WO 2006/106135 PCT/EP2006/061408 Crystal form of asenapine
maleate The invention relates to a new crystal form of asenapine, to
methods for the preparation thereof and to pharmaceutical compositions
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treatment of central nervous system disorders, in particular
schizophrenia. The chemical name of asenapine is trans-5-
chloro-2-methyl-2,3,3a,12b-tetrahydro-1
H-dibenz[2,3:6,7]oxepino[4,5-c]pyrrole and the preparation thereof is

disclosed in USP 34 (o] sena ne.is bein eloped as its
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phrenic patients were 20 reviewed by De Boer at al. (Drugs of the
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Scheme 1 Crystailization of asenapine maleate

The pharmacological profiie of frans-5-chioro-2-methyl-2,3,3a,12b-tetrahydro-1H-
dibenz[2,3:6,7joxepinol4,5-clpyrrole, its kinetics and metfabolism, as weli as the first
safety and efficacy studies in human volunteers and in schizophrenic patients were
reviewed by De Boer et al. (Drugs of the Future 1983, 18(12), 1117-1123). it has been
esiablished that asenaping is a very potent dopamine and serotonin antagonist with
antipsychofic activity.

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

comprised of crystalline particles over 100 um in size as observed in micrographs.



comprised of crystalline particles over 100 m in size as observed in
micrographs. WO 2006/106135 PCT/EP2006/061408 2 A pharmaceutical
composition comprising asenapine maleate for sublingual or buccal
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sublingual formulation, drug substance,with a small particle size is

desired. Therefore, to reduce 5 the particle size of the crystals, a
micronization step is applied. However, as described below, it is difficult

to obtain drug substance with high polymorph purity by micronization of
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Smaller particles of drug substance can be achieved by micronization. The outcome of
the micronization process, however, appeared {0 be very unprediciabie when crystals
of the monodlinic form were subjected to such a process. Analyses of the crystals
following micronization revealed the presence of 8 second polymorph {crthorhombic
form L) in addition to the known monoclinic form in the starting material. Either the
monodciinic form, or the orthorhombic form or a mixture of polymorphs was obtained
after micronization starting with the monoclinic form. Even when the starling material
was taken from the same bafch of ithe monoclinic form of asenapine maleate,
micronization resulted in product that was not reproducibie (see examples 8 and 10).
In addition, drug substance with high polymorph purity could not be obiained by

micronization of the monodlinic form of asenapine maieate.

it is generaily desirable to prepare therapeutic agents of uniform and deiined

composition. If a mixture of polymorphic forms is used as a medicament great
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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 35 composition. If a mixture of polymorphic forms is used as a

medicament great -3- drawbacks are associated therewith as compared

with a pure polymorphic form. The difference in crystal structure can lead
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asenapine maleate. Moreover, it has been found that micronization of the
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crystalline form, respectively. In another aspect, there is provided the
SESANLRMP a5 18RI B P B IR e tra hydro-2-methyl- 1 H-dibenz
[2,3:6,7] oxepino [4,5-c] pyrrole (Z)-2-butenedioate
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In one aspect, there is provided orthorhombic trans-5-chioro-2,3,3a,12b-tetrahydro-2-
methyl-1H-dibenz [2,3:6,7] oxepino [4,5-¢] pyrrole (Z)-2-butenedioate.

Thus one aspect of the present disclosure provides an orthorhombic crystalline form
of asenapine maleate, which contains 10% or less of another crystalline form, 5% or
less of another crystalline form, or no detectable amount of another crystaliine form,

respectively.

In another aspect, there is provided the compound trans-5-chicro-2,3 3a,12b-
tetrahydro-Z-methyl-1H-dibenz {2,3:8,7] oxepino [4,5-¢] pyrrole (Z)-2-butenedicate
characterized in that the compound is in a orthorhombic crystal form which contains
10% or iess of another crystalline form, 5% or less of another crystalline form, or no

detectable amount of another crystaliine form.

Another aspect of the present disclosure provides an orthorhombic
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30 characterized in that the compound is in a orthorhombic crystal form
which contains 10% or less of another crystalline form, 5% or less of
another crystalline form, or no detectable amount of another crystalline
form. Another aspect of the present disclosure provides an orthorhombic -
3a crystalline form of asenapine maleate that is microcrystalline. Here the
term "microcrystalline" means that the form comprises particles having a
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(2)-2-butenedioate is crystallized from an ethanol/water mixture. The
crystalline asenapine maleate prepared according to the invention is a
particular io polymorphic form, which has a melting point in the range of
138-142 C. in a further aspect, there is provided the use 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 as defined above in the
preparation of a pharmaceutical formulation for the treatment of 15
schizophrenia or bipolar disorder. In yet a further aspect, there is provided
a pharmaceutical composition comprising a pharmaceutically acceptable
excipient and trans-5-chloro-2,3,3a,12b-tetrahydro-2- methyl-1H-dibenz
[2,3:6,7] oxepino [4,5-c] pyrrole (Z)-2-butenedioate in the
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20 orthorhombic crystal form. In still another a further aspect, there is
provided the use of a therapeutically effective amount of compound
trans-5-chloro-2,3,3a, 1 2b-tetrahydro-2-methyl-1 H-dibenz [2,3:6,7)
oxepino [4,5-c] pyrrole (Z)-2-butenedijpate in the orthorhombic crystal form
in 25 the manufacture of a medicament for treating mental disorders in a
mammal, including a human. The crystal of the orthorhombic form of the
en ventlo an be c cterlz d and thus distinguished from the
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Crystallographic data of the orthorhombic and monoclinic form obtaine
Soh{FAGRRIZ RTRCkaT &pBifiRaction have been compared to each other. It

was established that the crystal structure belonging to the monoclinic
lnf%ma%ﬂﬁig}saggégte ﬁ%@g ?sgp;r%%ed a pharmaceuticai composition comprising a
pharmaceutically acceptable excipient and trans-5-chioro-2,3,3a,12b-tetrahydro-2-
methyl-1H-dibenz [2,3:6,7] oxepino [4,5-c] pyrrole (Z2)-2-butenedioate in  the

orthorhombic crystal form.

in still another a further aspect, there is provided the use of a therapeutically effective
amount of compound trans-5-chloro-2,3,3a,12b-tetrahydro-2-methyi-1H-dibenz
[2,3:6,7] oxepino [4,5-¢] pyrrole (Z)-2-butenadioate in the orthorhombic crystal form in
the manufacture of a medicament for treating mental disorders in a mammal,

including a human.

The crystal of the orthorhombic form of the present invention can be characterized,
and thus distinguished from the monociinic form, by several analytical technigues
known in the art such as Infrared Spectroscopy, Raman Spectroscopy, Solid State
Nuclear Magnetic Resonance Spectroscopy, Differential Scanning Calorimetry, X-ray
powder diffraction patterns (XPRD) and many others. Such techniques may be
applied individually or in.combination.
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20 P21/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 mgans WO 2006/106135
PCT/EP2006/061408 5 that specific value 0.2 A. A cell angle in Table la
typically means that value 0. 2 An atomic position (X, y, z) in Table 1 b
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unit cells of asenapine maleate monoclinic form and orthorhombic form
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patterns. Furthermore, the data from Table 1a can be used for a Pawley
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pRRRRISEXPemeNntab XRPe 3 © 150 ° 222 ° 232 ° 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 + C.2.

The orthorhombic form can aiso be characterized by its crystaliographic data.
Crystallographic data of the orthorhombic and monoclinic form obtained by single-
crystal X-ray diffraction have been comparad to each other. It was established that
the crystal structure belonging to the monociinic form consists of the space group
P2,/n and 4 molecuies in the unit cell, whereas the crystal structure belonging to the
orthorhombic form consists of the space group PcaZ, and 8 molecules in the unit cell.

The data are shown in Tabies 1a and 1b. An axis length in Table 1a typically means
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patterns to the crystallographic data of the monoclinic and orthorhombic
form of asenapine maleate. 30 The crystal of the orthorhombic form of the
present invention can also be characterized, and thus distinguished from
wiheondan@ckinic form, by their Raman spectra. Figure 2 depiB{STRapA&061408
spectra for monoclinc form (upper spegrum) and 35 orthorhombic form
(Iower spectrum) of asenapine maleate. WO 2006/106135
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Tabile 1A :

monociinic form and orthorhombic form

Crystaliographic data concerning the unit cells of asenapine maleate

The crystaliographic data from Tables 1A and 1B can be used to calculate X-ray
powder diffraction patterns (XRPD patterns) of the monodlinic form and of the
crthorhombic form of asenapine maleate. These calculated XRPD patierns of the
monoeclinic 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
Pawiey fit fo compare experimental XRFD patterns fo the crystaliographic data of the
monodiinic and orthorhombic form of asenapine maleate. Even more, the data from
Tabie 1b can be used for a Rietveld Refinement to compare experimental XRPD
patterns to the crystaliographic data of the monoclinic and orthorhombic form of

asenapine maieate.

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

spectra.

Figure 2 depicts Raman spectra for monociinc form (upper spectrum) and
orthorhombic form (Jlower spectrum) of asenapine maleate.
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C {18168 0.4802 (.1436 C 0.0327 {.0700 0.1868
C {.6986 0.4912 0.1216 c 01111 0.1377 0.2085
C .8191 0.4003 (.2426 c 0.0042 0.2304 02844
C 0.5417 | 0.3050 | 0.3768 c 0.0412 | 0.0818 | 0.3158
C 0.4704 (0.2787 0.4075 o {.0409 0.0281 0.2624
C 04126 (0.3825 0.3904 C -0.0581 | -0.0353 | 0.2780
C 04253 0.4761 03477 C -0.0664 | -0.0657 | 0.3412
C 0.4869 0.771%9 0.1247 C 0.1415 | 01238 | 0.3604
C 0.5008 0.8240 0.0104 c 0.2254 |+ -(0.1491 0.3134
C 0.5508 07718 | -0.0588 C 0.2204 | 01209 | 0.2504
C 0.5858 0.6647 | -0.0133 C -0.13680 | -0.0850 | 0.2325
C 0.2015 04272 (0.3663 C 0.7761 02274 0.1077
C 0.2133 0.3208 04577 C 0.88386 (0.2608 0.0687
C 0.1869 0.4327 0.2377 c 0.8897 0.2887 0.0086
C 0.2008 0.3373 0.1384 C 0.7927 0.2850 | -0.0432
Table 18 . Crysiallographic data concerning the fractional atomic positions of

asenapine maleate monodlinic form and orthorhombic form




orthorhombic crystalline form of asenapine maleate in association with
one or more pharmaceutically acceptable additives or excipients. In
addition to the orthorhombic crystalline form, amorphous asenapine

waaleat@drry be present. 25 Such pharmaceutical preparatip0s/gexesalysos
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take the form of a dosage unit such as.a _tablet, a capsule or a
suppository, but other solid or dry pharmaceutical preparations are

nclided dprstered Ahaimaceilical ieRarelion. iR 0 e o ol flablel.. o
Atablet may on1ain certain equpiexts in addition ?oatthe achvepprlncip e
aveMaieheriette i HEXRZRINIFE® MRS AemBierBiePeathaa s Uik éﬁ‘fé, 3020
biatgrasglidants2and bwbticzers ca0 Wingh aarye 20dropd(teaatictaGtosg cm™ and
praGessin | . ISt t let,-a Il asr
e 2R A Sl Gy a . 2o o
phy&aPEh &%t dr<HES to the finished tablet. Methods for making such
dosagesinitaargansitipeakaafo nedsimpie imadédtdante 35 with standard
techniques such as those described in the standard reference, Gennaro

WO 2006/106135 PCT/EP2006/061408 B et al., Remington's y
PR AR BRI S TR & E BT RaRsebstBliSAT Ry EomisRysm 08829 e,
e8petiaty P2EEBcRHaesRentical Rieparatktdsand ThicWianifacureind 194

P Pl gl Gty Ll
4 ¥ is, [ iz | 2
O b A5 BB M o0 T e R TR S g an
d&%ﬁgeﬂ"f}nit may contain 1-50 mg of asenapine maleate in the crystalline

orthorhombic form. Brief Description of the Figures Figure 1 shows XRPD
patterns of the manoclinic form (upper) and the orthothombic_io form .
(PR R 87 S RIRHAE S 98 PRSI GPE o value =2 o
H-dibenz[2,3:6,7]- oxepino[4,5-c]pyrrole (Z)-2-butenedioate measured in
rdffectieny e viResIREREP B eiryidpd s mHEEIRETerho{ tispiaMention
afié thesosthasheupinie rarsatdowenp odrthorhombic form for the preparation of fine

transea- -%@ethyl-2,3,3a,12b-tetrahydro-1 H-dibenz[2,3:6,7]-
o@p?nof%g-%spyrréle (2)-2-butenedioate. is The invention is illustrated by

the following, non-limiting examples.
A further aspect of the invention provides pharmaceutical preparations comprising the

orthorhombic crystalline form of asenapine maleate in association with one or more
pharmaceutically acceptable additives or excipients. in addition fo the orthorbombic
crystalline form, amorphaus asenapine maileate 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 preparaiions
are included. A preferred pharmaceutical preparation is in the form of a tablet. A tahlet
may contain certain excipients in addition to the active principle asenapine maleate in
the crystalline orthorhombic form such as diluents, binders, glidants and lubricanis,
which serve to impart satisfactory processing and compression characteristics to the
tablet, as well as disintegrants and flavoring agenis, 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 technigues such as those described in the standard reference, Gennaro



Examples General Methods X-ray powder diffraction (XRPD) spectra were
obtained on a XPert pro Panalytical 20 Reflection diffractometer in a
Bragg-Brantano setup, Cu-Ka radiation, settings 45 kV and 40 mA

wiogethierenth a X'celerator detector. The slits used: anti-scat€r/&litza(6/061408
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divergence slit 1/2, soller sifts 0.02 rad gMeasuring conditions: scan range
5 - 40 2- theta, step size 0.0167 2-theta. The samples were measured on

aJPL?“%%% s Rk ﬂfaz?édi‘ 1 &52% E@s’?r! Y- TR %P Psﬁﬂ%cggn?gany

crystalline monodlinic 25 form and pure orthorhom orm ar
d %?&e?fﬂ??’ﬁﬁh ra BSTHIEeRRs it iR u%?éf@tﬁ@a%“tﬁgﬁ%h%éa%mm)

measured crystals were fixed with inert perfluoro-oil to the tip of a

Lindgmann;glage a%?e‘?x@@ﬂé %Qé&?@séﬁﬁ%’e' %‘? the QQQmQH{QQ%M%Eomrs

ona Nonlus KappaCCD on rotating anode. The structures were 30 solved

byGiée: f?ﬁ)é‘fﬁ?ﬁj% M@L%Wﬁ?ﬁﬁ&lﬁ@ﬁﬁﬂﬁe&f? PRI, EBtRiA fee ahpw,P-005
fudl-502tmy lefaibe stpiiecagechanitues p(SetiEddo&hR )ymionohseontaicd -50 mg of

CHRHgR" R ARRSH wlEngsRHREMEShNIRLAom scattering factors
and anomalous dispersion WO 2006/106135 PCT/EP2006/061408 9

G%;ne%tt?ns Were tak?@t;é the International Tables for Crystallography.
2ometical Caleulations amt itistrations were performed with PLATON.
All calculations were performed on a Transtec 3.0 GHz Xeon PC under

DR LAY RRD ertiemmahiue marasiaindqee draeen dhe roRgombic
RIBGN{RWVE T tRasEnhispetrontiatc?, 3Gai Pe domithydrd 06UGINABIAS TP Y

48 le ol s ] i¥\§§f} -2 BBl PR Ald Padididband a liquid

nitrogen coole etector. For each sample, 128 scans were collected
using a focussed beam (laserspot 100 m), a laserpower of 150 mW and a

rES@NRISrplatves (iAman IBSraRitisdnanaripisr on (pmer hard her Artheriembic
cmmmqfdﬂrzmglmlbiedthi@th@mmmﬁwfm&mi&m@@,w

ra i 1@:@ he solution is stirred overnight.
%)éf 3 g\gtl fe solution Is tere Bver a 0.22 pm filter. The samples

were prepared by weighing approximately 30 mg asenapine maleate in a

The invention is illustrated by the following, non-limiting examples.

Exampiles
General Methods

Xray powder diffraction (XRPD) spectra were obtained on a XPert pro Panalytical
Refiection diffractometer in a Bragg-Braniano setup, Cu-Ka radiation, settings 45 kv
and 40 mA together with a X'celerator detecior. The siits used: anti-scatter slit 1°,
divergence slit 1/2°, soller slits 0.02 rad. Measuring condifions: scan range 5 - 40° 2-
theta, step size 0.0187° 2-theta. The sampies were measured on a rotating sample
disk of Si with a speed of 15 rpm. The XRPI spectra of crystalliine pure monodlinic
form and pure orthorhombic form are depicted in Figure 1.

Single crystal structure measurements. The measured crystals were fixed with inert
perfluoro-oi to the tip of a Lindemann-glass capillary and transferred into the cold
nifrogen stream on a Nonius KappaCCD on rotating anode. The structures were
salved 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 scatiering faclors and anomaious dispersion



is centrifugal tube and adding 2 ml of the dispersion liquid. Ultrasonic
treatment of the samples was performed for 2 minutes in an ultrasonic
bath (Transsonic 310). Subsequently, the particle size distribution of the

WoaRil&ewas analyzed using laser diffraction (Malvern MastBfSiZeR@ 61K 308
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The particle size distribution has been ¢alculated using the Fraunhofer
algorithm. 20 DSC Method. Differential Scanning Calorimetry (DSC) has

b%a%&?tﬁ% (ﬂér@%k@ﬁtﬁ%'ﬂ?&'ﬂﬁeﬁéﬁ&ﬁ?% BQ@%P&(—Q&%%&%’BW "BLdRddical

C) of asenapine maleate. The DSC equipment contained a measuring

ceHBiRtian, ﬁ%é’!‘fﬁ?ﬁ%c?ﬁ%%ﬂ?ﬁ&‘%ﬁa?ﬁ'ﬂ@ P8 FRigEons were
spfiymekioh edinabeters@d iBHheXéomPEratuies Reige0.knuR5 300 C. The
heating rate was at least in the range of 1-20 C/min. Purge gas was

Mthegem-Ridanitageeaatrabes ﬂé&&r@é@%h@nm FGRAAPIAS Maleate tiRgman
SR e A R T S NS 0 30 VARSI E BBl

g rate wa mln an emperature program was

nn%em% 9 50 Candarips nitngan csrRiast Sseripmer naadsTermrle, 128

a&m@m&a@mﬁﬁlﬁm@mmﬁ b8k #seroBP 0N H)) a iaserpower of 150

trag? hI(r)éSOUS 3a b tetrahydro -2-methyl-1H-dibenz
639 oé;‘(eplno Z?% -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
resigunsned. 2 kispbrabamaatiwias addedriadthesrlvtion et @07 Cagtiningithin

nt nue nute ilt
A sl MRt Sl SR B aR L FrR ol
PRETPE P G0RIEG L Sobsectentiithe oseliQRHENBIsPG PYer A G2 upn fitter. The
sedintinesoldd P abmalewagithin Siptoxifaibiaril wassadagsine theeate in a

COUARIR %z%@%%@%%ﬂ&@% c?f%ﬁé’%’b‘é?%‘?ﬁ:i&d“@&&%%n.g BSRAGHOR the

mixture was cooled to 20°C and stirre The reaction mixture

VRREHES MGSIRPEPTTELC oD &) MiEeR) 1Br 9 hatiFRSARlE thaterjLiansteale 310
fibabedgbentie thystattiaiee sizevaisdlitivithd thefsethaleoled @@)yvaed using laser

COMRSLeEN gﬂ%we%cm@é?s@éﬁ diraGily usgd kshmaere&wtaﬁ&eu@&vwmeh been

is describe examples 2-8. Exam hple 2: Crystallization of batch ClI

(ﬁﬂﬂ%@ (';J?j ﬁgﬁ!)mhofer algorithm

DSC Method. Differential Scanning Calorimetry (DSC) has been used for the
determination of the melting point (onset temperature in °C) of asenapine maieate.
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 temperatfure 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 controlied flow of 50 mL/min. Asenapine maieate drug substance
{2-5 mg) was accurately weighed in an aluminum sampie pan. The applied heating
rate was 5 °C/min and the temperature program was iinear from 0-250 °C.

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

The free base compound (1), trans-5-chiaro-2,3,3a,12b-tetrahydre-2-methyl-1H-dibenz
[2,3:6,7joxepino[4,5-c] pyrrole (30 kg), was dissolved in 60 L of ethanol and
evaporated in vacuum at 65 °C. Ethanol (80 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



Asenapine maleate (10 kg) prepared according to the procedure
described in example io 1 was dissolved in 24 L of ethanol at boiling
temperature. After cooling at 20 C the solution was stirred for 1 hour and

Woed8ed4el310 C ( 2 C). Stirring was continued for 2 hours, tRETCRFS4IIc1408

10

20

25

30

were collected and washed twice with 35.L of cold (-10 C) ethanol. The
impurity profile of the product was determined by GLC analysis. The

Chipials Wergassl B ¥gerum 8hee G doRighielsh 1D HAR AR ERITh Ao L of
trans-5-chloro-2,3,3a 12b-te§ﬁ%ﬁro-2-methgl-lH- dibenz [2,3:

RBIR PES B B 25N A T PA S DR S THE o grnutes
[YBE reatlich GX R Diascrwplid scta G 8t rdceinbron 3dimics pbiwmeagie@ Mixture

RelxipRis Ry . 180% monedinig-foum,achd 0% AINAENQTURIE TRER: fitered.
Particle size by LDS: d95<.199m Example 3: Qréstalllzatlon of

oHIoPRETAIS BEIVRSASH. ibeh bsthe ARk &t &O\5rdfrardhe wet crystals
amecidacyossdamibie rewastaligsbbredhichais redenbedfie tramgi¢4@8ml) and
water (50 ml) by heating to 57 C. Then the solution 25 was slowly allowed

to cool and crystallization started. After stirring for 72 hours the reaction

AT R P R L RGIE T L PP G AN AR e
oftfandnebieiesta (XRM0)Rre83Md XRRPIINg38 Ybopthoedoralsiestairactio example
Exaapladolrbysiabizationpihaich 62igBReneRo YRERBIIANEIR °C the
e B SHeRIa B 0 K A2l Rl o
PIChgER 2 08603348 8wert1colRD: auhysiesed el ovite D6 horoctidid-10 °C)
PORVAREIPHnd RhETAP RIS Y ineOpUulonagli e darn daariCte 8178l sis. The
LcDrySstgg ?vér%zdlriga in vacuum at 60 °C.

Yieid: 10 kg = 100 % (m/m) of trans-5-chioro-2,3,3a,12b-tetrahydro-2-methyl-1H-
dibenz [2,3:6,7] oxepino [4,5-c] pyrrole (Z)-2-butenedioate (1:1) {asenapine maleate
2).

DSC: 140.6 °C

XRPD: complies o reference of monodlinic polymorph

Polymorphic purity: ~80% monoclinic form and 10% orthorhombic form

Particle size by LDS: d95< 198um

Exampie 3: Crystaliization of orthorhombic polymorph.

Asenapine maleate (260 g) as prepared according to example 1 was dissolved in a
mixture of ethano! (480 ml) and water (50 mi) 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 fo -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: Crystaliization of batch C2 (monoclinic polymorph)
Another baich was prepared according to example 2.

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

DSC: 141.0°C



5 Example 5: Crystallization of batch C3 (orthorhombic polymorph)
Asenapine maleate (-30 kg) prepared according to the procedure
described in example 1, was dissolved in 57 L of ethanol and 6.5 L of
Waeaiirteiized water at 55C. The solution was filtered dust FeB 0t 1408
filtrate is cooled slowly to 20 5C. The {fijlttate was seeded with 30 g of Org
5222 (polymorphic orthorhombic form) and cooled i.o for 48 6 hours at 20

SrPheEREtaluRIR eAleiaAIE e g at 60C.  Yield: 20.06
kg@z 69 cV?B(m/m of asenapine maleate. DSC: 139.1 C XRPD: complies to
r r

YERERTYY B RIRRSRER G oh >95% pure Example 6
Crygicldizaadyy oIS b€ 2 brimorhombic polymorph) is 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 (9, orthorhombic

f . : . . : li f hothombi
s ot S dbistenisten TR ORGSR AL sBly R
((Nég 95?91@ %%%W)kg-b— hﬁr@g!@a‘é%d H&d@@ﬁgaﬁod?gé;;&@gse'?(ﬂ%e rdeSsgri bed in

example 4 with 26.9 kg of asenapine free base. Yie 2.85kg=85% ___
(HIATRP dsdiRS SiENERgR- SEHB?HS’rﬁBPc%Er}n?" P58y wajgr at 55°C.
XReBoctnmplies tbiestdrdnsidiot andheoiifiGite jolgmetaplsio8ddpflire 5°C. The
Lﬁ?t%t@\ﬁ@s”}@@g@@&tmlt@x %_i@@t [50) bi?%}(%%9ﬁ@fﬁﬁ%ﬁﬁﬁéﬁ@ﬁiﬁ@f&% (hﬂr_%%ooled
g a e o. Cr alll no C or rnomnli mor °
0 O RS S T s s Sl TR B R atore.

+
rocedure

fréiel BehLEG &g YR YimikpEaganepi@/maiesitasenapine maleate. DSC:
138 @3WV0O-@006/1.06135 PCT/EP2006/061408 -12

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

Example §: Crystallization of batch G4 {orthorhombic polymorph}
15 The procedurs was as described under example 5 with 28.8 kg of asenapine free
base.
Yield: 20.88 kg = 72 % (m/m) of asenapine maleate (1, ortharhombic form).
DSC: 138.2°C
XRPD: complies to reference of orthorhombic polymorph >85% pure

20 Example 7: Crystailization 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: 138.8 °C

25 XRPD: complies o reference of orthorhombic polymorph >85% pure

LDS: average pariicie size ~30 um

Microscopic picture: particle up to 100 pm

Example 8: Crystallization of batch C8 {(orthorhombic polymorph)

The procedure was as described under example 5 with 28.9 kg of asenapine free
30 base.

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

DSC: 138.2°C



XRPD: complies to reference of orthorhombic polymorph >95% pure
Example 9-15: Micronization of batches C1-C6 to give MI-M6 The pure
products of batches C1 through C6 as described in examples 2, and 4-8

wgafdomicidnized in a Chrispro MC200 stainless steel Jet MillCUgiR2P06/061408
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nitrogen as the s carrier gas and a migronization pressure of 7 bar. The
results are shown in Table 2. It was demonstrated that micronization of

CHRI Gl ARORDAISE AR ABRABOMbR BYlngIpD consistently

takes place with retention of the polymorphic™ form. This is evidenced by

the results of, the, micronization of batches G3-C5, which 1o fyrnished the
SIS SIS TR Raieles St e atvs e

miibeopiire divgtehe ohbatsteall véroesia el tesi tegaibeddroarmnipeniBicand 4-8

PRMENGTRFMER SNeHRBFIART280 ddnTaddnuas IREhaWRdhd ARl6gen!as the
adq_irtlion athgnpoéym.&%fgzig ig#riggsgf th%fp,,r%guct is very high (>95%
o?%o?ﬁgmsblc orm) as suBsta[ﬁce giti5e " monoclinic polymorph could not
bé&hgersstisdrrs SRREDN Telts@mple 16: Pharmaceutical composition

Piingilei4sanapins Mk atecpdthatorherprakie fernaspasnxaddrifeg of the
gelatin/m nitollmatri and dos weight into,pre-formed kets, The .
Sorhhdible 5 mﬁﬁ%ﬁ%ﬁ%ﬁ?@ﬁ&?gﬁ)&g@ face Wi FoGhiOR dPH1E amarohic

TiE 078 ifapridenmRictih e dpito gf M dnishaninaignied kedches fradk which
diyeisied are urecionithel nhathtactvie 286)01g6G eladimendskappigsmannin! The

RIS SNFBEBRELEL Arar) GOl ek uiahely MO SHAASRI IANRGHR witn
a vacuum mixer. After dissolution the matrix was filtered, 1406 _
rBAASSl dAEide. 8, 3R SRttty i SIS RhyRRIA- iR REYEianG p GRbpmREPNIc
2pukb of | Py it (&) - 8- hete nagin gie B3t hwiiafalitito rorjagsasidaszans of the

nh%‘?\%cﬂ_r@@ @@%@%ﬁ@%%ﬁ%@e‘é@t?%#%%ﬁﬁpumps into pre-formed

blister pocket mg In each pocke ed pockets were.frozen by
passing thr a liguid nitrogen freeze tunnel. The frozen tablets were
d%éﬁ’f?%ﬁefﬁééé%g f’ﬁ%&b“gi&ﬁfﬁﬂ?@%ﬁ%ed drying cycle. Each pocket
cBrirmiindel a pharmaceutical unit dosage comprising 7.03 mg 30 of
URBSapfld FQizath 38 thdRipB AR & eiBY kg ReNE [Ridif/AaPrRBi Nttrix
[Aéfs%cgiosed by weight info 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-chioro-2,3,3a,12b-tetrahydro-2-methyi-1H-dibenz [2,3:6,7] oxepino
[4,5-¢] 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 liguid nitrogen
freeze tunnel. The frozen tablets were dried in a freeze dryer using a pre-programmed
drying cycle. Bach pocket contained a pharmaceutical unit dosage comprising 7.03 mg
of trans-5-chloro-2,3,3a,12b-tetrahydro-2-methyi-1H-dibenz {2,3:6,7] oxepino [4,5-¢]
pyrrole (Z)-2-butenedioate, 10.0 mg gelatin and 7.5 mg mannitol.



pyrrole (Z)-2-butenedioate, 10.0 mg gelatin and 7.5 mg mannitol. WO
2006/106135 PCTIEP20061061408 - 13 Example 17: Recrystallization to
obtain orthorhombic form Crude asenapine maleate monoclinic form (20
Wrtadissolved in acetone (87.6 kg) and heated to 55C. FRHEESBINGOM 408
was passed through a filter to remove updissolved materials. Heptane
(25.5 kg) was added and the temperature was returned to 55C. 5 Seed

ly 100
W o g e e e D T
aHBEie 3perapReaINeaiRa Ao i@ﬂéﬁ%ﬂ\‘ﬁ%&@ﬁ@"fﬂ@(tﬁ ﬁ?%?ﬁ?@?o@ kg)
Zdndufsatﬂrcetﬁempteravw&mrbmgisﬁgseaaﬁmwaﬁﬂmu £5.rAenapingissolved

malealavas ianlated by iration and, washed witha.d,d, %Bg%%%ed to 55°C.

acetone and heptane (307kg) cooled to 10C. The io material was

5 R ARRERA %m WFLegts. SEORTRAHNS orah, RRIRYMALRINAPO o) were
>aftadozthioshoedbior foimuwnabhebtafize ded® (BBE BH1\88s added at a constant

P;Q{g/ gfe?%@:@lﬁ%r ;ﬁmrg Qel%%&tu(r)yg@ gfg’é %Ezﬁm&&%étg% &4 :QtJrQ was

FE 6‘3 d)o/onl(eA & B AN OTEAS 7 85'878) Wﬁ‘“f%“?“ and

washed with a 1:1 mixture of acefone and heptane (30 kg) cooled fo 1 . The
16 material was thereafter dried. The vieid was 90-26%. XPRD analysis showed thaf
>95% orthorhombic form was obtained.
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OUC 2dU75 OrNcolttoN O W ac6 WO 2006/106135
PCT/EP2006/061408 - 15 Claims 1. Orthorhombic
trans-5-chloro-2,3,3a,12b-tetrahydro-2-methyl-1 H-dibenz [2,3:6,7]

WO 5-c] pyrrole (Z2)-2-butenedioate. 2. The compoun#@CT/EP2006/061408
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trans-5-chloro-2,3,3a,12b-tetrahydro-2ymethyl-1H-dibenz [2,3:6,7] 5
oxepino [4,5-c] pyrrole (Z)-2-butenedioate characterized in that the
compound is in a orthorhombic crystal form which contains 10% or less of
apienrgrystalline form, 5% or less of another crystalline form, or no
detectable amount of another crystalline form. 3. The co
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3. The compound according to claim 1 or 2 which is characterized by an X-ray

powder diffraction pattern obtained with CuKo radiaton with peaks at values of 2-
theta (20) of 10.5 ®and 15.7 °.

4. The compound according to claim 1 or 2 which is characierized by an X-ray
powder diffraction patiern oblained with CuKo radiaton with peaks at values of 2-
theta (26) of 10.5°,15.7° 18.3°,19.0°,222°, 23.2%and 27.5°

5. The compound according to claim 1 or 2 which is characterized by an X-ray
powder diffracfion pattern obtained with CuKa radiaton with peaks at values of 2-
theta (26) of 10.5°, 15.7° 18.3° 18.0° 20.3° 20.8° 22.2° 23.2° 256 *and
275°

6. The compound according to claim 1 or 2 which is characterized by a Raman
spectroscopic pattern with peaks at vaiues of 2888 o™’ 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 3651 cm™, 3029 cm™, 3011 cm™,
2888 cm”, 824 em™ and 717 em™.

8. The compound according fo claim 1 or 2 which is characterized by a Raman
spectroscopic pattern with peaks at vaiues of 3072 cm™, 3051 cm™, 3028 cm”,
3011 cm'™, 2009 cm'", 2888 cm™, 1245 cm™, 824 cm™, 747 cm™, 717 em™ and 194
em™”.

9. A method of preparation of the compound according to claims 1-8, characterized in
that trans-5-chioro-2,3,3a,12b-tefrahydro-2-methyi-1H-dibenz [2,3:6,7] oxepino
[4,5-¢] pyrrole (£)-2-butenediocate is crystallized from an sthanol/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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27.5 . 6. The compound according to claim 1 or 2 which is characterized
by a Raman 20 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 spectroscopjc pattern with peaks at values of
3051 cm’, 3029 cm', 3011 cm’, 2888 cm™, 824 cm-1 and 717 cm". 8. The

ound, according to claim | hich.is characterjzed.by a s .
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schizophrenia or bipolar‘disorder pharmaceutical compaositio
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trans-5-chloro-2,3,3a,12b-tetrahydro-2-methyl-1H-dibenz [2,3:6,7]
oxepino [4,5-c] pyrrole (Z2)-2-butenedioate in the orthorhombic crystal
form. 13. Use of a therapeutically effective amount of compound
trans-5-chloro-2,3,3a,12b- tetrahydro-2-methyl-1H-dibenz [2,3:6,7]
oxepino [4,5-c] pyrrole (Z)-2-butenedioate in the orthorhombic crystal
form in the manufacture of a medicament for treating 10 mental disorders
in a mammal, including a human.



