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| NTERVEDI ATE COVPOUNDS FOR THE PREPARATI ON OF TRANS- 5-
CHLORO- 2- METHYL- 2, 3, 3a, 12b- TETRAHYDRO 1H- DI BENZ[ 2, 3: 6,

WO eo6¥HBS NOJ 4, 5- c] PYRROLE. Thi s invention rel BeBEP1006/061409
novel am no acid derivatives, to processes for the

NFERRERBIE COMPAUNESECH T BREPARATIGN DR ThAkSS.

cHLmEz-MEvaZz 384 2b-FEYREHYBRO- frH’-BfBENZ[zl3 6,7]-
H- di benz- [2,3 oxepi no[ 4, 5- c] pyrrol e.

OXERANQH,&NPMRRQ thyl -2, 3, 3a, 12b-tetrahydro-1
H di benz[ 2, 3: 6, 7] oxepi no[4, 5- c]pyrrole, which is

TR0 RIS Bond3 ARRhd Boic e o OHR W LE e ar e
prephratidnhcherdof, axd to/ihel s ¢f3he dd{ﬁnamdemtatwés the.434
to van den Burg). The pharnacol O%I cal prof

prsgaraiisanrf@‘ Iranss>ehiEe 2Rt 2rd PR &br*@FF?h&W@ T’H@'*?%?st

%ﬂ% f tudies in human volunteers and in
éq;op re ggg@?ﬁérﬁss have been revi ewed (See De Boer
et al ., Drugs of the Future, 18(12), 1117-1 123,
Tm@-chlbto-ﬁanetbwbﬁ (hSa,aBbirteinalmydrba‘tH-dittenz& azﬁ,é]oxapino[4,5-
of enapi ne nown as O i.S a_broad-spe u
R BTRS coff iy KnoRrtas aeaiatiferds 3 aea T hatinb
CﬁSt@éb’rBS%nt a%ﬁ@i’ﬂ;aaha fha@?ﬂ@' &itﬂﬁstﬁﬁﬁrﬁé‘bh@bnﬁ%ﬁo&%ﬁﬁ Retivifies

aCtIVIt and be usef in the treatnment of

(S@@p‘r’@s@ﬁt@n’t Iblge@MﬁtA&M@twamﬁen BarginT he phrrmaeslogicaprofile

of ke phBioh s Kirfe AR bRl APRUR b sditi ARy Bricoy

stodiegdh Buhem Rsientcdasand hesicr(umrenicqcraii@htsun@}e beére nt
application WO 95/ 23600). Asenapi ne naleate is no

reé{lﬁyy%’c(SQﬁ De|Bagredal. sPﬂéHSegf th twg L§(b?é 4474 123 1993)
it ﬁrré? gol otgl?hgatt%qg?%ééﬁ%aﬁ of ase%gdp():'l r‘fﬁofg@rbesr ékg
52”9 ds akbﬁdad-lspél&rtlﬂat high pdatendy derdicrBd, noradrenaline and
dopgrﬁlln%%n_tgggn%tc %‘seﬁapl gretxlhebsltsogotttal!?t?al%rn&lgsfc% |tc:%ré:?|V|ty and
may be useful in the treatment of depression (see international patent
application WO 99/32108). 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, 1994).
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Org 5222, have been reported (Funke et al.,
Arznei m - For sch/ Drug. Res., 40, 536-539, 1990).
w@dastioaas@l synt hetic nmet hods for the prepar at POER{006/061409
Org 5222 and radi ol abel ed derivatives thereof have
al so been described (Vader et al., J. Labelled Conp.
Radi opharm , 34, 845-869, 1994).The | ast steps in a
Than tasth stepsde askriawn pl'tmepsémahetpreparraﬁioasénsphamné/@\) are

déjn? e Sehmel. T s pracses. letRutic Bphdn fhe sgamie, 11-
rgiu@?ﬂ&lh - Mét Jéﬁ’ci]éjnz@ 9]637’1"05<ebrn$[4 be?p)(rth) oné $I),

ced by treatne magnesium |
is rredmatbby trebtneent thh magcmlesmrmmﬂnetharmllchdluanejksprcmidwe a
f rans

M, ca‘raog |géd3£5ar1§-[§oln'éqr gﬁ9§'13 -Ghloro-2,3,3a,12b-tetrahydro-2-
mamymw élbehz[Ql P6ITbxe n@[ﬂswrdlol Bﬂe?\ﬁ) aYd BAlunivamied

, and an unwanted c/s-isoner,

c:a qumern 6is21 B-chipra-2y3 Bat1r2é>hfp@rabyém1%1mgthyliwndllb@nzz[?§ }7]-
oRolisie 5 RS St O R e Ut averable

product rati 0 can be |nproved by subsequent part| al

i SOTTE on of the u -i some t he
CE18 V) usi
1, 5- |cycl o[ 4. (DB% 0 a

to & s-Nsoner (V) of 1:207Sgparation of tChe N
frans-isomer (1V) and the c/ls-isomer (V) is done by
chroma raphy over sili|ca |. The c/s-iso (V) can
be |so:(1lg;r3| zed agai n usi éﬁéﬁl resulting in nﬁﬁ 2

m xture of conpound (| and conpound (V), from which
the frans-isonmer (IV) is again separated by

chr omat ogr aphy. Afts [
at kg scale, recrystag
fractions of t

H
1-chl oro- 2,3, 3a, t F'ahydro 2- met hyI i coo
H-di benz[ 2, 3: 6, 7] oxepihpel 4, 5-c] pyrrol - COOH
an overall yield of approximately 38% st arting from

the enamide (I11).1. gjficagel chromat ograp&)s/j 5222

Scheme |

As shown in Scheme I, the unfavorable product ratio can be improved by
subsequent partial isomerization of the unwanted cis-isomer (V) into the trans-
isomer (IV) using 1,5-diazabicyclo[4.3.0]non-5-ene (DBN), leading to a
thermodynamic equilibrium ratio of trans-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 trans-isomer (IV) is again separated by chromatography. After
further repetition of this cycle at kg scale, recrystallization of the three
combined fractions of the frans-isomer (IV) produces frans-11-chloro-
2,3,3a,12b-tetrahydro-2-methyl-1H-dibenz[2,3:6,7]oxepino[4,5-c]pyrrol-1-one
(IV) in an overall yield of approximately 38% starting from the enamide (lil).
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2. isonerization of (1V) unwanted isoner (V) overall
yield 38% i ons Schenme The drawback of the process
walemenodiedl above is that it is extrenmely el aboret/BPBNE061409

ti me-consum ng, while the fgnal yield of the
frans-conpound (1V) is only noderate. Therefore there
is a need for an inproved process for the preparation

o8f potd and Rashee gedl bonds, as s R
i n cogpo nd(IV) of Sch , or a pair of bold
bon®s, " N{s shown, e. 9. 0 onpaugidadeV) of Schere
refer tlo "trans” or "cis"l di astceomabbgantmer s,

respectVlvel y. Each of the!)con'po?u'ﬁ riga %’;F‘ i st as

si ngl g enanti oner having the a eocr@maqgiem 38%
configuration indicated by the S, havi ng
the op flgura;f(l\on or as a mxture

of enant i GMETBINEYBBN racemate) having the relative

st ereochemi cal confi gur a83¢hemedti cat ed by t he wedged
bonds. The present invention provides a process

T S B A8l 5 kB

arkdt tﬂﬂnbecrtit{sanﬁndj white theefiriat 9ledd bf theplyansterhpoord (IMY)is anly
c/s-1 1-chloro-2, 3,3a, 12b-t etrahydro- 2-
mRderae.- 'Eherﬁquﬁﬁ@?f?[@ a@@mﬁeﬁmmvectpﬁqcsﬁ fenthe. one

p'%i%'a”ﬁo‘ﬁfr"ﬁ??%ﬁ'g '%?’ﬂaf ﬁ{r{z_ohol ic solution conprising an

ess base thereby producing a
m xture of fraA7S-8-chloro-10,1 1-dihydro-1
Thropgheumisadisdo}sure compounds represented by structural formulae

h%\ylriglf é ;]@rlrd%tbt@qé%b /rlfsi'(\egl dlgedcb ) %osxyas s%oev%i, g. .,I l)n c%rgrqpound
(IV) of Scheme |, or a pair of bold wedged bonds, as shown, e.g., in
compound (V) of Scheme I, refer to “trans” 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 invention provides a process (Scheme lll) in which the mixture of
lactams, trans-11-chloro-2,3,3a,12b-tetrahydro-2-methyl-1 H-dibenz[2,3:6,7]-
oxepino[4,5-c]pyrrol-1-one (IV) and cis-11-chloro-2,3,3a,12b-tetrahydro-2-
methyl-1H-dibenz[2,3:6,7]oxepino[4,5-c]pyrrol-1-one (V), is treated in an
alcoholic solution comprising an excess of strong alkaline base thereby
producing a mixture of frans-8-chloro-10,11-dihydro-11-[(methylamino)-
methyl]-dibenz[b,floxepin-10-carboxylic acid (I) and cis-8-chloro-10,11-
dihydro-11-[(methylamino)methyl]-dibenz[b,floxepin-10-carboxylic acid (la).
The ring-opening reaction is stereoselective, resulting in a 10:1 ratio of the
trans-isomer (l) to the cis-isomer (la). The trans-amino acid derivative (l) is
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di hydro-1

1-[ (et hyl am no) net hyl ] - di benz[ b, /] oxepi n- 10- car boxyl i
W@ 2@6i106166 a) . The ring-opening reaction is PCT/EP2006/061409

stereosel ective, resulting yn a 10:1 ratio of the

frans-isonmer (1) to the c/s-isonmer (la). The

trans-am no acid derivative (I) issubsequently
subseqatetly mothteq ahdydlized @i give ﬁ‘naas&-ﬂchloro 2,3,3a,12b-tetra-

jdrp g -tk B NGl  GIATH-Tone, Y it

pﬁ@béﬁaﬂbﬁ%ﬁ"tﬂ@b’éﬁ&sf&eb&%ﬁ Sstdrfih ﬂ’? ﬁesérgeﬁ’glde

Startin romthe enam de |vat|v yi el d
derivative (I’Ilr),ame-yieldmérthQ tmps-usomgp(rl\t)usmnmoymehl 62%)
(V) (i) (la) ring closing (1V) overall yield 62%
erial for th openi
re of thgI - )
t el REEMSel'y, the (&l ar t ng H
N g pure c/s-isonero\V)'"NThe m xb
of isomers (I1V), (‘V) may be obt ai ned P om corrpound
(I'11)avin accordanc® with Schene |, abayve, or may beua)
obtai ned in a nunber of synthesis stepls such as

descri bed in Exanple 8. The hydrol ysi s| @bcesihe | act ans
(I'vV), (V) can be carried out in an al coholic solution
at reflux tenperature in the presence Yof a
stoi chionetric excess of a strong
Preferred bases include al kal i
as potassi um hydr oxi de or sodi um hyd "de, which are
used in 2- to 20-fold or in 10- to §ol d nol ar
excess based on the anmount of the isoners (1V), (V).
Useful alcohols include C 1 to C6 al kdWelexlyigiheteudi ng
nmet hanol , et hanol, npro = propanol , n-butanol,
and m xtures thereof. ﬁ%ﬂugge hi gher boi ling
al cohol s, such as n-propanol and n-butanol, appears to
Tivs stariiveg Aiataria for m@mrigacpémn?%éaront rhay roera; nxtard 6fthe
reaction. After conpletion of the rin

transsisomst (INjand t h@rﬂs'é‘%%dlv)alpéte%é’@?% the startgng material
may be the pure cis-isomer (V). The mixture of isomers (IV), (V) may be

base.
i des, such

obtained from compound (lll) in accordance with Scheme |, above, or may be

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

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
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 C6 alkanols, including methanol, ethanol, n-
propanol, 2-propanol, n-butanol, and mixtures thereof. The use of higher
boiling alcohols, such as n-propanol and n-butanol, appears to provide shorter

reaction times for the ring-opening reaction.

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

and an extractive work up may follow to remove side products. The amino
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and an extractive work up may follow to renove side
products. The am noacid derivatives (I), (la) are
wezdocaadied i nto the wat er/al cohol phase and acpdi/EP®d6/061409
to a pH of 1 using hydrochl gric acid. Subsequent
evaporation of the alcoholic solvents selectively
crystallizes the amno acid derivative, trans-8-
acididerivatives, (1), {Ia)l 'al‘a/dximadted into the water/alcohol phase and

aQaifib8 9 PIRH B AS6 M arbch nac Rptsh SubSERISE QugPpration of the
algélﬁélrr«?e éi‘i] t8'sel cthI% c}'{é{g!ﬂ% gfelarmno acid derlvatlve trans-8-

am no oxepin-1

crdarrobw,ymmh)admm 1 [(mawammmmwbdlbeazmmpy&ﬂ @t line
tterion nthe pHis lowered to

Caérw?’%'tce%ddw %sth&d'a/cfp%ﬂgnq!?sa ‘he zwitterion of trans-

8-chloro-1 0,1 1-dihydro-1
Trlaan(srembvé-amﬂoam?adM 1-{@ﬁémwéhmné)ln@etnplmrbbr&[b floxepin-10-

carboxylic acid repared fromthe
caipexyicaci (13 mayabee obgalreﬁds% nﬂ P'alﬁta”meaZ\mﬁﬁf'Qﬂe' &ffree base,

whEh SRBH @y Bli86 6 S Adcibrll B Sldon of rans-

or so evapora
8-¢hlord< On’e‘t-bﬂuydfo-ﬂ o- [ghamytdmmbyrﬂethlyﬁ&%édzﬂf) ﬂexapnacﬂ_ 0-d.
sure reaction zation) . t api nQ .
CaJB '@é%"ié‘g MAY e ?retR?r 3&’0{ 'PbéJrPP'QﬁggP §@E§%JHSS°?U“°"
inSEiEd dimblnshol A wators TR ulraliatiERo R B3l Sfintifha or
sddiumdyidroxjde selitipa nand> evaporation axfnthmrrmthahc(l ito give the free
bsoI dent esl nél udi ng an aromatic sol vent such as tol uene

V22ROl ther with or without an additive to
increase the rate of this reaction. Suitable additives

Tl Angididsime g@écﬂoﬂ' (epeiatibA)XoliBe drhidbHBidYEneativeql) tand
sodi um acet at e. referred solvent to carry out the

prodHge thetang Iacéam arvative (IVa(see sahemeiltl) nay he earried out

SR I RERBHE A orile WM R lfin P ot Sl Bhgsidn

ofrthecimino acid'ft) inl anselvent, irluding \a@ aretriatic sodvenit Bach iasg
cl osure, the am no aci d derivative (1) .is converted

tojuans qrxviens. withegwithion withoyt ag additiye tgingrepge e mte @f this
redtiGh $RBible additives are silica gel, aluminum oxide, sodium hydroxide,

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 the shortest reaction

time.

In an alternative method for the ring closure, the amino acid derivative (1) is
converted into an activated acid form, such as an acid chloride, which upon
neutralization with a base, spontaneously cyclizes to the desired lactam (IV).

A further aspect of the invention relates to a process (Scheme V) for the
preparation of frans-2-chloro-10,11-dihydro-11-[(methylamino)methyl]-dibenz-
[b,floxepine-10-carboxylic acid (ll), which is a regioisomer of the amino acid
derivative (I) depicted in Scheme lll. The process comprises the steps of: (a)
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neutralization with a base, spontaneously cyclizes to
the desired lactam (1V). A further aspect of the

WO poenvdien rel ates to a process (Schene V) fopCT/ER2006/061409

preparation of fraA7S-2-chlgro-10,1 1-di hydro-1

1-[ (et hyl am no) net hyl ] - di benz-

[ b, /] oxepi ne-10-carboxylic acid (Il), which is a
redagtion ebarenamidd)e- alﬂbrng':ﬁ;dilhydm-rzvaéﬁhym HidibeezR3:€,d]-

O)igeibirgscﬁgge],pghgbg -Qjﬁ% &ﬂ)aﬁc?%)wgeng mixture o? Fac?t egstrglf)s:-&
chtofd 8 4?26)?1?? W o 1 gk gh-\ﬂ \I;’ é b/ehérzd.’k @ei']é*e@pa{nﬂ4% Zngrrol-

oxepl no provi
1-ohel (HH) s c:s-r5ach;|ofi)-2 ;ShiBa)ﬂ Bb Zemamajro-z-methyl -1H-dibenz-

{
2RSS, TPy Rl Hans V1 ¢y pcrasis of dhg lactams (Vi
(\ml')dby treatment in an alcoholic solution with an excess of a strong (alkali)
-d-chl oro”. S. Sa. *b-tetrahydro”-net hyl -1 H di benz-

bqsze theseby) predpring] a1 mixturegk thelamingracid Yerivative((H) and its

oot Hadgnet Sera B 0l divdr e iy by

dibehXdl|floxepres1 m-barb'cb(yh@ aoidutlay Gl () putficatih dffithe amine
acid derivative g and its correﬂf&gndln i somer,
acid gerivatiyerdly from he| ituieg ,Qy_chzqthn( ﬁﬁ’@ﬁprﬂﬂ%?%‘ﬁtwe
(O B itk BE T P WhC PR Bty b Bie 1nplo ()
dédietediin Schemely above arahsubhsequentraductian iof thtéiaictam iangide
;)II) .ta t he desi rgszl lactam (VIl), which is a
9PURiYRICS AENRINEUB) act am (1V) depicted in Scheme I,
above, and subsequent reduction of the |actam am de
K asenapi ne (A Tge enam de,

: A

'nst ance be. preparge+#. @ nurber ofH
steps &ta ng from 4-chl ordphenol and met hyl
2- bronoffhenyl acet ate as descrlrjbed in Exanple 9N NANQ her
aspect of the invention provides an alter nativeé
procesqVvhor preparing asenap{Mig (A as shown (Mil)Schene
V. The process provides for treatnenf of an am no acid
derivative (1) or (Il) with a reducing agent such as
borane or lithium alum num hydride, gptionally in
conbination with a Lewis acid, such as al um num
chloride. This one-pot rea ti8n pr ovi des a [
in a typical

Cl

() (la)
Scheme IV

The enamide, 5-chloro-2,3-dihydro-2-methyl-1H-dibenz[2,3:6,7]oxepino[4,5-
c]pyrrol-1-one (VI), can for instance be prepared in a number of synthesis
steps starting from 4-chlorophenol and methyl 2-bromophenylacetate as

described in Example 9.
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yield of 70% A further aspect of the invention
provi des the trans-am no acid derivatives of fornula
W@ )o6ao616é 1 ), as depicted in Schenes M-V, or PEEEP2006/061409
enanti omer of each trans-anmyno acid derivative having
the opposite absolute configuration, or a racemc
m xture of each trans-am no acid derivative, or a salt
Amditbﬁeaépecﬁdldf tiedd Invention pro?vnntéSJldn aﬁékﬂdtlive lrmbeéssefal' plseparing
such.as, sodi SSi um ithium salt r salts
AR AN AHOHE T SRRPRE CHePRIFeRR e Yides forysaimant of
r t
a%ﬂﬁﬂ?@éﬁ'."td FabYe 0P i e gy SReff Gudrles bbfdhe or
littiuine Blumginuinehyalsids, optﬂorhgllytin e:ambmg;attdm/vﬂh ad_ewisacidhésich as

h hyd loric.
allrlog gl T oo BB teacfh eviden aSeoaine (AL ins bibise
yiéld aTefoshb C acid, acetic aci d, methane sul fonic acid,

and the i ke. Swtable acid addition salts of
can be o ai romthetreatrre '_th

r—%& ascorbi® aci d,H
aci @ ic acid, lastic gepd, malic acid, nalof
acid, th’mﬁ c acid, gl y"clol HO acid, succinic acid, 'T‘

pr opi onj )c acid, acetic aci ﬂ)and nmet hane sul fonic id.
The preTerred aci d additiofi’salt of asenapine is e
mal eate salt, i.e. O9 BderhdAMPLES The fol | ow ng
exanples are illustrative and non-limting and

represent specific enbodinents of the present
Aifurifenaspect ohthedoverntion provisiesrihe &rans«aroino adidderivatives of

rof ATRCHTO S & Fediod A SRS AL o7 FieyBirgr of een

trand-aming hgidaietivalile h)avaQhé 2pPoBiteabsslntd tdrfigoratioh, of a
bol d wedged bonds or d and hashed wedged bonds used

racAMiGENixtuEs pleadlt ians-amine aeid defivelive, ora salt {hereof. Suitable
saitsShERGE eMdidhef? 8hitd WiRh! s odiE pBlasMe8F fthium salts, or

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 (ll) with a
mineral acid such as hydrochloric acid or hydrobromic acid, or with an organic
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 acid, or with an organic acid such as for example
ascorbic acid, citric acid, tartaric acid, lactic acid, maleic acid, malonic acid,
fumaric acid, glycolic acid, succinic acid, propionic acid, acetic acid and
methane sulfonic acid. The preferred acid addition salt of asenapine is the
maleate salt, i.e. Org 5222.
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For nost of the exanples, NVR spectra were recorded on
a Bruker DPX 400. 1H NWMR chemi cal shifts (d) are
WO e@endads i n parts per million (ppm and are redPERI0€M1409

to TM5 as an internal standgrd using the follow ng
abbreviations: s (singlet), d (doublet), dd (double
doublet) and m (nultiplet). Mass spectra were recorded

on a PE SCI EX APl 165. EXANWPDLESt ograns were recorded

on a HP6890ON with a Restek RTX-coI um. Exanple 1.

Pr ?cﬁlg{/v?riéégﬁrgg@tsrae}g |IIustra?|ve an% non- rlm?mg and represent specific

er’EfBE\J/é)i'|Yﬂerﬁ§|b¢tﬁéeﬂr%[s3nf3ln§eﬁﬁ&¥ 9Ricaeh bf the ]axé’r)ﬁbfé%' bezlo%nﬂ\e

ovmng Schene . A, Mxture of trans-
campowids Qrg 5282 casenapinga(A)h and @il i @inshirans-pracursors—e.g.,

oD fit (¥ o PN Vil o B ey Snd il pairs of

baid d@eﬂg*e@ orfds drRsld SHanIRba meﬁ%m w88d(inth&id structural
gram 1.87 mml) in toluene Over a period

fogmulag |ndﬁat%@latyesﬁechbﬁnb¢al conflguratlon'
11-chl oro- 2, 3-di hydr o- 2- net hyl - 1/ -/ -di benz[ 2, 3;

4,5-c]pyrrol-1-one (I'1l) (25 gram 84
nggﬁi)ﬁgée%e ader et al., above) in nethanol (175 m

Fovamosidofetie eihmmwNMRrspeoh’auﬂere/moaied mred BrakeBBPX 400.
,mnutes. Then  ov eriod of 2 hours i ons of

Hebitrd & hﬁﬁ\"(‘“ §h5t% QFQ) Hﬂﬁt@ﬂ)'"fpértﬁcﬂﬁécﬂn'ﬂ@"dﬁ@m angare

roiBheal K TV 5 S0 ki Soniira i e o P Eyiatons: o

(smgle’t) adl (hibllet§ [ dh(@loubke deulyet) @zindrme (hneiltipletd0Tass sbemtraa

R tsPorterLon e StIFRRLT4F GOt Smatserams wers TRporded

r{ ﬁﬁ'ﬁgr@ﬁ@hté)hgg@ REXSouMR! € Washed with water

ried over magnesiumsulfate, filtered and
evaporated. This gave a m xture of trans-

Example i oPreparationiofiirens14ehioso2,3dai2b-tetrahydro-2-

mgpf fiBarig f pIGRaBho stct iy 8t o VR EIgHG

Sthklepenk[ 2, 3: 6, 7] oxepi no[ 4, 5-c] pyrrol -1-one (V) (25.5

g, -100% in the ra
A Mixture of frans- (IV) and cis-11-chloro-2,3,3a,12b-tetrahydro-2-methyl-
1H-dibenz[2,3:6,7]oxepino[4,5-c]pyrrol-1-one (V)

Under N, atmosphere, iodine (4.95 g, 18 mmol) was added to 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-chloro-2,3-dihydro-2-methyl-1H-di-
benz[2,3;6,7]oxepino[4,5-c]pyrrol-1-one (Ill) (25 gram, 84 mmol; see Vader et
al., above) in methanol (175 mL) was added. The reaction mixture was stirred
for 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 below 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 evaporated. This gave a mixture of frans-11-
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(1Vv) -(V) = 1:4 as determ ned by 1H NWVR and GC. B.
Chromat ographic (silica) purification of (1V)
wG206ae@abé cycl o[ 4, 3, 0] non-5-ene (DBN, 1.6 L) iBCHEE®A6/061409
to toluene (400 L) containipg a m xture of c/s-isoner
(V) and frans-isomer (1V) (10 kg in total) and the
reaction mxture is stirred for 1 hour at 20C. Water
cr(ldr@QZ,B)3é,$2hdbt@h3&ind—2t—dmetmﬁl41H—dlbbezmt6ﬂl]exémy@[4,5&]—

PYTOIIEORS (VR SRl aarene. Pate LA e e e a1 H-
diBSﬁﬂ?QﬁSﬁ;o@%d[@a ergrmmmw g fb uﬂfoo%bqnﬁﬁb F&tio

are sepa 'The t ol uene
(IVEM\&r= il &t amdetetmiiachb eNMRzmunG)Q concentrated to a
volume of 25 L and purified by chromatography on

siligg Q0 _ka)..wt Ql Ug L) and
romatagraphic SIQ’ > H@ L). The fractions

ar e almézab.@ub[ﬂ,whbﬁrmﬁ@gpsm I1TBJL)9PSCédﬂ@th@|tMIuene (400
ound trans- 1-chloro-2 3a, 12bt et r ahydr

L)chs’éalnmga_mlxtuae pbeisfisormes (V) M{ﬂam&onmero(jv) (10 kg in total)

il et Saisid SR rR R o ER2GC b @oBl)'8 sBued

arfd"h@r s Sf ﬁ\éﬂ é&ik laQ&F i%hitﬁ'uﬂea'téfw-ml With acetic acid
H di benz 2, 3 oxepi no[ 4, 5-c] pyrrol - 1-one (V) or
(anp;@)(m@galy)ﬂ Q Ha erlng is contlnued for 15 mmutes and, If necessary,

achtH & S B ad(BR P B 07} Phehleis gre separated.

Th‘é folderie EYbﬁfstgsﬁ’ecﬁﬂlth méue(zomy)d E:@ncentrated to a volume of

benz

Zfr b @d@mf@ﬂetm slypmatoarppy 081 silicaoi 10 kg) withetoluans ﬁéé L)
afe (ARELRY 1SR 6880 o0l L1} TR B AR A on

ct1ons alntng c/s are ISO rlze

fraxgw'ne omtalgun@mclumew vempoand tmmbsmmelbto-aw,% Meption
chr oat Ogyl ﬂ’jy as described above is re
0

Yo~ PRl o Ha-ianZA? i (1 RRINGH, 5ot WfrPEFIsQ"elUV) are

o088 b1 A s o g -

chiomis2 3¢3h, $2b-tetvaparetethethyl &£ dibenz|@, (@;6y7§o>4ep9nd1[g 5—4R>9/crrol-
1 -ging) (V) or mixtures of trans-11-chloro-2,3,3a,12b-tetrahydro-2-methyl-1H-
dibenz[2,3:6,7]oxepino[4,5-c]pyrrol-1-one (IV) and cis-11-chloro-2,3,3a,12b-

tetrahydro-2-methyl-1H-dibenz [2,3:6,7]oxepino[4,5-c]pyrrol-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 repeated twice. Fractions containing exclusively frans-11-
chloro-2,3,3a,12b-tetrahydro-2-methyl-1 H-dibenz[2,3:6,7]oxepino[4,5-c]pyrrol-
1-one (IV) are combined and evaporated in vacuum to give 4.9 kg (49% m/m)
of crude frans-11-chloro-2,3,3a,12b-tetrahydro-2-methyl-1H-dibenz[2,3:6,7]-
oxepino[4,5-c]pyrrol-1-one (IV). Recrystallization from methanol provides
trans-11-chloro-2,3,3a,12b-tetrahydro-2-methyl-1H-dibenz[2,3:6,7]-
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of crude frans-1
1-chloro-2, 3, 3a, 12b-t et r ahydr o- 2- net hyl - 1H di benz[ 2, 3:
WO 200pA0c3epi no[ 4, 5-c] pyrrol -1-one (I1V). PCT/EP2006/061409
Recrystal li zati on from nmet hgpol provides frans-1
1-chl oro-2, 3, 3a, 12b-t et rahydr o- 2- net hyl - 1H-di benz[ 2, 3:
6, 7] - oxepi no[ 4, 5-c] pyrrol -1-one (1V) (3.8 kg, 38%;

oxamr&ﬁm@:c] thZAaéfg«W) (Kis wgizasmmwsamj ue-NMRmo) 16

Min, CIIGHs rethe (o DUIS)M 3. B8, 4157 G, 14, 3 60245 Gmz2H),
3 BPaEEDe AR4h286m BHY TP 900 14 et hyt i o)

nmet hyl ] - di benz[ 6, /] oxepi n- 10-carboxylic acid (1) To a
Eﬁa’nﬁ!é lnPfépahhﬂoh of trans-8-chloro-10,11-dihydro-11-[(methyl-
oro-2, 3. 3a, 12btetrah8dr02methl-1/ / -
anginmathyl- @bﬂ‘aub floxspin-40-cashexylic ackhfl) (v) (2 gram
6.7 t
S p R Y R F Yo 3 e, MES IR AR AR
dibeaz[2(B:6 <7]0xe‘dmo{4f5<ac]p§rrbb11|-rosle (W €2 gearat 6 Fnrmmiot) mreihamsl

t ed t
2BiEE VesaudifedBasim Rradiie @8, S siolafhg Toacion,
mﬁéﬂlh'r%%lés RE3RA Waen@efdtd hEsrsWrh8 réadtio?Thhdiredvas evaporated

hydrochloric acid to a pH between 5 and 6, resulting
anchwaterwapaddep(5Gmd.). Hnmwlatemma@eewamwaatjelémt(nzﬂethyl

i W| di | ved th |
efe(3 5 PRl bl ooy e s Br ity i et el
hﬁl’rdéﬁléhé avRy e o thtﬁtﬁéeﬁ@arﬁH 6eféstifin '|N %  gum prec itate.
A7S-8-chloro-10,1 1-dihy roll- zhamnoy

Eﬁlwt aget]atejwaéﬁgipadf(?ék@ﬁs whmmsiawb'oddgwlue@ ejggmyand 1 .

robufeg i 1o o e SHRMA it eallet TR Ml wers

flliér&d aﬁdZﬁleGSto ghtd traBs-BOCr(lmo 1(D'J)F1) 1-cﬁh39ﬂ'o(’d1 [(ﬂ'ié)chylamlno)
reparatio

metfwﬂsdlbe@z{gg‘]oeﬂew 1qcarngarl+@éw () (et 9y5%{¥'|)srf6§) 154.4°C; "H-

N (3606 MIGE T e DRI TR TR AAVRLF T 245 ang 266 (2x

f
2T, IS ), Wi, o)

H-dlben22367]oxe|n 5-
Example 3. Preparation of trans- -chIoro-10 ,11-dihydro-11-[(methyl-

amino)methyl]-dibenz[b,floxepin-10-carboxylic acid hydrochloride
(1).HCI

Potassium hydroxide (333.8 g, 6.30 mole) was added to a mixture of
cis-11-chloro-2,3,3a,12b-tetrahydro-2-methyl-1H-dibenz[2,3:6,7]oxepino[4,5-
c]pyrrol-1-one (V) and trans-11-chloro-2,3,3a,12b-tetrahydro-2-methyl-1H-
dibenz[2,3:6,7]oxepino[4,5-c]pyrrol-1-one (IV) (105 g, 351 mmol, trans/cis
ratio 1:3) dissolved in ethanol (1050 mL). The mixture was heated to reflux for
18 hours. Part of the ethanol (500 mL) was evaporated and water was added
(1.5 L). The aqueous phase was extracted with toluene (2 x 750 mL). To the
water phase was subsequently added toluene (500 mL) and concentrated
hydrochloric acid to adjust the pH to 1. During the addition of hydrochloric acid

the temperature rises to 75°C. The water layer was separated and upon
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c]pyrrol-1-one (V) and frans-1

1-chloro-2, 3, 3a, 12b-t et rahydro-2-net hyl -1/ -/ -
waledwenadi2g 3: 6, 7] oxepi no[ 4, 5-c] pyrrol - 1-one (| CT/EB®0OgI61409

351 mmol, trans/cis ratio 14f3) dissol ved in ethanol

(1050 M ). The m xture was heated to reflux for 18

hours. Part of the ethanol (500 m _) was evaporated
cmidg\myﬁalsvm#rame&dh(ord-m 11)-dihydeo-adjeoeihylansine)methyl]-

difRAUB ARiert i@@aﬁ&wﬂ}agwrg&'?@ﬁ%weswrmemocwa's
wERIGARIcle 67 bR Shictirda, i IPHEIEEY, BR%)Prp!P152C

|
(dber)paﬂmMRewegmsmm ﬁmomhelamtaeo ﬂw)es 2V885(s, 3H), 3.30 (s,

AR A DT S e

EEhRDI APPHUARGh JEu SN T eV R

mathiyletH-elibenz[2i316,7] bxepitio[4.54clpyrésh4 -oan(IY).SC (dec);
1 (399.87 MHz in MeOD relative to TM5) d 2.65 (s,
Meiliod & 30 (s, 2H), 3.95 (m 1H), 4.32 (d, 1H), 7.1

1-7. ﬂ%n%fs-cﬁlb'}o 1€>ﬁqﬂmh§dfb~1P{@ﬁ@ih@hhﬁﬁbz)ﬁiethyl] dibenz[b,f-

frans-11-chl oro- 2’ 2b-te
oxeptirry] D-caaqusblechthﬁdr@cmnooﬂedl)m%é iy) and siica geb (5 g)

wélle[\%q%%tqgggrlﬁ ﬁglieﬁgt ﬁsp ]mqaoﬁ;gﬁ Zstdsp?nsmn lesq'\eated to reflux for
1 ﬁ?@?ﬁ)' ThelFéébﬁbH%M{dré \A?é“sl ébddliresi@ Eaha eétl\'z)}l )ace{'ﬁé (55@ rrﬁ_)

l1ca gel (55 g) were suspended i'n xylene (55
wa$ a)idea‘h'Ehe; aifipa gel was fitieradealf add mashed with ethyl acetaghtsso

mis it &/ RopHASE WhS e VARl e SR ArBgiet g dissoved in
mbtHdnl €exbomL).arsk mﬁmmwshpauimk/aﬁsé@&@d Bp6R hidA _) -

The organi ¢ phase was evapor at ed crude product
crysiallizalie @bf/ﬁrte produst iaésaslpla(cm@\ﬁuer cpolinthte 5ise farrdohowrssthe

pBAb6 S BRIAS PR ol AR, ThisdigRER ¢ ns- ERchRo-2 3 20
tetraﬁy@rroozhméthymmai’é@dzpze @Y]bebtrb@:t 5Y)pyridll Boké @mw 8 g,

trans- 1- or0233a 12btetr ah
SQ%WthWSO]ﬁ%Cdl HdﬂMIRZ(@Om I Mz ipi élap&h elativeytorTdS)é 33 (d,

3t), Wod ¢ $H§: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-[(methylamino)methyl]-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 thionyl chloride (50 mL, 84 mmol). After 30 minutes a
clear solution was formed. This solution was added dropwise to a cold mixture
of methanol (1 L) and triethylamine (158, 1150 mmol). Additional triethylamine
(35 mL) was added to 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
subsequently washed with saturated sodium bicarbonate solution (1 L). The
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86% ; np 150.6C, 1H NWR (400.13 Mz in CDCI 3 rel ative

to TM5) d 3.03 (d, 3H), 4.03 (m 1H), 3.53-3.65 (m
wWQ@k)os/1818@2 (m 1H), 7.01-7.28 (m 6H), 7.87 (deicT/EPH006/061409

Met hod B Trans-d-chloro-i Oy 1-di hydro-1

1-[ (et hyl am no) net hyl ] - di benz[ ,f]-

oxepi n- 10- carboxylic acid hydrochloride (1). HC (50
organitAshaseolas deed svithpaageesium slilfate andrevaparated. Thd grude

PrOUELHB ) Was catpselizeh oy med (100 139. TS fugishec
tréF?]@H i-chf'grBQZ 333 mwﬁ%ﬁygr&bﬁﬁétﬁph PﬁdlBé‘nng% é‘?Ldﬂ% ino-

IS SO utlonvvas ropw se'to a col re of
[4vfetipgrrol- 1(one (1Y) 320, 75%); hjrl NMR (399,83 | MHABDCE&H; yelative to

TS OB ARSI TatE HRASERLE. FHbLEe iy AFNT-01-7.28

(nl;lygj.q)oqupdd:»] d( 1 L) and with brine (2 x 1 L). The

or gani ¢ phase s subsequently washed with saturated
sodi um bi carbonate solution ( 1 L). Theorgani c phase

Mearwamtlmgwfe@mmue,f braes-éﬁqthwaraﬁaa b-teitea-

G O e AR o RO S Bl R

12b "t hTrébrapetich MeddeY boﬂtahlnﬁg E&Fm{ayaréfuﬁaﬁ */Rl @ﬁl.g?ré?c 0°C

[4,5-c]pyrrol-1-one (1V) (32 g, 75%; 1H NWMR (399. 87
wasiadded abenaunechioride (167 ms)1 26 ;). (T theHesuling3 (m

1H) . 3.53-3. 65 2H) .3.8 11 4 g Bo9 28 6
ssphsipnggassigwn Aaeatgin SRt blonds 7 Ziimoh o o
s@%ﬁﬂ&éb&%n Ve s cénﬁmlﬁ%qﬁ ﬁl& WHe-dRiddeiryss-8-chloro-
- met hyl - 1H di benz

7 I
TV bt ot KRNI O 8 ﬂfb@m@%ﬁiﬁ{n@r&x&ﬂu)ﬁ@cud

ol (0] 02, CeRRmAl’ Bl ek Eotlents fjngrs

reddfiesl vesddividire Qidd@ti Ry Hhé‘)ééédmiﬁre{a%tlaﬁ v@ﬁ@éqﬂAﬁépw minutes

second reaction vessel containing THF
thgdeactian edureqwas iqyeachadwith watehgad extracted with toluene. The

toflidpe s YT Wi ABG RS L LR bRo'd B RiGa LS BrOENA
crude frans-5-chloro-2,3,3a,12b-tetrahydro-2-methyl-1H-dibenz[2,3:6,7]-
oxepino[4,5-c]pyrrole (A) in nearly quantitative yield with a purity of 63%; "H-
NMR (400.13 MHz in CDCI; relative to TMS) 6 2.54 (s, 3H), 3.15 (m, 2H), 3.25
and 3.61 (2 x m, 4H), 7.01-7.36 (m, 7H).

Example 6. Preparation of asenapine, trans-5-chloro-2,3,3a,12b-tetra-
hydro-2-methyl-1H-dibenz[2,3:6,7]oxepino[4,5-c]pyrrole (A)

Aluminum chloride (6.9 kg) is added in portions to 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 temperature 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-1 H-dibenz[2,3:6,7]oxepino[4,5-c]pyrrol-
1-one (IV) (10.0 kg) in tetrahydrofuran (100 L) is added to the mixture while
keeping the temperature below 15°C. Tetrahydrofuran (5 L) is added, stirring
is continued for 1 hour at 10°C, and 0.6 N sodium hydroxide solution (100 L)
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hydrochloride (1).HC (0.4 g, 1.26 nmol). At -10C, the

contents of the first reaction vessel were added to
wo b@caaxend reaction vessel. After 30 mi nutes PETEEP2006/061409

reaction m xture was quenchggl with water and extracted

with toluene. The toluene was dried with nagnesi um

sul fate and evaporated. This provided crude

|sfardaléaske'épmy mecteéhp&raare b&lowt G@"f(}lfS’tﬁrln? & amthwedlfor 15
H di benz& - oxe&) no[ 4, 5-c ro in nearl
mipuées at 207G anght@luanw(i k) pud iof waéﬂr (GQ%L)_amededostnI@g

|Sf}q’1t|n%e<§g>0 %rel “VEZQp(}ﬂaNE g s%ft?éye% |%ge§gppteﬂ_|)]l%e salt

Iaféﬁ%x?ra@ted:’ WRRI8EAO (2 RT5089€ ‘?ﬁ@'c%?nblned filtrates are separated
rans-5-chl oro-2, 3, 3a, 12b-t et r ahyd

argd thet agueolislayeras sxiragtes), w]m‘émlum{eﬁl(w lc)} Fhercombiged

oAV TR By abprigd i Veluusd af 20%C 1o BiyR nsdRiohdtey
2,814 ﬂzﬂ-‘i@ﬁaﬂ%%a%e |-|1 v—i-@ubé d[@ 3'617‘]65féd"r¥6{ﬂ'518]pyﬂole (A)

‘tet rahydr of ur an kéepi ng
(9%t 4 kg 9% &l- NMR)MGID(IB MH‘lE eriZl(Ilg Eelatwe:’m)oTMEB)tScQ 5€ (s 3H),

3 3hieh oS5 and s B G M RS b 38 kBl

oxepi no -cJpyrrol- 1-one (1V) (10.0 kg) |n

Ei&h@ydpﬁépmﬁohméénapﬁném&at@(r ture while
eeprng the tenperature bel ow 15C etrahy rofuran (5

L) ifsreadise, trans-prchingoid3.daritabnietrahydro-2-methyl-4H- 10C,

BR8P Eo IR LRI (B g RO ep Hissghe N ifan 2

L c&trsgeay e@hér‘ébaﬂgﬁq_)ﬂﬂé@édééd 24¥erafietirigPlor 80eminliass 4960°C,

and of water are added. Stirri n?_ i's continued
themhalebahuaafdtered aadwaamdt\mth ethianol (a1yé )i Bhesilvatewas.

Th t t th t
wiied B Bt e e a5 TotaGed o i denBarsiiie WA aqrarbl Go-c)
sAIGISH of hakié éé‘i‘at(§94\ﬂ)‘irﬁ‘eﬂfarfopt315@ watladded dVt a 15 minute
conbi ned organic |ayers are evaporated I n vacuum at
pé’rmd tiineggohatidnr was cdolekll arrd)seedesi, aa15°C. After 2 hours stlrnng at

£ t ey ah%ggog(\éagg&@ed 904 ¢ GG andine §W§t?|41
w%c?wftﬁ'c%‘d &thahB Jﬁ\@bngd? 54 (s, 3H),
'H-NMR (400.13 MHz in CDCI; relative to TMS) & 3.14 (s, 3H), 3.93 (m, 2H),
3.79 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, 229, 220, 201, 194, 166, and 44.

Example 8. Preparation of a mixture of trans-11-chloro-2,3,3a,12b-
tetrahydro-2-methyl-1H-dibenz[2,3:6,7]oxepino[4,5-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

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

(1L) was cooled to —10°C. To this solution was added potassium #-butoxide
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wo2@8)iodisBee base

3.15 (m 2H), 3.25 and 3.61 (2 x M 4H), 7.01-7.36 (m
7H). Exanple 7. Preparation of asenapine maleate (Og
PCT/EP2006/061409
frans-5-chl oro-2, 3, 3a, 12b-t¢f rahydro-2-net hyl -1/ -/ -
di benz[ 2, 3: 6, 7] oxepi no[ 4, 5-c] pyrrole (A ( 1.23 kg)
was di ssolved in ethanol (2 L) at 60C. Charcoal (74 g)

(1185, Ad0E ol pddreionwiser s theit tra teBiparatite esmaindadéelowGeC.
charcoal was filtered and washed with ethanol ( 1 .2

Aftgr. 30rminytes thetreaghian was encRed by %dﬂiqm 4AhhpAYEPYR
el BEFODBIHEE T A Bac PP o qaled 8 yRnes win
wate.‘t??é maﬁg mLpagd ﬁsdturatw Bﬂi]‘iel(:iﬁanMSThmﬂﬂgadlcﬁﬁmbtdeG

t . . ter [ tirrin t n
CQ%&E'"@ anéocqe@e"'!fé’o@%aﬁ% WIH%SQI:?&%P&P% “(AE‘PH'?PS'I“% iop. %he
ProRaGER AR T £ ah 9 Q%WWOOJMH?NB?C‘@%%W £
m2tHy] gBugy Zamethyl Esat( 27 E‘n8 (dHH), 6.2m(2H), 2D (it 7.2 (m,

3 o2 PRty P B 16,86 Ehyadnd rofis Zyirody biptoR iRat 47

44. Exanple 8. Preparation of a m xture of

Bfr a'@Clﬂor@fd|Bé@z[B;f@Jxéélnlﬂblbﬁiﬂo&W@é@id el Suter 1
H di benz] Z, éoxeplno450 rrol -1 -one (1V)

and
cor r/é§bt§Wd¢fr%(%P lore-grihenoxy- men(y -Fhudrexy-acrylic acid methyl

q,}éf'@'b' Qe MARALSS MABPnByRSSRALP6RUcI (£266) b s0°C.

Aﬂ@r’&\m I%Lﬂ'szth@r}éaeﬂdn R3S BoblecPRR20°C a5 Heﬁ@rﬁé‘&’iﬂﬁﬁﬂ_?r ol

605 nmol) and nmethyl formate (17
toluene-(BOOth)mnldymatet (10 L) Werevadded ¢d qdenoh thelmactlwn

| ut t f-b 115
The bias PYBE P arRRLE St A e B A LA ra R %qgwm
blbé?ﬂb@WaQanOﬁf rhﬁy an8 sEturateRSoridd G00aALS. ITHe d@énmm
addi t1 on of 4N aqueous hydrochloric ac 400

conycentfawred assullag ioges st Sramrmbutaon (300 &L
2(%& @3 gefl'}og&qng d1 Q?\’@t flér e?\oBFs') nv%h(L%Sp%\r/Tl‘dezi thér ?ﬁed
compound as off-white crystals (172 g, 85% vyield 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-chloro-11-nitromethyl-10,11-dihydro-dibenzo[b,floxepine-10-

carboxylic acid methyl ester

To a 5 L 3-neck round bottom flask was added 8-chloro-dibenz[b,f]-
oxepin-10-carboxylic acid methyl ester (305 g, 1.06 mol, 1 eq) followed by
THF (1.25 L) and t-butyl-tetramethylguanidine (27 g, 0.15 mol, 0.14 eq). To
this solution was added nitromethane (576 g, 9.45 mol, 8.9 eq) in THF (0.5L)
while maintaining a temperature of less than 30°C. The resultant mixture was
stirred at room temperature until judged complete by HPLC (overnight, < 3%
starting material). Once complete, methyl tertiary butyl 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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conmbi ned and concentrated to dryness and used w t hout
purification. The product is 90% E as shown by NMR 1H
WORM6(140686 MHz, CDCl 3) 3.6 (s, 3H, E nethyl gr oP@I/EE2006/061409
nethyl is at 3.7), 6.8 (d, ), 6.9 (m 2H), 7.0 (t,
1H, 722 (m 3H), 7.3 (m 2H), 11.8 (d, 1H, E hydroxy
proton; Z hydroxy proton is at 4.7). B.
orgafidl layersovdrenzashdd witke diNTHCD(Z a100® Ky bnhd saturdtedesddiim

cords 6 Ta oA Aiinn obtoane (2a-xiparasagnisdiaptin was g
cd?ﬁ,‘ehgrhtéiﬁﬁﬁder(\%%ggﬁw toﬁé’i'/ogiﬁmé Pes!é@ﬁarh?q_t ®Slubhe (1 L? was

pyr ophospori c aci 420 g) to 60C ter two S,
added, aaddhée onixinzs wasaicrm:entramnoarnmlmawawdu(r%@‘dditph of

b i stoed i 1iéd SatiPoina R idhysbidtBl SolfieRwtigh was
usmﬂwm&uhqdrmeﬁ ﬂsurﬁﬁ,ta%ﬁgssb 8a49B4Hok @r%drat.@mwmoo%trsa%

and saturated brine (500 m ). The organic

_)
4 %at@hulem 48% lcareaitiorested Gé/mﬁlstmitfor@&ﬂ ﬂfVmgtadilng maderial.

B SR ol e e] 25t an et oty
SAPEROGRIEN Rirh 55% W%msrlr(Jv)sqt%lW;o(;;]zl As% n%% rlﬁ(l % 45k PFOC|4)

steps A and £
to71 011% nethanol Q)1%‘H@C(4Mn 2@1)n|nqtes qnd, hqldi)foanBn(l’@s ﬂow

rans-d-chloro-i 1-nitronethyl -
Oé}_&‘fuﬁaﬁtﬁvg’%e]cg%geaﬁ%ﬁ ‘oxepi ne-1 0- carboxylic aci d
met hyl ester To a 5 L 3-neck round bottom fl ask was
Daddet -Amihbmethyii8aeiiaios] 0,11 1 -dikgdroadidénzodb floxgpine- 'a];i d
net hy] ester (305 g, 1 06 nol, 1 eq) follomed b¥
carbo»\dlqam L methvligstena ChIOrend. 2 h-telrahydroy’ Hrdlbenz-
, ) S I ut| on was added nitromet hane
256.1% s-efihridi s n THE (0.5 L) while
mai rAmaquewsasIUmypﬂM(l&Oesm‘ngleemsk&l fcataly=1C11T. ﬁré g/60 mL,

cqriaIng BoRrB EAln 30 8N SLAILR A ReoLwgs washed by

a%?@ t'I"I-ngg1 E§ éﬂltbtln?‘é‘rﬁi Gééﬁﬂtﬁfgethe@fp@mathﬁf trh@roatalyst

slurry was then charged toa 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 mixture was stirred at 1100
rpm at room temperature and a solution of frans-8-chloro-11-nitromethyl-
10,11-dihydro-dibenzo[b,floxepine-10-carboxylic acid methyl 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
to 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 regulator 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
reactor. The completed reaction mixture was stirred at room temperature

under about 60 psig hydrogen overnight. After venting of the hydrogen, the
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(0.6 L) and 1IN HCl (0.6 L) were added, the |layers were

separated, and the aqueous |ayer was extracted a
w@ewenasiBé ne with MIBE ( 1 L). The conbi nedor ge@i/&P2006/061409

| ayers were washed with IN4l (2 x 0.6 L) and

saturated sodiumchloride (0.6 L). After addition of

toluene (2 L) the organic fraction was concentrated
reaotien ngﬂgtmwagccaﬁtiuod_;ly vacuessiltehed addlthe t:aléel washéd With

s, added, and the m xture was copcentrated tqQ mpjnu

TIBINEE: Cairis rekiep e Aroldsining o dhs GAlalvstidake h Airkip afiord
2 R PPy S Cipolls 100 Rl bOrRIHNES S AR SiGtion.
This enatetialowds usetPmithauthithes purificatiosn &PLAB Srdatarassayt the

ester, 68%.c/s-nitra es b starti, terial. HPLC
ohiapH RS X6 wrringS H2AA Sopas Reveldi Barfing nayprigl: and
coraistédof 8FhixRiFe of Hd8ksdtted BAThS e¥erdneY ci§ Daddrans-

HCOCI 4) / 45% et hanol (0. 1% HOCl 4) to 100% met hanol
laciamsHIIEE gpnditions: sameasstemE, bovef or 2 ni nut es;

flow O 5 nL/mnute; det epti on at 210 nm D.
E1 1 QRG> 31401 9 tefPatlydra-2-methyl-1 H-dibenz(2,3:6.7]-
oxuapliny[4, 56l pyrraiidone (IV) and corresponding cis-isomer (V)

11-chloro-2.3.3a.12h-tetr aﬁ]vdr o-1/-/-dibenzr2. 3: o
6. 716x@p herreaskrounghotigm HagiRquiprad wdlh reeshanical stfring

waY 308ed ﬁ‘P-ngglpg iLglf&b\Af% @'I gwgé %dré&%?gﬁor%r%%u&fmm step >I/D

cont al ni ng r oxi ma catal yst on a
(1126 mo)jesnimsalveart 081 L GyH Fa)d dihe gconténts 40 the yessadjweae sugsequent-

VB el S0 00T £
\Vi 1 . j . T
thBH AR Torbr i ik Indibralitho GAGMoEdwrd BPIKE T 2485

T rédstiltthgdark Susgension wasstirfékatiess Wein 5¢C UhECcathpléld 0
rpmat roomtenperature and a sol ution of

cansamptoncfitoe eming estarr agrdetarminebby HPLC. Dimethyl sulfate

(17RhGY Fadnah 1746) Bas MBI PRORE Aa0SF WRES thaifieipd o
tefigarheie bPIc8Aham 59C! §ivindraneranyédapahsian! The cohtents of
about 3.1 nlL/m nute over the course of about 4.5

theoiassel Were stiergsbatdess thast 5°C until the reaction was complete 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
mixture was gradually warmed to room temperature and stirred overnight.
Ethyl acetate (0.5 L) was added and the layers were separated. The resultant
aqueous layer contained product solids that were extracted into ethyl acetate
(2.5 L, 0.5L) at elevated temperature (65°C). The combined organic layers
were concentrated in vacuo to a volume of less than 1 L; octane (0.25 L) was
added, and the resultant suspension was warmed to 50°C followed by cooling
to 0°C. The suspension was filtered, washed with octane and dried under
vacuum at 50°C to afford predominantly the cis-isomer (V) (215.7 g, 68% yield
from oxepine ester). HPLC area%: 1.6% unknown, 98.4% cis-isomer (V), and
trace frans-isomer (IV). The filtrate from the above isolation was concentrated

under vacuum, MTBE was added, and the mixture was heated to reflux. The
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the reaction m xture rose fromthe exotherm but was
mai nt ai ned between 20 to 32C by the application of an
wez2a0ennaBe wat er cool i ng bath. The total pressuper/EP20béres1409
reactor was maintained at 5y to 60 psig by supplying
hydr ogen on-demand through a pressure regulator from
hi gh- pressure reservoir of known volune. After the
resdarti suspehsibhewa eodled ¢o nedm tembevatare; dittpteet, andtdried to
itio rinsed with, THF X 25 i nt.o
aifad & B Of AL BRI STSa 219 (¥ eseeatiely (38 g
o yuélﬂ?q-llaLCréPéé% TP isksSmunR! 90800k lrehld-iBdner (V). The
drogen overnight. After venting of the hydroge
filtrater fearotthe second isotatisaswasconcardtated uodenvaa:uumrMarBEw((ﬁOO
e cake wa th THE te, care isr 're to
) B Siae oanL Wtk AiGeg. et edidrk hetotd I i e
reghPEéMrs%s%n&Bﬁ wad £68led W@%nﬁ\feréd 1and@6ri8®Yo afford a mixture

theoretical) as a THF solution. This material was used
ofvms—lmﬁ traus-tslmmerput\l)famhtwb mespattiCebyr @292 gs4%yyieldheHPLC

2GR0 i T (Mg h inkhdbnce e o P RprasilivE e
cOHEMRAse SaRiS ASRPICTaRNe. T dtal IR G11iASHHE Cafffpouts Gras

conditions: sane as step C, above. E. rrans-i

256.8 g, 81 & frameizams-Bechlermvtit-oitromethyl-10, M1 dlibydrerdibenaodk.&-

ofei-30 b AR B Ssir RteBNoha "bot ¢ om 1 ask
equi pped with nechanical stirring was added THF ( 1 .0

L) followed by the hydrogenation product from step D (
Exampie 8yPeeparatigpefiasensping Mi3 ther l?&téﬂhf’éﬂﬁg"ﬁh'qrﬁe

2 30RS P B An ARSIy i AR S0 o4 1 oo

1-oner(Viljlded portion-w se while maintaining a

: & 2h 5C unti | conplete
e sl ﬂ%ﬁ’a@éﬁ@%ﬁd e S AT
phﬂrmM(g/? 8dytanhsyA1 5.8 maiah) were digsalvead impdioxane ¢790 rnI)swblle
wztaprr%rr]lgﬁg ’5OQJCYiTnogth%nre8Lrj in %of'ul’fl eﬂgrleoé]dde-r %n 8P st?rﬁng in ]:'m
inert nitrogen atmosphere, cesium carbonate (141 grams, 432.2 mmol) and
copper(l) chloride (18.56 g, 86.2 mmol). Finally, N,N-dimethylglycine (4.46
grams, 43.2 mmol) was added to the green suspension. The reaction mixture
was heated at 110 °C (reflux temperature) for 4 days while stirring. The
reaction mixture was filtered over dicalite, which was washed with dioxane (40
ml). The dioxane was removed in vacuo to leave a brownish oil. Ethyl acetate
(100 ml) 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 sulphate and then concentrated
under vacuum to yield 57.2 grams (206 mmol; 95 %) of 2-(4-chloro-phenoxy)-
phenyl]-acetic acid methyl ester as a brown oil. The oil was dissolved in
methanol (250 ml), 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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the vessel were stirred at |l ess than 5C until the
reacti on was conplete by HPLC (< 5% des-net hyl |actam
w@ronehoaibe t i me amoni um hydroxide (0.5 L) in wetEEP{004/061409
.0 L) was added to deconposgg any renai ni ng di net hyl
sulfate. The m xture was gradually warnmed to room
tenperature and stirred overnight. Ethyl acetate (0.5
rets)dusasamldwn amplwahadtiedand the péd wapadﬁlsﬂzeu torhéby addition of

1@@’@% < Tloe Pesitld Shypfavmgraiofes of and 3ed iy vagium at

b It -
fé‘?‘?@&%‘ﬁ‘zrﬁ@ oo 87288 ?“3“%%’%? ARy} phonyl
aael’us:racld UX)octane (0.25 L) was added, and the resultant
suspensi on was warnmed to 50C foll ovved by cooling to
0C. The suspensi on was i  ~ywashed with octane
and dried under vacuum oC fford predom nantly
the c/s-isonmer (V) (Z15. 77, i eld from oxepine
ester). HPLC area% 1.6% unkmagwn, 98.4% c/s-isoner
(Vv), and trace frans-i somgt° IQ/). The filtrate from
t he above isol ati on was conc( trated under vacuum

Bﬁl\fﬁ phenoxyphenyl)=1-0 me rI%flrllal{e X

t e"F{Qf(ﬁf-ém&ro-rﬁhérfcﬁw-ﬁheﬁﬂ]iaééﬂlcﬁéclﬂQI)@f ﬁmﬂgr@nﬁg X18arfimol)

of cis- and trans-isoners, (V) d (I'V), resp ectivel

wag suspendegbinytplsient . (14pm) at %3 Toghl%su,spensnon@me

foftaits L0 Tal SRRk he £ ?Jel*b%i’uh%e%@w%ﬁéwg m)

wéile addud] Afdr a0em(rbiereattiovemixtafsids condentigtediurider 9acuo
heated to reflux. The resultant suspensi on was cool ed

and;sigipped itwicerwid tolvenete yield 8 brewaish ol @f [Re@rehieno-ci s-

PRGSOV BRSAYEATRS Renonde Nk bl Vs, SUSBAGLY KFtofugrl? (7S M)
Ta tﬂmwsperﬁkxn?ﬁ/afs mdded iat ﬁma SbMtionldPls@rensing inetimdester
EETTY ‘&é@r%ga%bn%vtﬁeﬂ& ey rrkLa T of Gmethyl-
foilmﬁh'ﬁ&é’ %&Xt%ldérﬂa' %ﬁﬂeﬂhgﬁ%ﬁﬁlshf 3 ensm&sl was stirred

oxepl ne- 10 car ylic a thyl ester ep
foERopire ad rod?n eepmpatatme db the eaaxptlcxmemmtwetwmer athml) was

aécf d' ané the mlxture was extracted twice with ethyl acetate (500 ml). The

organic phase was washed with saturated brine (700 ml) and dried on
magnesium sulphate. The solvent was removed in vacuum to yield methyl-N-
[2-(4-chloro-2-phenoxyphenyl)-1-oxethyl]-N-methylglycinate (X) (61.3 grams,

202 mmol) as a brownish oil.

O

SN0

H,CO,C
X)
C: 3-[2-(4-Chloro-phenoxy)-phenyl]-1-methyl-pyrrolidine-2,4-dione (XI)

To a suspension of tert.-BuOK (21.7 grams; 193 mmol) in toluene (240
ml) was added under nitrogen at 20 °C a solution of compound (X) (61.3
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2,3,3a, 12b-tetrahydro-2-nmethy 1-1 H di benz [2,3:6, 7]
oxepi no [4,5-c] pyrrol- 1-one (VI1). A
WO 260640418 or 0- phenoxy) - phenyl | -acetic acid (1 XyCVEPIIPE/061409
2- br onophenyl acetate (47.0 gyans 216.3 nmol ) and
4- chl orophenol (27.8 granms, 215.8 nmol) were dissol ved
in dioxane (790 M) while warm ng to 50 0OC. To the
graess)) 4s obtatdditnder (‘BE){1 i tellkad( 240 del). 'ﬁté resulting suspension
i nert mtro en atnobsphere, cesium car
wes slisred Yool e RPWRISH SUBPSTON 43 %bgﬂsm@avags added.
Tﬁ@sgluﬂHH as dtfittéd 3 tihd¥ ﬂltﬁ%ﬁ 'a%béﬁé@@ T)ﬁ’fﬁém
was added to the green suspension.
ccrmlaloedmngammtph\raeesvaserleewastmbchwith mtelanOeml)the pH of the

for, 4 d L erstirr Th ti
wieRPee s aqiPen T Bt Tt T bl crySialt Wit istffed for
3 hbws tsbf@i@ﬂeer(rfbooﬁﬂ The aﬂystaﬂs Wé?é‘@rlé@%nﬂémé(&ﬂjm %t uee@om
| eave a browni sh oil acet ate

o8040, 2 Gram ] mankd_ (6 ) DE2-ChehlpEsnhenary ahenyid-

PR S AL 2 (T, ™

dried on magnesi umsybphate and then concentrated
under vacuumto yiel g 5 (206 mmol ; 95 % of
2- (4-chl or o- phenoxyy, eny)pecCetic acid nethyl ester
as a brown oil. The oi D v issol ved in nethanol (250
m ), whereupon KOH (16.2 igrahs; 1.4 eq) was added. The
resulting solution was heat'&d for 3 h at 60 0C. The
reaction m xture was cool@gy and the nethanol (200 nl)
was renoved under vacuum To theresidue water (100 m)
Dwa<Chanbe?), 3editlydrioe?-pietings1 Hrdii @,3;6.7]1 okgpiaddi t i on of
4 | M )xmThe resulting crystals were filtered
= € vacuum at 40 OC to yield 47.3 grans
(15% 000 F4n) wals ddudetinigtrdoss RIRGROY loPGrEH Jwhile

aceti c acl

mmtai lng\theztemecatum belewpth iy e mixturg wagdieajed ad he °C

fof 1% Hw Wﬁgg;S);?%ggﬁ-@f&{@ﬂbﬁ{p&nﬁﬁ?ﬁ&ﬁ‘éﬂy|]9{‘-%‘é&h}|-S‘fr?chfd?ne-

2,4-dione (XI) (30 grams; 95 mmol) was added. The resulting mixture 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 ml) and the

resulting precipitate was stirred overnight. The mixture was extracted with
dichloromethane (250 ml) and washed with sat. NaHCO;3; (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.
Following removal of part of the methanol by evaporation the product
crystallized. The mixture was stirred overnight at -12 °C. The crystals were
filtered and dried to provide 5-chloro-2,3-dihydro-2-methyl-1H-dibenz [2,3;6,7]
oxepino [4,5-c] pyrrol-1-one (VI) (16.4 grams, 55 mmol; 58 %), purity
according to GC 92 %. 'H-NMR (400 MHz, CDCl3): 3.2 (s, 3H), 4.3 (s, 1H),
3.8 (m, 1H), 7.2-7.4 (m, 6H), 8.2 (dd, 1H).
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was suspended in toluene (140 m) at 48 0OC. To this
suspensi on dinmethyl formam de (4.0 m) and SOCl 2 (19.8
workgoeAdcizemol ; 1.5 eq) in toluene (18 nl) wer ereERING/061409
After 10 mn the reaction mture was concentr at ed
under vacuo and stripped twice with toluene, to yield
a brownish oil of [2-(4-chlorophenoxy)- phenyl]-acetyl
E c litapisiSI€hIoFb <2, 3.3k, 18stetrabipdd 2ane thy k- tHiibenZ [253:817].0x&pino

GBS SRk 1 b (b6 (Wl a7 ). The
br ovidnadr Nyatnm&prmne iadine (3. 0rgfdeoﬂ 1 mmol)masaaddemm a

erat ure. the rea@% e WatI tg750 T}?{b |

W@&Sm RAINESUTY grams c’P&Pl\WA aRedR2 m)-

O@éMbeﬁéGb@Q@ rhipntfbs™ SolufiBR owsg@mo&; @bacﬁﬁ drRS2-YRheat H-
with saturated brine §70 m) and dried onmane5|um

dibanp 36, 7Taxepring [Aedrc] pyrsol-tepedVl)i (16,480 bo ngmel)dn

mBBiaP! 151 mhvas Brdad s BRRIPD 0iSiiee MAS SSRORFEgTDes:
Trﬁ@d evér>© péfidd oB2diowrs 3 pdfor8®f haghesiubr @560 ntd,|141.06

mmql)zfo{lqweﬂ|bar@%lﬁ&ﬁf>mrtl%eﬁmagnfswm (A x 590rma 8241 3gnmol)
el R Bk (0D ARPTRRE Pepohfiy bt Ga i) werp paced

whilé kegging dhe &inpératuredialdw d0°Cf Toluepe 50 nilXwasGidded, the

B PR A QB BLO0, ATSLTG: Wilog Jay oE Was aiT At Ay éﬁwlt?n@@@

1@0%?' Bhe SSTBRIEY BIU Iﬁ&er@ﬁ@re'\ké H&Fwﬁﬁ defer (D00 mg, y

ion was extracted 3"tines vv|t et hyl acet
drgbomimagrieisiun soiphatel fitegrchand phaperateehr Ehmgaveca mlxtbre of

Bk, T LR Pl eGSR 5 AP

[45-BPpyriolbebAE EVI) Ahé tistal-cRlore-2T8) saC‘I'ZbStb&bﬁ wz‘-nﬁ’éthﬂm H-

under. vacuum at 40 OC to | eave 4 ﬁrams 127

dibennf2, 58,4 prepine Bl ByimicoRg\Shaaly (12.6 grams, B2 %) in
B8R (vity? (Al 91378 28 ftéthfiREd b h-NIAR BHE A 96 %
"H-NMR (400 MHz, CDCl3 ): 2.9 (s, 3H, cis), 3.0 (s, sH, trans), 4.0 (m, 1H),
3.53-3.65 (m, 2H), 3.8 (m, 1H), 7.0 (d, 1H, trans), 7.15-7.28 (m, 6H), 7.4 (dd,
1H, cis), 7.9 (dd, 1H, trans).

F: trans-2-Chloro-10,11-dihydro-11-[(methylamino)methyl]-dibenz[b,floxepin-

11-carboxylic acid hydrochloride (Il)

The mixture of lactams (VII) and (VIII) (13.6 grams, 45 mmol, 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 mixture was heated to reflux for 18 hours. Part of the ethanol
(60 ml) was evaporated and water was added (200 mL). The aqueous phase
was extracted twice with toluene (100ml). Subsequently toluene (100 ml) was
added to the water phase, followed by concentrated hydrochloric acid to
adjust the pH to 1. During the addition of hydrochloric acid the temperature
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D: 5-Chl oro-2.3-di hvdro-2-nethyl-1 Hdibenz [2.3:6.71
oxepi no [4.5-cl pyrrol-1-one (M) P2Gb (90 grans) was
w@odwaedodise porti ons to H3PO4 (90 grans) while PCI/EP2006/061409
mai nt ai ni ng the tenperature4jel ow 140 0OC. The m xture
was heated at 115 OC for 1.5 hour, whereupon
3-[2-(4-chl or o- phenoxy) - phenyl ] - 1- net hyl - pyrrol i di ne-
risssftod53Ge Thil v)rat(eB (ayer ams, separated| andvapsoracotslithg theeroduct
resyl ti,n re was s for 4 da at 115 0C.to
crysiglled ﬂ\ﬁc 215 W e alHed dudiraiion a6 oed 57 PEOHE s
fﬁé‘ab drpﬁrg £ hydfo8 OUi‘]'(mbEHaﬂ‘aMﬁr% rﬂ%’fh’ C’dubéﬁﬂb“?{‘&gbm -11-

and t he result reci tat
carbexyllcgau]d hydrochiocider(d) (B85 gramaci @6 mimah 22 %).

Vit 03 SE NGO A RERIEE T St %ﬁEWm

1189 lqve 1\441}57r1egm m! r vacuum The resulting crude
p)r)odug% was di ss\g@\clkedr??? net hanol (520 m) at 70 OC.

Fol  owi ng rermoval of part of the rret hanol by

4{58-c rﬂﬂ ’ﬂbderl)Ed to prOV| de

5-chl oro- 2, 3-di hydr o- 2- net hyl -1 Hdi be {
oxepTChé S[”&PBU%P" WWHFZICWR@ 09’41)1 ‘Mﬁdr&? 'b gmethyglgmlno)

mif-qifnbiobist 11 2aRRIIC Bctithyidrgciionte fi G168 o
5. 6%121;117101@ if Iimgélh'b é1 f?rr?) Wﬁdd,adiﬂblid .sEtdihunl‘l !altae’@t%I (0.55 grams, 6.70
- a. et r ahvdr q”- - |enz_

MBI, he SUspaRFIRG a8 Bodied Jor £ BPUrs ¢ murg was
fllie?@éi %h@'ih@ﬁﬁ@ate Mseédrﬁﬁﬁ éféd &Wachgﬁ\?%@zc {o leave a

1 oxepino [ pyrrol-1-on (M1T)
erwmmh Nt(‘aé&gs@ma nfh97mzlmq>da §B%), shawnto be amixtyrevaddrans

SRR 8Pt e SPRENRNES Y PRI 151 bR anc

Geo O?}Iﬁdﬂl@étlcﬁ\ fFOntHandl (20 mI)  gave pure trans-5-ch|oro-
or o- 2, 3-di hydr o- 2- benz [2, 3

2 6)8@191 mt%tzarwdcq-zprpetrw A @henzm 8: G(ZJmmpgn éa[ﬂ g %]pmr@l-j
oﬁé“g@tuﬁr X e%ld(o?o?gqn?’(%a@ﬂ%t 47Tb/e) reacti on m xture

for
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, 1HO, 7.15-7.28 (m, 5H), 7.8 (dd, 1H).

H: Asenapine: frans-5-chloro-2,3,3a,12b-tetrahydro-2-methyl-1H-dibenz
[2,3:6,7] oxepino [4,5-c] pyrrole (A)
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-1H-dibenz [2,3:6,7]
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
mL) was added while keeping the temperature below 10 °C. Stirring was



Then over a period of 2 hours 3 portions of magnesi um

(2 x 500 ng, 4 1.06 mmol) followed by one | arger
w@ibila3of nmagnesi um (4 x 500 ng, 82.12 mmol ) PEEER2006/061409

added. Water (600 m) and cmne hydrochloric acid (65

m) were added whil e keeping the tenperature bel ow

400C. Tol uene (50 m ) was added, the |ayers were
cantipacdtfed1 Smintifes at@0C. IThecsalilageewhs extradtedviivdee with la

t 2 uenﬁw(élq%?%gt(ézz)}%gﬁ'coﬁbm > uenﬁg@%ﬁbam\éﬁayem were
H%a‘bn&hﬁ AR é‘b@?gﬂ%&r\g@’&mﬁo%éﬁlﬁ%

rans 5-C -2, 3, 3a, 12 t et 0- 2- et
ngmS ©drth) pﬁtr‘an6-5¥¢hlowe®;3|ﬁa ﬂZb-&etc@hxd;o-rQemelhyb-ndrl digen)y
) 2.3 3 2b-tetrahydro-2-nethyl -1
[zaﬁggiﬁfe?'fog‘l%rg]]p}g%% [4,5-c] pyrrol-1-one (6)
1|—(I~<|||\)|Fla4 ®1z, 3 M) 3.Aqnd, 2H)23(Mnh) 2H), B\ [rh) 2H
3:7 Xa(gddet e?xmlgﬁgt)j 6(%/?—? I\rl\'/Rs agd ) 3 q\ll\/’?? ()4832)6 K/H)z )
7@M36Xm 7h)9 (s 3H, cis), 3.0 (s, sH, trans), 4.0
(m 1H), 3.53-3.65 (m 2H), 3.8 (m 1H), 7.0 (d, 1H
trans), 7.15-7.28 (m 6H), 7.4 (dd, 1H, cis), 7.9 (dd,
1H, trans). F. fraA7S-2-Chloro-1 0.1 1-dihvdro-1
1-[ (et hyl am no) net hyl | - di benz[ b. f Lloxepi n-
11-carboxylic acid hydrochloride (Il1) The m xture of
lactans (VI1) and (M11) (13.6 granms, 45 mol,
trans/cis ratio 1:2.3), obtained as described under E
was di ssolved in ethanol (140 m). To the sol ution
pot assi um hydr oxi de was added (43 grans, 8 11 mmol),
wher eupon the m xture was heated to reflux for 18
hours. Part of the ethanol (60 ml) was evaporated and
wat er was added (200 ml _). The aqueous phase was
extracted twice with toluene (100m ). Subsequently
toluene (100 M) was added to the water phase,
foll owed by concentrated hydrochloric acid to adjust
the pHto 1. During the addition of hydrochloric acid
the tenperaturerises to 750C. The water |ayer was
separated and upon cooling the product crystallized.
The crystals were collected by filtration and dried to
provi de
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fraA7s-2-chl oro-10, 1
1- di hydro-10-[ (et hyl am no) net hyl ] - di benz[ b, f Joxepi n-1

wda2006a0d16y| i ¢ aci d hydrochloride (I11) (3.75 gPEIVEP2006/061409

10.6 nmol, 22 %. Mp: 203.43 0C. 1H NWVR (400 MHz,
MeOD): 2.6 (s, 3H), 3.3 (s, 2H), 3.9 (m 1H), 4.4 (d,
1H), 7.10-7.36 (m 6H). G frans-

- Chl or o”. S. Sa. “b-t et r ahv GloAMSt hyI -i H-di benz
[2.3:6.71 oxepino [4.5-cl pyrrol-1 -one (VII) To a

f f 2-chl o 1 1-di h -1
R sraRineAdY RaviediTa 'Fé o el

1-carboxylic acid hydrochlorlde (rr) (2. OO grans, 5.65

mol ) in tol ue was added et at e
(0.55 grang, The heat ed
for 2 hour s at he m xture ered and

(”1 49 grams”,4 4 ,

shown to be a mxture of trans (VII) and cis (V1) in

the ratio (M1) : MI11) = 8:2 as detdlh ned py 1H NWR

and GC. Crystallization fromnethanol (20 nl) gave

pur %rfthéfé‘haﬂtlé%ﬁ bPeach frard-ardinddch d&vaive HavirR] thel - 1
dibenz [2,3:6,7] oxepino [4,5-c] pyrrol-I one (V)

| n soppcsite absolutad cogligyratian, orrmracenic wixtuke pf ead!s frans-

(m A% 480l o SisgPineredn o %11y 075 1Yo,

7.15-7.28 (m 5H), 7.8 (dd, 1H). H Asenapi ne:

2.f r aAX frapscdrmipibacid aeﬁaatlvb%eléabdammw@na-sxaﬁlbw-4 0,11-

Hdi benz [2. 3:6.71 oxepi no 5-cl rrol b,rb\) , ,
Al urdliRvdrochi Hmeiayl@esno/)mﬁjswlhg@eaaﬂk mp'rpﬂ ¢ashaxylig acid,
' %
L S ity MR okl
t et r@tqmine}ﬂmcmnbcﬁchaﬁ:&i rar a) salbthesdaf y added whil e
keepi ng t he tenperature bel ow 10 0C. The mi xture was
d f 15 t ol
307 rRameckes A oRpRshy lhvpRlind AR b EBva ot igrilia 2"
H di benz [ 2, 3: 6, 7]

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

with a base in the presence of an alcohol.



oxepino [4,5-c] pyrrol-1-one (VII) (0.40 grans) in
tetrahydrofuran (4 m ) was added to the m xture while
whempilng3t he tenperature bel ow 15 0C. Sti rri ngp@BEEP2006/061409
continued for 2 hours at 1®4C , whereupon 0.5 N
sodiumtartrate solution (15 m ) was added whil e
keepi ng the tenperature bel ow 10 OC. Stirring
wascontinued for 15 mnutes at 20 OC. The salt |ayer
4.was Ayrocassddr prepacingid trans-aaiine aeideddrivative of farenu8112)
mxture (25 m _). The conbined organic |ayers were
dried on magnesi um sul pha ' red and evapor at ed
of
ro 2- et hyl -

frans-5-chl oro-2, 3, 3812 2
H di benz [2,3:6, 7] oxepl\nH 5HC] pyrrol e (A) 1H NWVR
(400 MHz, CDCI3) : 2.6 ( @31 (m 2H, 3.2 (m
2H), 3.6 (m 2H), 7.01-7.36 H@n 7H).CLAIMS 1. A
trans-am no acid derivative j formula | or fornula

I, or the enantioner of each trans2am no acid

der | thetpracedsasomgrising réafingl 4 mixbrnblinetabendf formmatd Vil .and
or a racem c m xture of each transamo acid

der ifoEPURVIllgr a2 salt thereof. A trans-amino acid
derivative sel ected fro fraA7s 8- chI oro 10,1 1-

di hydro-1 1-[( Uy \ /] oxepin-1

0- car boxyl i €I Q- 1 di hydro-1

1-[ (et hyl am no) rdhy

A
process for preparigg a trans am no d¢tid-derivative of
formula I, the process conprising real:tlng a mxture
of lactams of formuVB) 1V and fornmul gvM) (1V) (V) with
a base in the presence of an al cohol.4. A process for
pr epaiith Adagetin dre pearance ot iaa aleohdlat i ve of formula 11,
(H) the process conprising reacting a m xture of

5.I aCtﬁﬁ@ pfgcefsgro%b?m\é 5r @IQﬁn 4, wherein the base is an alkaline base

that is present in stoichiometric excess, and the alcohol is a C1 to C6

alkanol.

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

hydroxide and the alcohol is ethanol.

7. A process for preparing asenapine of formula A,

or a salt thereof, the process comprising:

(a) cyclizing a trans-amino acid derivative of formula I or formula Il,
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formula VIIl, (M) (MIl) with a base in the presence

of an al cohol. 5. The process of claim3 or claim4,
wob@sa0d13¢ he base is an al kal i ne base that i s PCEERIWG6/061409

in stoichionetric excess, ggl the alcohol is a C1lto

C6 al kanol. 6 . The process of claim3 or claim4,

wherein the base is potassi um hydroxide and the

al cohol is et process ng
asenapi ne of A) or_a f, the
process cofr iNsing: pa)Zcycli &ing g~af1i no aci d
derivative of fb’ prot{aHl, or formul & ')'H(H) or a
salt thereof, ta=give H | act am of xd V or

formula VI, (1V) QWi

) (b) reduci ngiQ he car bonyl

noi ety of a | act amypf forrrula 'V or fouyula VII to
gi ve the asenapine of fornula A; and (c) optibnally

conwvsrd salytHdreofasegapianlkactdm b formuda IV oo farnmaad VI,
thereof. 8. The process of claim?7, wherein cyclizing

conpri ses heati ransam no ~d gje ati ve of
formula | or in a SO|VP process
of claim™l i zi ng &bnp ng the
transam no aci dHde 'wulve of fornul oH formula Il

in a solvent a

the presence of saditgy acetate.

10. The process of"ﬁ]cl aim?7, wherein cyqizing

corrprl ses activati

g the carboxylic acid noiety of the

trans-amno acid @ ivative of fornmul dVYI) or ;

10.

11.

(b)  reducing the carbonyl moiety of a lactam of formula IV or formula
VI to give the asenapine of formula A; and
(c) optionally converting the asenapine of formula A to a salt

thereof.

The process of claim 7, wherein cyclizing comprises heating the trans-

amino acid derivative of formula | or formula Il in a solvent.

The process of claim 7, wherein cyclizing comprises heating the trans-
amino acid derivative of formula | or formula Il in a solvent and in the

presence of sodium acetate.

The process of claim 7, wherein cyclizing comprises activating the
carboxylic acid moiety of the trans-amino acid derivative of formula | or
formula Il, and treating the activated carboxylic acid with a base.

A process for preparing asenapine of formula A,

or a salt thereof, the process comprising:



formula Il, and treating the activated carboxylic acid
W th a base. 11. A process for preparing asenapi ne of
wo oooeab@3@, (A) or a salt thereof, the processPCI/EP2006/061409

conprising:(a) treating a tpgns-am no acid derivative

of formula | or formula Il, (1) (H or a salt thereof

Wi th a reducing agent to give asenapine of formula A

and (g)) dpaatingad trgns-amiro bicithdérivatiae @f fgrmmeda 1 or foraaila i,
thereof. 12. The process of claim1l, wherein the

reduci ng agent is borane or |ithium al 8n‘i num hydri de.

) (n
or a salt thereof with a reducing agent to 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

lithium aluminum hydride.



