under vacuum until the weight was constant to give 0.90g of

white solid. Purity: 99.6%, melting point: 97-98°C.

Example 3

2g of agomelatine was dissolved in 8ml of acetic acid with stirring, then slowly added dropwise to
160ml of water. The mixture was maintained at 20°C with stirring for 3h and filtered. The solid was
washed with water 16mlIx2, dried at 55°C under vacuum until the weight was constant to give 1.76g

of white solid. Purity: 99.6%, melting point: 97-98°C.
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31.93 2.800 10.1 Tests of experinental results Crystalline foinms I1I,
11, 1V and VI are respectively placed in a thernostatically
controll ed container at 40C for 20 days_The stability of the said
crystalline fornms is assessed by high performance liquid

chromat ography. 1. Purity Measurenent of the Sanple Chromatographic
condi tions: octadecyl silane bonded silica as fiIIer a m xed solution
of 10mM L phosrhate buffere&gdjusted to EH 7.0 sodlun1hydrOX|de)
and acet oHietFsiBing fpr.of agame{pgng fipm F3amphbt Pas fﬂfﬁéé‘ég“’%ﬂ’a‘fﬁi’f)‘[ BAPEr 3beFe

40DC;, det ctl vel.en th 22 I
an inter ngl (? \é\@ dA e 35 p%te gr%%erﬁfu%ﬁéﬁafpé? & B%%tg%e HQE%H%I
wer e fornudegsgt@gsmmg t he nobil e phase as I ng/nmL solution. | QuL of

each of the solution was renoved and injected into the liquid
chr omat ogr aph. The chronmat ograns were recorded. 2. Assay of the

Sanpl e The assay was carried out usingfan_external. Standard net hod as
descri bed under Purity|MeaSurenent@8f t heRSHpIErsHhe results are as
shown in Table |I: Tabl e 1113 7949 2.4

11.82 7.481 17.8

17.49 5.066 20.7

18.29 4.846 17.9

19.48 4.553 66.8

19.72 4.498 100

20.50 4328 14.5

21.76 4.080 19.7

22.54 3.941 22.0

22.97 3.868 26.2

24.56 3.621 13.1

25.36 3.509 16.7

27.16 3.280 12.2

31.93 2.800 10.1

Tests of experimental results

Crystalline forms II, I, IV and VI are respectively placed in a thermostatically controlled container
at 40°C for 20 days. The stability of the said crystalline forms is assessed by high performance liquid

chromatography.



Sanmpl e nane Purity of crystalline formll Purity of crystalline form
LIl Purity of crystalline formrv Purity of crystalline formVi

Bef ore storage 99. 79% 99. 77% 99. 82% 99. 60% After storage in the
thernostatically control |led containerg for 20 days 99.24% 99. 10%
99.54% 99.55% 3. Solubility Measurenent in \Water

1. Purity Measurement of the Sample
Chromatographic conditions: octadecylsilane bonded silica as filler; a mixed solution of 10mM/L
phosphate buffer (adjusted to pH 7.0 by sodium hydroxide) and acetonitrile in 2:7 by volume as

mobile phase; column temperature 40°C; detection wavelength 220nm. The purity is determined

using an internal standard method.

The crystalline forms II, TII, TV and VI were formulated with the mobile phase as 1mg/mL solution.

10uL of each of the solution was removed and injected into the liquid chromatograph. The

chromatograms were recorded.

2. Assay of the Sample

The assay was carried out using an external standard method as described under Purity Measurement

of the Sample. The results are as shown in Table I

Table I
Sample name Purity of Purity of Purity of Purity of
crystalline crystalline crystalline crystalline
form I form HI form IV form VI
Before storage 99.79% 99.77% 99.82% 99.60%
After storage in the 99.24% 99.10% 99.54% 99.55%
thermostatically
controlled containers
for 20 days

3. Solubility Measurement in Water

The measurement was carried out by HPLC using an external standard method. The results are as

shown in Table IL



The measurement was carried out by HPLC using an external
met hod. The results are as shown in Table IT:
Purity of crystalline formll
99.79% 99. 77% Sol ubi l'ity (ng/nl) 1.11 4124 Fromthe above results,
is seen that the new crystalline formVi

over the severa

Purity of cry

Tabl e |1

stalline formVl Puri

standard
Sanpl e nane

ty
it

of agotnelatine is superior
existing crystalline fornms in terns of stability and

solubility. Wth regard to its prepafakilon, the new crystalline form
i s al so jof—greater vatyge thanm the existing crystaiffine forns [1T1], IV
and V in tefaeridRramendust r PEIY dfspistatiag fosp T Théuey 8f st ieeifdrng the

i nventian ar e ;as follows: 1. A stalline tormof agonelatine,
wher ei n [t he X Ay powder diffractioh diagram of the crystalline form
of agontla@ﬁﬁﬁﬁ§@%mg)nain peaks af; the diffraction anghes 20 11.13,
11.82, 17.49, 18.29, 719 .48 19.72 20.50, 21.76, 22542297

24. 56",
agonel ati ne accor di

di f f r act ifomn tpghoaere

crystalline Eonn1of

i nt ensi t i'¥E? PIBRHY

525. 36, 21.16 and 31.93.
s

i nel at.i he f ol l.ow ng. i V. .
T R T i

2. The crystalline form of

to claiml, wherein the main peaks at the

s, 1is pag tht thewevraveirdine §irp M abeepBplatdie dgivBsont et He

el

11.82 17 -ﬂ% new crystalline form is also of greater value than the existing crystalline forms IIL, IV and V in

terms of industrial application.
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The claims defining the invention are as follows:

1.

25.36°,27.16° and 31.93°.

2,

form of agomelatine show the following relative intensities (in percentages):

of the erystalline form of agomelatine shows main peaks at the diffraction angles 20
11.13°, 11.82°, 17.49°, 18.29°, 19.48°, 19,72°, 20.50°, 21.76°, 22.54°, 22.97°, 24.56°,

at the diffraction angles 20 in the X-ray powder diffraction diagram of the crystalline

26° Relative Intensity (%)
1113 12.4
1.82 178
17.49 207
18.29 17.9
19.48 668
19.72 100
20.50 14.5
2176 9.7 -
$22.54 22.0
22.97 26.2
24.56 13.1
25.36 16.7
2716 122
31.93 101
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A crystallinie form of agomelatine, wherein the X-ray powder diffraction diagram -

The crystalline form of agomelatine according to-claim 1, wherein the imain peaks



3. A process for preparing the crystalline form of agonel atine
according to claiml or 2, wherein agonelatine is first dissolved in
acetic acid and then added into 0-25C water to precipitate the
crystal. 4. The process according to claim3, wherein the solution
of agonelatine in acetic 5acid is added slowy to water with .
continuous stirring to facilitate the precipitation of the crystal.
5. A process for preparing crystalline fgrmVl of agonel ati ne,

- substantially as herei nbefore described with reference to any one of

Exanpl es 1-3. .6. A pharmaceuti.cal ¢ id i b SLJIR Jaim |
crystalline formVi "ot SS?‘S" s gaz}]}ee&g a@%o@h?%&g@g%[ng%%@%%? g%’,a mior
“optional ly togetheeinagdnfelaineisdirst disscbvep reacetizceidtand tieh yddad ieglt-3b Cevater

adj uvants or exci pi.ent 7., Crystalline formVl of agornel atine
according to g?%ﬁeﬁ?lﬁ%otﬁegﬁf%'r use in the treatnent .of diseases of the

nel at oni nergi c system sleep disorder, stress, anxiety, seasonal,
affective di sdrdeFhegrocassjssrordiepiostasn drvhereiythe sluiion of agomglatigda acetic

di seases of thgy ;Js%g&eg%ﬁﬂl%ﬁ Wi W eodtASRE R rAn 2 dadiBhit SHeQreepuaRd obte

jet lag, schizophrenia, phobia, depression and the |ike. 8. A nethod
for the treat fig#iel. of di seases of the melatonirzergic system sleep
di sorder, stress, anxiety, seasonal affective disorder or major

depression, c@r di@Mg&?b‘fo@breﬁérﬁw@@@@%tlig@lfoﬁﬁa@ l@ﬁag@ﬁel&ﬁ_ﬂ&, djbgaﬁtal.ly/as
system insonnia and fatigye, caysed-by jet , _20schi zophreni a,
phobi a, depr e’éeé‘i”ﬁﬁ‘?foé‘ﬁ%es‘fr%gI“'i‘tﬁé#e‘fi'l"?é t‘%@%ﬁ-ﬁ%"@%ﬁ‘ﬁ%’ﬁﬁ?’g adni ni stering
. to a mammal in need of such treatinent an effective anmpunt . of i
crystal | i ne feor mAfihasiacagsaebapositenaoopridigiye tiystellieg form Vhef gomelptinghe
phar maceutj cal c S L ceor di o YB e hiSBia@iiticall
crystalli Lde ~f38?0r§18%%§#a1g30%ﬁ21 (g'i%f)ﬂééls)go g@?@!‘ﬁd’% gf 'g?rgip m 1"aor lcza )|ln t he

25manuf act ur ecaptablepdidvangsmemkcipions.t he treat ment of di seases of the
nmel at oni nergi ¢ system sleep disorder, stress, anxiety, seasonal

affective di sordefys@NinB®RrvIdgRERSH A accsiAn g tasaWr arfordiss RaRes,
di seases of the di'gestive system insomia and fatigue caused by jet
| ag, schizophiemiea of prensespl hapraednessc sypam fep djsRiger, stress, anxicty,

seasonal affective disorder or major depression, cardiovascular diseases, diseases of the
15 digestive system, insomnia and. fatigue caused by jet lag, schizophrenia, phobia,

_ depression and the like.

8. A method for the treatment of diseases of the melatoninergic system, sleep
disorder, stress, anxiety, seasonal affective disorder or major depression, cardiovascular
diseases, diseases of the digestive system, insomnia and. fatigue caused by jet lag,

20  schizophrenia, phobia, depression and the like, the method cox_nprising administering to a
mammal in need of such treatment an effective amount of crystalling form VI of
agomelatine according to claim 1 or 2, or the pharmaceutical composition according to

claim 6,

9.  Use of crystalline form VI of agomelatine according to claim 1 or 2 in the

25  manufacture of a medicament for the treatment of diséaseslof the melatoninergic system,
sleep disorder, stress, anxiety, seasonal affective disorder or major depression,
cardiovascular diseases, diseases of the digestive system, insomnia and fatig:uefcaused by

jet lag, schizophrenia, phobia, depression and the like.



