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WO 2006/106136 ,PCT/EP2006/061409 INTERMEDIATE COMPOUNDS
FOR THE PREPARATION OF TRANS-5-

CHLORO-2-METHYL-2,3,3a,12b-TET HYDRO-1H-DIBENZ 2;3:657!- 061409
MNeyazi-la Ko} [4,5-cC]PYRROLE. This invention relates to nov I i)
derivatives, to processes for the 5 preparation thereof, and to the use of

IMEER MBS HETE (R CUNRSEOR it BFEBARATION OF TRANS-S5-

CIDOROIMETHVE IS 33 Bfh ¥ EPRAFANYRG:4 BENZ 3 &1/ oxe
i nol4 5-cép rro le. Trans-5-chloro-2-methyl-2,3,3a,12b-tetrahydro-1
&ﬁ E‘; "8 \6%4,5- c]pyrrole, which is commonly known as
asenapine, is a compound having 10 CNS-depressant activity and having
Tdnigiimstentioreralzdesritseretd amiaotaditb de(bedvds, Rapeotddacd, bidhé34
T lpgjcal ' 1anine. its.kinetics
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WeRATRINR ahtfanssereptparénne Patidhtsdtaldbistehaiev badBeezbe
{5,@%,?}(94?@%{&?5%]%@&“‘91 18(12), 1117-1123, 1993). 15 It has been

established that the maleate salt of asenapine, known as Org 5222, is a
d- trum, high paqt tonin, li i
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substance necessary. A general methodology for the %reparatlon of

sfudiegdmBysgasRidapMaARedIs sehigRPE VC REIanE NBERea chemical
AR EieEektime BuerBikslanay s OFrdelRdu eV egpeR)) 1enprted §Fyobs),
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SRR A \eebrtvetapkichuenaligibpetedessthsdriviadersatrahalidelaizblled
c%;%'%% B%agé%oéﬁ%.féen%p?ﬁg%{hlit%?sd'?)b\lg%gpgr% Eig%‘ﬁ?'o%c activity and
may be useful in the treatment of depression (see international patent
application WO 29/32108). A pharmaceutical preparation suitable for
sublingual or buccal administration of asenapine maleate has been described
(see international patent application WO 95/23600). Asenapine maleate is
now the subject of clinical studies, making large scale syntheses of the drug
substance necessary.

A general methodology for the preparation of asenapine is described in US
Patent No. 4,145,434. Physical-chemical properties of the drug substance,
Org 5222, have been reported (Funke et al., Arzneim.-Forsch/Drug.Res., 40,
536-539, 1990). Additional synthetic methods for the preparation of Org 5222
and radiolabelled derivatives thereof have also been described (Vader et al.,
J. Labelled Comp. Radiopharm., 34, 845-869, 1894).
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2 The last steps in a known process for the preparation of asenapine (A)
are depicted in Scheme I. In this process, the double bond in the
enamide, 11- chloro-2,3-dihydro-2-methyl-1 H-dibenz[2,3;
W@'?]’Sﬁ’é?fhﬁw 5-c]pyrrol-1-one (lll), is reduced by treatmenP P 20061061409
magnesium in methanol/toluene to p?foduce a 5 mixture of a desired
trans-isomer, trans-1 1-chioro-2,3,3a,12b-tetrahydro-2- methyl-1
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chromatography over silica geI The cis-isomer (V) can be isomerized

agali resulting ina 1.2 ne)lxtu e of compound (IV) and
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c graphy. After furtiier Te

recrystallization of-the-three 20 c6

produ%es g‘ans -1 1-chloro- 2,3,3&12ktetrahydro-2-mé&fy yNL

H-dibenz[2,3:6,7]oxepino[4,5- c]pyrrolE 1 -one
(ti) l (v} V)

Org 5222

Scheme |

As shown in Scheme 1l, the unfavorable product ratio can be improved by
subsequent partial isomerization of the unwanted cis-isomer (V) into the frans-
isomer (IV) using 1,5-diazabicycio[4.3.0jnon-5-ene (DBN), leading to a
thermodynamic equilibrium ratio of irans-isomer (IV) to cis-isomer (V) of 1:2.
Separation of the frans-isomer (IV) and the cis-isomer (V) is done by
chromatography over silica gel. The cis-isomer (V) can be isomerized again
using DBN resulting in a 1:2 mixture of compound (IV) and compound (V),
from which the frans-isomer (IV) is again separated by chromatography. After
further repetition of this cycie at kg scale, recrystallization of the three
combined fractions of the frans-isomer (IV) produces frans-11-chioro-
2,3,3a,12b-tetrahydro-2-methyl-1H-dibenz[2,3:6,7Joxepino[4,5-clpyrrol-1-one
{IV¥) in an overall yield of approximately 38% starting from the enamide (ii0).



(IV) in an overall yield of approximately 38% starting from the enamide
(i.3 0oDC,CI--CDH"~-H+HH _H ON O N7 1. silicagel O N'
chromatography | (1V) (v) 2. isomerization of (IV) unwanted isomer (V) 4
3. crystallization overall yield 38% @f collected fractions of (IV)
isomerization by DBN Scheme 11 The drawback of the process described

it'this distlosure, compt
form&@aenhaving a pair of baje"ape hashedywgdged bonds, a®shewn,
e.g., in cdmpound (IV) of Schemie I, or atperirasbizold wedged bonds, as
shown, é%., in compound (V) Mchemgigﬁgﬂéﬁﬁ‘e%ns" or "cié¥)
diasterepisomers, respectively. Each of theysempeunds mayexaitviesi 38%
single er%lantiomer having the ab#olute sg | efefrarconfiguration
indicated byisthesadgeobdonds, or having tHe opposite absolute
configuration, or as a mixture ofggharimers (e.g., racemate) having the
relative stereochemical configuration indicated by the wedged bonds. The
ﬁ{&ﬁ%&g&ﬁfﬂ @%%G%%‘Q%&Q&HBS&SaS%%e:@%é%&)é%%@%‘i‘e‘i?%E%Mt%
ang By CRIB: SEINgL Wil e inal el pt e ivemspogsornd (IV) is only
REGRIARIEIRErO e A kBB S rBINsd Fragetehdetrhydro-2-

methyl-1H-dibenz[2,3:6,7]oxepino[4,5-c]pyrrol-1-one (V), is treated in an
preparation of the frans-isomer (IV¥).

Throughout this disclosure, compounds represented by structural formulae
having a pair of boid and hashed wedged bonds, as shown, &.¢., in compound
(V) of Scheme |, or a pair of bold wedged bonds, as shown, e.g., in
compound (V) of Scheme |, refer {o “frans” or “cis” diastereoisomers,
respectively. Each of the compounds may exist as a single enantiomer
having the absolute stereochemical configuration indicated' by the wedged
bonds, or having the opposite absolute configuration, or as a mixture of
enantiomers (e.g., racemate) having the relative stereochemical configuration
indicated by the wedged bonds.

The present disclosure provides a process (Scheme i} in which the mixiure of
lactams, frans-11-chioro-2,3,3a,12b-tetrahydro-2-methyl-1H-dibenz{2,3:6,7}-
oxepinol4,5-clpyrrol-1-one (IV) and cis-11-chlore-2,3,3a,12b-ietrahydro-2-
methyl-1H-dibenz{2,3:8, 7]oxepinol4,5-cipyrrol-1-one (V}, is treated in an
alcoholic solution comprising an excess of strong alkaline base theraby
producing a mixiure of frans-8-chioro-10,11-dihydro-11-[{methylamino)-
methyli-dibenz{b,fioxepin-10-carboxylic acid (1) and cis-8-chioro-10,11-
dihydro-11-[{methylamino)methyli-dibenz[b fioxepin-10-carboxyiic acid (la).
The ring-opening reaction is stereoselective, resulting in a 10:1 ratio of the
trans-isomer (1) to the cis-isomer (la). The frans-amino acid derivative (I) is
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alcoholic solution comprising an excess of strong alkaline base thereby
producing a mixture of trans-8-chloro-10,11-dihydro-1 1-[(methylamino)-
meth g dibenz[b,tJoxepin-10-carboxylic acid (1) and cis-B-chloro-10,11-
I’r{/’ﬁ%// 2q13° [(methylamino)methyl]-dibenz[b,t}oxepin-1 0- caFEW@%“éIal499
(la). The ring-opening reaction is stéreoselectlve resulting in a 10:1 ratio
of the trans-isomer (1) to the cis-isomer (la). The trans-amino acid
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15 (IV) overaII \ 'eldo62°o Schem Il The

maydse the pure cis-isomer (V). The mixture ob qmeds (1V), (V) o
10 obtaihed from compolind (l11) in accordance with Scheme l, above or
may be™dbtained in a ndthber of synthesis steps dich as described#h

Example 8. ring closing

ex

N
I

{IV} overall vield 62%

Scheme Hi

The starting material for the ring-opening reaction may be a mixiure of the
frans-isomer (IV) and the cis-isomer (V). Alternatively, the starting material
may be the pure cis-isomer (V). The mixiure of isomers (I¥), (V) may be
obtained from compound (Ilf) in accordance with Scheme [, above, or may be

obtained in a number of synthesis sieps such as described in Example 8.

The hydrolysis of the lactams (fV), (V) can be carried out in an alcoholic
solution at reflux femperature in the presence of a stoichiometric excess of a
strong alkaline base. Preferred bases include alkali metal hydroxides, such as
potassium hydroxide or sodium hydroxide, which are used in 2- to 20-fold or
in 10~ to 20-fold molar excess based on the amount of the isomers (IV), (V).
Useful alcohols include C1 to CB alkanols, including methanol, ethanol, n-
propanol, Z-propanol, n-butanol, and mixiures thereof. The use of higher
boiling alcohols, such as n-propancl and n-butanol, appears to provide shorter
reaction times for the ring-opening reaction.

After completion of the ring opening reaction, water and ethano! are added

and an extractive work up may follow to remove side products. The amino



The hydrolysis of the lactams (IV), (V) can be carried out in an alcoholic
solution at reflux temperature in the presence of a stoichiometric excess of
a strong alkaline base. Preferred bases include alkali metal hydroxides,
such as 15 potassium hydroxide or §odium hydroxide, which are used in
2- to 20-fold or in 10- to 20-fold molar excess based on the amount of the

isgmers (V). (V). Useful alcohols,incluge C1 to lkanels, including
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ring-opening reaction. mpletion of the ring opening reaction, water

chintcethhbidingdradet (arrihvrexprasnenwidtivgnamayleepirtdtemove
C@i%ﬁ};@@lgg{é.(l hesamingarReibAgs @ltves (1), (1a) are extracted into the

water/alcohol phase and " acidified to a pH of 1 using hydrochloric acid.
ubsequent eyaparation of t I li Ivent lectivel talli
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I -[(methylamino)methyl]-dibenz[b,tjoxepin-10- carboxylic acid (1) may be
'Br%ﬁ%ﬁ@%@?&@%@ﬁﬁl&%sﬁﬁ%?&@é&ﬂ%@ iR gnia or

JHeANe)RokideieTutieh el alaRdraRbhOViHE aRRRaRts /7 oeslinefree
hydr i(ide solution, and evaporation of the methanol to give the free base
t{%ﬁ%z B8 F e ring-closure reaction (cyclization) of the amino acid
derivative (1) to produce the trans lactam derivative (V) (see Scheme IlII)
Thayipe-ciasiee orrclisiEYsizajionch drkl @ simoortisedanittsivertic Torm by
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aromatic solvent such as toluene or Xylene, either with or'without an

yRiagithehyAGesddaSaiershthRvikaiama et iy SerilItR SUsRESHIN
Sreha by ariexinen soshuaydensiiitg an aromatic solvent such as

toluene or xyiene, either with or without an addifive to increase the rate of this
reaction. Suitabie additives are silica ge!, aluminum oxide, sodium hydroxide,
and sodium acetate. A preferred solvent 1o carry out the ring closure is
foluene; preferred additives are sodium hydroxide and sodium acelate.

Sodium acetate is most preferred as it typically results in the shoriest reaction
fime.

in an alternative method for the ring closure, the amino acid derivative (i) is
converied into an aclivated acid form, such as an acid chioride, which upon

neutralization with a base, spontaneously cyclizes o the desired lactam (V).

A further embodiment of the disclosure relates to a process (Scheme [V} for the
preparation of trans-2-chlore-10,1 1-dihydro-11-[(methylaminc)methyl}-dibenz-
[b,floxepine-10-carboxylic acid (1), which is a regioisomer of the amino acid

derivative (1) depicted in Scheme lll. The process comprises the steps of: (a)



and sodium acetate. A preferred solvent to carry out the ring closure is
toluene; preferred additives are sodium hydroxide and sodium acetate.
Sodium acetate is most preferred as it typically results in th% sih/%g%%tﬁ 061409
WRAEG e, In an alternative method for the ring closure, thé Ehing %eid
derivative (1) is converted into an activated acid form, such as an acid
chloride, which upon neutralization with a base, spontaneously cyclizes to
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steps 106136 PCT/EP2006/061409 6 reduction of an
5  [dbnidexenianin§-s]eyanlirens- (Yakhi (D) Pydnsbisig mBteerpctams (ViI),
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(chloro-2,3,3a, I 2b-tetrahydro-g-methyl-1 | )
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iErSs 6B iSoddel ZistatEy o2 -medihydhbdibgradihylamino)methyl)-
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drpintedoin Gahsime- L@kavsorpitatisaarg nhreAusipofifchsdacsrmaemide
g}gﬁrﬂ}i’@d@cégé}g'\(@éi\(g)(ll) from the mixture. Cyclization of the amino
acid derivative (Il) to the desired lectern (VII), which is a regioisomer of
the lectern (IV) depicted in Scheme I, above, and subsequent reduction of
amiden group yields agenapihe i ”H
Cl

(w1} {VH} (Vit)

[ S —

{in
15 Scheme IV

The enamide, 5-chioro-2,3-dihydro-2-methyi-1H-dibenz[2,3:6,7Joxepino[4,5-
cipyrrol-1-one (V1), can for instance be prepared in a number of synthesis
steps starting from 4-chlorophenol and methyt 2-bromopheanylacetate as
described in Example 9. '



NONNO 111 (VI)(VI)(VIN0OO HH+HH HHOO0HHO O (ll) (Ha)
15 Scheme IV The enamide,
5-chloro-2,3-dihydro-2-methyl-IH-dibenz[2,3:6,7]oxepino[4,5- c]pyrrol-I-one
(VI), can for instance be prepared irva number of synthesis steps starting
from 4-chlorophenol and methyl 2-bromophenylacetate as described in
Example 9. 7 Another embodiment of the disclosure provides an .
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: : o . )
o el R e e o
lithivenorigrpibure dytoidproptinssiy éngpmbialion avilfprebryielacyt. 7%) s
ald MAEPRIGHR. 8RS SddoAtbQtidn Brblidbs2dbraniae A _g;%él?
(D (H) (A) Scheme V A further embodiment of the disclosure provides the

Yiedh8iaififo acid derivatives of formula (2) or (1), as depicted in Schemes
[lI-V, or the enantiomer of each trans-amino acid derivative having the
W i - y

opp e configurat ic miskyyre of eg mmo
cacichde e, ot a salt thefeg ) altsdreyde @kakym 5
such as$odium, potdSsium orittiomisélts, or——"—> ‘
o N N ~o THF
oH H M wo "“i
(!) (15) (A)
Scheme V

A further embodiment of the disclosure provides the trans-amine acid derivatives of
formula (i) or (It), as depicied in Schemes lil-V, or the enantiomer of each
trans-amino acid derivative having the cpposite absolute configuration, or a
racemic mixture of each trans-amino acid derivative, or a sall thereof. Suitable
salts include alkali metal salts, such as sodium, potassium or lithium salis, or
salts obtained from the combination with an organic base, such as trimethyi-
amine, triethylamine and the like. Other suitable salis inciude acid addition
salts, which may be obtained by ireating the free compounds (I} or (K) with a
mineral acid such as hydrochioric acid or hydrobromic acid, or with an organic
acid such as maleic acid, acetic acid, methang sulfonic acid, and the like.

Suitable acid addition salts of asenapine (A) can be obiained from the
ireatment with a2 mineral acid such as hydrochioric acid, hydrobromic acid,
phosphoric acid and sulfuric acid, or with an organic acid such as for example
ascorbic acid, cifric acid, tartaric acid, laclic acid, maleic acid, malonic acid,
fumaric acid, glycolic acid, succinic acid, propionic acid, acetic acid and
methane sulfonic acid. The preferred acid addition sali of asenapine is the
maleate sali, i.e. Org 5222.



salts obtained from the combination with an organic base, such as
trimethyl- amine, triethylamine and the like. Other suitable salts include
acid addition salts, which may be obtained by treating the free
compounds (1) or (11) with a mineral acid such as hydrochloric acid or
hydrobromic acid, or with an orgaﬁ% acid such as maleic acid, acetic
acid, methane sulfonic acid, and the like. Suitable acid addition salts of
asenapine (A) can be obtained from the treatment with a mineral acid
such as hydrochloric acid, hydrobromic acid, phosphoric acid and sulfuric
in a fistmkrecivitrean opganie deitagcinasd ackxdenpiiivast dobioadidr Stnoula 1,
acid, tartarlc acid, Iactlc aC|d malelc aC|d malonlc acid, fumaric acid,

a trans-amino
I\/ HH/H".H @)

derivative having the opgpsne absolute conflguratmp or a racemic
mixture of each trans- amino acid derivative, or a salt theredf. In a second

aspech thereiapisHidrdrRiansAuianpRdArr yatyeSe fetRA e
trans-8-chloro-1 G, 11-

dihydrePRIEie BRHIR SRRESW AR CRL B RGBT Bb RAR das-
trans-grateracikddbindlibyerer bldmaibyarmino)methyl]-dibenz(b, f
oxepine-l0-carboxylic acid, or a salt thereof. In a third aspect there is

i < PAAded 2 process for preparing 2 bans;aming acid dervalive gfformyla

dihydro-11-[(methylaminoimethyll-dibenz[b,floxepin-10-carboxylic acid,
frans-2-chloro-10,11-dihydro-11 -[(methylaminc)methyil-dibenz{b,fi
oxepine-10-carboxylic acid, or a salt thereof.

erivative selected from trans—S—chtoroJ{} 11-

in a third aspect, there 1s provided a process for preparing a trans-amino acid derivative of formula {,

the process comprising reacting a mixture of lactams of formuia IV and
formuta V,

(V) (V)

with a base in the presence of an alcohol.



() the process comprising reacting a mixture of lactams of formula IV and
formulaV, 0 0 C, 0 SN!FH > O N dV) (V) with a base in the presence of
an alcohol. 7b In a fourth aspect. there is provided a process for
preparing a trans-amino acid derivative of formula It. CI\"/ HH N O I—¥
In & fourth HEREL) ttisespsaTeyis ebmpISRRS FeaRIARG ENMAIARSTHRERHY GefbRYfPT formuia i,
VIl and formula VIII, O XO" CI//CIHMHHNON~0 (VIl) (VIII) witha
base in the presence of an algeta|..ln.a fifth, aspect, there is provided a
process for preparing asep A,1CI\/ H"HN | (A)ora
salt thereof, the process comprisiag: (&) gyclizing a trans-amino acid
derivative of formula | or formul\ﬂ O}
H Ho

(i)

the process comprising reacting a mixture of iactams of formula Vii and

formula Vil

with a base in the presence of an aicohol.

in a fifth aspect, there is provided a process for preparing asenapine of formula A,

or a salt thereof, the process comprising:
(a) oyclizing a trans-amino acid derivative of formula | or formula B,

0 m ,

or a salt thereof, to give a lactam of formula IV or formula Vi,



ci-C(/cl/HH\HH N OHHHHO (I) (Il) or a salt thereof, to give a
lactam of formula IV or formula VII, 7c OHHHH ONNO (-9 (VIl) (b)
reducing the carbonyl moiety of a let¥ern of formula IV or formula VII to
give the asenapine_of formula A; and (c) optia aIIyOcon /erting the
asenapine of forfhuly Ot salt thereof. In agpect, there is
provided a 3S-H gparing asenafine 4 mula#/ 0 CI\HN |
(A) or a salt thereof;" récess comprising: (é’Q ea'i'ﬁb a trans-amino
acid derivative of formy|;
OHHO OH () (11) ! l

) (Vi) ;

(b) reducing the carbonyl moiety of a lactam of formula IV or formula

Vi to give the asenapine of formuia A; and
(c)  optionally converting the asenapine of formuia A o a salt

thereof.

In a sixth aspect, there is provided a process for preparing asenapine of formuia A,

or a salt thereof, the process comprising:

(@) treating a trans-amino acid derivative of formula | or formuia i,

o (i
or a salt thereof with a reducing agent to give asenapine of formula A;
and
(b) oplionally converting the asenapine to a salt thereof.
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or a salt thereof with a reducing agent to give asenapine of formula A,
and (b) optionally converting the asenapine to a salt thereof. WO

W%Oz%géﬁ(g&b‘l%é(s PCT/EP20061061409 8 EXAMPLES The foq’%ﬁljﬂgﬂ)%/(j(ﬂw
examples '

es are illustrative and non-Iing‘ting and represent specific
embodiments of the present inventioh. In each of the examples below, the
compounds Org 5222, asenapine (A), and all cis- and

trans-precursors-e.g., 5 compoEKa#PL-ESL), (1V), (V), (VII) and (Vill)-are
racemates, and the pairs of bold wedged bonds or bold and hashed

WedersWA ez dtapRindRE i AndORBHRURRIIY GHE FeIREYENt specific

stereochemical configuration. General Methods For most of the examples,
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as an a r N owing a reviations:..s (singiet),
g e R e e iatds oA e s o
eldondeigah moRdEs SCHeX ARd heéSh&Cvelugeddtogdsmsadaretretustiediual

ARSI SR Sofi s

methyl-1H-dibenz[2,3:6,7]oxepino[4,5-c] pyrrol-1-one (1V) following
GenpiaMetoffxture of trans- (IV) and
m-&gwmgﬂ??ﬁﬁﬁm-tfuam?&w%m@vﬁcbrded onda Bruker DPX 400.
H-dibenzr2,3:6,71oxepinof4,5-clpvrrol-l -one (V) 20 Under N2
DB R il B oo 5 S HRER Ao #bi ILCGL PR LR aREion
referagnesio MME @ aramicfisB éiantal) insialy ¢we fGlicwing htbueviations: s

eriod of 20 minutes olution,of 11-chloro-2,3-dihydro-2-methyl-1 H-di-
R R bR T
wamaeetrded ainoy S)REGEHNaABI (55 GIL chasrsddgdiTheecacticorded
5ﬂi)ét'iiﬁgélé §,§W§‘d82§4 {eﬁﬁi’i‘i@k‘éﬁ&mﬁhen’ over a period of 2 hours, 3

i % g, 41.06 mmoa

portions of magnesium mol) followed by one larger portion
e e ot an of Braiog11-chioro-2,3,3a,12b-tetrahydro-2-
methyi-1 H-dibenz[2,3:6,7joxepinof4,5-c] pyrrol-1-one (IV) following
Scheme il

A, Mixture of frans- (IV) and cis-11-chloro-2 3,3a.12b-fetrahydro-2-methyl-
1H-dibenz{2 3:6, 7loxepinof4.5-clpyrroi-1-one (V)

Under N» atmosphere, iodine (4.85 g, 18 mmol) was added {0 a stirred

suspension of magnesium (1.75 gram, 71.87 mmol) in toluene (175 mL). Over
a period of 20 minutes, a solution of 11-chioro-2,3-dihydro-2-methyl-1H-di-
benz[2,3;6,7lcxepinc[4,5-clpyrrol-1-one (Iil) (25 gram, 84 mmol; see Vader et
al., above) in methanol (175 mL) was added. The reaction mixture was stirred
far 35 minutes. Then, over a period of 2 hours, 3 portions of magnesium (1 g,
41.06 mmol) followed by one larger portion of magnesium (2 g, 82.12 mmol)
were added. Water (600 mL) and 36% hydrochloric acid (65 mL) were added
keeping the temperature beiow 40°C. Toluene (50 mL) was added, the layers
were separated, and the water layer was extracted with toluene (2 x 100 mL},
The combined toluene layers were washed with water (200 mL), dried over

magnesium sulfate, filtered and evaporaied. This gave a mixture of frans-11-
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were added. Water (600 mL) and 36% hydrochloric acid (65 mL) were
added keeping the temperature below 40C. Toluene (50 mL) was added,

the layers were separated, and the water layer was extracted with toluene
WO R%GBGHE). 30 The combined toluene layers were washed (WthRzAER6 1407
(200 mL), dried over magnesium suffate, filtered and evaporated. This

gave a mixture of trans-11 WO 2006/106136 PCT/EP2006/061409 9

eiaiaBe dib&iten. 9 1d.5-C}-
%%303?%?6 l?J?and cis-|1 %h%cf)%hg%a 12b- tet%@y O)Zdzﬁr?flﬁef: i éﬁ

ryBaliirene @fgbﬁﬁ%-[wscsjggﬁraﬁ S 207 PIRRYE o IR ratlo
dider2 3:6; 4}%@[@;%@@01%%(@@% & B1@%Omateg rapbic

|f|cat| f(lVvV D clo [f Jnon-5-ene (DBN, 1.6 L) is
(ﬂd@t} oﬂ[L?esh %d %tﬁm% §§ of cis-isomer (V) and
trans- |somer (IV) (10 kg in total) and the reactlon mixture is stirred for 1
: z ¥he¥oH of the aqueous layer is

aciusts his b & W oA (ENOTBRITN e BB 400
continued for 15 minutes and, if necessa cetic acid SP(S?E 3 ?
SRR R TSI b P FRTPE L Ao RO TALANG (g faar (1A
VRt subfiovaiakiZe0d-stiseacrntiaiedriatarreliniests: 2200 @W%Mdﬁ.@ﬂ

by chromatography on silica (10 ) with toluene (115 L) and,
AR R S50 OB AT B B 208618 15

(E@pt@ximatmyalrmw %ﬁhﬁgﬁmmmmﬁnmmm@mz iBridadsdiary,

TG i aEH B AR 5 DO b B AR SR o

“ﬁi‘&laluenlaltny.e@ls @aslmwmmajw{z{ﬂﬁéIMdecentrated o a volume of

$5 T aRTeAyahER %l(?r% DY 8k %“‘_%[%26 (60 Rt BRHERMTEM)
MQFQ@WWWMW@OQ idn&‘(ﬂ/ﬁraﬁ@ns are pooled and

ﬁ&%r@%ﬁéﬁ@%&%&s@g PRIt  dIRRNE-2,3,3a,120-

{2367]0xep|no 5-d|pyrrol-1 -one (V) are combined. C. 'Repeated
QAN O BRI PR E 3 PRRRIACERA TR @&ﬁé&ﬂé’%\/)

SSMiSABLETE dRt@iRtrated to a volume of 50 L. Fractions containing cis-11-
chloro-2,3,3a,12b-tefrahydro-2-methyl-1H-dibenz{2,3:8,7]oxepino(4,5-c]pyrrol-
1-one (V) or mixtures of frans-11-chloro-2,3,3a,12b-tetrahydro-2-methyl-1H-
dibenz[2,3:6,7joxepinol4,5-cjpyrrol-1-one (IV) and c¢is-11-chloro-2,3,3a,12b-
tetrahydro-2-methyl-1H-dibenz [2,3:6,7]oxepinol4,5-cjpyrrol-1-one (V) are
combined.

C. Repeated isomerization with DBN

The combined fractions containing cis-isomer (V) are isomerized again
using DBN in toluene and subsequent purification by chromatography as
described above is repeaied twice. Fractions containing exclusively trans-11-
chioro-2,3,3a,12b-tefrahydro-2-methyl-1H-dibenz[2,3:6, 7joxepinol4,5-cipyrrol-
1-one (IV) are combined and evaporated in vacuum to give 4.9 kg (49% m/m)
of crude frans-11-chioro-2,3,3a,12b-tetrahydro-2-methyl-1H-dibenz[2,3:6,7]-
oxepinol4,5-clpyrrol-1-one (V). Recrystallization from methanol provides
trans-11-chloro-2,3,3a, 12b-tetrahydro-2-methyl-1 H-dibenz{2,3:6,7]-
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25 using DBN in toluene and subsequent purification by chromatography
as described above is repeated twice. Fractions containing exclusively
loro-2,3,3a,12b-tetrahydro-2-methyl-1 CT/EP06/061409
enz 3:6,7]oxepino[4,5- c]pyrrq[z 1-one (IV) are comblneg an
evaporated in vacuum to give 4.9 kg (49% m/m) of crude trans-1
1-chloro-2,3,3a, | 2b-tetrahydro-2-methyl-1 H-dibenz[2,3:6,7} 30
coeppiodlassipiyotel -brend@V)\(p. R@rm)umﬁﬁrﬁﬁ@n?etmﬁ prolidas

R e s SR R LG 1 Dbt & i LR

BB (g, BBY6Y, SMpISIBEEY, HHNMBT460, 13)MHz, CDCI3 relative to TMS) 8
3.03 (d, 3H), 4.03 (m, 1 H), 3.53-3.65 (m, 2H), 3.82 (m, 1H), 7.01-7.28

Ko %}g qgré%rﬂ*ﬂ'ﬁn%ﬁm&@-éﬂm&%% Qihydro-11-[(methyl-
rans- -chloro-10,11-dihydro-1I-[(methyl- 5

rRyRRHY-diBeRzb: inTPeatpariceeidiito a solution of
Cis- 11?@%@@13:3@‘:’12@%&6@% 3; BﬁQﬂwaﬁ"ahydm-Zr«methyl 1H-

5= A 6. 7
R 2 TR e o P Lo T e (3 (o highnl
mhmlc)nwanmdtmd/astheamed foydedixixiéai3Bhm S, rffmneibeiﬁb@onanbdure
d
AR PR Deatel S PRt ¥ io e FdBln TS Sl Bt
mmnbmaddewﬁ%@%rﬁwam@r@mﬁemmwﬁdﬂdﬁré@mﬁg in
d|ss Tgme@meferh%ta&h@%%@%%@ggse iR RRsHRWN

ed the gum and Tresulted in the formation of fine crystals of the

'bf‘éﬁﬁ%’l’o"i'ﬁ@@@Qéé’\w&%t‘i’ﬁefﬂ‘téréﬁdaﬁd"ﬁﬁ%"tﬁ fiegum precipitate.
B sasblerasdabibshinedrenl L -({(methsilawnngssoived the gum and

PRI B S R BRI To FRILY 318 G0 9578 anc
mté&(i?afndr\dr%di)té@@’e(ﬂabé#&ﬁﬁﬁd*gw lHﬁlBy@ﬂD(d H[ H?)etﬁxfﬁﬂﬂrﬁ)-(r?

t c ro
@%ﬁ%?é% yffg’ a.fé)n ie{é}? carm){g}hc% S?de?d%hl g%%@y H-
NMRCBFD RS M ihydemmeeqaﬁ'@e&@ 18130 dled veas dildedi@ad 288 1@x
nowf H), 3.23 (s, 1H), 3.50 (m, 1H), 3.82 {d, 1H), 6.96-7.20 (m, 6H).

Example 3. Preparation of frans-8-chioro-10,11-dihydro-11-f(methyl-
aminoymethyl]-dibenzib, floxepin-10-carboxylic acid hydrochloride
{1).HCI

Potassium hydroxide (333.8 g, 6.30 mole) was added fo a mixture of
cis-11-chioro-2,3,3a,12b-{etrahydro-2-methyl-1H-dibenz{2,3:6,7joxepinof4,5-
clpyrrol~1-one (V) and frans-11-chioro-2,3,3a, 12b-tetrahydro-2-methyl-1H-
dibenz{2,3:6,7joxepinoj4,5-c]pyrrol-1-one (V) (105 g, 351 mmol, trans/cis
ratio 1:3) dissolved in ethano! (1050 mL). The mixture was healed 1o reflux for
18 hours. Part of the ethanacl (500 ml.} was evaporated and water was added
(1.5 L). The aqueous phase was exiracted with foluene {2 x 750 mL). To the
water phase was subsequently added toluene (500 mL) and concentrated
hydrochioric acid to adjust the pH to 1. During the addition of hydrochloric acid

the temperature rises to 75°C. The water layer was separaied and upon
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cis-1 | -chloro-2,3,3a,12b-tetrahydro-2-methyl-1
H-dibenz[2,3:6,7]oxepino[4,5- c]pyrrol-l-one (V) and trans-1
1-chloro-2.3,3a,12b-tetrahydro-2-methyl-1H 25
W&%‘é‘ﬁ?{%&%,7]oxepino[4,5-c]pyrrol- -one (IV) (105 g, 351 r%crﬁél??%?gﬁg(éfgg
ratio 1:3) dissolved in ethanol (1050 ;InL). The mixture was heated to reflux
for 18 hours. Part of the ethanol (500 mL) was evaporated and water was

cadiiegl ctistels of ean8editrphids ¢ mdinyektrarct gihvetintahammrii2thylb0
L). he water phase was_subse I 0
el e T T T b S ARe phg s
vatditiohectdy tyothiationamid dhedegiyiogatiire Ciseito, BECH)T e WaksE
laye n 1061 / 1 1
e R A R MG e o ea ek
et 2B ffroxEpin 4 B2c@btHy|ic. 4tid.BBdrochidyide were formed. The
crystals were collected by filtration and dried, giving (I).HCI (84 g, 68%);

ERBEmpRCe. (Besparkidl B @8RS MinttdrMeDiy relivaion|dR)-8.2.65
s, 3H), 3:30 (s, 5 2H). 3,95 (m, 1|-I|g, 4.32 (d, lH)il, 7.11-7,38 (m, 6H).
'E%}:i?éﬁ‘?'lbm&%rﬁnﬂ?mﬂ ot B 578k 58 Mhy dro-2-
Mraitlayd-IH-dibenz[2,3:6,7]oxepino[4,5-c] pyrrol-l-one (IV) Method A
Trans:=8-chloyo-10,11-dihydre-11- lami hyll-dibenzlb.tl;
Bl 1 s A S i S e
axepiord Geapemdtid acikytodea@Boriae XTHE S@spe asiand ailich astd@ba)
) ) . . )

U8 Spabgtdh 1IGHE FEBA TG SRR ENGEH IS HoAREE Bt for
wiighétifhecesatioreBiciue wansanisahie s @ngheteyearaigied(SPRanL)
&ggfides%@%ﬁevgﬁg'ga%é ot BRBAGNALROS With Ehﬁ{m%@af@{ms

partly evaporated upon which crystallization of the product takes place.

rpieleTeoNFaRicThdse JVAB PRREatsrbding wHe e praficd WasimiatslyeFils

SISO ats hlichiesamaihael @hss partly evaporated upon which
tetrahydro-2-methyl-IH-dibenz[2,3:6,7]oxepino[4 .5-c],peyrgo|-1-one (V)
wﬁglgzagebmf #hp pERsiuet akaaniaqaotes kel B 5K RPN the
PRI ERE D (aidB BbY @8 dim Y yib i3 A 2Ehiodc82, §MBa 11 Bh-
té%%ﬁ;dzrg— r-nmgtﬁg)ﬂjﬁ-éibenz[z,3:6,7}oxepin0[4,5-c}pyrro[~1-one (W) (47.8 g,
86%); mp 150.6°C; "H-NMR (400.13 MHz in CDCl; relative to TMS) § 3.03 (d,
3H), 4.03 (m, 1H), 3.53-3.65 (m, 2H), 3.82 {m, 1H), 7.01-7.28 (m, 6H), 7.87

(dd, 1H).

Method B

Trans-8-chloro-10,11-dihydro-11-[(methytamino)methyll-dibenz[b,f}-
oxepin-10-carboxylic acid hydrochloride (I).HCI (50 g, 142 mmol) was sus-
pended in dichloromethane (1 L) and N,N-dimethylformamide (50 mL). To this
suspension was added thiony! chloride (50 mL, 84 mmol). After 30 minutes a
clear solution was formed. This solution was added dropwise {0 a cold mixiure
of methanoi (1 L) and triethylamine (158, 1150 mmol). Additicnal triethylamine
(35 mL) was added fo adjust the pH to 8. The organic phase was washed with
1N hydrochloric acid (1 L) and with brine (2 x 1 L). The organic phase was
subseguently washed with saturated sodium bicarbonate solution (1 L). The
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(dd, 1H). Method B
Trans-8-chloro-10,11-dihydro-11-[(methylamino)methyl]-dibenz[b, t]-
oxepin-l0-carboxylic acid hydrochloride (1).HCI (50 g, 142 mmol) was sus
WIEZNHI&H I dichloromethane (L) and N,N-dimethylforma#ﬁi' P(%)@Gfﬂ?_])“.’w
To this suspension was added thioﬂ% chloride (50 mL, 84 mmol). After 30
minutes a clear solution was formed. This solution was added dropwise to

oagmiAd . td:rmstsé 371@? W@WS@agh@@mﬁﬁieérrﬁgatérﬁng él;%&oﬂété%.mg@r&tude
I e amine was agde u (0] e
O WS s os DR L e T aRnae,
ttaitee (2-ahlotd)-Z S arRoieimiasrovasnstityscdteitbnuassié Fioiapino-
9288 _ ,
AR MR T Seiie {ata 8 iin eI SR Hative 1o
TMBMG 203 ko) edB Thelbhicd 5Bt u@i)g BYAS Ty SIIZAEd o8
| his furnished -
(@%ﬁ@?o%%@aﬂ;b-t'retIrZhl;/rorI]rlg-Ze-mgiﬁgﬁllH-dibenz[2,3:6,7]oxepino-

4,5-c]pyrrol-l-one %t\@ (32 g, 750/%)_; 'H-NMR (399.87 MHz in CDCI3
ééﬁmﬁ%é?fﬁ@f .@9%3,8%9; ings frane-Enchler-2 gl Ppfetsas,)
Kptrb ) mb iyl 28 dibve ki, 38 7 kb dinbj 4 3anpiarSieH@eparation of
asena.%i)ne, tr%ns-S-chIoro-Z, ,

e T R SR o b RIS SRRV G T ATHEC

wesciidedesiaatioantainindde (% cigfuras (BronL)attCretQlivas added
aluminum chloride (167 m 26 mmol). To the resulti us ion was
SRR RIS o it
sesyel cemtioning SReEcohiain)ngab-Hd (e thrawe B addedorags Braitilaytiro-1

folms ) e é@gﬁﬂ@%@mﬁgﬁﬁﬂﬁg s Hedei rboxylic acid

hydrochloride (1).HCI At -10 contents of the first
hsireeligsid ey €8ddb1Eré adied wmrllsdtohd edbrorpitarye|onier et

RS LR dFRENO B ABBAUS MRS SHarRERER W waler Al exragiadayith

toluene. The toluene was dried with magnesium sulfate and evaporated.
HRiSE RS RIVARAYCHEIEYI Ve 2RdErHRGRE WilhiaHipne. The
tonebibengbs 3fedlwith magnesium sulfate and evaporated. This provided

crude frans-5-chioro-2,3,3a,12b-tetrahydro-2-methyl-1H-dibenz[2,3:6,71]-
oxepinof4,5-clpyrrole (A) in nearly quantitative yield with a purity of 63%; *H-
NMR (400.13 MHz in CDCl; relative to TMS) § 2.54 (s, 3H), 3.15 (m, 2H), 3.25
and 3.61 (2x m, 4H), 7.01-7.36 (m, 7H).

Example 6. Preparation of asenapine, frans-5-chioro-2,3,3a,12b-tetra-
hydro-2-methyl-1 H-dibenz{2,3:6,7joxepino[4,5-c]pyrrole (A}

Aluminum chloride (8.9 kg) is added in porticns {o tetrahydrofuran (100
L) at 0°C. Stirring is continued and a 10% solution of lithium aluminum hydride
in tetrahydrofuran (35.0 L) is added keeping the iemperature below 10°C. The
mixture is cooled to 0°C and stirred for 15 minutes. A solution of frans-11-
chloro-2,3,3a, 12b-tetrahydro-2-methyl-1H-dibenz[2,3:8,7]oxepino[4,5~clpyrrol-
1-one (V) (10.0 kg) in tetrahydrofuran (100 L) is added to the mixture while
keeping the temperature beiow 15°C, Tetrahydrofuran (5 L) is added, stirring
is continued for 1 heur at 10°C, and 0.6 N sodium hydroxide solution (160 L)
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oxepino[4,5-c]pyrrole (A) in nearly quantitative yield with a purity of 63%;'H
20 NMR (400.13 MHz in CDCIS3 relative to TMS) 8 2.54 (s, 3H), 3.15 (m,

v@—i&%ﬁ? 3%nd 3.61 (2 xm, 4H), 7.01-7.36 (m, 7H). ExamplﬁcﬁuEpmoe/osuw
eparatlon of asenapine, trans-5-chioro-2,3,3a,12b-tetra-

hydro-2-methyl-IH-dibenz[2,3:6,7]oxepino[4,5-c]pyrrole (A) Aluminum
chloride (6.9 kg) is added in portions to tetrahydrofuran (100 25 L) at OC.
iStidded Imepmgwﬁmjtanmtexatﬂ% Belaﬁofﬂﬁ@litﬂﬁmnglismimimmﬂﬂfdme an

TR € A0 DE S LR IHELE AHEL S it g

sﬂﬁﬁﬁﬁhdedﬁ@f@&r&rﬁﬂek?ﬁ Elfﬁ?‘ankud%mthyyér is separated. The salt

OYRLRArE ARt e B TR e e eeiars spparated

aeamerammwtayems:emeamdvmam(@mpumpcrm@m@.med

RSB B AR T E Bt

Zm“'amtwwcl@@n@hwrﬁ fidibentia 6 Bloxapintislayaor 4l
f t
e Ul et BT e )

t layer is separat layer is
%iﬁémeahhhtﬁ 25l @nde3(8 X (Box YL, B, doftibin a8 {imsaftel. are separated 5
and the aqueous layer is extracted with of toluene (50 L). The combined

©yg M&gﬂfegﬁﬁ?w@@méh ﬁay&%mm@@@i@ GizpAyans-5- chloroI
2,3,3a,12b-tetrahydro- et 2 clpyrrole
A) ( i %‘"9%/% Zéré % d%gqﬁi §ﬁ ééﬁﬁwlt S)8
dtehiE, 3t6)7 BxEpifrl 42543;3 pytoan(h3 G122 kgMvdsiflissOlved 36 ¢thambl)(2
Pre of asenapine maleate ( 22.2) Free
‘T]Parié Ioro @Z%@ntgﬁaﬁg rOQQa%eetﬁhfrinﬂ ‘%r%é m;nuzes at%%%,
tdmehaf@dﬁmaaﬁﬁBM[ér&iwwwlWﬁh)e(mmg’) &3 dibsdliieaidrwas

v‘ééh‘-% A2 glg %hr% ééé 31891(?; o ‘Ftee(u?x &g é)lrr*?%()%)
mlnu es at arcoa was f| er was ed with eth
29lilihe nﬁmmwm)sd &ileB0! 40 & Wawasshoiddcecver thikc minuie

SEFRE TSl e E0C) QLA TRVES A6 ST e

over a 15 minute
15°C the suspension was cooled o -10°C and the crystals were filtered,

washed with cold ethanol and dried.

‘H-NMR (400.13 MHz in CDCls relative to TMS) & 3.14 (s, 3H), 3.83 (m, 2H),
3.78 and 4.08 {2 x m, 4H), 6.24 (s, 2H, vinylic protons of maleic acid), 7.16-
7.34 (m, 7H); mass spectrometry m/z 286.1, 228, 220, 201, 194, 166, and 44.

Exampie 8. Preparation of a mixture of trans-11-chloro-2,3,3a,12b-
tetrahydro-2-methyl-1 H-dibenz{2,3:6,7Joxepinoi4,5-c] pyrrol-1-one (IV})
and corresponding cis-isomer (V)

A (E and Z) -2-(5-chloro-2-phenoxy-phenyl)-3-hydroxy-acrylic acid methyl
gster

A solution of (5-chloro-2-phenoxy-phenyl}-acstic acid methyl ester (167
g, 605 mmol) and methyi formate (173 mL, 2.8 mol} in butyl methyl ether

(1L) was cooled 1o —10°C. To this solution was added potassium f-butoxide
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period. The solution was cooled and seeded at 15C. After 2 hours stirring
at 15C the suspension was cooled to -10C and the crystals were filtered,
washed with cold ethanol and dried. 20 'H-NMR (400.13 MHz in CDC13
WRENAYYFMS) 8 3.14 (s, 3H), 3.93 (M, 2H), 3.79 and 4.0 {7 ER0UE§140°
6.24 (s, 2H, vinylic protons of malelé Cld) 7.16- 7.34 (m, 7H); mass
spectrometry m/z 286.1, 229, 220, 201, 194, 166, and 44. Example B.

(Pf srframlmmw.eé@anaa%% féﬂ%@r&tﬁr%afér%ﬁrned below 0°C.
tetr gdro 2-methyl-1 H-dibenz[2,3:6,7]oxepin (;4 5-c pfyrrol -1-one (IV) 25

r%%%ﬁ@é@&@@ﬂ&@%@@gﬁ@zp dition of 4N aqueous
hﬁ@cﬁmﬂ@a%r@mmw%hﬂw%@ﬁwdﬁ@wrapadlgegﬁebm;sthw @@f}é«;@ with
sojut -pnenox en met
B A R SRR A e Sroanr Feioneaalao
ddritineabarabtethteniedio dmmemmn Maﬂﬂeﬂmmmwmn Kitexide

Y40 ZONCUOPI0 PETIERANNRIAOIANA 16 (foig . 03 o) ety

etem era ure remaine

rr@émyicmm amayw By 2diich (©f 4N)aGuRbus 2M)dToRHtofithdic (400
3A)7 BEREIANG 1076 28 BCRRIRIEY SBOHEIRIINID ST et 25

an turated brlne (350 mL). The organic fractions were 5 combined

nd cgngentrated to g : J wit out pyrific tl(fn The product is
0% et iGraReDAR Aoxepildrcaroxylic apig mayl eslers, |

methyhtomy m@hyiItﬂ@:ﬂ(—bﬁkrﬁ:@ﬁlﬂhédyb)-s-ay(dm?%pﬁy’ﬁb(addhk)eih?i
{
éﬁt%%“?@ g8 1IorP(5n l gr?z oxeplnpi\/éog ;?(/)Eﬂ(cc%%a%i%qmgbolﬁx
Asharryaaf ae@‘g;hfwwe&@@mayﬂ@a@l)e?ﬁ@ﬁ@amﬁ&e&dm&@ﬁﬂmﬂ)yl
I 420 60C.
BB RIS DI BT SR D IR SR T RSy

Tok er@a(ﬁ@mm)wammatqa@mm;m widdl mmaramdmruuﬂm:mmum

tSﬁ 6’69 n%f g ﬁln Washed Hr was
|carbonat mL) an urat rine (
@Wﬁfﬁé{@ﬁﬂvﬁa@ resulting oil was crystallized from n- butanoi (500 mL;

20°C for one hour and —10°C for two hours), which provided the fitied

compound as off-white crystals (172 g, 85% yield for steps A and B). "H NMR
(400 MHz, CDCI3) 3.9 (s, 3H), 7.1-7.2 (m, 3H), 7.3 (m, 2H), 7.4 ({t, 1H), 7.6 (d,
1H), 8.0 (s, 1H).

C. Trans-8-chioro-~11-nitromethyi-10,11-dihvdro-dibenzolb,floxepine-10-
carboxylic acid methyl ester

To a 5 L 3-neck round botiom flask was added 8-chioro-dibenz[b,fl-
oxepin-10-carboxylic acid methyl ester (305 g, 1.06 mol, 1 eq) followed by
THF (1.25 L) and t-butyl-ietramethylguanidine (27 g, 0.15 mol, 0.14 eq). To
this solution was added nitromethane (576 g, 8.45 mol, 8.9 eq) in THF (0.5 L)

while maintaining a temperature of jess than 30°C. The resultant mixiure was
stirred at room temperature until judged complete by HPLC (overnight, < 3%
starting material). Once complete, methyl tertiary butyi ether (1.25 L), water
(0.6 L) and 1N HCI (0.6 L) were added, the layers were separated, and the
aqueous layer was extracted a second time with MTBE (1 L.). The combined
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concentrated and the resulting oil was crystallized from n-butanol (500
mL; 20C for one hour and -10C for two hours), which provided the titled
compound as off-white crystals (172 g, 85% yield for steps A and B). 'H
Wﬂl@?&/’(%@éﬁMHz, CDCI3) 3.9 (s, 3H%‘$7.1-7.2 (m, 3H), 7.3 (REBEY? Y4
H), 7.6 (d, 20 1 H), 8.0 (s, 1 H). C. TY¥ans-8-chloro-I
1-nitromethyl-10,11-dihydro-dibenzol[b,floxepine- 10- carboxylic acid
el %MWT%WEMFW"&‘W?E% e Goc g 1706
-chloro-dibenz[b,f]- oxepin-10-carboxylic acid methyl ester , 1.
G QR Plonee 55/ TP LGSR S BTG LA inicine
cttbgnttalédruatidr. tdcemn o thisisalietionsitaaradde donisom ¢tHanes5H76 g,
9.45mol,.89 eq) in THE (0.5 L) whijle maintaining a temperature of less
dase R s RS A TS AR
"ﬁbkh‘g(@oﬁdo)r@fatéd@hﬂﬂ@d@mn@mdas%iigt&rﬁoﬂg@r&@i@ﬂ%@mﬁi@h was
u%'%%‘ Wﬁﬁ%ﬁ%ﬁ%&%ﬂﬁ@@l&w '(§H?Feé (.88 fobI MAGS a0 thp AR HLBIC

L) were added, yers wer 'separated, and the aqueous layer

A% telurnactbiestesraifaEsiRh R BI-1illo evivs. mBiAENgVDRterial

08/ 1064iR6 R CIIER#06 061 48 AoSHUBRIGIAYS e isr 4 swashed with
1 N HCI (2 x 0.6 L) and saturated sodium chloride (0.6 Q. After addition of

selivrsHe IadipMHdrary AR tnuries0nas HetdoVtRieaaisol 200 El)
OIDDY% IRetE @ lustoiene, (InLovamuasis eddasldher Diniwigeuatiow

concentrated to minimum yolume. Addition of 5 THE (0.5 L) afforded the
4indnLeB RS RpIRCHAMAL 20578 solution which was used without further
purification (368 g, 1.06 mol, theoretical). HPLC area%: 45% toluene,

flow Q\p BYd/EdnYQLABEATOGS 236na@ nlekel catalyst (111.74 g/60 mL.,
11-A_m_inometr@/l-,8-chlor§é8 11- ihgdro-dibenzg&t{)gloxe ine-10- hed b
%W?@caﬁa m% grgdo catalyston a asis) was washed by

dddel) arar2(3Bmil R ety daodHdetbetiag the supernatant. The catalyst
slurry was then charged to a 1500-mL Hastelloy-C stirred autoclave with the
aid of THF (200 mL). The vessel was sealed, purged with hydrogen, and
pressurized to about 50 psig with hydrogen. The mixiure was stirred at 1100
rpm at room temperature and a solution of trans-8-chloro-11-nitromethyl-
10,1 1-dihydro-dibenzo[b, flioxepine-10-carboxylic acid methy! ester (ca. 369 g,
1.06 mol in 500 mL THF) diluted to 850 mL with THF was added at a rate of
about 3.1 mL/minute over the course of about 4.5 hours. The temperature of
the reaction mixture rose from the exotherm but was maintained between 20
fo 32°C by the application of an external water cooling bath. The total
pressure in the reactor was maintained at 50 to 60 psig by supplying
hydrogen on-demand through a pressure reguiator from high-pressure
reservoir of known volume. After the addition of the starting material was
complete, the addition system was rinsed with THF (2 x 25 mL) into the
reacior. The completed reaction mixture was stirred at room temperature

under about 80 psig hydrogen overnight. After venting of the hydrogen, the
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[2,3:6,71oxepinof4,5-cl pyrrol-1 -one 15 An aqueous slurry of A7000
sponge nickel catalyst (111.74 g160 mL, containing approximately 60.36
of catal}/st on a dry basis) was washed by adding THE (40 mL%

W g%?gﬁﬁ%(’ Zhd decanting the supernajant. The catalyst slur®y Cvl\‘/élgsbt%ﬂé;jﬁf(’mo9
charged to a 1500-mL Hastelloy-C stirred autoclave with the aid of THE
(200 mL). The vessel was sealed, purged with hydrogen, and 20

rpsesstbeite akeutadipaiywiicdydriigerad el nhistusRevaassibtotiat

Tﬁﬁw% %a%%éoi%r?eteéprggr ag%rveo%@rﬁnsgo%t{%ré 8fatalyst cake in air) to afford

alm;xmclaj@ne-mm:)mé@iﬁeﬂﬁm@mmmm;iaamaaaﬁw es@niica.
300 ek 2R 7L 00 o FHEL S50 oM THE was o

arate o out 3.1 mL/minute over the course of a ours.”The

oempeesiifeadt 2adneasiisgsd WBabwas el avwid hbsisding Mamnaasd
JERiRIERH PRINRRE SPiHE SfeltidNBriRPUcAliea RS A8-xiarpahuater

]cooling b%th. The total pressure in the reactor was maintained at 50 to 60

FHRAIDRAh AFFHRINE tARRYGh a pressure regulator from

e CANERISIGS e G apag sired at

FOOT TEMpetatire under a 60 psSig nydrogen overnight.”After venting
of the 1y/8rdgetrnpivo P06 128 RauiprRgostones0aNIce ! EHENEN
VR g aMas-faLHi QUS| YolrmeHTh{ igEes ansh gk S WasRe ol Btk i

Note: care is required to avoid drying of the catalyst cake in air) to afford

@-RD ARSI FER BdnTdHuh dSRIcBBIRA, thdiretRens!austersipsequent-

IpQbdien. td he nEdRdiploRsuaed hvitbadk furiteeg pusticabe BB Cwarea%
assay: the 5 combined filtrate and washings (1266 g) was devoid of |
f&%}mﬁ’@ﬁﬁ%ﬁ@ﬁ&wa\mecwﬁg%f@a'@P@W@?@W%&gﬁp@‘dﬁ a3 Cster

BRreisnfngl dERRSUSSERRISH MIBL GRRRAIINAS: SRERESAS SHeR CorfpRrRYS: E.
Trans-1 ?—C%:lloro-Z,&?)a,I2b-tetrahydro-2-metr?yl-IH-dibenz(2,3:5791-

ESHRORE-8f A RMIRhesRY) 8k dUsrregsshavigSiddimethvhstias a
G to3Irneckeravid bpemiaskneauirpad addeeekianeahaiining a

temperature of less than 5°C, giving an orange suspension. The contents of
the vessel were stirred at less than 5°C untiil the reaction was compieie by
HPLC (< 5% des-methyl lactam) at which time ammonium hydroxide (0.5 L) in
water {1.0 L) was added to decompose any remaining dimethyl sulfate. The
mixiure was gradually warmed to room temperature and stirred overnight.
Ethyl acetate (0.5 L) was added and the layers were separated. The resulfant
aqueous layer contained product solids that were extracted into ethyl acetate
(2.5 L, 0.5 L) at elevated temperature (55°C). The combined organic layers
were concentrated in vacuo {0 a volume of less than 1 L; octane (0.25 L) was
added, and the resultant suspension was warmed to 50°C foliowed by cooling
{o 0°C. The suspension was filiered, washed with octane and dried under
vacuum at 50°C {o afford predominantly the cis-isomer (V) (215.7 g, 68% yield
from oxepine ester). HPLC area%: 1.6% unknown, 88.4% cis-isomer (V), and
frace trans-isomer (IV). The filtrate from the above isolation was concentrated
under vacuum, MTBE was added, and the mixture was heated to reflux. The



10

15

20

25

30

was added THE (1.0 L) followed by the hydrogenation product from step D
(1.06 moles in about U.S L THF). The contents of the vessel were

subsequent- ly cooled to OC. Solid potassium t-butoxide (178 3Gk 1.59m

Wf)goe(/ 06136 {)06/ %409

Was then added portion- WIS,FTWhHe maintaining a tempera ure o

less than 5C. 15 The resulting dark suspension was stirred at less than 5C
until complete consumption of the amino ester, as determined by HPLC.

resuithysosttateiod Waondodicd molodnt @) peasitihenfitienaty, addedigdiite

RS NEE R A S (A I R S R
Sﬂayaebthmia!ecbgrge% PL.E (= Bodsgesemdthdletiemyza-ivnioartiivg. The
ARG dLax |me %%i% Bd@vé!ﬁ%&ﬁéérﬁr!ﬁé’&%ﬂg%g AeGaTReS800

any remaining sufate e mixture was gradually warmed to

PO Aarat(pE g we @R nryit. ttemw&eeta@t@%temﬂ% adied

rBEGHHIR HRSYBIPWEPREYRE (BIPECTHERN 8AHRRIR IRV BRERNAHRR e
product solids that were extracted into ethyl acetate 25 (2.5 L, 0.5 L) at

@Ié@a@&é’ﬁfhﬁ%ﬁﬂ?@%ﬁ’ﬁ)aﬁ*ﬁé‘@'&rnﬁ%‘fﬁéatb@&rﬁkzrg@@"/w{é?@ ). APLC

HRACSNUIBIEIELIYARWD 042 yalomexphdoss Q@ﬁ%&r@%%@rﬁ@r&ﬁﬁ}) MEISC
added, and the resultant sustpgwnsmn was Warrged to 50C followed b

WIH@”%%W%&E RS SvaSHREYIRIS Balife it \%ﬂﬁ%’&%ﬂ@ﬁﬁ%’éﬁed
zmiierg \@t%ﬁnmt m&aﬁord-pmdmmnwmm digtispined(der(24B. -,

SEANER B Tam X eRER Ec LI Gaeaye: 1.6 unknown, B.4v%
C|SF|)somer r?rq trace tran |some efrltrate from the above

isolation was concentrated under vacuum, MTBE was added, and the

%"g PREGAPEIBH 1S dr @W@&QQQ@%@QQ‘ HahEELRG/B01409

t suspension was cooled to room temperature, filtered, and
%raamzaﬁer@awﬁsa@mmvaﬁm.m&gt @seRiaqIiA5-cl pyrrol-
fegﬁggmely (28.9 g, 9% vyield). HPLC area%: 7.9 % cis-isomer (V),

92 1% trans-isomer (IV) The f||trate from the second isolation was
sheRigrpphetaxynienli-aselic saG X)) and octane (50 mL) were
adm@thgnﬂ_iﬂnmprﬁa@lm@teebtmmﬁtgfamemwhanbgtwmms@ﬂcms

oole C, filtere d dried to afford a,mi ture of cis
CPa & %?hcér% agr;E regp‘gg Ve SS(?LE@ Afy/o 0 yie I%)(?’H@E@ while

warming io 50 °C. To the resultrng solution were added under stirring in an

inert nitrogen atmosphere, cesium carbonate (141 grams, 432.2 mmol) and
copper(l) chioride {18.56 g, 86.2 mmol). Finally, N,N-dimethylglycine (4.46
grams, 43.2 mmol) was added to the green suspension. The reaction mixiure
was heated at 110 °C (reflux temperature) for 4 days whiie stirring. The
reaction mixture was filtered over dicalite, which was washed with dioxane (40
mi}). The dioxane was removed in vacuo to leave a brownish oil. Ethyl acetate
(100 mi) was added to the oil and the pH of the resulting mixture was adjusted
to 1 by addition of 1 M HCI (300 ml). The organic phase was washed with
saturated brine {300 ml), dried on magnesium sulphaie and then concentrated
under vacuum to vield 57.2 grams (206 mmol; 95 %) of 2-(4-chloro-phenoxy)-
phenylj-acetic acid methyl ester as a brown oil. The oil was dissolved in
methanol (250 mi), whereupon KOH (16.2 grams; 1.4 eq) was added. The
resulting solution was heated for 3 h at 60 °C. The reaction mixture was
cooled and the methanol (200 ml) was removed under vacuum. To the
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area%: 4.8% cis-isomer (V), 2.4% unknown, 92.7% trans-isomer (1V).
HPLC conditions: same as step C, above. Total yield of the titled
compounds was 10 256.8 g, 81% from

WPAEEYT6r0-11-nitromethyl-10,11-dihydro-dibenzo[b,t]- C¥/EF2006/661409
oxepine-l0-carboxylic acid methyl edfer (step C). Example 9. Preparation
of asenapine via the lactam trans-5-chloro-

résidae: Q‘; &blbhdimé%?aﬁaammrt@ Mb's}@hﬁmmlcf
15 1-one A: 12 Chloro ohenoxv

hen Cld 1X) Meth
DA Y A o ey IRS BACos TR S a8 IS JRee =
A7 orgieis, 2715 Gramnsd) Boarenti BV o @Qﬂau:mc(ri‘gﬂhem)wwﬂaheny]]-
wa mi fgﬁ[i& C. To the resulting solution were added, under stirring in an
ﬁer en atmosphere, cesium carbonate (141 grams, 432.2 mmol)
and copper(l) chloride (18.56 g .\-
(4.46 grams, 43.2 mmol) Was i to
reaction mixture was heatedia C reftix temperature) for 4 days
while stirring. The reaction mlxtur S glltered over dicalite, which was
washed with dioxane (40 25 ml). The &'oxane was removed in vacua to
leave a brownish oil. Ethyl acetate (100 ml) was added to the oil and the
mwmmemmm@mimg_gmaewusm@ -teokdipnAbibiioatiopif iibege (300

o AR AT AR SRR FE PR 80 S
ﬁzszsgmsd@m rhmiueh@& 46) ol 2at 48R or dp s sKppeositiedifaioptic
%?@AR‘]‘F&QY SR ga%a §E9&ﬁ’“ i gha: %WM&S@'E%}@%M@ {850

ereupon 2 grams; 1.4 eq) was ad he resulting

weletRitads il ﬂ@m ém EBBEON MY MASCRNCRIEARE URSSEPSHE

7R NIRHIRROMREWIN tARSAE MO YRSl BARENARIGN. &qzﬂ(e ¥ro-
2006/106136 PCT/EP2006/061409 18 residue water %FQ Z%adq
% a7 M)

met). Finally, N,N-dimethylglycine
reen suspension. The

PRGNS PN IRE BB HBy RIS SYIAINESF28
I%Smarm&atﬁdﬁxW§ 5&7@5&@@5 Ad didon vheartositedOdiniostdd

é@o%’%%‘ and in%t?xf [agrrglne Tg)fr % Bqﬁnaor)%{)(iﬁpeegy llii%%%];\iﬁ-
formamide (236 ml) and toluene (47 mi). The brownish suspension was stirred
for 2 hours at room temperature. To the reaction mixture water (750 ml) was
added and the mixture was extracted twice with ethyl acetate (500 mi). The
organic phase was washed with saturated brine (700 mi) and dried on
magnesium sulphate. The solvent was removed in vacuum to yield methyl-N-
[2-(4-chloro-2-phenoxyphenyl)-1-oxethyll-N-methylglycinate (X) (61.3 grams,
202 mmol) as a brownish oil.

()
C: 3-[2-(4-Chloro-phenoxy)-phenyll-1-methyl-pyrrolidine-2 4-diong (XI)
To a suspension of fert.-BuOK (21.7 grams; 183 mmol) in toluene (240

m!) was added under nitrogen at 20 °C a solution of compound (X) (61.3
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ci HO 2-0 5 (IX) B:
Methyl-N-[2-(4-chloro-2-phenoxyphenyi)-1-oxethyll-N-methylglycinate (X)
loro-phenoxy)-phenyl]-acetic acid (1X) (47.3 grams
W\)@\iaz(g%g%gle%ded in toluene (140 ml) gt 48 C. To this suspensmn’%?%géﬁg 0
formamide (4.0 ml) and SOCI2 (19.8'ml; 271 mmol; 1.5 eq) in toluene (18
ml) 10 were added. After 10 min the reaction mixture was concentrated
guadhel, \e@xobtzmetsingpe (Biwicdohitntd @d0entp Yheddesbiiovwnisispiinsion

~{%Fuéﬁhég,§ %@%X@%@BYM&M& it el 1188 APRRIESL.

ene e suspension wa a solution of

Thwr cositiorveasysstraie®s. B@eﬁm&faﬁwmm@eﬁ@tﬁdﬁrmmm}@%? ml)
d&%fﬂ@%%%%%@&é%%%@ﬁ% (GROVRRNSIO eNE 1 s e

brownish suspension was stirred for 2 hours at room temféerature To the

W@&n@aﬁﬁﬁm@«?a{éte@%mm%wa%@@mﬁ% Ghistate Wres slirraddy
ﬁ\f«é&&%@fﬁ@ﬂt(@ﬁ;mﬂ;ﬂ(m eH)siBewerganiednage Wﬁ&wﬁﬂ?@dm to
satur rine m r ium sulphat e splyent
8 5 BT CHCLTHIR) i P BEro- oy -prsny
ng@ronam@mﬂm@(m) GOxpthitl}-Rentethylglycinate (X) (61.3
grams, 202 mmol) as a brownish %L o NO H3CO,c (X) C:
3-[2-(4-Chloro-phenoxy)-phe yrrolidine-2,4-dione (XI) To a
suspension of tert.-BuOK (24:-7-gra mmol) in toluene (240 25 ml)
was added under nitrogen at ion of compound (X) (61.3 WO
2006/106136 PCT/EP2006/0614 9 grams), as obtained under (B), in

toluene( 240 ml). The resulting suspension was stirred overnight. To the
brownish suspension water (750 fi¥) was added. The solution was

§xgagird3Jmemval iyl aceiniedd 4399 8. 71 &epino

[4.5-c] pyrrol-1-cne (V1)

P.0s5 (90 grams) was added in portions to HiPO4 (90 grams) while
maintaining the temperature below 140 °C. The mixiture was heated at 115 °C
for 1.5 hour, whereupon 3-[2-{4-chioro-phenaxy)-pheny!]-1-methyl-pyrrolidine-
2, 4-dione (XI) (30 grams; 95 mmol) was added. The resulting mixiure was
stirred for 4 days at 115 °C to 130 °C with extra P,Os (in total 5 portions of 5
grams each were added). The mixture was poured into water (200 mi) and the
resuiting precipitate was stirred overnight. The mixture was exiracted with
dichloromethane (250 ml) and washed with sat. NaHCO; {pH = 7). After
drying on magnesium sulphate the solvent was removed under vacuum.

The resulting crude product was dissolved in methanol (520 ml) at 70 °C.
Foliowing removal of part of the methanol by evaporation the product
crystallized. The mixiure was stirred overnight at -12 °C. The crystals were
filtered and dried to provide 5-chioro-2,3-dihydro-2-methyl-1H-dibenz [2,3;6,7]
oxepino [4,5-¢] pyrrol-1-one (V1) (16.4 grams, 55 mmol; 58 %), purity
according to GC 92 %. "H-NMR (400 MHz, CDCls): 3.2 (s, 3H), 4.3 (s, 1H),
3.8 (m, 1H), 7.2-7.4 (m, 8H), 8.2 (dd, 1H).
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combined organic phases were washed with water (200 ml). The pH of the
5 water-phase was adjusted with HCI to 1. The obtained crystals were
stirred for 3 hours before filtering off. The crystals were dried under
WA 4E%0 C to leave 40.2 grams_ (127 mmol, 72 %) of PCT/EP2006/061405
3-[2-(4-chloro-phenoxy)-phenyl]-1- %Q—)thyl-pyrrolidine-2,4-dione (X1).
GC-purity: 96 %. 0 O Q EN (x9)\ 10 D: 5-Chloro-2,3-dihydro-2-methyl-1
R0 {MLLBe05 (90 &/ AMNRS
Jro aintaining the .
ot Bl rlelLanyero- 21 fhay =l

el Fym

AT
v,

deem[B)Brﬁﬂ[B)(émiﬂdﬂOéBﬁWW}bbaeﬁ-}ﬂMhyl-pyrrolidine 15
2,4-dipn (30 grams; 95 mmol) was_ added, The resulting, mixture was
stirrec@ %%éﬁéﬁ%%ﬁ%eg? {0 @3,8 @%I Sk ragﬁﬂgq?fﬁ t&%%%%ét%n% of 5
sfjregrdsseaphnsione ciddegheThenixda gwas pdlirecizlicniateei2d82nt) and

i graes pab s wiliatoeraSa) an
o %?&H%E%ﬁg}ﬁﬂ@%??%?}%v%li?h@e*%%‘;?ﬁ?a??’ﬁ%‘ﬂ%%??gﬁ‘ 285

diranzd8.8i6iAL APRNR HeBIGhP KRR b Eh fgEa e R TEBhiter

rMaHAHD: gﬁﬁwfﬁ%@ RAdEHIeH eshshvanidiseed Kimaiianak(@asmy.
at 70 C. Following removal of part of the methanol b evl%%oration ile
Y5 BI7heUe

TR ReENTE] 2R RidRRSHRAS SHiMAgBERIHTYH &
rorsstpfsliverss tifered langkdpecditnpbviderzsiblorot X 3alhyidr&2-methybl)

o R o R TRy e TR G ot Tl e
\BhEe ke@irlingl B S tirkraBuBe(vel0wA07 2- T ol Uemetla), Sil2 s, ddpdvice
08 L BT UMD A e ey ppone
(BREpiid Thacarphinertelets igyang were washed with water {200 mi),
S eERRe3idm St e 2nebyhgblated. This gave a mixiure of
frans-5-chioro-2,3,3a,12b-tetrahydro-2-methyl-1H-dibenz [2,3:6,7] oxepino
[4,5-¢] pyrrol-1-one {¥Hl) and cis-5-chloro-2,3,3a,12b-tetrahydro-2-methyi-1H-
dibenz [2,3:8,7] oxepino [4,5-c] pyrol-1-one (8} (VIl) (13.6 grams, 82 %) in
the ratio (V1) : (Vill) = 3:7 as determined by '"H-NMR and GC.

"H-NMR (400 MHz, CDCls ): 2.9 (s, 3H, cis), 3.0 (s, sH, trans), 4.0 {m, 1),
3.53-3.65 (m, 2H), 3.8 (m, 1H), 7.0 (d, 1H, trans), 7.15-7.28 (m, 8H), 7.4 (dd,
1H, cis), 7.9 (dd, 1H, trans).

F: frans-2-Chloro-10,11-dihydro-11-[(methviamino)methyl-dibenzib.floxepin-
11-carboxvlic acid hydrochloride (i)

The mixture of lactams (Vil) and (VIif) (13.6 grams, 45 mmal, trans/cis
ratio 1:2.3), obtained as described under E, was dissolved in ethanol (140 ml}.
To the solution potassium hydroxide was added (43 grams, 811 mmol),
whereupon the mixiure was heated to reflux for 1B hours. Part of the ethanol
(60 ml) was evaporated and water was added {200 mL). The agueous phase
was extracted twice with toluene (100ml). Subsequently toluene (160 m!) was
added to the water phase, foliowed by concentrated hydrochioric acid to
adjust the pH to 1. During the addition of hydrochloric acid the temperature
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dibenz [2,3:6,7] oxepino [4,5-cl pvrrol-l-one (6) (VIII) Under N2
atmosphere iodine (3.0 grams, 11 mmol) was added to a 5 stirred
suspension of magnesium (1.22 grams, 50 mmol) in toluene (82 mi)

WO Wetod of 20 minutes a solution of 5-chloro-2,3-dihydr T@ﬂ"f&‘fﬂ)}ﬂfgg
H- dibenz [2,3;6,7] oxepino [4,5-c] ;%ﬂrol 1-one (VI) (16.4 gram, 55 mmol)
in methanol (57 ml) was added. The reaction mixture was stirred for 35

rigUgUELBs5° B‘%@V@t@rW&%&%@Qﬂiﬁté&’@ﬁ@%ﬁoﬂf@%%’ﬁr&ﬁéoo
mg, 41.06 10 mm ﬁi@followed by one r partion of magnesium, (4 x 500
PEAE . Y R SRR BB RIPA e RIRENic acid
t:(ﬁr‘ismL)cwere-adphaddwwmkﬁﬁgmgtﬂrﬁmmp@mﬂm biten 4D O oXeirerid -
éS% m| .was tFF r;ggﬂﬁ e?rg sg araqagl nd th #ﬁa&ﬁi layer was
iR fhed totief;

WICG oluene €’'com Iayers were

m/asaaa wrsa wammmmwmdme@m Bcfise Sidin 01 RH) fkéréa.and

2pos of
hs- chEﬁlor 39§a 12b- tet%[ﬁydro 2-methyl-1 H-dibenz [2,3:6,7]
oxeplno [4,5-c] pyrrol-1 -one (VII) and cis-5-chloro-2,3,3a, |

@brrfé‘ﬁ@am@ﬁ%?srﬁg@d 42016l - A AXARINAEA 63, B8IP] i

= 3:7 as determined

R g b 'H-NMR (400 MHz, CDCI3) 2.9 (s, 3H, cis), 3.0
(S smaara)sédﬁémn blﬁaraﬁs@anﬁﬁoém zm)aa;ajfm Lﬁlmétrqz@nmm

%ﬁg }2@353% EBS _XL?LDJ] hydlga f%f”ﬂ’ ﬁ'(u;' |no %ﬁé Hsﬁe R)qra%spln-
&Sﬁmmpbnxmlmaeld‘lBmtbmadde{d)swejmmnﬂmef(&%gmmuﬁé?w

A S L iR a2 i i

E, was he solution potassium
fhtmwmfm@l@d«asmﬁtraﬂdmﬁﬁﬁy vageiBUdP e inikere das
%Wﬁ@ﬁ%ﬂ%ﬂ%@%?&rﬁé‘%%? rﬁ%aoééﬂ%?tgﬁa@h?@ @amﬁm of f trans

evaporated and water wa The aqueous phas

(&i}ﬁa%&fmﬁlmﬁham%tﬁmﬁ “%ub%@q%ﬁﬁﬁm%oﬂ W%&eé
@@d@?g@téhﬁgﬁatefrshaﬁ%mwm byirg ac@rpimeﬁdamdmﬂhtﬁﬂc acid to

il BB R SO0 T BORER 2 0sfoL A5G o 4,51 pyrol-1-
one (Vi) in 2 y;e!d of 0.80 gr (2.67 mmiol, 47 %).

M.p: 148.4 °C. "H-NMR (400 MHz, CDCl3): 3.1 (s, 3H, trans), 4.2 (m, 1H),
3.53-3.65 (m, 2H), 3.8 (m, 1H), 7.0 (d, 1H0, 7.15-7.28 (m, 5H), 7.8 (dd, 1H).

H: Asenapine: frans-5-chloro-2.3.3a 12b-tetrahvdro-2-methyl-1H-dibenz
12.3:8.71 oxepino [4.5-c] pyrrole (A}

Aluminum chioride (65.7 mg) was added in portions to tetrahydrofuran

(5 mL) at 0 °C. Under stirring a 10 % solution of fithium aluminum hydride in
tetrahydrofuran (1.35 mL) was slowly added while keeping the temperature
below 10 °C. The mixture was cooled to 0 °C and stirred for 15 minutes. A
solution of trans-5-chloro-2,3,3a, 12b-tetrahydro-2-methyl-1H-dibenz [2,3:6,7]
oxepino [4,5-c] pyrrol-1-one (Vi) (0.40 grams) in tetrahydrofuran (4 mL) was
added to the mixture while keeping the temperature below 15 °C. Stirring was
continued for 2 hours at 10 °C , whereupon 0.5 N sodium tartrate solution (15
mL) was added while keeping the temperature beiow 10 °C. Stirring was



21 rises to 75C. The water layer was separated and upon cooling the
product crystallized. The crystals were collected by filtration and dried to
Wprowde trans-2-ch loro-10,11-dihydro-10-[(methylamino)meth Ql‘}?.
iBeA¥T%bepin-11- carboxylic acid hydrochloride (11) (3.7% { DOggog*°
mmol, 22 %). 5 M.p: 203.1 C. 'H-NMR (400 MHz, MeOD): 2.6 (s, 3H), 3.3
(s, 2H),3.9(m, 1H),4.4(d, 1 H),7.10-7.36 (m, 6H). G:
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5 Zl&aficﬁ})@u@waiéifﬂte}eﬂma {ie. filtrate was concentrated under vacuum
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7d@ﬁe?n$\§é@l‘ab—§ﬂl)1 NMR and GC. Crystallization from methanol (20 ml)
gave pure trans-5-chloro- 2,3,3a,12b-tetrahydro-2-methyl-1H-dibenz
[2,3:6,7] oxepino [4,5-c] pyrrol-1 - one (VII) in a yield of 0.80 gr (2.67
mmol, 47 %). 20 M.p: 148.4 C. 'H-NMR (400 MHz, CDCI3): 3.1 (s, 3H,
trans), 4.2 (m, 1H), 3.53-3.65 (m, 2H), 3.8 (m, 1 H), 7.0 (d, 1 HO,
7.15-7.28 (m, 5H), 7.8 (dd, 1 H). H: Asenapine: trans-5-chloro-2,3,3a,
12b-tetrahvdro-2-methyl-1 H-dibenz [2,3:6,71 oxepino [4,5-c] pyrrole (A)
25 Aluminum chloride (65.7 mg) was added in portions to tetrahydrofuran
(5 mL) at 0 C. Under stirring a 10 % solution of lithium aluminum hydride
in tetrahydrofuran (1.35 mL) was slowly added while keeping the
temperature below 10 C. The mixture was cooled to 0 C and stirred for 15
minutes. A solution of trans-5-chloro-2,3,3a, 12b-tetrahydro-2-methyl-1
H-dibenz [2,3:6,7] 30 oxepino [4,5-c] pyrrol-1-one (VII) (0.40 grams) in
tetrahydrofuran (4 mL) was added to the mixture while keeping the
temperature below 15 C. Stirring was continued for 2 hours at 10 C ,
whereupon 0.5 N sodium tartrate solution (15
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mL) was added while keeping the temperature below 10 C. Stirring was
WO 2006/106136 PCT/EP20061061409 22 continued for 15 minutes at

WREG/Thewalt layer was extracted twice with a toluene:etfRff HEBtAt (@4

mixture (25 mL).The combined org&dic layers were dried on magnesium
sulphate, filtered and evaporated in vacuo to yield 0.36 grams (94 %) of
trans-5-chloro-2,3,3a,12b-tetrahygippganethyl-1 H-dibenz 5 [2,3:6,7]
oxepino [4,5-c] pyrrole (A). 'H-NMR (400 MHz, CDC13): 2.6 (s, 3H), 3.1
(m, 2H), 3.2 (m, 2H), 3.6 (m, 2H), z 01-7.36 %m 75_?. WO 2006/106136
1 pCT/A TE0BENBSS A AN ST FATMAAL SRRE MR terivative of
formula | or formula 11, ccHHHH O T-1ZN/NO OHHHHO () (Il),
or the enantiomerof each- S ing the 5
opposite absalute
acid derivative, or asal -
from trans-B-chloroef,11-—N N o
dihydro-ll-[(methylamil%bm&hyl]-dibenz[b,t]oxeﬂi‘f?—lo-carboxylic acid,
trans-2-chloro-10,11-dihfidro-11-[(methylamino)méthyll-dibenz[b,tj 10
oxepine-l0-carboxylic acid, or a salt thereof. 3. A process for preparing a
trans-aniircoaeittiderératheaoh foamstndinacbejg /ddrdavaNnadigHthe

opposite absolute configuration, or a racemic mixture of each frans-

aminc acid derivative, or a salt thereof.

2. A trans-amino acid derivaiive selected from frans-8-chioro-10,11-
dihydro-11-[{methylamino)methyl}-dibenz{b,floxepin-10-carboxylic acid,
trans-2-chioro-10,11-dihydro-11-[(methylamino)methyl}-dibenzlb,f]
oxepine-10-carboxylic acid, or a salt thereof.

3. A process for preparing a trans-amino acid derivative of formula |,

the process comprising reacting a mixture of lactams of formuia IV and

formuia ¥,
O == T
o A e
H i H H
o“\,\f 0

(V) (V)

with a base in the presence of an alcohol.



() , the process comprising reacting a mixture of lactams of formula IV
and formulaV,0 CICI\]D// H:"HHNONIi 15 (IV) (V) with a base
wiirnthepéesence of an alcohol. WO 2006/106136 PCT/EP2808/88240/66134°

4. A process for preparing a trans-afino acid derivative of formula Il, cl \~
/HH N O HHO (Il) the process comprising reacting a mixture of
lactams of formula VII and formula VIII, CICI HHHH N O NCO 5 (VII)
4 (VI il abass inthemigsenesLbatmicRivbdvEePEIGeRn@halaim 3
or claim 4, wherein the base is an alkaline base that is present in
stoichiometric excess, and the_atcohg| is.a.Cl to C6 alkanol. 10 6. The
process of claim 3 or claim 4 ein the base is potassium hydroxide

and the alcohol is ethanol 7. A preparing asenapine of
formula A, O

HO
()

the process comprising reacting a mixiure of lactams of formula Vil and

formula VI,

ct

5 Vit

with a base in the presence of an alcchol.

5. The process of claim 3 or claim 4, wherein the base is an alkaline base

that is present in stoichiometric excess, and the alcohol is a C1 1o C6
atkanol.

10 6. The process of claim 3 or claim 4, wherein the base is potassium

hydroxide and the aicohol is ethanol.

7. A process for preparing asenapine of formuia A,

or a salt thereof, the process comprising:

15 (&) cyclizing a frans-amino acid derivative of formula | or formula I,
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CIHH N (A) or a salt thereof, the process comprising: 15 (a) cyclizing a
trans-amino acid derivative of formula | or formula Il, WO 2006/106136

wBhER2806/061409 25 CI\,/HHfHH O OH H H HO @CT{IHrDE)/arians

salt thereof, to give a lactam of fori@la IV or formula VII, a\,/cl\11\/ H
"HH~H ONN O (V1) (b) reducing the carbonyl moiety of a lactam of
formula IV or formula 5 VII to give the asenapine of formula A; and (c)
optionally conver [
process of clairr _~
acid derivative of fordwgta{-a# formula 11 in a, 1t 80 9. The process of
claim 7, wherein cygi#zing comprises heating phe trags-camino acid
derivative of formula | oPfbrnilila 11 in a solvent a# in the presence of
sodium acetate. 10. The(process of claim 7, wheréit cyclizing comprises
activating the carboxylic acid moiety of the trans-amino acjd derivative of
form BAT SRS SERR I8 SEe PR A MDA AR acid with

a base. 11. A process f%r preparing asenapine_of f%rmula A o0~/
—

{b)  reducing the carbonyi moiety of a lactam of formula IV or formula
Vi {o give the asenapine of formula A; and

(c) optionally converting the asenapine of formuia A o a salt
thereof.

8. The process of ciaim 7, wherein cyclizing comprises heating the trans-

aming acid derivative of formula | or formula B in 2 socivent.

9. The process of claim 7, wherein cyclizing comprises heating the trans-
amino acid derivative of formula | or formula il in a soivent and in the

presence of sodium acetate.

10.  The process of claim 7, wherein cyclizing comprises activating the
carboxyiic acid moiety of the frans-amino acid derivative of formula § or

formula ll, and treating the activated carboxyilic acid with a base.

11. A process for preparing asenapine of formula A,

or a salt thereof, the process comprising:



CH ,HN (A) or a salt thereof, the process comprising: WO 2006/106136

PCT/EP2006/061409 26 (a) treating a trans-amino acid derivative of
wiptmostadies formulalt, 0O CI\/CI\'"HHH Oz HO OHM'HEHDHEI6(4°

or a salt thereof with a reducing ag&st to give asenapine of formula A,

and 5 (b) optionally converting the asenapine to a salt thereof. 12. The

P e A a BRESHRRG LR SO 2900 P BAHRS (8- I 1,

) (i)
or a salt thereof with a reducing agent {o give asenapine of formula A;
and

{b) optionally converting the asenapine to a salt thereof.

12.  The process of claim 11, wherein the reducing agent is borane or
fithium aluminum hydride.



