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Crystal form of asenapi ne nmal eate The invention
relates to a new crystal form of asenapine, to nethods
wo oooctib@a3pr epar ati on t hereof and to phar naceut PCEHEP2006/061408
conmpositions conprising said crystal form Asenapine
is a conpound for use in the treatnent of centra
nervous systemdi sorders, in particular schizophrenia.
The chem cal nane of asenapine is trans-5-
chl oro-2-net hyl -2, 3, 3a, 12b-tetrahydro-1

or eparat1 on 1 herdarar Wofop dEEHAPMERIAt | 1c. 4z

enapi ne i s_ bei devel oped as its, nmaleate salt 2.
Theo Mefifor; BoilBh N, By Gt Tprnd! AP P R oy eliges for the
Q@repanatizinitherebi andstolphiirnadiceaticaiebmpaositianistboimpriging said crystal form.
et hanolic solution of asenapine | -, according to
exanple 1. For further purification, the thus obtained

5 deenapneds nmlcatppudd forruskeinr ¢ yrehimhdnt zefd céritran nervous system
SRR i RIS oRa AR AT e S %S Kars
Chipsd-2irhéthylid, 3Ba,d 2b-setrahgqirorkH-dibb a2 861 Hexepino[4,5-c]pyrrole and the
phar macol.ogi cal profile
PRRERER RHehEn oREBRT RIS NG: #3854 o- 1 vt benz]

2,3:.6, 7] oxepino[4,5-c]pyrrole, its kinetics and

tabaolism .as well as the first saf.ety. and .efficac .

0 FRKAAES Mbeifs ahioyendles 0F et AR 2 hiscil € resedd by adding

patineslarsequivatent ef/ aeethdndlic dotutiBaaf madei@hcid dan gthanblid sabution of

Future 1993, 18(12 1117-1,123 t _has.been .

a8piiind de sopfiRinboleL xdindie 1 <P pubpr JBTECHUSH, fiitys obtained
aisdnapineoinaleate 2 chadhemeaystalitdd feorh ieiyiohot i ¢ activity.

Funke et al (Arzneim-Forsch./Drug Res. 40 (1999),
536- Y cri bed Physi cochermicalopre ties of
This known cr i api_n&OOH
s E
COOH
N N
1 asenapine 2 asenapine maleate
C,H,,CINO Mw = 401.84
Mw = 285.77 C,HCINO . C,H,0O,

15 Scheme 1 Crystallization of asenapine maleate

The pharmacological profile of trans-5-chloro-2-methyl-2,3,3a,12b-tetrahydro-1H-
dibenz[2,3:6,7]oxepino[4,5-c]pyrrole, its kinetics and metabolism, as well as the first
safety and efficacy studies in human volunteers and in schizophrenic patients were
20 reviewed by De Boer et al. (Drugs of the Future 1993, 18(12), 1117-1123). It has been
established that asenapine is a very potent dopamine and serotonin antagonist with
antipsychotic activity.

Funke et al (Arzneim.-Forsch./Drug Res. 40 (1999), 536-539) have described Physico-
chemical properties of asenapine maleate. This known crystalline asenapine maleate
(form H or monoclinic form) has a melting point of 141-145 °C and is typically

comprised of crystalline particles over 100 um in size as observed in micrographs.
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m cr ogr aphs. A pharmaceuti cal gonposition conpri sing
asenapi ne mal eate for sublingdal or buccal

adm ni stration was described in WD 95/23600. For the
devel opnent of a sublingual formulation, drug

%EI? é&%&ﬂ@g%&}@)&%@@hkﬁ&%&%ﬂp !ag?liépilfez @%gg?etst?éggblingual or buccal

ore,
@dyritistration avas dessribachin WO 95/2p60G Fupphé dévelépmenteaf,a asblingual

hed I i fri _ o
SERRIBBCCRB. A thebie bl St BB el Hhrmrs o rocuce
die pdriclesizecf ithe arystelsna oficrasieatioi step isEHppligrh Howelver, a6 Zescribed

f e, drug. st a 1 n e i.ophar eyt .
ok BB Do SR B TR Bl oy by
paicionizatiorsofzbke ofonotimickong obadembpinee af f ects drug

product manufacturing and di ssolution and hence its

bi oavail ability. Since asenapi ne dissolves in the

dakipadidesize af thealrag sutrstarice infilyeocesabibphanimaneudicalgproperties of the
i.cles. ar kbt ak

ST RR05G, PR rafpfe Y ardiB s ot ool Fsinte BB gy product
tnira resfapturgng endi dissoBatieh lang et cecitselsioavaialpility f 8ince dsenapine dissolves

i ti . r.ti ' te L 0mr OVe .
A5 sl 15 B8 o8 gl W S0 shOSGRY ftfide e small i
itakms nbdshont fesiods bf/’;imé ta Iael'liemhighkzenm‘ntraﬁ@sd Fugn this _perspective

. EOL_a i N eat e [ .

Rof $ehyodihrs"BERARAT By HRiE8Y i@t sBticke §¢€ 1168 o lprove the
fhogfogeadityy ofalpowties ®lemds,o whichs may aresulbros t imprafedr afifoymity of the

3 . o) . .

P Rishis Bl oreBy OB S ERRE TALRB b Aot ize. in torms of aos
[isa pteferbbly gboat ¢ gm omlessrehorer grefenatlly aboutrEnpmrordessaland most
to the indi ed size. Smaller partjcles of dru
SEaftB A5 b ot s oS otk BRbahG e Hiscaife, the term aos
Pn8aMeITRatod5% I8 tHE Sarfcled dsed dpr ihahe) ar8 BeANer than or equal to the
appeared to be very unpredictable when crystals of the

C€G $Fe form were subjected to such a process.

Anal yses of the crystals follow ng m cronization

reveal ed the presence of a secon | ymor ph
(%peﬁlﬁbp%ﬁlﬁ QP drug substance can be ach?e\)gg b¥ micn%nization. The outcome of

the micronization process, however, appeared to be very unpredictable when crystals
of the monoclinic form were subjected to such a process. Analyses of the crystals
following micronization revealed the presence of a second polymorph (orthorhombic
form L) in addition to the known monoclinic form in the starting material. Either the
monoclinic form, or the orthorhombic form or a mixture of polymorphs was obtained
after micronization starting with the monoclinic form. Even when the starting material
was taken from the same batch of the monoclinic form of asenapine maleate,
micronization resulted in product that was not reproducible (see examples 9 and 10).
In addition, drug substance with high polymorph purity could not be obtained by

micronization of the monoclinic form of asenapine maleate.

It is generally desirable to prepare therapeutic agents of uniform and defined

composition. If a mixture of polymorphic forms is used as a medicament great
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obt ai ned after mcronization étarti ng with the

nmonoclinic form Even when thé starting material was

taken fromthe sanme batch of the nonoclinic form of
asawvizgeks arerassoaiabed tmecawdthi asacanapared svith tacglire pofynuipltic form. The

o S AR A RSB A b bt
sach ds rstebilitye retet afi disseiubipn nbioailakililyj emd tfe likee Hence, a mixture of

| jniCef f [ . i :
SRRl " sy 0P o SOMBPURE, (RBRNE e cierdiy GiRbigignemical
ghafametdrsc thap othiet pwa. fotrhs dhati cdnopreseothepmibgurer Fhiscisf alf tise more
el sfea BB YrBied ARS8 10505k B Bmoron
bhea dorhp@menidentical ar respeadt oft itsucorapasitonn Aseadonsequence of these
T N . ,
ek icBRy s, PudARLEGERRNS BooRRI AT BT, oymgrohs of a
tchmpbuhabin riedicaments nihichutly picalfy qephgnachathinty 6me akthefpolymorphs is
g@ound frequently has different physicochemn cal

paranmeters than the pure forns that conprise the
m xture. This is all the nore inportant since in

H‘.thcﬂrggeq'\ti iﬁvénﬁonﬂkﬁé\}ﬁ&e@ én toﬂh%%%bﬁ:aﬁ)prg bo%téélangging maleate, which
m Xt'ure of pol'ynorphs~of a conpound 1T dentical i n

tirepgit theafseidf @ speaipb@ystaliratioAdechnipie seanuznpre pafedtima ighly pure

iffe it LS [ knco rat .

Yol CFMerore, | imk Pt bEmER LARSmbR, IMFORRETE nibarativel
\simatier pamicleasize (kseeneh dAA) than! the ora-aiminetedomynadtipiesform of
[ re ven n Vv . L

st bARalE, TREMovkE T heeT oBEP RS BBt micronizstion of the
tontbodeenbrf faxms pé @isahapiones imslddte aeprodudibly hresalte in ceiorobrystalline

od | i . Furt h . th
AR malel PR b HOBPE W 1 hos e corpar at el y

smal l er particle size (based on d95) than the

-C ' d oclinpic f f_.as j .
s SR TRty BB o SRR, o o
asenapine maleate, which contains 10% or less of another crystalline form, 5% or less
of another crystalline form, or no detectable amount of another crystalline form,

respectively.

Another aspect of the invention provides an orthorhombic crystalline form of
asenapine maleate that is microcrystalline. Here the term “microcrystalline” means that
the form comprises particles having a size distribution characterized by a d95 of 30

pum or less.

Yet another aspect of the invention provides a process for the preparation of the
orthorhombic crystalline form of asenapine maleate. The process comprises
crystallization of asenapine maleate by cooling from an ethanol/water mixture
containing dissolved asenapine maleate. The mixture preferably is 9:1 viv
ethanol/water. Optionally, when crystals of the orthorhombic form are available, a
solution of asenapine maleate in the ethanol/water mixture can be seeded with such
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provi des an orthorhonbic crystalline form of asenapine

mal eat e, which contains 10% of 1ess of anot her

crystalline form 5%or |ess of another crystalline

foorstals. oThen aorybdliEzeda biatermhooayt furtheans liisaggregatedl bi sereened to

frg%meglsag%c&irﬁ/iﬁjoy S@ﬂgt her aspect of the invention
provi des an orthor ic crystalline form of asenapine

mal eate that is mcrocrystalline. Here the term

i C t i_ne" ' : :
Thercria S T84S refeh abresind g IR pLiBa s gyparticuier
Ppolyaiorptic ROmnwhich hbe asnellifef paintdn therraagepeict38142 1@

i nvention provides a process for the preparation of

the orthorhonmbic crystalline form of asenapine

Mhieectystal dfhacle mrmom‘gmbﬁmﬁilmhi @'Et]l?e (presehairivﬁﬁtain: «/Sah bé characterized,
as i ne .mal eat ool i ng from an, et hano ter .
and, s, YsRbushed, fom Teomongeiniclbmi ki ShiPRLABAIVRL techniques
IKngivh rie tl}w aftesughl gs inﬁaﬂaidlSp?Otroﬁtdwnﬂﬁfnmt ﬁ%e_ctro:copy, Solid State
tion .when crystal s, of the.grthor ic formare
RicleRh Blaphouc BERornER euSienty) i oiea A ARERN Ao (SRS, x-ray
plolvdsodiffrsetiaT pattexts P RI)randenagastrers WS iidh tectotiquesshay Ise applied

The .crystal lized terial may further be di saggregated
6'?06"9,@1‘%|¥|%H”f°6n '@T@Ue clusters of nicro crystais. The

crystal line asenapi ne nal eate prepared according to

ne i nventi on Ls,~A rticular polynorphic for i C
ke " BBy XRBrh PR e Phe, BoniRTE RIS, bRpE PR and the
ortyisthambid fdrime (lowéh patternpiof abemapind nidheat@r Eaemiof the patterns is
i.on, can be .char

i hventi.o cterized, and thus di.stingui shed

PERArEO B duBRoibcPheRS i cpPBDsrBPlle valtie e aciER angle 2

ttiesta By UBR K’bﬁ%ﬂéinimfo?slh%aﬁ tharactbridtis [liqﬁé(ég’celithetl\ap =| 9.6 ° 204 °,
ecf roscqpy, n, Spect roscopy, i t a cl ear

% et%q:fRegér?anggsépecﬁé' seo%%/ D%f"eréﬁ‘f’i é&-OSca‘HﬁT iy more

CabrRictenBlid Peaks-bemy at 9.6 ° 20.4 °, 22.0 °, 23.4 °, 25.2 ° and 26.8 °. The most

characteristic peaks are at 9.6 ° and 26.8 °.

The orthorhombic form is characterized by peaks at 2-theta = 10.5 °, 15.7 °, 18.3 °,
19.0 °, 20.3 °, 20.8 °, 22.2 °, 23.2 °, 25.6 ° and 27.5 °, with the more characteristic
peaks being at 10.5 °, 15.7 °, 18.3 °, 19.0 °, 22.2 °, 23.2 ° and 27.5 °. The most
characteristic peaks are at 10.5 °and 15.7 °.

A 2-theta value as indicated typically means that specific value + 0.2.

The orthorhombic form can also be characterized by its crystallographic data.
Crystallographic data of the orthorhombic and monoclinic form obtained by single-
crystal X-ray diffraction have been compared to each other. It was established that the
crystal structure belonging to the monoclinic form consists of the space group P24/n
and 4 molecules in the unit cell, whereas the crystal structure belonging to the
orthorhombic form consists of the space group Pca2, and 8 molecules in the unit cell.
The data are shown in Tables 1a and 1b. An axis length in Table 1a typically means
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nonocl ine form (upper pattern) and the orthorhonbic
form (Il ower pattern) of asen‘aéi'ne mal eate. Each of the
patterns is characterized by intensity peaks at

tleattspicific palae tH @2 ialAusstl apilet iheTatllef 1a gyptcatynmeans ehal value + 0.2°.
t het a (qg .. The monoclinic formhas characteristic

FeAeMIg: Position &, . 2) g Teblesip typicallyomenns thase/valuesst 6.002.

26.1 , 26.7, 26.8, 29.1 and 30.0, with the nore
characteristic peaks being at 9.6 20.4 , 22.0, 23.4

, 25.2 —anrd—26—8—T—TFherost chﬁqﬂf—gﬁ—eﬁ—s—(—r—e—peaks are
at 9.6| and 26. 8 | Mofpglinigrfofmar h harhéwbi | s
characferized by peaks at 2-thetfem 10.5 , 14.7 , 18.3
, 19.0 ’Spéb’egrouRAJP&/n 222, 2PBpegp, 25.6 ard 27.5 ,

with the—ror 'izcteristicpa'(s Eeing at—30. 5
15.7 ,|#8.3 . 19.0% 22.2 . 23 % and 27.5 | The nost
char acer(®¥ti c pepkd8are at 10.511.nd 15.7 .| A
2-thet apy@)Ue as [mflpcated typifcady neans trat
speci f ire—ryat-te—0r 25z Fhe—erthorppapte—form-eqn al so be
char ac gr(f‘ged by {{S"crystallographic data
Cryst al|lod@r aphi c g8 a of the O?I{%rhonbi c ano
nmonocl ifpie Torm opt@i.;med by sinjgdcecrystal X-rjay

di f f r a¢tgm—tave Jﬁ@n conpatred—tgyeachother—| It was
est abl i Xl’( d _that e crystal stlhucture hel nnci ng to

the monde®ihi c fof A%8onsi sts of| 884 space grdup P2i/n

and 4 qrmceg:umze’s i h1Bhe unit cel|]1.4mhereas thg crystal
struct ure petongir g to the orthorttomrc fornrconsi st s

of the space group Pca2i and 8 nolecules in the unit

daple 1Arhe @dY%a'Qgéa%%tai ¢Pneamingsthesuniteelisf agengping maleate
InfdHdchnié forrhdd@rthardoyibicRimy nmeansthat specific val ue

0.2 AL Acell angle in Table la typically nmeans that

value 0.2 An atomic position (x, y, z) in Table 1b

B GrdthloghEsHis dhofEmVEabIEsS 1AGar02B cEbbé uséd to calculate X-ray

Crystal | ographi c data_concerning the unit cells of
@Qyﬁglbidllfgaﬁ@pea@tgems (XRPD patterns) of the monoclinic form and of the

orthorhombic form of asenapine maleate. These calculated XRPD patterns of the

monoclinic form and orthorhombic form of asenapine maleate can be used to compare
with experimental patterns. Furthermore, the data from Table 1a can be used for a
Pawley fit to compare experimental XRPD patterns to the crystallographic data of the
monoclinic and orthorhombic form of asenapine maleate. Even more, the data from
Table 1b can be used for a Rietveld Refinement to compare experimental XRPD
patterns to the crystallographic data of the monoclinic and orthorhombic form of
asenapine maleate.

The crystal of the orthorhombic form of the present invention can also be
characterized, and thus distinguished from the monoclinic form, by their Raman
spectra.

Figure 2 depicts Raman spectra for monoclinc form (upper spectrum) and

orthorhombic form (lower spectrum) of asenapine maleate.



nonoclinic formand orthorhonbic form The
crystal | ographic data from Tabl es 1A and 1B can be
waeis@d/1vascal cul ate X-ray powder diffraction papCBEPE06/061408
(XRPD patterns) of the nonoclinic formand of the

ort horhonmbi c form of asenapin

é el eat e.

These

cal cul ated XRPD patterns of the nonoclinic form and
ort hor honmbi ¢ form of asenapi ne nal eate can be used to

conpare with experi ment al

pat t

erns.

Fur t her nor e,

t he

data Tfo”Mdﬁ‘Gélﬁu&?oﬁr?” DE—USEY 10T a RgfHh&shomBic form
conpare_experin PD pattlerns to the
cratemal ongaphl c dmta of tzhe rorasemi nf ¢ and y z
ortyorhpt f '3853‘1 qjl.fgg'sllt e eat 0 Swen "6'1328t ) 2804
data frpm Ieg be used for a Rietveld '
RefGInerrer&456d Q oﬁ;jaﬁé e>Q34ﬁ83rrE nt 0l XRP[O 2828 ¢ r-|0501t76 -0.0076
the ety pt Ot apt et trire—goroet 1
ort%or hor%"is%géf qr Pﬁ%?o asenapli ne naleatp b% bsq3§ﬁ fo'1668
t heOor t hdr.2e13bi{c023d68n pf0.4180 pres@nt rO/@AH0I c n02aas8 | 0.0820
'\l can bhal chAar antlAar: 5 A~A And fa Al ot o ochnad from t o
nonocl i nl\ﬁcf 099"%;?457@2 nan spectyf 8q§99”g.2930 0.1658
depDct s Ramrg spegstsv‘& cq.ozzfznc Cl o€ forcnﬁf{w‘upre?ﬁ 2732 | -0.0309
snactru La art haor ho L C onm onR snact iy of
a;e api n’é)% eqt ¥§%I e 01E7425 Cr ys@al I oé)r%lﬁl 9&9%8 -0.0987
conger n| rpegase TD.@SBJL ona.3@Ys0I1 ¢ @OS! [ LeD§7P1 -0.0366 | 0.1285
_a_s_e_na_pJ_q_e_[Ia_l_e_afﬂ monoeclinic flormandl orthorhonmbic
f orrEach &#283he QfdeB3rn 4 2°Pngr ackeri pe4OB3B i| nOLEEBt |y 0.0727
PeassS al (:5%4ed!|N0aRG2! | 123302 UeS QT WAg9sHIIN€D.dgom [1)0.0326
The mpnoclinilc formhas chardacteristic pealks at 3070
cm @, 3pAA%h 1, 02069 £@A1742471 €m 1 OEI6 ¢m00253259.0457
CTrd, 1P3P53595 1. 06698 C[MTol16867F CICL % 147 [CO0243 | 0.0979
(Wi t the nore gharactefistic peaks bejng at 30 cm
3020 cm 0578971 06068 BADIWS 1 and 7 [110.@4%9. fﬂQé82mst0-1397
chagact PRake, o 287t—pm1 ' 951 ;
The ort hor%nbl Hgg?%n ?'?r?aefact eri zed(td'(\,/szg;akg Brd0 | 01998
307€¢ cm 0.6BWB51 04P12 BARW16M|1, C 0.1111 01377 0.2085
] 0.8191 0.4003 | 0.2426 ] 0.0042 | 0.2304 | 0.2844
] 0.5417 | 0.3050 | 0.3766 ] 0.0412 | 0.0918 | 0.3158
] 04704 | 0.2787 | 0.4075 ] 0.0409 | 0.0281 0.2624
] 04126 | 0.3625 | 0.3904 ] -0.0561 | -0.0353 | 0.2780
] 0.4253 | 0.4761 0.3477 ] -0.0564 | -0.0657 | 0.3412
] 04869 | 0.7719 | 0.1217 ] -0.1415 | -0.1239 | 0.3604
C 0.5008 | 0.8240 | 0.0104 ] -0.2254 | -0.1491 | 0.3134
C 0.5508 | 0.7718 | -0.0586 ] -0.2204 | -0.1209 | 0.2504
C 0.5858 | 0.6647 | -0.0133 C -0.1360 | -0.0650 | 0.2325
] 0.2015 | 0.4272 | 0.3663 ] 0.7791 0.2274 | 0.1077
] 0.2133 | 0.3209 | 0.4577 ] 0.8836 | 0.2608 | 0.0697
] 0.1969 | 04327 | 0.2377 ] 0.8897 | 0.2887 | 0.0086
C 0.2008 | 0.3373 | 0.1384 ] 0.7927 | 0.2950 | -0.0432
Table 1B : Crystallographic data concerning the fractional atomic positions of

asenapine maleate monoclinic form and orthorhombic form
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asenapine maleate in the crystalline orthorhonbic form
such as diluents, binders, glidants and | ubricants,
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Kure 300 vefle ARl ER pbSVABa PESRITR BeoffEFpug g 2 om
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fini shed tabl et. t hods f or ing. such dosage unit.s
SHESE SRAaane rieals dn e oS Rie AR S0 HRrrobiatSn of fine
shyatal suspeneiohsli ques such as those described in the
standard reference, Gennaroet al., Rem ngton's
Phar maceuti cal Sciences, (18th ed., Mack Publi shing
Gofurtharyaspe8O6T, the fveniion prpviBas phémacbaticabprepaiatiahs comprising the
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rystalline form of asenapiné maléate in association with one or more
pharmaceutically acceptable additives or excipients. In addition to the orthorhombic

crystalline form, amorphous asenapine maleate may be present.

Such pharmaceutical preparations generally take the form of a dosage unit such as a
tablet, a capsule or a suppository, but other solid or dry pharmaceutical preparations
are included. A preferred pharmaceutical preparation is in the form of a tablet. A tablet
may contain certain excipients in addition to the active principle asenapine maleate in
the crystalline orthorhombic form such as diluents, binders, glidants and lubricants,
which serve to impart satisfactory processing and compression characteristics to the
tablet, as well as disintegrants and flavoring agents, which gives additional desirable
physical characteristics to the finished tablet.

Methods for making such dosage units are well known, for example in accordance
with standard techniques such as those described in the standard reference, Gennaro
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about 0.005 to 500 ng of the gctive ingredient. A
preferred dosage unit may confain 1-50 ng of asenapi ne

mal eate in the crystalline orthorhonbicform Brief
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Sixepind[4, 5d¢]pm<§e(2:)é Blutenedlcbeﬂe meablred i teftestiah. 02 r ad.
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size 0.0167 2-theta. The sanples were neasured on a

ernuae 2ishows amandipertraef tae meinpplinic fopra duppsr) arsl the artharhembic

f t f

Al e e e e S
Sxapjhel4&r-glpyredle ﬁ)f%bﬂtaﬁ@lmgsurenents The measur ed
crystals were fixed with inert perfluoro-oil to the

tip of a Lindemann-glass capillary and transferred

ITheGnvenBorf Rliflistrated by the following, non-limiting examples.

Examples
General Methods

X-ray powder diffraction (XRPD) spectra were obtained on a XPert pro Panalytical
Reflection diffractometer in a Bragg-Brantano setup, Cu-Ka radiation, settings 45 kV
and 40 mA together with a X'celerator detector. The slits used: anti-scatter slit 1°,
divergence slit 1/2°, soller slits 0.02 rad. Measuring conditions: scan range 5 - 40° 2-
theta, step size 0.0167° 2-theta. The samples were measured on a rotating sample
disk of Si with a speed of 15 rpm. The XRPD spectra of crystalline pure monoclinic
form and pure orthorhombic form are depicted in Figure 1.

Single crystal structure measurements. The measured crystals were fixed with inert
perfluoro-oil to the tip of a Lindemann-glass capillary and transferred into the cold
nitrogen stream on a Nonius KappaCCD on rotating anode. The structures were
solved by direct methods (SHELX86) and refinements on F? were carried out by full-
matrix least-squares techniques (SHELXL-97-2); no observance criteria were applied

during refinement. Neutral atom scattering factors and anomalous dispersion
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full matrix | east-squares techg ques (SHELXL-97-2); no
observance criteria were applred during refinenent.
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ol gtl on .of %fnr‘%n 1l,. LDS nmethod. A dispersion |iquid
PSRBT 17 Bting of (0.7 ng/m) lecithin (used
as a surfactant) in iso-octane saturated vvith
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LB e SRt B et 502,y ot
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BRBET ShaPley RubssHeRns R e0GdR s Bip gy 02 bifter. The
atnprsonere pneaa’ermm wefghmgaammmhamlwm rvmgaaé@rtam fnateate in a
SaBcBigkE e e st 10k dnd Asgetsieke Rt Easeaie rgptment of the
sanples was pmﬁirmeddfous’l rngmtnasein dnfuﬁltrasmc)rba(HVKTmassomc 310).
SEBREETG 7 e S il ef o SPe SomPlsS bt ity B USRg Taser
I\ﬁtrimtﬁbn (dM?If/aneMasmtmﬁraSnlum %b?p?rﬁdbrsiﬁ Dﬁéﬁubd’t@at has been
0 et er ion o e neltin oin
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eqU|pnent pontalned a measuring cell based on heat

fdéB‘ Iﬁtrat'h%%' %iﬁerve\”n{ia] gcanning Calorimetry (DSC) has been used for the

determination of the melting point (onset temperature in °C) of asenapine maleate.

The DSC equipment contained a measuring cell based on heat flux principle with a
ceramic sensor and a furnace supply which can be used in the temperature range 0 to
300 °C. The heating rate was at least in the range of 1-20 °C/min. Purge gas was
nitrogen (N,) with a controlled flow of 50 mL/min. Asenapine maleate drug substance
(2-5 mg) was accurately weighed in an aluminum sample pan. The applied heating
rate was 5 °C/min and the temperature program was linear from 0-250 °C.

Example 1: Synthesis of asenapine maleate from asenapine and maleic
acid

The free base compound (1), trans-5-chloro-2,3,3a,12b-tetrahydro-2-methyl-1H-dibenz
[2,3:6,7]oxepino[4,5-c] pyrrole (30 kg), was dissolved in 60 L of ethanol and
evaporated in vacuum at 65 °C. Ethanol (90 L) was added to the residue and 1.8 kg of
charcoal was added to the solution at 60 °C. Stirring was continued for 30 minutes at
60 °C and the solution was filtered dust free on filter aid. The filter aid was washed
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nitrogen (N2) with a controlled flow of 50 nL/m n.

Asenapi ne mal eate drug substalfte (2-5 ng) was
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Example 3: Crystallization of orthorhombic polymorph.

Asenapine maleate (260 g) as prepared according to example 1 was dissolved in a
mixture of ethanol (480 ml) and water (50 ml) by heating to 57 °C. Then the solution
was slowly allowed to cool and crystallization started. After stirring for 72 hours the
reaction mixture was cooled to -10 °C and stirred for another hours. Then the crystals
were collected by filtration. This provided asenapine maleate orthorhombic form (224
g, 86%).

XRPD: >95% orthorhombic form

Example 4: Crystallization of batch C2 (monoclinic polymorph)
Another batch was prepared according to example 2.

Yield: 10 kg = 100 % (m/m) asenapine maleate.

DSC: 141.0 °C
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XRPD: complies to reference of the orthorhombic polymorph >95% pure

Example 6: Crystallization of batch C4 (orthorhombic polymorph)
The procedure was as described under example 5 with 28.9 kg of asenapine free
base.

Yield: 20.88 kg = 72 % (m/m) of asenapine maleate (1, orthorhombic form).

DSC: 139.2 °C

XRPD: complies to reference of orthorhombic polymorph >95% pure

Example 7: Crystallization of batch C5 (orthorhombic polymorph)
The procedure was as described under example 4 with 26.9 kg of asenapine free
base.

Yield: 22.85 kg = 85 % (m/m) of asenapine maleate (1, orthorhombic form).

DSC: 139.9 °C

XRPD: complies to reference of orthorhombic polymorph >95% pure

LDS: average particle size ~30 pm

Microscopic picture: particle up to 100 um

Example 8: Crystallization of batch C6 (orthorhombic polymorph)
The procedure was as described under example 5 with 28.9 kg of asenapine free
base.

Yield: 24.2 kg = 84 % (m/m) of asenapine maleate.

DSC: 139.2 °C
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The solution was filtered dust.free and the filtrate
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purity of the product is very high (>95% orthorhombic form) as substance of the
monoclinic polymorph could not be detected by XRPD.

Example 16: Pharmaceutical composition

Principle

Asenapine maleate of the orthorhombic form was mixed into a gelatin/mannitol matrix
and dosed by weight into pre-formed pockets. The matrix was frozen within the
pockets by passage through a freeze tunnel. The frozen tablets were then dried by
sublimating the ice in a freeze dryer.

Procedure for the manufacture

2000 g Gelatin and 1500 g mannitol were dispersed in 45.01 kg of purified water,
while stirring and heating in a vacuum mixer. After dissolution the matrix was filtered,
1406 g trans-5-chloro-2,3,3a,12b-tetrahydro-2-methyl-1H-dibenz [2,3:6,7] oxepino
[4,5-c] pyrrole (Z)-2-butenedioate orthorhombic form was added and mixed. The
mixture was dispensed using dosing pumps into pre-formed blister pockets (250 mg in
each pocket). The filled pockets were frozen by passing through a liquid nitrogen
freeze tunnel. The frozen tablets were dried in a freeze dryer using a pre-programmed
drying cycle. Each pocket contained a pharmaceutical unit dosage comprising 7.03 mg
of trans-5-chloro-2,3,3a,12b-tetrahydro-2-methyl-1H-dibenz [2,3:6,7] oxepino [4,5-c]
pyrrole (Z)-2-butenedioate, 10.0 mg gelatin and 7.5 mg mannitol.
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of another crystalline form 5% or |ess of another
stalline form or no detectable amount of another
ims$|ine form 3. The compound according to claim1
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30. Bhe cﬁﬂlpeund ﬁzodldl,nthB daim 250162 winich 25 characteBized by an X-ray
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peaihgtaa(tzey@flms @hdZ%‘B%m 1 and 824 cm 1. 7. The
con]'gound according to claim1 or
éna
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Cmt:lie%n&ejlof105° 15.7 °, 18.3°, 19.0 °, 20.3 °, 20.8 °, 22.2 °, 23.2 °, 25.6 ° and
27.5°.

6. The compound according to claim 1 or 2 which is characterized by a Raman
spectroscopic pattern with peaks at values of 2888 cm™ and 824 cm™.

7. The compound according to claim 1 or 2 which is characterized by a Raman
spectroscopic pattern with peaks at values of 3051 cm™, 3029 cm™, 3011 cm”,
2888 cm™, 824 cm™ and 717 cm™.

8. The compound according to claim 1 or 2 which is characterized by a Raman
spectroscopic pattern with peaks at values of 3072 cm™, 3051 cm™, 3029 cm”,
3011 cm™, 2909 cm™, 2888 cm™, 1245 cm™, 824 cm™, 747 cm™, 717 cm™ and 194
cm™.

9. A method of preparation of the compound according to claims 1-8, characterized in
that trans-5-chloro-2,3,3a,12b-tetrahydro-2-methyl-1H-dibenz [2,3:6,7] oxepino
[4,5-c] pyrrole (Z)-2-butenedioate is crystallized from an ethanol/water mixture.

10. The method of claim 9 characterized in that the ethanol/water mixture is in 9:1

volume proportion.
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