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3| Comprobante.de pago de la tasa de presentacion de la solicitud por $ 482.000.00.

[0  Comprobante de pago por reivindicacion de prioridad.

(<] Documento que acredita la existencia y representacion legal cuando el solicitante sea persona
juridica.

X1  Poderes, sifuere el caso.

] Documento de cesion del inventor al solicitante ¢ a su causante.

O Declaraciones.

x Copia de la solicitud internacional. (Resumen, descripcidn, reivindicaciones, dibujos)

&I Traduccién de la solicitud internacional al castellano. (Resumen, descripsién, reivindicaciones,
dibujos)

O Copia del examen preliminar efactuado por ia 1PEA.

ml Traduccidn del examen preliminar efectuado por la IPEA.

[0  De ser el caso, copia del contrato de acceso.

] De ser el caso, documento que acredite 1a licencia o autorizacion de uso de conocimientos
tradicionales de las comunidades indigenas.

[0  De serel caso, certificado de deposite del material bislégico.
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Cl De ser el caso, informacion sobre otras solicitudes de patente o titulos obtenidos en el

gxtranjero por el mismo titular ¢ su causante, relacionadas parcial o totalmente con 1a invencion
de esta saligitud.
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1. D4 Publicacién Internacional WO 2008106136 A1
Descripcion:
Paginas £2 en el idioma original
Paginas 27 en espafiol
Reivindicaciones: Numero (s) 12
Figuras: Namero (s}

2. [ Farma PCTASA/210. Informe de Bisqueda Internacional.

3. { Forma PCT/IBI306. Notificacién de |a inscripcidn de un cambio de solicitante: de
ORGANCN IRELAND LTD a N.V. ORGANON

4. [{Extracto de publicacion.

NO SE REALIZARON MODIFICACIONES EN LA FASE
INTERNACIONAL
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ey 4%.

Representacién ¥ Poder con autenticacién notarial y
Apostille para patentes, modelos de utilidad,
disefips industriales, marcas de fibrica, nombres
comerciales, ensefias, nombres de dominio, lemas
comerciales, licencias,

Representation and Power-of- Attorney with notarial
authentication and Apostille for patents, uwtility
models, industrial designs, trademarks, commercial
names, trade emblems, domain mames, slogans,
licenses,

REPRESENTACION Y PODER

REPRESENTATION AND POWER- OF- ATTORNEY

Yo {(nesoirosh, abajp firmedo (3] [wel, the undersigned

N. V. ORGANON
Domiciliade {5) En'Of _Klopeterstraat &, 5349 AB Ges  The Netherlands

por el presente nombramos a EMILID FERKERD, tpa. 31929, LUZ
CLEMENCIA DE PAEZ, tpa. 23555 ¥ DANIEL PENA, tpa, 65.620,
domigiliados cn la Camera 4° N T2Z_1%, Bogotd, Colombia, en
geimiento 2 lo dispuesty en el pardgrafo lo del Anleulo 343 del
igo de Comercio, €] primero como principal ¥ los demds como
suplentes, en su orden, como mis (nuestros) representantss en todos los
asuntos de propiedad indusirial con faculead para recibir notificaciones y
nombrar apaderados judiciales o extrajudiciales. E1 primer represcatatte
auplents eemplazess 4l orincipel ed caze de susencia o mpedimento
temporal o definitivo d¢ aquél, La misma regla s aplicard cuando cl
scgunds representanic suplente haya de teemplazar al primero, o el
tercere al segunde. En tales casos, cl representante principal, o <l
primera, 0 seguindo suplenge, en &u case, o ambos, declararin su
intencidn.  de no gjercer lg reprosentacidn  mediante  declaracion
autenticada por Notario Pdblico on Colombia, o por Nowarlo u ofto
Funcionario Pablico, o Cénsul de Colombia, en el extranjero; v si 32
‘tratarg 42 impedimento, con el cortificadn respective. 3 algunc de log
nombrados faltare definitivamente, ¢l siguients tomard su lugar. Coande
cgsace 4 ausencia o impedimente del represcntante principal, o de su
primero ¢ segunde suplentes, ©n su caso, podrin gercer fa
Tepresentacion, én su ordeq, uno u otros segdn el caso, asumidndola por
sold hecko de ejercerla, cesando en ese momonto 2l ejeteivio de la
tepresentacién por el primero, segunde o tercer suplente en su caso.

Ademds, conficto (conferimos) poder a los sbogados arriba nombrados,
para obtener la proteccidn de mi {nuestra) propicdad industrial y eontra la
competencia desleal, a cuyo efecte Butorizo (amos) a los dichos
apoderados para que me {nos) represenién ante cualesquicra entidades o
personas, ejérzun o o jurisdicsién, especialmente ante las del orden

2 CAVELIER ABOGADOS
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in duc campliance with the terms of puragraph 1st. of article 543 of th
Commercial Code, do herehy appoint EMILIO FERRERO, tpa. 3192¢
LUZ CLEMENCIA DE PAEZ, tpa. 23555 and DANIEL PENA, tp:
&5.620, domigiled at Carera 4° W° 7235, Bogod, Colombia, the first a
principal and the others as alternates, in the order of their appointment, &
our representatives for all industrial property moatbers with faculty t
teceive notifications and to appoint altorneys in and out of Court. The i
alternate shell replace the principal in case of his absence or of empor;
of definitive impedimeni. The same role will apply when the secom
altgrnate ropresentative is Lo replace the first one, or when the third is t
replace the first or second alternates in their turm, of both ol them, secon
Ini such cases, the principal representative, or the first or second allemate
in iheir tum, or both of them, shall state their inteation nel 1o 2ol 8
representatives through a declaration given before a Motary Public §
Colombia, ot before a Notary or anothier Public Official or 4 Colombia
Consul abroad; angd in cesc of impediment, the appropriate certificate sha
sufficc. If any of the appointces were 1o be dofinitely absent, th
following altemate shall take his place. When the absenee or impedimer
of the principal representative, or of the first or s¢cond altcrnate in thei
tum ceascs, the representation ¢an be taken again in their sequence, by th
principal, the first or second alicmate depending on casc, and the mer
ool or iz exercize will suffice, The oxercise of the representation by th
first, second or third alternates o their torn shall end at such time,

In addition, we grant a Power of Attemey in favor of the above _name
attorncys_at law so thet they may obtaln the protection of my (o
industrial property and against,the unfair co on, for which purpose

(we) aughirtas, (Tssaid <uemER Wdieadfit mo (us) before an
authoritics mﬂgﬂgﬁfp&:” L-l}{' 'ﬁmﬂﬁﬁn sdiction, specially thos
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administrativo, contencioso—_administrative ¥ judicial, asl comop los
tribunales de arbitramento, &n todo lo congemicnle a los Sighientcs
asutibps: a) OblenciGn de patentes de Invencidn, medelos de utilidad, ¥
disefios ipdustrgles; sl registro de marces de fabrice, colectivas,
defensivas, de seTvicio, lemas comerciales, nombres comerciales,
enzeiias, nombres de dominio, variedades vegetales y denominaciones de
ofigén, su renovagidn, traspaso, ¢ambio de nombre o domicilio,
cancelacion voluntaria: y el registen de licensias de uso de esos derechos;
by Las accioncs de competencia desleal, proteccidn del consumider,
oposiciones u observaciones, cencelacion administrativa ¥ judicial,
milidad, medidas cautelates, concesion de licencias, la tuiele, la
proeceidn de secretos industriales, y en peneral los juicios civiles,
penales, administrativos o contencinso_adminisitativos relgioaados ¢orn
estes  derechos; acciones ¥ PMOCESHS que PrOmovamos O 3¢ n0s
protmuavan. Y para que q todos log asuntos anriba determinados, pusdan
susliit este mandago, transigir, conciliar, admitir Jag hechos del proceso,
desisty, cancclar, recibir, reponciar, v opratificar los agtos de agentes

-

oficiosns.
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administrative, administrative contentions and judicial, as well as-befor
Artbitration Court, in all matters concerning the following: a) Obtainmer
of .patiete, utility medels and industrial designs; the registration ¢
trademarks, collective, defensive and service matks, slogans, commercis
tames, trade emblems, domain neames, vegetal variéties an
denominations of origin; its renewal, assignment, changs of name ¢
domicile, voluntary cancellation; and the registration of licenses of usc ¢
the zbove rights: b) Actions of unfair competition, protection two th
comsuier, Cppositions or ohservations, administrative or  Cow
cancellation, nullicy, infringément, granting of ligenses, the action for wr
mandamus, the protection of trade secrcts, and in general the civil, pena
and administrative suitz relating to those rights; actions and suil
Instiputad by me fus} or ageinst me {us). And thar in all the above matter
they may substitute thiz Power of Attorney, compromise, concilizte, adm
the facts of the cage, desist, cance], receive, resign, and ratify acts done b
representatives without 3 power of aftormey. -
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Dado y firmado hoy/Given and signed this August 22, 2007
etin Oss, The Metherlands
porty Dr. P.N.M. Konings

Firma NV, Organon

Dr. AJH. Pegt
" Holder of Proxy
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CERTIFICACION NOTARIAL {(SOCIEDAD)

MAKELAAR
El infraserite NotarioACertifica: Que la firma que antecede de

P.N.M. KONINGS & A.J.H.PEGT

€5 auténtica; que el signataﬂ§ des;.',mpeﬁa actualments el carpo
de apodgrados

' -
MNITRE XL CERTIFICATION (COMPANY) 3
BY "MAKELAAR"
1 L1}
The undersignm certifies:  That the preceding signature S
of
P.N.M. HNINS & A.J.H. FET

AL authentic, that the signatuqniﬁ-rantly ace in the pesition of

Holder of Promy

de lacompaiiia___ ¢ V. Crganon

of the company NV, (xEnm

sociedad que actualmente existe y estd organizada de acuerdo a
las leves de Palses Bajos

a company currently existing and organized under the laws of

The Netherlands

que la direccidn de dicha eompafiia es
Kloosterstraat &, 53451 AB Oss, Holanda

that the address 1s E‘l_m G, 5349 AR 02,
The Netherlands

]
y que el signatario fend¥facultad para otorgar este documento.

Todos los hechos anteriores le constan por haber examinado los
documentos respectivos v de tedo ello da fe.

Dado y firmado en___Bseym. Holanda

El 20 Agosto 2007

@

ol B

and that the signatorg haxthe power to grant this document.
"MERELAAR s e

The Medery Public is aware and antests to the above facts upon
examination of the corresponding documents,

Given and signed in_Basgan, The Netheelards

On_ 30 Aagust 2007 j_?r.f
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APOSTILLE

Convention de La Have du 5 octobrs 196]

Pais: LOS PAISES BAJOS
El presente decuments pliblico

Ha sido firmado per; B.G.H. Pieterse

Actuando en calidad de: makeiaar in merken sn
modellen te Bussum

Y estd revestido del selloftimbre de

B G.H Pirterse

Cerificado

En Amsterdam

El dia 31 Augustus 2007

Certificada por el Seeretario Judicial del Tribuna)
de Distrito Amsterda

Con el ng: {": oot
Selladoftimbrado =
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APOSTILLE
{Convention de La Haye du 5 octobre 1961)

l. COUTY: oiricininen
This public document
has been signad by ...
3. acting inthe capacity of ...
bears the seal/stamp of ... .. ...
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(19) Waorld atelectual Property Organization E*|
mternalional Boreaw -

{43y Internaiional Publicalion Dule
12 Octoher 2006 (12.10,2006)

{12) INTERNATIOMAK. APPLICATION PUBLASHED UNDER THE, PATENT COOPERATION TREATY (PCT)

“ L L0 O AR

(10) Interpationat Publication Number

WO 2006/106136 Al

(51) Interpatlonal Patent Classificatlon:
COFE 313004 (2006.01) COF SO (2006014

(21) Interpatlonal Application Number:
PCTAPZ006/061 400

(22) Interputlonal Filng Dyte: 6 Apal 2006 (0604, 20063
{15} Filing Language: Hereli

(263 Publication Lanpunge: English

(300 Priority Data:

i 031027423 7 April 2005 (07.04.2005)  EP

é

(71) Applicants {for afl desipraled Siples excepl C8h
| OBGANON JRELAND LTD. |(ETE]; 1Irynam Rgad,

Swords Co., Doblin (iE). PFIZER INC. [USAIS]; 235
Easi 42nd Streat, Wew York, Mew York 100175755 (US).

Inventors; and

InveplorsfApplicants (for U8 onfyf KEMPERGAN,
Gerardus, Johapnes [WLANL], WV Organen, B OO0
Bow, 20, NML-5340 BH Oss (WL} ¥AN DER LINDEN,
Fucobus, Johanoes, Marin [NLANL] PO, Box 200 KU
Crganon, NI--5340 BH Oss (WL}, REEBER, Michael, R.
[U%U3]; 12 Seminnle Bosd, Skllman, New Jersey 05538
L5,

(72
(75

®

(74) Agent: YAN WEZFNBEEK, P.M., G, F; BO. Eox 20,
ML-5340 BH Qss (ML)

’ ates (urless ctherwise indicated, for every
ratiogn! protechion availablen AL AG, AL, AM,
BEa, BB.BG, BR.BW BY BZ CA,CILCN,
, 0Z, DY, DK, DM, DY, BC, HE, BG, ES, T,

Ky KM, KN, KB KR, KZ, L, LK, LR, L3, LT, LU LY,
LY, M, MDD MG, WE, 3N, MW, MX, MZ NA, NG, N
N0, N, OM, PG, PIL PL, PT, RO, R, SC, 51, 8L, 803,
SK, 5L, 5M, Y, TI, 1M, TH, TR, TT, T4, UA, UG, US,
UZ, W, VN, YU, ZA, Z8, 80

(54) Deslgnated Stales furdesy offternise trdicated, for every
kimal af repional prosection availablel ARTPO (BW, CiH,
GM, KE, 1.5, MW, MZ, WA, 50, 5L, 5Z, TA, UG, ZM,
ZW), Eurasian { AM, AZ, BY, KG, KZ, MD, RLU, TT, TM},
Foropean (AT, BE, BG, CH, CY, CZ, DE, DK, BE, B3, Fl,
TR, OB, GR, HU, IE, 13, IT, LT, LU, LV, MC, ML, PL, PT,
Rf2, 8E, 51, 8K, TR}, OAFL(BY, B), CK CG, C1, CM, GA,
GN, (0, GW, ML, MR, NE, 5N, TD, 13,

Puhlishes:
—  with iternarional search repor

For two-letter codes ard other abbreviations, refer o e "Guid-
artce Notes an Codes and Abbreviations™ gppearing ol the beyin-
ming af each regutar ivsue of the PUT Gazee.

wo 2006/106136 A1 |IVTBHLEBEAW0 0000 L0 G

{54} Titler INTERMEDIATE COMPOUNDS FOR TUE FREPARATION OF TRANS-3-CHLORO-2-METHYL-2.3 34 12B-
TETRAHYDRG-LH-IMBENZ[2 5:6,T|OXEPING[4,5-C]PYRROLE

{57) Abstracl: DHsclosed  arg  novel  amino  acil
dervatives of formula (I3 and (11}, processes for the
pteparation thereof, and their uvse in the proparadun
af trans-F-chiora 2-rnethyl-2,3 3a, 1 20-teirahy-
dro-1A-dibenz{3,3:6, Tloxepino- 5 |4,5-¢[pymole.



27400 "07 14:18 FAL +21412650892 NY DRGANON PAT DEFT. + CAVEL APAGADODS goLs

10

1%
@

WO Xbcf106156 . ; : . PCT/EP2006/061405

INTERMEDIATE COMPOQUNDS FOR THE PREPARATION OF TRANS-5-

+ CHLORQ-2-METHYL-2,3,33,12b-TETRAHYDRO~t H-DIBENZ(2,3:6,7]-

OXEPINO[4,3-cJPYRROLE.

This invention relates to novel amine acld derivatives, to processes for the
preparation tharaof, and to the use of the amino acid derivatives In the
preparation of frans-S-chioro-2-matiwl-2,3,3a, 17b-tetrahydro-1 H-dibenz-
[2,3:6,TJoxapino[4, 5-cpyrrole.

Trans-3-chloro-2-mathyl-2,3,38, 12b-tetrahydro-1H-dibenz]2,3:8, Tioxeplhal4, 5
clpyrrole, which is commonly known as asenapine, Is a compound having
CNS-depressant aetivity and having antihistamine and aniiserotonin aclvities
(See US Patent No. 4,145,434 ta van den Burg)- The phamacological profile !
of asenapina, Hs kinetios and metabolism, and the first safety and efficacy
studies in human volurtiears and in schizophrenic pafients have been
reviewed (See Da Boer et al., Drugs of the Firture, 18(12), 1117-1123, 1993),
It has been establlshed that the maleate salt of asenapine, known as Org
5222, is a broad-spectumn, high poiency serotonin, naradrenaline and
dopamins antagonist. Asenapine exhibits potential andipsychotic activity and
may be useful 1n the Yeaiment of depression {see Intemationa) paient
application W( 98/32108), A phamaceutical preparation suftabite for
sublinguat or buccal administration of asenapiné maleate has heen described
(see imtemational patent application WO 95/23600), Asanapine malsata s
now the subject of elinical studies, making large scale syntheses of the drug
substance necessary.

A general methodology Tor the preparation of asenaping Is described In US
Patent No. 4,145,434. Phyeical-chamical properies of the drug substance,
Orp 5222, have been roported (Funke et al., Arzneim.~Forsch/Drug.Res., 40,
536-529, 1880). Additional symthetic methods for the preparation of Org 5222
and radiclabsliad derivatives thereof havs elso beart descrbed (Vader et al.,

J. Labelled Camip. Radiophanm., 34, B45-Ba9, 1604).

X
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The iast staps In 2 known progess for the preparation of asenapine (&) are
deplcted in Scheme |, In this process, the double bond In the enamide, 11-
chloro-2,3-diyure-2-methyl-1H-dihanz]2,3;6, Tlaxapinal4,5-clpyreak-Tane (ill),
is reduced by treatment with magnesium In methanoltoluere 1o producs a
rixdure of & deslred frans-somer, Fans-11-chiono-2,3,3a, 120 Astrakyto-2-
methyl-1H.dibenx]2,3:8, Tloxepino [4,5-gjpyrol-1-one (W), and ar unwanted
cls-isomer, 6s-11-chioro-2,3,3a,1 2b-tbirahydro-2-mathyl-1 H-gbanz{2 36,7
axeplnofd,E-cipyrrol-1-one [V), in a 1:4 ratla,

Scheme |

As ghown in Scheme I, the unfavorable product ratfo can ba improved by
subsequent partial jsomerization of the unwanted cis-lsomer {V) into the frans-
Isomer (V) using 1,5~diazableycio[4.3.0jnon-5-ene (DBN), leading to @ -
thermedynamic equitibrium ratio of irang-isomer (V) to ola-spmer (V) of 1:2,
Soparation of the trans-isomer (IV) and the cfs{somer (V) is done by
chromatography over sitica ge!. The dislsomer (Y} can ba lsgmerizad again
using DBN reaulting In & 1:2 mixture of compound (IV) and compeund (V),
from which the frans-lsemar (IV) ie again separated by chromatography. After
furthier repetition of this cycle at kg scals, recryatallization of the thrae
combined fractions of the frans-lsomer (V) producas trars-11-chloro-
2,3,9a,12p-tatrahydro-2-mothyl-1H-dibenz{z,3:6, Tloxepincl4.5-cipyrrok1-0ne
{IV} In an gverall yield of approximately 38% starting from the enamide (i),
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The drawback of the process desadbad abave is that f i axtremgiy elaborate
and tima-consuming, white the final Vield of the trans-compound: (V) Is only
moderate. Thersfore thore is a need foran Improved procass or the
preparation of the trans-isomer {IV).

Throughout this distiosure, compaunds rapsesented by siructural farmulae
having a palr of bold and hashed wedgad bonda, as shown, e.g., in compaund
(IV) of Scheme |, or a palr of bold wedged bands, 8s shown, e.9., in
compaound (V) of Schems |, refer to “frans” or "ds” diastersalsomens,
respectively. Each of tha compounde may exist as a single enantiomer
hining the abaolute steregchemical comfiguration indicated by the wedged
bonds, or having the opposite absolute configuration, or as a mixture of
enantiomers (8.g., racemate) having the relative stersochemical configuration
indicated by the wadged bonds,

The present invention provides a process (Scheme JII) in which the mixtuire of
lactarna, trans-11-chloro-2,3,38, 1 2b-talrahydro-2-methyl-1H-dibenz]2,3:8,71-
oxepinnf4,E-clpymot=1-one (V) and eis-11-chlore-2,3,38,12b-tatrahydro-2-
methyl-1H-dibanz{2,3:8, Tjoxepino[4,5-c)pymoivi-one (V), is treated in an
alcohalle sohitlon comprising an excess of sirong alkaling base thareby
producing a mixturs of trars-B-chioro~10,11-ditygro-11-4{mehylamino)-
methyll-dibanz{p, Aaxepin-10-carboxylic acid {T) and cls-8-chioro-10,11--
dihydro-11-[{methylamino)mathyl]-dibanzib, floxepin-10-carboxylic acid {ka).
The ring-opening reaction i sterecssteciive, reautting In & 10:1 ratlc of the
trans-somer {1 o the ds-isum{ar' {Ia). The trans~aminc acid derhative (1) Is

@o1s

4



2708 07 14:1% FAX +31412850502 NY DRGANON FAT DEFT. + CAVEL ABAGADOS Wois

. WO 2006/10613¢ ' PCTERAO6061405
| .

subsequently isolated and cyclized to pive frans-11-chloro-2,3,3a, 12b-tetra-
hydro-2-methyl-1Hedibenz(2,3:8,7joxepinof4,5-clpyrral-1-one (V) with
preservation of the fans-slereochemislry. Stanting from the enamide
derivativa (i), 18 yiald of the trans-isomar (IV) Is approximetely 822%.

0 a : a
H W H R Sy “’% *“’%—p
| T on ¥
m 1L H

(L] m
ring Soslig

5 (0] overall yheid B2%
. ' Schema lll

The starting materia) for the ring-opening reaction may be & mixture of the
trans-lsomer (IV) and the d/s-isomer (V). Alternatively, the starting maiarial
may be the pure cis-dsorner (V). The mixture of lsomers (IV), (V} rmay be

10 obtained from compound (NI} in accordance with Scheme |, ahove, or may be
obtained in a number of synthesis steps such as deserdbed In Exampla B.

The hydrolysls of the lactams (¥}, (V) can be carmled out in an alcoholle

solutlon at reflux tgmparatura in the presence of a stoichiometric exceas of a

strong afkaline base. Prefermed bases Include alkali metal hydraxides, such as
15 potagsium hydraxide or sodium hydroxdde, which are used In 2- to 20-fold or

in 10- to 20-fold molar excess based on the amount of the Isomars (IV), {V}.

Useful alcohols Include C1 to G alkanals, including methand), ethanol, -
. propanal, 2-propano, n-butanal, and mixtures Yerect. The use of higher

boiling alcohols, such as Npropanc] and n-bauianol, appears to provide shorier
20  reaction imes for the ring-opaning reation,

After completion of the ring opening reaction, water and sthanol are adkiad
and an exiractive work up may follow io romaova side producis. The amine

O
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acid derivatives (1), {la) ara exiracied Inlo the water/aloohal phass and
avidified 1o a pH of 1 using hydrachlonc acld, Subsequent evaporation of the
sicohollc seivents selectively erystallizes the aming acid derivative, irans-8-
chlore-10,11<dihydro-1 1-[{mettylamino)methyl=dibenz]b,Joxepin-10-
carboxylic acld (1), as the hydrochloride salt.

Trang-8-chloro-10,11-dihydro.11-f{methylamina)methyi]-dibanz]b, floxepin-10-
carboxylic acid (1) may be obtained as the crystalline zwitierion, Le. frae base,
whenthe pH is lowerad to 6 instead of 1. Additionally, the zwitterion of frans-
8-chloro-10,11-dihydro-11-[(methylaminamethyidiberz{b, floxepin-10-
carbaxylic ecid (1) may be prapared from the hydrochloride salt by dissolution
in @ mixtura of metharol and water, neutralization to pH 8 with ammonia or
sadium hydroxide solution, and evaparation of the methanal io give the free
hass (1) 25 2 solid.

Tha ring-closura reaction (cyclization) of the amino acid derivative {1) to
produce the trans Isctam derivative (IV) (ses Schame 111} may be camied out
using the hydrochlorde eatt or the zwilterionic fanm by heafing a suspension
of the amino acld (I} In a solvent, Including an aromatic solvent such ae
toluene or xylane, eitharwith or without an addiive to Increase the rate of this
reaction. Suitabla addiives are silica gel, aluminum oxide, sodium hydroxide,
and sodlum Bcetats. A preferrad salvent to catty out the ring closure is

toluene; prafermed addiives are sodlum hydraxide and sodiur acetate.

Sodlum acatate is most prefermed Bs it typically results in the shortest reaction
time, '

In an altemativa methed for the ring clasure, the amine acld derivativé [1) Is
converted into an activated acid form, such as an acid chloride, which upon
neutralization with a bage, spontaneously cydlizes to the deslred lactam (V).

A turther aspect of the Invention relaies to a process (Scheme IV) far the
preparation of frans-2-chloro-10,11-dihydro-1 1-[{methylamint)methyl]-diberz-
[5,Joxepine-10-carboxylic acid (It), which Is a regiolsomar of the amino acid
dorivaiive (1) deplctad In Scheme I The process compriges the steps of: {a)

dozo

W\
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reduction of an enamide, 5~chiom-2,3-dihydro-2-methyl-tH-dibenz{2,3:6,7}-
nmpiﬂn[#,s.sﬂpynnl-ja-nna (V). to provide a mixture of lactams, frens-5-
chiors-2,3,38,12b-tetrahydra-2-mathyl-FH-dibere]2, 38, Tiekepinald, 5-clpymal-
1-one (VI), and ¢is-5-chloro-2,4,3e,12b-tatrahydro-2-methyl-1 Hedibenz-
[2,3:8,7Joxaplnol4,5-5)pyrroi4 -one (VIL; (b) hydrolysis of the Lactams {VIT),

. (VIll) by traatment I an gicoholle salution with an excess of a strong (alkall)

base theraby producing a mixture of the armino acld derivativa (i) and ils
tomasponding isomer, ois=2-chlare-10,11-dthydra~1 1-}{methylaming imattwd-
dibenz{b,fjoxepina-10-carboxylic acid {lla); and (c) purification of the amina
erid dartvative {il) from the mixre. Cyclizetion of the amino add dervative
(I} ta the desired laciam (VII}, which is a regioisamer of the lactam (V) -
depictsd fn Schema I, above, and subsequant reduction of the lactarn amide

group ylelds asenapine (A).
0
> :
o
N
|
{vn)

The enamkip, 5-chiaro-2,3-dihydro-2-methy!-1H-dibenz{2 3:6, 7joxapino[4,5- .
clpyrroi-1-orig {V1), can for instance be prepared In a number of synthesis

stops starting from 4-chlvrophancl and methyl 2-bromophanylacetats as
described [n Examples 8,
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Ancther aspect of the invention providas an alternative process for preparing
asenapine (A) as shawn In Scheme V., The pracess provides for traatment of
an amino acid derivative (1) or () with a reducing agent such 3s borane or
lithium atuminym hydride, optionally In mmﬁlnaﬂﬂn with s Lawis acid, such as .

5  aluminum chioride. This one-pot reacion providas asenapine (A) in a typical
yield of 70%.

Schema V

A further mspect of the Inveniion pravides the trans-amino ecld dervatives of

10 formula {1) or (1)), as depicted in Schemas |II-V, or the enantfomer of each

@ frans~-aming acid derivativa having the oppasite absolute eonfiguration, or a
racaumic mixture of each trans-amine acid derivative, or a salt thereof. Suftable
salts include alkall metal salts, such as sodium, potassium or lithium salts, or

. ‘aaits abtained fram the combination with an crganic base, such as himathyl-

18  aming, trigthylamine and the like. Other suttable salts include ackl addition
salts, which may be obtained by traating the free compounds (i) or (Il) with a
mineral acid such as h;rr:lmmlnrlc acid or hydrobromic acid, or with an organlc
acid such as maleic acld, acelic aeid, methana sulfonic acid, and the like.

Sultable acld addition salts of asenapina (A) can be cbtainaed from the _
20 treatment with a mineral asld such a3 hydroghloric acid, hydrobromic acid,
phosphoric acid and sulfuric ackd, or with an organic acld such B8 for sxample
ascotble acid, sitric mcid, tartaric acld, lacti scid, malele acid, malonic acid,
’ fumarlc acid, giyeolic adid, sucsinic acid, proplonic acld, acefic 8ld and
methane sulfonic acid. The preferred sckd addition salt of asenapine is the
25 maleate sal, i.e, Org 6222,

\3
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' The following examgples are Hlustraiive and non-imiting and represent spacific

embodimertts of the present kwarrion. in each of the examples below, the
compounds Org 5222, esenapine (A), and all cis- and frane-pracursors—e.0.,
cqmpuuuds @), ), (I, (V), (VvIN) and (VIll}—are racemates, arid the pairs of

 hold wedged bands or hold and heshed wedged bonds used in thelr sinyctural

formulae indicate relative stereachernical eonfiguration.

Gansral Methods

For most of the examplas, NMR spectra wera recorded on a Bruker DPX 400.
"H-NMR ohgmical shifts (5) are reported In paris per milfon (ppm) and are
referanced o TMS as an intemnal slandard using tha following abbreviations: 3
{singlet), ¢ (doublet), dd (doubls daubiet} and m (multipled). Mass spectra
were recorded on a PE SCIEX APl 155. GC mmﬂ‘natugrama warg recorded
on 2 HP&BS0N with g Rostek R:TJ(-cquh'm

Exampls 1. Preparation of ﬁ’ans-ﬂ-dhlnm-ﬂ,a.ﬂaﬂzbhh‘alwdm-i
m-thyMH-dlhm:{z,B'E,T]mplnuH,E ol pyrrol-1-one (V) following
Schema L :

= 3

__lauzmﬂ ﬂmmmwm

Under N aimosphars, lodine {485, 18 mmol) wes added io a stirrad
suspension of magnesium (1.75 gram, ?1 &7 mmol) intoluene (175 mL). Over
a period of 20 minutes, a solution of 11:chiloro-2,3-dihydro-2-methyl-1 H-gi-
henz{2,3:6,7Joxapino}4,5-clpyrmol-1-one (Ill) (25 gram, 84 mmol; See Vader et
al, abave) jn methanol (175 mL) was added. The reastion mixiure was sjmed
for 35 minutes. Then, twer a period ufz hiours, 3 portions of magnealum (1 g,
41.06 mmul} fuIJuwad by ons larger porlwn of ragnesfum (2 g, 82.12 mmal}
ware added. Waler {800 mL) and 36% hyﬂmch[nrlc acid (66 L) were added
keeping the tamparaiure balow 40°C. Tolsene (50 mL) was added, the layers
ware separatad, and the water layer wis extracted with foluene (2 x 100 mL).
Tha combined tolusne layars worg washed with watar {200 mL}, drled over
magnesium sulfate, filtersd and waporatad This gave a mbdure of frans-11-
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fhioio-2,3,3a,12b-tetrahydro-2-methyl- 14 dibenz{2,3:8, 7joxspino [4,6-c]-
pymol-1=one (IV) and ofe-11-chioro-2,3,3a, 12b-tetrahydro-2«mathyl-1H-
dibenz|2,3:6,7joxapinald.S-cieyrot-1-one (V) (26,5 g, ~100%) in the ratio
{(V):{V) = 1:4 as datermined by "H-MR and GC.

B. i url

S-Oiazabicydeld 3 0lnonB-ane (DBN, 1.6 L) is added to toluene (400
L) contalning & mixture of cis-lsomer (V) and trans{somer (V) (10 kg In total)
and the reaction mixiuwre is stimed for 1 hour at 20°C, Water (200 L) is added
and the pH of the aqueaus layer is adjusted to pH 4 with acetic acld
(approximataly 1.0 L). Stining is continued for 15 minutes and, if necessary,
acetic acid is added 1o adjust the pH 1o 4.0 {+ 0.2). The layers are separated.
The toluana layer is washed with water {200 L}, concentrated to a volume of
25 L and purifisd by chromatography on sliica (100 kg) with toluene (115 1)
ard toluene:ethy! acetats 95:5 viy {800 L). The fractions are poolad and
fractions containing exclusively cumpounﬁ trans-1 1-d1|m'u-2.3,3a.121:;-
tetrahydro-2-methyl-1 H—dm:a:[Z,E:E.?']oxépim[ai,ﬁ-G] pymok1-gne-{lV) ara
combined and concemirated to & volume nf 50 L. Fractions containing cis-11-
chlom-2,3,33, 12b-terahydro-2-mathy)-1 H—diba:u:z.azs.?]uxapin0[4,5-c]pmml-
1-ane (V) or mitures of bans-11-chloro-2,3,38,12b-tetrahydro-2-methyl-15-
dibenz{2,3:8,7]oxeplno[4,5-¢Jpynol-1-one {I¥) and ¢is-11-chloro-2,9,38, 125~
tetrahydro-2-mettwyi-1 H-dibenz {2,3:6,7]oxepino[4 5-cjpyrrol-1-one (V) are
combined.

Tha cambined fractions containing efs-isomer (W} ara lsomearized agsin
using DBN in oluene and subsequant puriﬂnéﬂun by mmnﬁtngrap\'iy as
described above is repeated fwice. Fractions contalning exclusively bans-11-
chloro-2,3,3a,12b-tetrahytiro-2-metiyl-1 Hedlbanz]2,3:6, 7joxepinol4,5-cipymal-
1-one {IV) are combined and evaparated in vacuum to give 4.9 kg (49% m/m}
of ¢rude trans-11-chioro-2,3,8g, 12b-tetrahydro-2-methyl-1H-dibenz[2,3:6,7]-
oxepine[4,5=clpymal-1-one {Iv). Recrystaillzation from mathanal pravides
trans~11-chigro-2,3,3a, 12b-tetrahydre-2-methyl-1H-dibenzl2,3:6,7]-

Rioz4
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oxapino4, 5-Clpyrol-1-ona (V) (3.8 kg, 38%); mp150.6°C: "H-NMR {400.13
Mz, CDCI; relativa 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).

Example 2, Preparation of trans-8-chioro-10,11-dihydro-11-4{methyl-
amino)mathyl]-dibenz{b,oxepin-10-carboxylic acld (1)

Te a solution of ois-1 1-d1bm-2.3.3a,‘|12h-teh'ahydm-2ﬁmeﬁ1yl-1f-{- '
dibenzi2,3:8.7) oxapino(4 5-clpyrrol-1-ona (V) {2 gram, 6.7 mmal) In ethano
(20 mL), was added potassium hydroxide (3.8 g, 67 mmol). The reaction
mixture was Neated to reflux for 5 hours. Tha reaction mixture was evaporated
and water was added (80 mL). The water phase was washed with disthyl
ether (2 x 25 mL), The aquaous phase was acidified with concentratad
hydrochlorlc acld o a pH between & end 6, mauting in a gum precipitate.
Ethy! acelate was addad (25 mL}, which siowiy dissofved the gum and
rosutied in the formetion of fine crystals of the product. The crystals ware
filterad and dried to give frans-8-chloro-10,11-dihydro-11-{methylamino}-
methyll-dibenz]s,faxepin-10-carbaxylic acid () (1.1 g, 52%); mp 154.4°C; *H-
NMR (399.87 MHz in MeOD relative to MS} §2.08 (s, 3H), 245 and 2.66 (2x
m, 2H), 3.23 (8, 1H), 3.50 (m, 1H),"3.82 (d, 1H), 8.86-7.20 [m, 6H).

Example 3. Preparation of trans-8-chlaro-10,11.dihydro-11-f{methyl-
amine)methyl}-dibenz[b,fjoxepin-1D-carboxylic acid hydrochloride
{.HCI

Potassium hwdroxlde (335.8 g, 6.30 mole) was added 1o a mixiure of
&s-11-chlore-2,3,3a,12b-tatrahydro-2-mathyl-1 H-dibenzj2, 3:6, 7 oxepinal4,5-
Clpyrrold-one (V) and tans-11-cilore-2 3,2a,128-tetralydro-2-mathyl-1H-
dibenz]2,3:6,7]exapinof4,5-glpyrml-1-one (IV) (105 g, 351 mmal, trans/eis
ratio 1:3) dissoived in ethanol (1050 mL). The mixture weas heated to refiux for
18 hours. Part of tha ethanol (500 mi.) was evaporaisd and waler was sdded
{1.5L}. Tha aqueous phase was extracted with toluene (2 x 760 mL). To the
water phase was subsaquently added toluena (500 mL) and concentrated
hydrochlarie acld to adjust the pH to 1. During the addition of hydrochloric acid

.the temperature fises o 75°C. The water layer was separated and upon

ok

TR

\o
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cocling orystals of érens-8-chloro-10,11-dihydro-11-[{mathylamino)methwl]-
dibere{s,foxepin-10-cartixylic ackd hydrochlorde were formed. The Crystaiz
‘wore collacted by fliration and dried, giving (.HCI {84 g, B8%); mp 215°C
(dec.); 'H-NMR (389.87 MHz In MeOD relative to TMS) 5 2.65 (s, 3H), 3.30 (s,
5  2H),3.86 (m, 1H), 432 (d, tH), 7.11-7.38 (m, 6H). '

Example 4. Praparation of trans-11-chiore-2 3,40, 12b4etrahydroe-
methyl-1H-dibenz]2,3:6,7joxepino[4,5-c] pyrrol-1-on4 (i)
athod A
Trans-B-chioro-10, 11-dihydro-11-{{metmdamino)methyl-gibanzls, A
10 oxepin-10-carboxylic ecid hydrocharida (1§ HCL (555 &) and sifica gel {55 g)
werd Suspended In Xylene (850 mL). Ths suspension was heated to reflux for
1 night. Tha reaction mixture was cooled 1o 65°C and ethyl acetate (550 mt.)
was added. The sillea gel waa filtered off and washed with ethyl acetate {550
mL). The organio phase was avaporated. The crude product was dissaived in
® 15 mathanol (750 mL), The methanol was partly evaporated upon which
crystallization of the product takas place. Aftar cocling to 5C for 3 hours, the
praduct was obtained by flration, This yieked frans-11-chlore-2,3,3a,12b-
tetrahydro-2-matiwyid H-dibere (2, 3:6, 7loxepinol4, 5-clpyrmol-1-one (IV) (47.8 g.
B6%); mp 150.6°C; 'H-NMR (400.13 MHz in CDCl; ralative to TMS) & 3.03 {d,
20 3H), 4.03 (m, 1H), 3.53-365 (m, 2H), 3.82 (m, 1H), 7.01-7.28 (m, 6H), 7.87
{dd, 14).

Mathod B
Trans-5-chloro-10,11-dihydres1 1-[{methylamino}mettyl]-dibanz{s, -
oxepin-10-carboxylic acld hydrachionda (11HC (50 g, 142 rmmol} was Sus-
25 pended in dichloromsthane (4 L) and N,N-dimathylformamide (50 raL}. To this
- sus pansion was added tnioryl ehkorida (S0 mL, 84 mnol). After 30 minutes a
. clear solution wasa formed. Thiz solution was added dropwise to a cold mixture
of mathano {1 L) and triethylamine (158, 1150 mmel), Additiona trietrylamine
(35 ml.) wae added to adfiust the gH to 8. The omganic phase was washed with
30 1IN hydrochioric acid (1 L} and with brina (2 x 1 L). The crganic phasa was
subsequantly washed with saturated sodium bicarhonate solution (1 L) The
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organic phase was driad with magnesium sulfate and evaporated. The crude
product (40.7 g) was crystallized from mathanol (100 mL). This fumnished
frans-11-chloro-2,3,3a,12b-tetrahydro-2-methyl-1H-diberz(2,9:6, 7laxepino-
[4,5-c]pyrral-1-one (IV) (32 g, 75%); THNMR (389.87 MHz In DOk relative to
TMS’J £3.03 (d, 3H), 4.03 (m, 1M), 3.53-3.66 (m, 2H}, 3.82 (M, 1H), 7.01-7.28
(m, 8H), 7.B7 {dd, 1H).

Example §: Praparation of asonepine, trans-S-chlomn-2,3,3a,12k-4istra-
hydro.2.mathyl4 H-dibenz]2,3:6,7]oxepino[4,5-cIpyrrola (A)

To afirst regction vessal containing tetrahydrofuran {2.4 mL) et 0°C
was added aluminum chloride (167 mg, 1.26 mmoi). To the resuiting
suspension was slowly added lithium alurminum hydride (3.77 mmol}. To &
second reaction vessal contalning THF (4 mi) was added trans-8-chloro-
10,11-dihydro-11 {imethylamino)methyi]-dibenzb, foxepin-10-carbexylic acid
hydrochieside (1) HC! (0.4 9, 128 mmal). At -10°C, the contents of the first
reaction vessel were added to the second reaction vassel. After 30 minytes
the reaction mixture was quenched with water and extracted with foluene. The
toluans was dred with magnesium sulfate and avaporated, This provided
crude frans-6-chloro-2,3,38,12b-tetrghydro-2-methyl-1H-dibenz{2,3:6,7]-
cxeplnof4,5-clpymole (A) in nearly quantitative yield with a purity of 83%; 'H-
NMR (400.13 MHz in CDCI; rafetive to TMS) & 2.64 (s, 3H), 3.15 {m, 2M), 3.25
and 3.81 (2 xm, 4H), 7.01-7.36 {m, 7H).

Example §. Preparation of dsenapine, trans-5-chloro-2,3,3a,12b-tefra-
hydro-2-mathyl~1H-diber]2,3:6,7Joxepinofd,5-clpyrrole (A}
Aluminum chloride (6.9 kg is added in portions 1o tatratydraturan (100

. L) at 0°C. Stiring Is continued and @ 10% salution of ithium eluminum hydride

In tetrahydrofuran (35.0 L) is added keeping the tamperature below 10°C. The
mixture & coolad 10 D*C and stirred for 15 minutes. A solution of frans-11-
chloro-2,3,3a,12b-telrahydro-2-mathyl-1H-dibenz[2,3:6, Tlaxapino[4.5-6lpyrrol-
1-one (¥} {10.0 kg) in tetrahydrofuran (100 L) Is addad to the mixturs while
keaping the temperature below 15°C. Tetrahydroluran (& L} is added, stiming
is continued for 1 hour at 10°C, and 0.8 N sodium hydroxida solution (100 L)

&

o



+ CAVEL ABAGADOS o2s

2T/00 '07 14:25 FAX +d1412B60592 N¥Y ORGANON PAT DEFT. /\A iq

WO 2006106156 PCT/EP206/061469
' 13

is edded keapling the {Emperature below 10°C. Stiring is continued for 15
minutes at 20°C and tolusna (150 L) and of watsr (100 L) are agded, Stirring
is continued for 18 minurtes 8t 20°C and the alt layer i& saparated. The sait
lsyer is extractad with foluene {2 x 50 L). The combined filtrates are separeted

5 and the aqueous layer it extracted with of toluens (50 L). The combined
organle layers are evaporated in vacuum at 70°C to ghve frans-5-chloro-
2,3,3a,12b-tetrafydro-2-methyl-1 H-dibenz[2, 3:6, 7]oxeplnof4,5-clpymole (A)
{8.4 kg, BO%}; ' H-NMR (400.13 Mz in CDCl; relative 1o TMS) 5 2.54 (8, 3H),
3.15 (m, 2H), 3.25 and 3.61 (2 x M, 4H), 7.04-7.36 (rn, 7H).

10 Exampls 7. Preparation of agenapine maleate {Drg 6222}
Free base irans-5-chiom-2,3,3a, 12b-tetrahydro-2-mathyl-15H-

dibenz]2,3:6,7]oxepinol4 5-0] pyrrole (A} (1.23 kg) was dissoived in ethanal (2
L) at 80°C. Charcoal (74 p) was added; sfter atiring for 30 minutes at 60°C,
the charcnal was filtered and washed with ethanal (1.2 L). Tha fitrate was

. 15  warmed {0 65°C and was mainalned at this temperature while a warm (80°C)
solution of maleic acld (554 g) in ethanc {3.5 L) was added over a 15 minute
period. The solution was cooled any speded at 15°C. Aftar 2 hours gliming at
15°C the suspansign was cooled to «10°C and the u-ysmls were fitared,
washed with cald elhano! and dried,

20 H-NMR (400.13 MHz in CDOls refativa to TMS) 53.14 (s, 31), 3.93 (m, 2H),
3.70 and 4.08 (2 x m, 4H), 6.24 (s, 2H, vinylc protons of maleic acid), 7.16-
7.34 (m, 7H); mass spectometry iz 286.1, 229, 220, 201, 194, 166, and 44.

Exampla 8. Preparation of a mixture of trans-11-chloro-2,3,3a,12b-
tetrahydro-2-methy!-1H-dibenz{2,3:8,Tloxepino{4,5-] pyrrol-1-ons (1)
25  and comvesponding cigdsomer (V)

A soiutlon of {S-chlore-2-phanoxy-phergl}-acetic acid methyl ester (167
g, 805 mmol) and mettwt formate (173 mL, 2.8 mol) In &buly’ methyl sther
30 (1L) was coolad o —10°C. To this sojution was added potassium +butoxlde
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(115 g, 1.03 mol) portionwise so that the temperature remgined below 0°C.
Aftgr 30 minutes, the reaction was quenchad by addition of 4N agqueous
hydrochloric acid (400 L), Tha trganic layet was separatad snd washed with
water (3 x 360 ml) and saturated brine (350 mL). ‘The organic fractions were
combined and ceneantrated to dryness and used without purtfication. The
product is 90% £ ag shown by NMR. TH NMR (400 MH2, CDCls) 3.6 (s, 34, £
methy! group; Z methyl is at 3.7), 6.8 {d, 1H), 8.9 (m, 2H), 7.0 (&, 1H), 7.2 (m,
3H), 7.3 (m, 2H), 11.8 (d, 1R, & hydiraxy proton; Z hydeaxy proton ie at 4.7).

A slonry of 2-{5-¢hlam-2-phennxy-pl'nnyd]-3-hwmw-awfm acid metfni
ester (210 g, 681 mmol) was heated in pyrophosporic acid (420 g) fo B0°C.
Aftar two hours, the reactlen was cooled to 20°C and hexane (250 mL),
toluene (500 mL), end water (600 mL} were added to quench the reaction.
The orgenic layer was separeted and washad with saturated agueous sadium
bicarbonate (500 mL) and saturated brine (500 mi.). The organic fraction wes

© concantrated and the resutiing oil was crystallized fram n-butanal (500 mL;

20°C for one hour and —10°C for two hours), which provided the thisd
tompound es offuwite erystais (172 g, 85% yield for steps A and B). 'H NMR
(400 MHz, CDCls) 3.9 (s, 3H), 7.1-72 (m, 3H), 7.3 (m, 2H), 7.4 {t, TH), 7.6 (d,
1H), B.0 (s, 1H)-

C. T i-n Ljﬂ 11-di ibanz e-10-
carhoxviic acld methwl gstar

To a5 L 3-nack round bettom Nask was added B-chloro-dibenzis, -
oxepin-10-carboxylic adid methyl eater (305 g, 1.06 mol, 1 8q) followed by
THF (1.25 L) and #huty-tetramethylguanidine (27 g, 0.15 mol, 0.14 eq). To
this solution was addad nitromethans (876 g, 9.45 mol, 8.9 eg)in THF (0.5 L}
while malnfalning a temperatyre of less than 30°C. The reauttant wibdure was
stimad at room temperature umtl judged complete by HPLC (avamight, < 3%
#tarting materia). Once complate, methy tertiary butyl ether (125 L), water
(.8 L) and 1N HCI (0.8 L) were addad, the layers were separsfed, and the
afgueous layer was exiracted a second time with MTBE (1 L.). The combined
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organic layers ware washad with 1N HC! (2 x 0.6 L) and asturated sodium
chicride (0.6 L), After addition of toluene (2 L) the organl¢ fragiion was
concentrated under vacuum to a volume less than 2 L, toluene (1 L) was
added, and the mixture was concentrated t6 minimum volume. Addttlon of
THF (0.5 L) afforded the titled compound as a light colored solution which was
used without further purification (368 g, 1.06 mol, theoretical). HPLC area%:
45% toluene, 48% frans-nitro ester, 6% cls-nitro ester, 1% starting material.
HPLC conditions: columne- 3.5 pm Zatbax SB-Phenyl, 3 mem x 150 mm;
solvent- gradlent from 65% watar (0.1% HOCL)/45% methanol (0.1% HOCL)
1o 100% methanal {0.1% HOCL) In 10 minutss and hold for 2 minutes; flow
0.5 mLiminute; detection at 210 nm. |

An mqueous slury of A7000 spange nickel catatyst (111.74 g/80 mL,

~ containing approximately 80.26 g of catalyst on a dry.basis) was washed by

adding THF (40 mL), agitating, end dacarting the supernatant. The catalyst
siurry was then charged 1o a 1500-mL Hastelloy-C stirred autaciave with the
ald of THF (200 ). The vassel was sesled, purged with hydrogen, and
prassurized to about 50 peig with hydragen. The mixture wes stimed at 1100
rpin at ropm fempareture and a solution of trans-8-chlora«11-nitromethyl-

10, 11~ditydro-dibenzolb, floxepine-10-carboxylic acid methyl ester (ca. 368 g,
1.08 mal in 500 mL THF) diluied fo 850 mL with THFwaa.aﬂdad at a rats of
about 2.3 muiminuie over the course of about 4.5 hours, The temperature of
the reaction mbetura rose from the exathenn but was maintalned batwaan 20
tn 32°C by the application of an external watar cooling bath, The total
preasira in the neacior was maintained at 50 to 60 pslg by supplying
hy&rogan on-femand through a pressura regutator from high-pressdre
reservolr of known voluma. Afterthe addition of the starting matenal was
completa, the addition system was ringad with THF (2 x 26 mL) into the
reactar. The completed reaction mixture was stimad at room temperature
under about 60 psig hydrogen ovemight, Aftér venting of the hydrogen, the

@30
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reaction mixiure was cauﬂnusiy vacutm filterad and the cake washed with
THF (Nots: care Is raquired to avaid drying of the catalyst cake In alr} to afford
a mixture of the tifed compounds (1.08 mal, theotsfical) as @ THF solufion.
This matetial was used without further purification. HPLC area% aasay: the
combined flitrate and washings {1266 p) was devold of gtarting material, and
consisted of a mixture of the expectsd amino estar and ¢is- and trans- -
lactams. HPLC canditions: same as siap C, abowe,

T a § L 3-neck round bottom flask equipped with mechanical stiring
was added THF (1.0 L) followsd by the hydrogenation product from step D
(1.08 mofes In bout 0.8 L THF). The contents of the vessel wers subsaquent-
ly cooled ta 0°C, Solid potassium Hhutaxide (178 g, 1.59 mol, 1.5 eq) was
then added porion-wise wiiike maintaining a temparature of Jess than 5°C.
The rasulting derk suspenalon was stimed at [88s than 5°C until complete
cansumption of the amino estar, as determined by HPLC. Dimethyl sufate
(170 mL, 1.8 mol); 1.7 aq) was than siowly added while mzintaining a
lemperature of less than 5°C, giving an orange sﬂspanslnn. The contents of
the vessel ware afirrad at fess than &°C unil the reaction was complate by
HPLC (< 5% des-methyl lactam) at which #me ammonium hquﬁda (0.5L)In
watar (1.0 L) was edded fo decompose any mnaining.dimeﬂwl sufate. The
mixiure was gradually wanmed o room femperature and stimed ovemight.
Ethyl acatata (0.5 L) was added and the layers were separated. The rasultant
aqueous layar contained produst solids that were extracted Info ethyl acetate

- (251, 0.5 L} st elevated tamporature {55°C). The cambined arganis layers .

weras concanirated it vacuo to a vohume of Jess than 1 L; octene (0.25 L) was
added, and tha regulignt suspenslon was warmed to 50°C followed by cooling
ta 0°C, The suspension wan filiered, washed with octane and dried under
vasuum et ED“C to afford pradominantly the cis-isomar (V) {215.'? g, 68% yleld
from oxepine ester), HPLC area’%: 1.6% unknown, 88.4% cis-Isomer (V). and

_ trate fransdzomer (V). The fitrets from the above isolation was toncenirated

under vacuum, MTBE was addad, and the mbdure was heated {o neﬂux. The

B0l
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resultant suspanslon was gooled o room temparature, filtered, and driad to
afiord a mixture of cls- and trans-lsomers, (V) and (IV), respectively (26.9 g,
9% yield). HPLC area%: 7.9 % cie-lsomer (V), 92.1% frans-isomer (V). The
filtrate from the sscond isolation was concentrated under vacuum, MTBE (500
mL) and actane (50 mL) were addad, and the mixture heated to refiux. The
rasultart suspension was cocled o 0°C, filtsred, and dried to afford a mixture
of ¢fs- and fransdeomers, (V) and (IV), respectively (12.2 g, 4% yleld). HPLC
area%: 4,8% cis-samar (V), 24% unkneun, 52.7% translecives (W), HPLC
condiflans: same as step C, abova. Total yiald of the fitk] compounds was
256.8 g, 81% from trans-B-chikore-11.nitramethyi~10,11-ghydro-dibanzo[s, i
exgpine-10-carboxylic acid methyl ester (stap C).

Mm. Preparation of mnﬁplné via tha lactam trans-5-chlorg. |
2,3,32,12b-tetrahydro-2-methy-1H-dibenz [2,3:6,7] axepino [48-c] pyrol-
1-ona {VU). )
A: [2{4-Chlorg-phenoxy}-phanvibacetic acid (1X)

Methyl 2-bromaphenytacetate (47.0 grams 216.3 mmol) and 4-chloro-
phenal {27.8 grams, 215.8 mmol) were dissalvad in dicxana (790 ml) whila
warming to 50 °C. To the resulting solution were added, tnder stiring in @n
inert nlrogen atmosphera, caslum carboneta (141 grans, 432.2 mmol) and
copper(l} ehloride (18.56 g, 86.2 mmol). Finally, N,N-dimethylglycine {4.48
grams, 432 mmca) was edded 1o the green suspensiun‘The reaction mixture
was haated at 110 °C (reflux temperatire) for 4 days while stining. The
reaction mixture was fitered over dicalite, which was washed with dioxane (40
ml}. The dioxana was removed n vecuoio leavo & brownish off. Ethyl scetate
(100 ml) was added to the oll and the pH of the resulting mixture was adjusted
to 1 by addition of 1 M HCI (300 M. The organic phase was washed with
saturated brine (300 mi), dried on magnesium sulphate and then concantrated
under vacuum to yield 67.2 grams {208 mmal; 85 %) of 2-(3-chiom-phenticy)-
phenyl]-acetic acld methyl astor as a brown all. The oil was dissolvad In
methanol {260 ml}), whersupon KOH (16.2 grams 1.4 aq) was added. The
resuiting solution was heated far 3 h at 60 *C, The reaction mixture was
cooled and the methanol (200 ml) was removad under vacuum. To the

Boaz
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rasidua water (100 ml) was added and the pH was adjustad to 1 by sddtian of
M HCi {26 mi). The resulting crystals were filtored off and dried In vacuum at
40 °C to yield 47.3 grama (180 mmg); 87 %) of [2-(4-chloro-phenoxy}-phenyl]-

acetc acid ().
gos

HO™ “o
o)

B; Mathy-N-2-{4-chlorg-2-phenaxypheny!}{ -gxethv]l-N-methyintyeinata (X}
[2-{4-chloro-phenoxy)-phenyll-acetic aeid {IX) (47.3 grams; 180 mmol)
was suspendad in toluene (140 mi) st 48 °C. Ta this suspansion dimethyl-
Tarmacnide (4.0 mi) and SOCle (18.8 mi; 274 mmol; 1.5 6q) In foluene (18 mi)
were added. After 10 min the reaction mixhure was concentrated under vacuo
and stripped twice with toluene, to yield a brawnlsh oll of [2-{-ghloro-
phenoxy)-phenyllacetyl chloride. The oll was suspended n toluene (76 mi).
To the sugpension was added at 5 °C a solution of sarcosine methylester
(30.3 grams 217 mmol) and trietfydemine (57 ml) in a mixture of dimathyl-
farmamide (236 ml) and toluene (47 mi). The brownlsh suspension waa etimed
for 2 hours at room temperature. To the reaction mixdure wates (750 rmf) was
added and the mixture was extracted fwica with ethyl acetate (500 ril), The
organic phase was washed with satursted brine (700 ml) and dried on '
magnesium sulphate. The solvent was removed in vacuum to yield methyl-N-
[2-{4-chloro-2-phencoyphenyli~1-oxethyl]-N-methyiglycinate (X) (61.3 grams,

202 mmol) as a bmwnish oll.
Jop
e T
J
- HCO.C
(1]
C: 4-Chlora-ph - idi dinne {Xi)

To @ suspension of fart-BuOK (21.7 grams: 183 mmol) in toluens (240
mi} was added under nitrogen at 20 °C a solution of compound (X) (61.3
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grame), as obtained ynder {B), in foluene( 240 ml). The resulting suspension
was sfirmed overnight. To the brownish suspension waler {750 mi) wag added,
The soiution was extracted 3 fimes with ethyl acatate (3 x 300 mi). The
combined organic phaser ware waghad with water {200 ml), The gH of the
water-phase wae adjusted with HCI to 1. The obtained crystals ware stimed for
3 hourg before filtering off, The orystals wers dried undsr vacuum at 40 °C to
leave 40.2 grams {127 mmol, 72 %) of 3{2-{4chlore-phanoxyrphenyik{-
mathyl-pyrrolidine-2,4-diane (XT). GC-purity; 95 %.

o8
o

0

e
Dy §-Lhloroe: i TH-diha i)

P20s (80 grams) was addad in postions to HaPO, (90 grama) while
maintaining the tamperature balow 140 °C. Tha midure was heated at 115 °C
for 1.5 hour, whareupon 3-[2-(4-chloro-phenaxy)-pheayll-1-methyl-pymolidine-
2/4~dione (30) (30 grams; 95 mmol wes added. The reaulting mixture was
stirred for 4 days st 115 °C o 130 °C with extra P20 (in fotal & portions of 5
grams each were edded). The mixture was puitred into water (200 ml) end the
Tesuting precipitats was stimed ovemight. The mixture was extracted with
dichloramethane (250 mi} and washed with sat. NaHCO3 (pH = 7). After {
drying on magnasitm sulphata tha solvent wag removed under vacuurm,

The resulting crude product was dissaived in methanol (520 i) at 70 °C.
Following remaval of part of the methana by avaporation the product
crystallized. The mixiura was stimed overnight et -12 °C. The crystala were
fittered And dried o provide 5-chloro-2,3-dihydno-2-methyl-1 H-dibenz [2,3;6,7]
oxepin {4,5-6] pyrol-1-ona (V1) (16.4 grams, 55 mmol; 58 %), purity
according to GG 92 %. TH-NMR (400 MHz, CDCI5): 3.2 (8, 3H), 4.3 (s, 1H),
38 (ip, 1H), 7.2.7 4 {m, 6H), 82 (ad, 1H}.
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Undar N; atmosphens ioding (3.0 grams, 11 mmolj was edded to 8
stirrad suspension of magnesium (1.22 grams, 50 mmol) in toluene (82 mi).
Cver a period of 20 minutes a salvlion of S-chlor-2,3-dihydro-2-methyl-1H-
dibenz [2,3.8,7] oxepino [4,5-¢] pymmok1-one (VI) {16.4 gram, 55 mmol} in

mathanol (57 ml) wae added. The reaction mbdure was stirred for 35 minutes,
Then over a period of 2 hours 3 portions of magnesiun (2 x 500 mg, 41.06

mimol} followed By one karger portion of magnesium {4 x 500 mg, 82.12 mmal)
wara added. Water (600 ml) and conc. hydmﬁlnﬂu acid (65 ml) wens agded

. while keeping the temperature balow 40°C. Toluene (50 ml) was added, the

layers were separated and the water layer was extracted twice with ioluane
{100 ml). The combined toluene layers ware washed with water (200 mi),
dried on magnesium sulphate, fittered and evaparated. This gave a mixure of
trans-5~chloro-2,3,3a, 12b-tetrahydro-2-methyl-1H-dibenz [2,3:6,7] oxapino

" [4,5-c] pyrick-1-one (VIf) 8nd cis6hioro-2,3,35,12b-tetrahydro-2-methyl1H-
dibanz [2,3:8,7] oxeplino [4,5-c} pymol-1-one (8) (VINl) {13.6 grams, 82 %) In
the ratio (VI1) < {VIil) = 3:7 as deterrined by 'H-NMR and GC.
TH-NMR (400 MHz, CDCl; ): 2.9 (s, 3H, cis), 3.0 {3, 8H, trans), 4.0 {m, 1H),
3.53-3.65 (m, 2H), 3.8 (m, 1H), 7.0 (d, 1B, trans), 7.15-7.28 (m, 6H), 7.4 (dd,
1H, cls), 7.9 (dd, 1H, trans).

-carboxylic I .

The mixture of lactams (V1) and (VIIl) {13.6 grams, 45 mmao), trans/cs
ratio 1:2.3), obteinad @e describad under E, was dissolved in ethanol (140 m).
To the solulion potassium hydroxide wag edded (43 grams, 811 mmol),
whereupon the mixture was heated to refilix for 18 hours. Part of the ethanol
(80 mi) was evapomated and wator was added (200 mL). The aqueous phase
was extracted twice with teluene (100ml). Subsequently toluena (100 ml) was
added to the water phase, followed by concentrated hydrochlorc acid to
adjust the pH ta 1. During the addition of hydrochiore asld the tamparature

@035
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rises 10 76°C. The water layer was separated and upon coofing the product
orystaliized. The crystals were collected by filtration and dried o provide
frang-2-chloro-16,11-¢iydro-10-[methylamino)methylj-dibenzib,floxepln-11-
carboxyllc acid hydrochloride (W) (3.75 grame, 10.6 mmol, 22 %).

M.p: 203.1 °C. "H-NMR (400 MHz, MeOD): 2.6 {s, 3H), 2.3 (s, 2H), 3.9 (m.
1H), 4.4 (d, 1M), 7.10-7.38 (m, &H).

To a suspenslon of trans-2.chlom-10,11-dihydro-11-[{mathyiaming)-
msthyl]-tibenz]bfloxepln-11-carboxylic acid hydrochloride {I) (2.00 grams,
6.85 mmol} in toluene {16 mi) was added sadium acetate (0.56 grams, 6.70
mmole). The suspension was haa;fed for 2 hours at refilux. The mixturs was

fittared and the fiftrate was concentrated undar vacuum at 50 °C to leave a
brownish oil (1.49 grams ,4.97 mmal, B9 %), shown o ba a mixture of frans
(Vi) and cis (VIIT) in the ratio {WIt) : (VIII} = 8:2 a3 determined by 'H-NMR and
GG, Crystallization from meathanol (20 ml) gave pure frans-5-chloro-
2,3,3a,12b-tetrahydro-2-methyl-1M-dibenz [2,3:6,7] oxepino [4,5-c] pyrok1-
one (VIl} in a yleld of 0.80 gr (2.67 mmod, 47 %).

M.p: 146.4 "C. "H-AIMR (400 MHz, COCls): 3.1 (s, 3H, trans), 4.2 (m, 1H),
3.63-3.65 {m, 2H), 3.8 {m, 1H), 7.0 (d. 1HD, 7.15-7.28 {m, 5H), 7.8 (dd, 1H}.

Aluminum chloride (85.7 mg} waa added In portions to tatrahydrefuran
(5 mL) at 0 *C. Under stiring a 10 % solution of lithlum aluminum hydride
tetrahydrofuran (1.35 mL) wes slowly addad while keeping the temperature
below 10 °C. The mixture was cooled to 0 °C and sliired for 16 minutes, A
solution of H'En_a-ﬁ-chlnm-z.ﬁ.ﬁa,12h-tah‘ahydm—2-mathyi-'1H-dibenz [2,3:6,7]
oxepino [4,5-¢) pysit-1-ona (Vil) {0.40 grame) in tetrahydrefuran (4 ml) was
added to the mixture while keeping the femperature below 15 °C. Sliming was
continued for 2 hours at 10 “C , wheneupon 0.5 N sodium tartrate solution (15
mL.) was added whlie kesping the {emperature below 10 °C. Stiring was

FLEL
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- continued for 15 minutes at 20 °C. The salt iayer was extraciad twice with a
toluana:sthyl acatate (8:2) mixture (25 mL). The combined arganic iayers wers
dried on rmagnesium sulphaie, Miered and evaporated in vecug ta yield 0.38
grams (84 %) of trans-5-chlore-2,3,3a,12b-tetrahydro-2-methyi-1 H-dibenz
5 [2,3%,7] oxepino [4,5-¢] pyrrole (A).
'H-NMR (400 MHz, CDCl,): 2.8 (B, 3H), 3.1(m, 2H), 3.2 (m, 2H), 3.6 (m, 2H),
7.01-7.38 (m, 7H),
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CLAIMS

1.  Atans-amino agid derivaiive of formuia | or formuta I,

(m

or the enantlomer of each trans-amino ack! derivative having the
5 cpposite absolute configuration, or & racemic mixture of each frans-
amino acid derivetive, or a st thenaof.

2, A trans-amino scid derivative selected from frans-8-chloro=10,11-

dlhydro-11-[{methylamino ymethyfl-dibhenzib, foxapin-13-carboxyile acid,
trans-2-chicro-10,11-dlhydre-11-[(methylamine)methyl]-diberz{s,4

. 19 oxepine-10-carboxyfic acid, or a salt thereof.,

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

i | ° GH” h(
{n .

the process comprising reacting a mixture of lactams of formula IV and
formula V, )

16
with a basg in the presence of & aleahal.

Enas . ﬂ
Sy
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4. Aprocess for preparing a frans-aming aeid dertvative of formula il

the pracess comprising reacting a mixtune of lagtams of formuta Vil and
formula Viil,

with & base In the presence of an alcohol.

8. The process of clalm 3 or claim 4, wheraln the base |s an alkaline base
fhat is present in stoichlomatric axcess, and the alcohal ks & €1 1o C6
alkanol.

10 4. The prooess of claim 3 or claim 4, wharein the basa Is poﬁssium
hydraxde and the aleoho! Is ethanal. '

( _ 7. A process for praparing asenapine of formula A,

or a sali thereof, the process comprising:
13 {a) cydlizing & trans-aming acid dervathve of formula I or formula I,
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10.

11.

25

o
o
H=—(H
0
!
™) ;

(b) redueing the carbonyl moiety of & lactam of formula IV or formula
V1 to give the asenapine of formula A; and

{c)  optionlly converting the asenapine of formula A to a satt
theraof. '

The process of ¢laim 7, wherein gyclizing comprises heating the frans-
aminc acld derivative of formula ) or farmula i in 2 solvent.

The process of claim 7, whereln ¢yclizing comprises héaﬁng the trans-
amino ack] derivative of formwia ) or fnm'uﬂa Hin a solvert and in the
presance of sodium acelata.

The process of claim 7, whereln cyclizing comprises activating the
carboxyllc acid molety of the trans-amino acid derivative of formula | or
formula Il and treating the actirated carboxylic acid with a base.

A process for preparing asenapine of formula A,

or a salt thereof, the process comprising:

e

—
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(8) treating a trans-aming acid dervative of formsa | or fommuta I,

()

or e salt thereof with @ reducing agent to give asenaping of formula A;
and '

5 (6)  aptionally converting the esenapine to a sal; thereof.

12, The process of clalm 11, whersin tha reducing agent is borane or
Ithium aluminum hydride.

R
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COMPUESTOQS INTERMEDIARIOS PARA LA PREPARACION DE TRANS-5-

CLORO-2-METIL-2.3 33, 12b-TETRAHIDRO-1H-DIBEMZ[Z 3:6 T1-OXEPINO[4,5-
CIPIRROL.

Esta invencidn se relaciona con derivados de amincacido novedosos, con
procesos para su preparacion, y con el uso de |os derivados de aminoacido en la
preparacion de trans-5-clorg-2-metil-2,3,3a,12b-tetrahidro-1H-dibenz-

[2.3:6,7]oxepinol4,5-clpirol,

El trans-5-cloro-2-metil-2,3, 3a, 12b-tetrahidro-1H-dibenz[2,3:6,7Joxepino[4,5-
clpirrol, que se conoce cominmente conc asenapina, €s un compuesto gue tiene
actividad depresora del SNC y actividades de antihistamina y anfiserotonina (Ver
Patente Estadounidense No. 4,145.434 otorgada a van den Burg). El perfil
farmacologico de la asenapina, sus cinéticos ¥ metabolismo, y los primeros
estudios de eficacia y seguridad en veluntarios humanos en pacientes
asquizofrénicos se han revisado (Ver De Boer et al., Drugs of the Fulure, 18(12),
1117-1123, 1993). Se ha establecido que la sal maleato de asenapina, conocida
como Org 5222, s un antagonista de serctonina, horadrenalina y dopaminade alta
potencia, de amplic espectro. La asenapina exhibe actividad antisicotica potencial
y puede ser (til en el tratamiento de depresion {ver solicitud de patente
internacional WO 99/32108). Se ha descritc una preparacién farmaceutica
adecuada para administracién sublingual o bucal de maleato de asenapina {ver
solicitud de patente internacional WG 85/23600). El maleato de asenapina es
ahora objeto de estudios clinicos, haciendo sintesis a gran escala de la sustancia

de droga necesatia.

Y4
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Una metodologia general para la preparacion de asenapina se describe en la
Patente Estadounidense No. 4,145,434, Se han reportado las propiedades fisico-
quimicas de la sustancia de droga, Org 5222, (Funke et al, Arzneim.-
Forsch/Drug.Res., 40, 536-539, 1880). Mé&todos sintéticos adicionales para la
preparacion de Org 5222 y también se han descrito sus derivados
radioetiquetados (Vader et al., J. Labselfled Comp. Radiopharm., 34, 845-869,

1994).

Las Ulttimas etapas en un procesc conocide para la preparacion de
asenapina (A) se desgriben en el Esquema |, En este proceso, el enlace doble en
la enamida, 11-cloro-2 3-dihidro-2-metil-1H-dibenz[2,3,8,7]oxepinol[4,5-clpirrol-1-
ona (), se reduce por tratamiento con magnesio en metanolfiolueno para
producir upa mezcla de un trans-isomero deseado, frans-11-cloro-2,3,3a,12b-
tetrahidro-2-metil-1H-dibenz[2,3:8,7]oxepin  [4 5-c]pirrol-t-ona {IV}, y un cis-
isémero no deseado, cis-11-cloro-2,3,3a, 12b-tetrahidro-2-metil-1H-dibenz(2,3:6,7]-

oxepino[4 S-c]pirrol-1-ona {V), en una proporcién de 1 :4.

Esquema |

3
t:cg&



