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N.V.}). Asenapine maleate is now the subject of clinical studies, making large scale
synthesis of the drug substance necessary.

A general methodology for the preparation of asenapine is disclosed 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 radiolabelied



The di scl osure provides a process for the preparatl on
of
trans-5-chl oro- 2- net hyl 2, 3, 3a, 12b-t et rahydr o- 1H di ben
z[ 2, 3: 6, 7] oxepi no[4,5-c] pyrrole (Formula I) C 411
Il is reacted wwth an azonethine ylide to provide a
trans-pyrrolidine derivativ? of Formula |11, [

I,

In Formula Il and Fornul a I RLis F, Br orI;R2
dedvrtivatharest tivifalsodiren direrTibag iVader sielle ditleeliaddporkp-and

Rag{- h@rﬂ'ﬂ343843486951?'é4§" a hydroxyl protecting group.
OBsequa’Tt renoval oOf the protecting group, when-
present, and treatnent under conditions which effect
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Formula |. first aspect, there is provided

re'ﬁP'@Jé’@é’é’"ieGrO”b‘P'éﬁ%F’idHi}”%%ﬂ%p| ne of Fornula I,

The disciosure -prowdes a process for the preparation of trans-5-chloro-2-methyl-
2,3,3a,12b-tetrahydro-1H-dibenz[2,3:6,7]oxepino[4,5-c]pyrrole (Formula I)

characterised in that an E-stilbene derivative of Formula Il
OR,

R3

R2

|
is reacted with an azomethine ylide to provide a frans-pyrrolidine derivative of

Formula IH,

In Formula Il and Formula lll, Ry is F, Bror |,

R, and R; are different and each is selected from H and CI; and



or a pharmaceutically acceptable salt thereof,
characterised in that an E-stil bene derivative of

Forrmula 11, R2 Il is reacted with an azonet hi ne
ylide to provide a trans-pyrrolidine derivative of
Formula 111, Il fromwhich the protecting group,

when present, is renoved, agd which is subsequently
treated under conditions which effect an
Riiatt analhediakdmreteetingcrouwtr Subssaeent gamovalyaf dhej pratasting group,
r
wh%ﬂﬁ%%é’é}ng l{;d E@E%rﬁ‘ dndteg%gncgﬁﬁ:tg'rsg\g@gtﬁf%gﬁég ihfrfMolb&far ring
clogereafridhe comppynd ¢idoesgla lwherein RL is F, Br or I;
3a R2 and R3 are dlfferent and are each selected from

Hand Cl; and R4 is or a hydrox protectin rou
In Pﬁrsaa%e%m?%@é@@dedtw%%ﬁé B a%aS%ﬁanseéng%wgar"?
prepari ng the conpound of

or a pharmaceutically acceptable salt thereof, characterised in that an E-stilbene

derivative of Formuia Il,

|
is reacted with an azomethine ylide to provide a frans-pyrrolidine derivative of

Formula HE,

from which the protecting group, when present, is removed, and which is subsequently
treated under conditions which effect an intramolecular ring closure reaction to yield the
compound of Formula I, and optionally converting the compound of Formula | to a
pharmaceutically acceptable salt thereof, wherein

R,isF, Brorl;



or a pharmaceutically acceptable salt thereof,
wherein (E)-2-(2-bronostyryl)-4- chl orophenyl
acetate, is reacted in an inert solvent with an
azonet hine ylide generated in situ from
Nmet hoxymet hyl - N-tri met hyl si | yl met hyl - N- net hyl am ne
with the aid of trifluoroacgtic acid to provide
t rans- N- net hyl - 2- br onopheny1- 3- ( 2- acet oxy- 5- chl or ophe
Rorapd Rs gyar dlitireatiand are mhcqf#lqgﬁdrfmm diepd Ci@nbvative i s
R,id B3 §¢ydBx/i BRIRMENG gﬁ‘)uﬁ.cet yl group, and which is
subsequéent |’y treated under U Il mann conditions wth
the aid of a copper(l) salt to effect the
Inh %E@{aioés?&éﬂ #Rbre’ i PEbvidedHbrBcdse f&H r._\f@périhﬁ tisOeRROAd of Formula
Formula |, and optionally converting the conpound of
L Fornula Ito a phar maceutical ly acceptabl e salt
thereof. 3b In a third here is provided the
trans-pyrrolidi ne deri mula [11TA [11A
or a salt thereof, Br or 1I; and R2
and R3 are different an selected fromH and
a. 1l

or a pharmaceutically acceptable salt thereof, wherein. (E)-2-(2-bromostyryl)-4-

QAc
Br
g ‘
Ct

is reacted in an inert solvent with an azomethine ylide generated in sifu from N-

chlorophenyl acetate,

methoxymethyl-N-trimethylsilylmethyl-N-methylamine with the aid of triﬂuofoacetic acid
to provide trans-N-methyl-2-bromophenyl-3-(2-acetoxy-5-chlorophenyl)-pyrrolidine,

which pyrrolidine derivative is treated to remove the acetyl group, and which is
subsequently treated under Ullmann conditions with the aid of a copper(l) salt to effect
the intramolecular ring closure to give the compound of Formula I, and optionally

converting the compound of Formula [ to a pharmaceutically acceptable salt thereof.



wherein is F, Br or I; R2 and R3 are different and
are each selected fromHand C; and R4 is Hor a
hydroxyl protecting group. In a fifth aspect, there
is provided the conmpound
N- met hoxymet hyl - Nt ri met hyl si | yl met hyl - N- net hyl am ne.
In the definition of Fornulg Il, R4 can be a hydroxy
protecting group which is stable under the reaction
In 2 g asperisthereazipragdedthetienspymdidpededyative geFormula A,
derivative of Forrmula Il1. Exanples of such
protecti'ng groups are the tetrahydropyranyl group, a
silyl protecting gr or-EMacylgroup. Furt her
exanpl es are known for exanpl e,
Wits, P.G M and G'e ective Goups in
Organi ¢ Synt hesiRg, m, "Wley, 3c New
York, 1999. A preferred pfotegting group is the acyl
group, especially the acetyl group. Throughout this
di scl osure, conpounds repregsented by structura
formul ae having a pair of bold and hashed wedged

bonds, as shown, e.g., in.tii#e fornula of conpounds
%I% %nd I11), refer to the "trans" diastereoi soner
or g5t he conpounds may exist as a single

wherginR| ieFeBr tidyamp t he absol ute stereochemcal - .
conti quration indicat bonds, or
R2ﬁ%%ﬁgretcﬂ%er%%ﬁggiafeeeaaﬁggf%é{etgqﬁg\gﬁ%gﬁgéiti on, or as a
m xture of enantioners (e.g., racemate) having the
. : . : onf gurati oo g by
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af™E- sti | pbene derivative of
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process of the inventi
Formula Il is reacted
cycl oaddition reacti
azoi nethine ylidero provide a t
derivative of Formula Ill. It is
reacti on proceeds in a concerted nginer in which al
bonds are created sinultaneously. Qonsequently, the
stereochem stry is conserved in thé& product. Wen the
reaction is started with an)E-stil bene derivative,
the trans pyrrolidine ring is forned exclusively. The
Wheiely eosel ectivity of the dipolar addition step in the
R, mrR&eselof the invention represents a | arge advantage

Wi respect to.the od overal |, yi of, the

Re B BB Pt B T e A AT R A A o Ty be
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2008/ 003460PCT/ EP2007/ 005876 4 (-) :
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or lithiumtetranethyl piperidide. The dipolar
In PRAidrhRBn P 26Hh@R 11, R, can be a hydroxy protecting group which is stable

under the reaction conditions leading to the frans-pyrrolidine derivative of Formula Ill.

pyrrolidine
ght that the

Examples of such protecting groups are the tetrahydropyranyl group, a silyl protecting
group or an acy! group. Further examples are known in the art. See, for example, Wuts,

P.G.M. and Greene, T.W.: Protective Groups in Organic Synthesis, Third Edition, Wiley,



5 can be carried out by addition of LDAto a m xture

of an E-stilbene of Formula Il and TMNO in an aprotic

sol vent, such as tetrahydrofuran. Preferably, LDA is

added slowy to.control the reaction tenperature,

preferably below 30 C, and to effect the dissolution

of the trinmethylam ne-N-oxige. 10 When R1 is Br or

in Formula |1, the dipolar addition using TMNO
qu Bec 4809 e p@;erraﬁl pratesiéindogrore istheaady| group. espgeigtly the acetyl

Mgl d and purity, and it proved possible to

c ystallise the resulting pyrrolidine derivatives of
_Fornula_ll! di rect froman n ane/eth acetﬁte .
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L U e SR
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the reaction is started with an E-stilbene denvatlve the frans pyrrolidine ring is formed
exclusively. The stereoselectivity of the dipolar addition step in the process of the
invention represents a large advantage with respect to the good overall yield of the

process.

The required azomethine ylide, which may be represented by the following dipolar

structure



reagent (3) provides for a safer method of synthesis
because the process of generating the azonethine

ylide is much | ess exothernic as conpared to the
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reagent (3) does not reactyqto any appreci abl e extent
wWth the Z-stil bene derivative so that the synthesis
may tolerate 5 nore of the Z-isomer. In a preferred
enbodi nent, the dlpolaﬂﬁaddlilon reaction is carried

out using stilbene derih CHormul a Il wherein
R4 represents a protecti ng g The protecting
group, such as an acetyl gro deact|vat es the

hydr oxy- phenyl group for 10 el éctrophilic aromatic
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t I JIRSolMdR R Mk HrrettPRinhiNe NSxide 32, 12b- t et rahydr o- 1H di be
nz[ 2, 3: 6, 7] oxepi no[ 4, 5-c] pyrrol e (asenapine, Fornula
). 20 The intranolecular ring closure reaction to
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el evated tenperatures (Ma, D., 25 Cai, Q, Organic
Letters, 5 3799-3802, 2003; Buck E., et. aI , Oganic
15 eln %P@feﬂed Aggessthe @QUWOPSSW‘Q W"der Q#"efam-'ﬁ SRR
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soI ub| [ ty of the copper ions. Suitable bases include

20 coRatovel bbbt 3er P isn iR ot ety g bviamine
i nky (ghleromethybivintethylsigoe (1) Gueld tEespcodiafyC)iae (2) which can be

( coupREgUehth) tfeated Wi Féimaldehydin RethaRPEMItioh:1) acet at e)
Cu(011) 2 (copper(11)trifluoronethanesul fonate), Cu20

or CuSOH. MeNH,/H,0 N
MeSSi/\CI Me,Si TH
1 2
" 1. H,COM,0
2 :2901-4 ? Me,,Si/\N/\o/

3
The use of reagent (3) offers many advantages. For example, the process of the
25  invention can be carried out with higher throughputs because the aminomethyi ether
reagent allows the use of smaller volumes of solvent. Furthermore, the use of



5 Suitable conditions for conplete conversion of a
conpound of Formula II1 A to asenapi ne are the use of
CuCl (0.25 eq.), N N-dinethylglycine (0.25 eq.) and

Wﬁ?ﬁ'&?ﬁ}é& 1 eq. ) in refluxing dioxane for ?’%?}Iﬁ%‘ﬁo%%mssm

ol vents for use incthe Ul man cyclisd
reaction on an industrial scale at tenperatures
bet ween about 80-110 C are dinethyl formam de (DWF),
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re %bbfe@i@bl@ @ﬁgﬁtt\nhtﬁ e 7 Ofibenb BetdaliVERB tifzY filk 's%és@'?nay tolerate

5r eact |0ﬁg%g_f|n ustrial scale are the use

di 1EYRY *OMCHe or ni xtures thereof vvlth tol uene as
the solvent system 15 the use of Cs2CCO3, NaOH, KOCH

or l@%d'éhﬁo@ﬁéﬁ th@@éﬁ)l& dHEr‘?reQ&i iisr@"rlg?ﬂI e u\éﬁ‘n' Qfibene

in conmbination wt [ ori
c atdgyAtyes oAFomula 't‘uhea?'r [?E@F'ﬁfrts éﬁvs@at'mupofhetm@ectmg
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i s afdiiRn fé%Ftheawns toche Pyl f forguia . Asa testi thereccungrich of
t heida padBith tahbarhindfsegener ated in 25 situ from
N- met hoxynet hyl - N-tri nmet hyl si | yl met hyl - N- et hyl ami ne
with the aid of WD 2008/ 003460PCT/ EP2007/ 005876 7
t r iFthe second step ef the prpcess. piransipyrolidine derivative of Formula A,
trans- N-net hyl-4-(2-broq - 2- acet oxy- 5-

A
is treated under conditions which effect an intramolecular ring closure reaction to
produce trans-5-chloro-2-methyl-2,3,3a,12b-tetrahydro- 1H-dibenz{2,3:6, 7Joxepino-
[4,5-c]pyrrole (asenapine, Formula i).

The intramolecular ring closure reaction to form the 7-membered oxepine ring of
asenapine can be performed with an Ullmann-type reaction, i.e. treatment of a
compound of Formula IHA in a solvent with copper(0) powder, with a copper{l) sait or
with a copper (lI) salt in the presence of a base at elevated temperatures (Ma, D.,
Cai, Q., Organic Letfers, 5 3799-3802, 2003; Buck, E., et.al , Organic Letters 4,
1823-1626, 202; Sawyer, J.S., Tetrahedron 5045-5065, 2002). An additive, such as
N,N-dimethyigiycine, N-methyiglycine, 2,2 4, 4-tetramethyl-3,5-heptanedione (TMHD)
or 8-hydroxyquinoline, may be used to increase the solubiflity of the copper ions.
Suitable bases include Cs,CO,, K>COs, pyridine, NaOH, KOH or CsF. Useful coppef



The pyrrolidine derivative is treated under basic
condi ti ons, such as aqueous alkali 5 solution, to
renove the acetyl group. Subsequent treatnment of the

woShsRba6s €d pyrrolidine derivative under U"@E&Q?mwmbsm

conditions with the aid ofga copper(1l) salt to effec
the intranol ecular ring closure gives asenapi ne,
whi ch nay be optionally converted to a

phaonmes Utchede! 10y-madept @ill] eulal CuCll 0OCHEON:N étoppe ifcatbonate,

e ASOD SR sl SipTh: PR bR frleh o

Br %fup 4R2 and R3 are different and are each
selected fromH and C; 15 and wherein R4 is H or a

g Yy

a saﬁ%w% ﬁ'gllnr@os gtfgt g?r\gp ﬁo‘%oﬁvem a;eeI o‘%ﬂ% 'Bfg* Eed ia A to

i N\PEPNAPIA apsr the Hefeef GuURL(0RG\Ral). PENSiNt'MQMé@ 2vex.) and Gs$COs
For(w led. }-In reﬂuﬁr%axa“@fgr%mm ShivERE 98 4s8 QP &ESuiftnan

er.el are different

L @ aan Reestan dnar s Bl orely 2 g Heretu s, oEvieRGy aeped A1 10 °C
i s ar climethyifpumapnige (PMVB).e dimethylagetemide (BMAYr eN-metinglpyrrolidone

10d ef(lkll'ﬁﬁf:i pyn:m%s Rioxhre, %e dﬁﬁén¥ a&lét“ﬁ&eﬁﬁ;&:l&iﬁ@éwHether (Diglyme),
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terne |n|n ustria ro uci n
2-meth tetfahydrofuran and the like. 'yp

Preferred reaction conditions for the Uliman cyclisation reaction at industrial scale are

- the use of dimethylacetamide or mixtures thereof with toluene as the solvent system,
the use of Cs,C0O;, NaOH, KOH or K:CQOj3 as the base, and the use of
dimethylglycine in combination with copper{i)chioride as the catalyst.

A particularly useful ernbodiment of the invention is the process for the preparation of

SO

asenapine of Formula |,

|
or a salt thereof, in which (E)}-2-(2-bromostyryl)-4-chloropheny! acetate,

is reacted in an inert solvent, such as toluene, with the azomethine viide generated in
sity from N-methoxymethyl-N-trimethyisilyimethyl-N-methylamine with the aid of



5 pharmaceutically active conpound of Forrmula I, i.e.
asenapi ne. The E-stil bene derivatives of Fornula Il
can for instance be prepared using a Wttig reaction
' a triphenyl phosphoni um hal ogeni de

WP{}O'Y%@ % is reacted with,an appropriate ngs }]:39 d&%(%sm
al dehyde of Formula VI in refluxing solvents 10 such
as chloroform tetrahydrofuran or m xtures thereof

Wi ttmlﬁioaaéﬁel acill Ntol Roviie HBRER-ridknyRL m&ha@'leﬁs[l}ts-gmﬁky-s-

suc as di i sopropyl et hyl am ne
pot‘%? E?’Hyp lﬁ'F’OX| de or sodium et hoxi de, wherein
R1, R2andR3are each z ‘rRed_abaeye for Fornul a

Il and I1l. The Wttig
a mxture of E- and Z :
approxi mately 70 : 80. ctEHi soner 15 (Formul a
1) nmay be isolated via chrOraphy CH (V) The
tri phenyl phosphoni um hal ogeni & of Fornula IV can be
prepared by treatnment of a conipound of Formula V,
wherein RLis F, Br or I, and R is Hor O, and
whaheiPHTotding Seretive is freated yeer basie cenditions; sagh g§ aqeous alkali
5\N| tsblufidni, m@eémmhmspéuewe grolip! Slisedient trk&dRINES the deprotected

20530k her AL SR el LBOHRL WA BDES! o  Dpperty sat 10

ly results in
rati o' s being

Che cdarivatives 6
ph@ﬁgm dbmindrapolepylargdng glasyrey @Ivna\mﬁ@pnar wupla myy| be optionally
belcaiwertdd e ahasnizenatfy Redppibiedafi vative can be
prepared by heating a conpound of Fornula V, either
neat or using 25 a solvent such as toluene, wth an
10e g éinethéraspentroithe inggntion provided thénavetfrane-pyriddidinel derivative of
K. Fo,lamgm , G W; Mrtin, S. F. Oganic Syntheses,
Col Vol . 8, p.451 (1993); Vol . 65, p.119).

R3

T

wherein R; is F, Br or I; R; and R; are different and are each selected from H and CI;
15  and wherein R, is H or a hydroxyl protecting group, as previously defined, or a sait

thereof.

Still another aspect the present invention provides the novel E-stilbene-derivative of
Formula ll

20



WO 2008/ 003460PCT/ EP2007/ 005876 9 OnOnn In a

subsequent Wttig-Horner reaction i-f. Kawasaki, at

al., J. Org. Chem, 66, 1200 - 1204, 2001; Tet. Lett.

wﬁ%oas%ﬂ:ﬁ?o 2001) the phosphonat e ester of Fo?@}ﬁm\t{lﬁb(}ss%

treated in a solvent, sgch as tetrahydrofuran,

vvlth a base, such as pot assiumtart- 5 butoxide,

butyllithium sodiumhydride or sodi umret hoxide, to

produce an i nternedi ate stabilli zed phosphonat e ani on

V‘h'vﬁ]'é em C% IE r¥“ a%élRJ %?é tﬁ‘l’ ge%pgrgozarggé hbs%‘ect\és Frgfn H and C§;

Fo rmJ 0’ se
Forqndlvﬁleteln Rgigi M ablaehygm@r@@chas Greapi Freprgvioyshr dakined. |These

an GtiBbnel NRrib4tRes - B4 ru@éfhldhl'it@m'@ﬁhte& atd Vifdustfally 18oducing the
rPB‘ulallllé(ﬂcludet esk0 %ganedafromth
HREpERalREe SaMBPYERl EOBYRL. FesTRERARIE

trlrrethyl amne, triethylamne and the |ike. Suitable

acCitle @ﬁlb@hé’@erﬁ:ﬁ!ﬁ of RmbiR IPQfﬁbﬁﬁQaﬁc@Qﬁ‘ red using a Wittig

treatment wwth a mneral acid suc rochloric
ac i"ePCiny iy ¥Hich A é”PJ'GPW"%H’TBB'HWoP?'%ge&@Pogf arfmulg) Iy belew. is
ac:lrebctedrwnm arh appromiatia saiicylia Gildéhydecdt Fusmuld oA uexeilnphge solvents

Oas %gé Cﬁhﬁ)?dftsjrm féél‘aﬁg'{]ug?f@l%h gr m%@gs%éégof ?]ﬁh gtha}\tﬁciﬁ ih% presence

gI PE 81 EauivRleNy ameuatef 7 Easacwh ﬁsr%iﬂpmwletha'ema‘e Q@\slt PABCO,
ac ipttagsiin nat-baskdes bi SQMNInG ethdidide, 'Wméremf &% eRy ash Reiaek each as
adgEﬁ eg ngﬂﬁtf& Pémﬁéyé}%' @erélgf\'!fvﬁg rrggé &\ l%/?lkaﬁty'i'&%ﬂs in a mixiure

mal'eate sa I nven
i | o5t wt@aorws tthebes rat@wbﬁgg BRRIpITalgly 700 B AP IPES Frigamer
15f Okpoaniia ) maPPPis6lated VR chiohiafigfaphy.ve and non-lim ting
and represent specific enbodi nent; of the present
invention. In each of the exa Hpel ow, the
corrpounsh asenaplxae (Fan mul a d its.precursor the
tra roI|d|P atlv of Frrrul
race e p g
and ha ed wedged 250y ds used in the|r struc
formul a2 i ndi cate rel &i ve stereochem cal

confi ‘gnuratl on. ™ n

The triphenyiphosphonium halogenide of Formula IV can be prepared by treatment of

a compound of Formula V, wherein R, is F, Bror |, and R; is H or Cl, and wherein X

represents halogen, preferably Cl of Br, with triphenylphosphing in reﬂuxmg toluene
20  solution.

A preferred method of synthesizing E-stilbene derivatives of Formuia 1l uses a
phosphonate ester derivative having Formula VI, below. The phosphonate ester
derivative can be prepared by heating a compound of Formula V, either neat or using

25 asolvent such as toluene, with an equimolar amount of triethyiphosphite {Davidsen,
S. K.; Phllips, G. W.; Martin, S. F. Organic Syntheses, Coll. Vol. 8, p.451 (1993); Vol.
65, p.119).



General Met hods: NMR spectra were recorded on a
Bruker DPX 400. Chem cal shifts are reported in parts
per million (ppnm). 11-1-NMR chem cal shifts are

whehilgigsd to TMS as internal 30standard PCT/EP2007/005876
Pa reviation s singlet; dgdoublet; t triplet,

doubl e doublet, mnul ti pI et). WO
2008/ 003460PCT/ EP2007/ 005876 10 Mass spectra were
recorded on a PE SCI EXRAPI 165. GC chrmmat ogranms were

obt ai ned using an 1] et HP689'EIR| hr omat ogr aph
outfitted with a Rést T_Xeolaur@'r %I chr omat ogr ans
wer e obt ai ned usi ng anvyAgi | ent HPﬂ qui d

chromat ograph. 5 Exanplf@ 1 A

(2- Brono- benzvB- phosphoni c acid di et hyI ester 10
2- Bronobenzyl bromide (M048 g, 4.2 M) was nelted in

a Vlﬁlh@ﬁbsbﬁlieht WittigHormeraattich $5Mawashki, Bt afyJ. €y chéard 66, 1200

p h 0Ss p%g 1299 ?%&3 iL%?‘ ﬁ?ﬁge%% :?))C{h%\é%o%é'd’ E?%‘a 'é?%} ?fh:?ig'gl}'a% is
eq ueghted fror salvent suah aslieirahydiefuiap witriadiage, suthrasgtassium tert-
_ g1 hdtoRRe, bRt sbbiBmMRRdS S sba.ﬁﬂmemeaaa & Prodice AAOC

The reactj on S,_CO- eV orate W ce
ol sipoliass hespinate GHion WBRG Rt Wi 2 5SIGHRE

60©enm qf Fouhuda Vita selelrtivelylyield ap Sstitbengof Goemilzll. 60C

and vvas used wi t hout further purification. 114-NWVR

1.33 (6H,  t, 3.43 (1H, s, CH2-
3 @&-”tf q_p@tsaf_“a nap@efé Felmqla Gandzgg t s-pyr;rolrgrpe(%qvatwes of
10Ar IHptmufa BMin¢lddd the)sake bbtarnéd o (tid-combinatiorvith an @eganitthase,
gﬁﬁ}ms t@ggtbg rl(-\-%_tnét%h uf(ﬁe Ici%a g@éﬁle e la)@rﬁc?f saM"elan be
t r &Rigingd Hroghdbes: regiment dﬂ"@ ahsr’t!‘ﬁ@kﬁldr PiifBnas hydrochloric acid,
5 biadrotromia|acidy prds preday deid GAdB Suligric deid? onwikh) amgaritdﬁlﬁdsdcﬁ as,

ec?leg%lhag a%gorfzi?; égﬁo%%%gﬁn{aﬁﬁc &l?r"% o Ld: n‘% rc acrd malonic

ester ydro
15( 199@ famparig ragisy grhrce'mg% Sl&&c'glélﬁﬂdr cﬂﬂop&“'cpﬂﬁ“hs%qetﬁnamd and

t efrietHaHé extfoflie AcB0Phedprefebd adi® bidifiod salt of asenapine of Formula 1 is
the maleate salt, i.e. Org 56222,

The invention is illustrated by the following Examples.

20 : EXAMPLES
The following examples are Hlustrative and non-limiting and represent specific
embodiments of the present invention. In each of the examples below, the compound
asenapine (Fommula 1), and its precursor the frans-pyrrolidine derivative of Formula
1, are racemates, and the pairs of bold wedged bonds or bold and hashed wedged
25  bonds used in thelr structural formulae indicate relative stereochemical configuration.

General Methods:

NMR spectra were recorded on a Bruker DPX 400. Chemical shifts are reported in

parts per million (ppm). 'H-NMR chemical shifts are referenced to TMS as internal
30 standard (abbreviation s singlet; d doublet; t triplet, dd double doublet, m multiplet).




Worganlc | ayer was washed wi th sodi um carbon

WO 2008/ 003460PCT/ EP2007/ 005876 11 tetrahydrof uran
(3000 mM) was added whil e keeping the tenperature at
33 C. After conpletion of the reaction water (1800

d@o‘ysﬁﬁ@?soadded foll owed by 4N HC1L (450 m). g  EP2007/005876

solution (500 mM) and saturated NaCl solution. The
organi c | ayer was evaporated under reduced pressure 5

at Nﬁ@@sﬁ&trﬁ'vﬁe recorded on a PE SCIEX APl 165. GC chromatograms were

T LA TRk,
7. toluil. HHPEC  dhr@hatodrants (wieké cb‘l;alnIEH using &b Fgjlert . BA1100 Hiquid

d Ehrganat}_‘;pagﬁ (1H, t, H2 or H3); 7.46 (1H, d, H8,);
, H5); 7.58 and 7.68(2 x2H, 2xd, H1 and
HA) 10 C

t r Exgmilertet hyl- 2- ( 2- br onophenvl) - 3- ( 2- hydr oxv- 5- chl or

ophenvll-pyrrolidine To a solutign of

trans 2- brono-5'-chl oro-2'-hyd 6xxstilbene (81 g, 261
i n tetrahydrofurag (570

| t | ami ne- N-gxide di h (43. 4 °§'9OEmmI)
ude@ ar—aﬁbl i neraPuPe— Lict QP £ .
d| i ~ao opyl am de Tn ﬁ Fane/ THE (2M 1070 15 2140

mmol ) was then added durl ng the course of 1 hour
whi |l e =-'.=. ai ng the temn

Sol ven HWag.gVaporat e . Bk
et hyl acétate®(250 m) was (agded. The pH was &dj
to pH 8 WINth 18 % hydr ochl 01“|c acid (-250 m) and
et hyl acet ate (250 m) was added The organic |ayer
was searat ed elmd thﬁ aqueous Iayer 20 was again

3 U Ephe gtin E The

10C ozrbrdﬁme%g@ramfaelgmrgs 4\@%&) w@eShsséavm bhua@loRth ¢ 335C and

e h 16t (L8 i g1 PIRETS wep St o 6y B ety
et ;btmapﬂltbv(faﬁﬁam!(d.#& mol)/ was adieg i iv ehreda @glidl tdoftions to the reaction
a8 8F mififes i it g Gy SERBRCU"Fol 15! ction

+ Mixiyee wasycoreyaporgted @:quutqﬁpo il of yleng. The xylﬂge_wg removed in

15 Hbva'éuo BRe@C. he @jodud. et dried.id 4(vAcitund Idven? atxé0°CHbhd was used

20

25

W&nhoﬁrfz%é E!L'l_!liﬂcgion.H 1), 6.94
'H-NMR: (CDC,L{): 1.33 (6H, 1, 2x CHs); 3.43 (1H,5,CHz-a); 3.54 (1H,s,CHx-b); 4.12
(4H, g, 2x CH,0); 7.17 (1H, m, ArH}; 7.34 (1H, m, ArH}; 7.55 (1H, m, ArH), 7.62 (1H,
m, ArH)
*IP.NMR: (CDCl5): 23.81
Mass analysis: M+1 = 307 and 309 {Br-isotopes) found

B: trans-2-bromo-5’-chloro-2’-hydroxystilbene

5-Chiorosalicylaldehyde (188 g, 1.2 mol) was added to a solution of (2-bromo-
benzyl)-phosphonic acid diethyl ester (369 g, 1.2 mol) in tetrahydrofuran (1500 mi)
under nitrogen. A solution of potassium tert-butoxide (300 g, 2.68 mol) in



WD 2008/ 003460PCT/ EP2007/ 005876 12 (1H, d, H3), 6.98
(1H, d, H2), 7.10 + 7.35 (2x1H, 2xt, 1-1-10 + H9),
7.52 + 7.58 (2x1H, 2xd, H8+H 11). D+E: Asenapi ne

| eate: Orq 5222 5 Process 1: To a m xture of
WA ny1-2- (2 bromogheny) - 3: (2 nyar B RAgpTe

ophenyl)- pyrrolidine (103 g; 280.8 mmpl) and di oxane
(520 M) were added under a nitrogen atnosphere

C e et FycrtiraR (o8 il 85k dfded ;wh%e I?eegﬂb th Hﬁe ture at 33 °C. After
dlnech[%I¥C|ne<&7.2 gra 10 0.25%eq) a cogger

i 0GPBRIEtOD 9t the reactipn watep (HE00 m)vasiaddes ellaned by SR (#29 mi).
r effhenargadici fayerdwhe rwesBed @ith Ssodium ehrbonatd SBMMINALI00EmMI) and

S S VR R AT e 50 s

Sev @b &tte dive Wans-2bleome-5-phiorp-@shyderxystitbenel (39 4.8 Igv82%)i n

10

et hanol (1000 nil). Under stirring agueous hydrobromc
acid (48% 31.5 m) was @Ht o the ethanol

solution. The suspensio tirfed for 16 15 hours.
The crystalline asenapi"nehydr o i'lde salt was
col l ected and dried under®vaéuu Be product was
stirred in water (500 m) whereupgn the pH was

adj 8 the additiaon of aqueous sodi um

ny FBRIEDRLRE VoA 0 IFEH 1 Blaf o IERES dBE Lt Tbutwan 721
di ¢liM, arb9jet.BaKE, t,THE cdiHIBINT.46 14y df HA8YS7.8@melred, Mi5H;[7.58 and
way 88 020, -1 SHai1edyon nmagnesi um sul phate and
evapo#ated. The %Esfg&e was di ssolved in ethanol 20

(50 nml). To this solution was added a sol uti on of

mag eiransad-inbti{vl 8. heh 2 «5-Bhiek 1-HvEtblidine

m n £ .0 Xt, tifJ,e .
7 o S Byl il [, 7
rpEUEhyRirar (570 b rinedyiapine N picde. dyorate (4 8has0 moah was
Thaddas anapbias tepaaiue. Wiuns GlidopopRamiad s Kbpt-Re/THRAEN, 1070

A e o ek e S o

20

25

s, tempegatupselovs40°G. Afied complelipnaof fedreastian water (120 aiiivas. @iged.

( NSohbrRias Svdiortetd 2 ¥mbk Wolimd att vihith etifl avdtdt¥ (298 ki) das

2&5@%3‘@% 8%%@%33@9%8% é'ﬂ)gggéw% W aroRhiOmBL L £ bE S by and’ Sy
acetate (250 ml) was added. The organic layer was separated and the aqueous layer
was again extracted with ethyl acetate (2 x 120 ml). The combined organic layers
were washed with water (325 ml) and with brine, dried (MgSQ,) and then evaporated
in vacuo. The resulting oil was crystallised from ethanol/water (1/1, v/v) o give the
title pyrrolidine (62.0 g, 78%). Purity according to HPLC is 99% a/a.

TH-NMR (MeOD): 2.50 (3H, s, CHs), 2.52 + 3.09 + 3.10 + 3.45 (4x 1H, t, dd, t, t, Ha-
5, Hb-5, Ha-6, Hb-6), 3.62 + 4.14 (2 x 1H, 2 xm, H4 + H7), 6.72 (1H, d, H-1), 6.94



13 ESI _MSMs: The observed fragnments at rn/z
44,166, 194, 201, 215, 220, 229 being
[ C2HBN) +, [ C12H601+. 1C14H1001+., [ Cl2H6C10] +,

W‘i%*?’ 0] +, [CL6HL120]+., [Cl4H10CL0) I\/bltlngHE /@5876

5

15

20

25

Process 2 Pot asswm carbonate (6 27
mmol ) and copper - powder 6 96 g; 15.1 mmol) were
suspended i n di net hyl acet amde (25 m). The

t er(merdaﬂlap &.98Q5H 1, ALIYNE 10 07 35 xh aRe Hoi oL+ RGBT spasy sed
th&”ﬂkﬁ lt_efﬁ%slqgnm on during 30 m nutes.
tr

2-(2- brom)phenyl) 3- (2- hydr oxy- 5-chl or ophenyft - pyrrol

| dip3e; AdéhaBine Hthichtd By )s2¥@s then added and the
reactron mxture was stirred for 29 hours. The
suspensi on was filtered over A lite and the sol vent
was evaporated. The \Qsdue sol ved in tol uene

with water (50 nml). ene | ayer was dried on
magnesi um sul phate and evapgsat e ddee resi due was
15di ssol ved i n et hanol (18{2 n1)qmmhereupon a
solution of maleic acid (483 g; 41.4 mmol) in

et pegvebs 5.2 m) and water (1.82 nl) was added under

R e s
vaemﬂw'a? (W8 ac2§9-& rumaliang, dipxgng @2%!1') Laild |at1§edawéerrajmﬁggen
t 0 airlEisEhdr@ c&und Yabdbrate 1109l 7oNYR .2 6HCNN dimetiyficiREl (7.8, gram;
i %igm?‘f Lol wﬁvr%%a% A g rot
gtl@[d fgrgﬁaelpqyrsaayagjux tqnp}axaturemg en fﬂfgreépwra:hqahte}—]f he) dicalite
Eshaé/%edmﬁ GRS YR80 IR THE BloRarRtwdd ezdaﬂtﬂ'a GuhePdhipon the
10ﬁ ue WP%%I éfﬂ gjﬁaqogglgbé:éﬁﬁl]’)\&gef %t@_r@qu%% ¥dr,:cl'>én|;|mic acid
[ ClBeY @Cﬁ@l}ll watbadded to the ethencl solutba 0THE sesprneiss was Figreg for 16
15 S O hélird. Othe Qtrystalline asenapme hydrobromlde salt was collected and dned under
L e N e o (2B rATPREET R et B L
opmﬂﬂ]t uct was stirred In waier mil) hereupon the pH was adjusted
to 8 by the addition of agueous sodium hydroxide (2N). The water layer was
exiracted with dichloromethane. The organic layer was washed with water (200 ml),
dried on magnesium suiphate and evaporated. The residue was dissolved in ethanol
(50 mi). To this solution was added a solution of maleic acid (16.6 gram; 142.6 mmol)
in ethanol (20 ml) and water (6 ml). The mixture was stirred overnight. Ethanol (20
ml} was added o the thick mass and the suspension was stirred for another hour.
The asenapine maleate was collected and dried under vacuum at 40 °C yielding 44 g
(39%;. Purity according to HPLC is 99.8% a/a.
'H-NMR (CDCLy): 2.58 (3H, s, 1-N-CHs); 3.14 (2H, m, H-3 and H-4); 3.21 and 3.62
(m, 2x2H, 2xH-2 and 2x H-5); 6,24 (2H, s, vinylic H'2 of maleic acid), 7.01-7.36 (7H,
m, aromatic H's}.



pyrrolidine (10 g; 27.3 mmol) in methanol (100 m)
was added KOH (1.68 g, 29.9 30 mmol ). The obt ai ned
clear solution was stirred at 40 C for 15 m nutes.

T. | yvent was evaporated, toluene (73 m) BW%
w Ji]’gs’ﬁqgf%ms added, followed by cuCl (1.00 g PEOVIINNSET6

mol ), di nethyl glycine (220 g, 21.3 mmol) and
pot assi um carbonate (3.77 g, 27.3 mmol). After
r efEksumsm fr8E ofsdhidtag rriehs 2B A2 QR f168\GH, RETTRYSDI0N229 being

(S ANitaag:. §w§1‘0§aﬁ I e tgRches Vb FHHENS 0.

ZOMMGGI@DPCT/ EP2007/ 005876 14 anmmoni a solution (3 X
55 Mikting-pbit: 149/-gene | ayer was dried on magnesium
sulphate and evaporated. The residue was dissolved in
2-propanol (10 m), whereupon a solution of naleic
acPdode8s 289; 30.0 nmol) in 2-propanol (68 m) and

Ve bSasdidm ?Zm@?\l% %r é‘dﬂqpm%ﬂeind %Bb%e? 'p&gdergﬁ §beg 15.1 mmol)

stirring the crgstals asen
nmaWe% seenged b dingthdacetsmided> mik dbe t?ﬁmeﬁaf%mwp@am 1140
CC°yiamd ditrougpntvad Igr tardugh Hie%Suspenigioh dyirirgC30atidintes) tiafs-NRAdthyl-

105732 piPfnyit -2 i Ryle oot ol 15, L (adh was
2x thep aﬁi’ﬁsi @,@' the geaction mbxtufewps sirred fgfy28; hours. ihwusnmsmncnfas
acfikbred dvePdicdlite3nd thelsoRent ¥R E¥hpdratéll. Sthe rddliueStasidBived in
Thgnlu%ggglroé S Ea t@tl\tlf’vgggt gﬂgw' Z 4%( d%ﬁ%ﬁcngojfér (S0, The
[ cmeleezm?mvaq ¢riEg HeanagnesiumGLBhate Gind evagostted-Toerefidue was

15 I\/Eb’éédn&un,%thtanol 182 il vhereapd 8 sdiuffon of maleic acid (4 83 g; 414

2 1% el RSP 6 2 h S B e G
2- foodétimzythectmmis @& agéhaping IGdeale WD coliectied amd | dried| under
pru&humtws@ é&ﬁﬁi Bigssh, WPL zadoﬁmﬁ t&ﬁﬁLms)sglg%aa%O

ro ARG T .

r .sol ytion eat ed
1 TP %fﬁa'aurs** "8 tFaaer ane Se2
20 wagn.f2aPHLAxEeR dnd 2RE-A)) 6,24 KRENNMRVIOTIDE B9f. maléie acid), 7.01-7.36 (7H,
d| &aggﬁgﬁd@g pr ot on resonance of 2H, s, CH2I at 4.73

g% @g th? new 2H, CH2PO(OEQ2 at 3.4 ? wer e )

CHEMS: Tro servet dpivmps a0 450 194 £ 0 A15, 225, 220 being
[C2HBN]}+,[C12HB0}+. [C14H100)+., [C12HBCION, [C13HBCIOM+, [C16H120}+.,
[C14H10CIO].

25  Melting-point: 140 °C

Process 3
To a solution of frans-N-Methyl-2-(2-bromophenyl)-3-(2-hydroxy-5-chiorophenyl)-
pyrrolidine (10 g; 27.3 mmol} in methanol (100 ml) was added KOH (1.68 g, 29.9
30 mmol). The obtained clear solution was stirred at 40° C for 15 minutes. The solvent
was evaporated, toluene (73 ml} and DMA (18 mi) was added, followed by CuCl
{1.00 g, 10 mmol), dimethylglycine {2.20 g, 21.3 mmol} and potassium carbonate
(3.77 g, 27.3 mmol). After refluxing for 4 hours, the solvent was removed in vacuo.
The reaction mixture was dissolved in toluene (55 mi) and extracted with 5 %



2511-1-NVR (CDCI 3): 1.33 (6H, t, 2x CH3); 3.47 (2H,
d, CH2PO(OEt)2): 4.12 (g, 4H, 2x CH20): 6.99 (1H, m
ArH): 7.35 (1H, m ArH); 7.54 (1H, m ArH), 7.89 (1H

WO 2008/ 003460PCT/ EP2007/ 005876 1
der%)g@{ ?63 M1 EC%@071005876

= 355 (C-i sptopes found),
(Cl-isotopes found), B:
trans-2-1 odo-51-chl oro-21- 1wdr oxysti |l bene The
I eSrimbhia GolaidnU(Bi»056 @f). THeltdBene layer was dried on magnesium sulphate

gg%'{‘“g g\9 l&%?ezdy Jl')l F}queﬁ_%h oansI |sso? gg ﬁ Zﬁg %&oleﬁp emi()i\NE}nere%pon a

or oom nper a
s ofQlytiop of @ﬁ'eG-a@hll (é ﬁésaw Q:yml) dretrpigeanc (B8 Tdljandygaterd1.82 mi)

m"fﬂrlbs addedl uﬁ&ér)stlrhﬁg -E\EEr éﬁlﬂr?:@ Gorb hourd BR {a%t df Q8endPifie maleate
C OO e an | C 0O Ca
Reriplibdd § e et 40 ‘gareﬁ 980 Gipie @5%). Purty

m nganthbﬁ is¥%Pagd. al nost cl ear sol ution was
obtmnmd(cnﬁwlés@mﬂ s R- dl-ilPQ'. 1'1‘ ():H\’\ﬁSH%déiﬁ%e;ﬁfstz? and 3.62

a2 A A Ao 'Pi'éoaqﬁ% S RVIE I Glqtalis peifle 4 Ol 3BT

vvamnamglataj-ls)oomterrperature After 1 hour water (250

1021bt al ned Et Megtfa ﬁ'g?ts 8% ma%s%gag@d\ﬁﬁ%ﬁzg'\/\zezg being

byl® Eﬁﬂ}"a{%%"%atré%ﬂ"ﬁﬁ’m (Sexsivy FHE)}‘.‘ TRBHSCRAN dCHHE—eM

wac1gdpesi@l ed and concentrated under vacuumto give

15 >100%,~Gk1 . Then, 2N Het (aq.; 250 m) was
d g%ﬂﬁg%ﬁ'gﬁg Ey et hyl acetate (250 ml). The organic
phase was 15 separated, dried with Na2SO4, and

15 evBfiglé @d under vacuumto give 127 g solid. This

20
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solid was then stirred in n-pentane (500 m) for 15

m nutes at roomtenperature. Tife beige solid was
filtered over a glass fjlter, fiéd Wlthon pent ane

(50 i ). and gr i edpunder] vacy the |

ev’)\%r-—'ﬁm ¥ é’lg th¥ titde spitbensyes, 1145 -
79 % The'q p du€t was Bised vvlthout f

purlflcatlon 1 20

cr
Ci D D cl O O Cf
H 1 I &1} sH = COOH
COOH
\

A: (2-lodo-benzyl)-phos| hoﬁic acid diethyl ester

Triethyl phosphite (ca 66.6 ml; 94% pure; ca. 386.8 mmol) and 2-iodobenzyl chioride
1 (100 g, 400 mmol; melted prior to use) were mixed with xylene (65 ml) in a 250 mi
roundbottomed flask. The clear sclution was heated fo refiux while stirring for 24
hours. The reaction was followed by GC and 'H-NMR (CDCl;). The disappearing
proton resonance of 2H, s, CH:l at 4.73 ppm and the new 2H, d, CH,PO{OEL), at
3.47 ppm were indicative for the progress of the reaction.

"H-NMR (CDCl): 1.33 (6H, t, 2x CHa); 3.47 (2H, d, CH.PO(OEY),); 4.12 (g, 4H, 2x
CH20): 6.98 (1H, m, ArH); 7.35 (1H, m, ArH); 7.54 (1H, m, ArH), 7.88 (1H, m, ArH).
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WOl 7 o502 wor, 2xd. 1 and W4 25
h

2 Mass analysis: Ml = 356 (Cl-isonmer found). 1H NWMR
(CbC13): 6.8.1 (1H, d, H7); 7.05 (1H, d, H6);
7,18(1H, t, H2 or H3); 7.22 (1H d H9); 7.34 (1H,

r H3); 7.42 (1H, d, H83; 7.60 (1 EC'H’EPZGO??(?OSS%

trans-N-neth) (1-2-(2-i odo envi | - 342- hydr oxv- 5-chl or
ophenvl) - Pwolidine A m xture of

t I NfaSs 2ndl mﬁ1-£ﬁschsaoﬁe@¥&fney<wa és#s?@ﬁsc(tﬁa@s found),
granms, 15 mol ) and trinmet hyl am ne N-oxi

di hydrate (52 55 g 472.8 mmol) was dissolved in THF
( 5BOtrame-2-Ig pR'pendpdxyetlibeviei | € stirring. Not all

OF Th kGOt N e S50 45 e

The m xture was co an 1ce

5. EQRIAAIE TPPNICTREFaB R SR EISR BEHRG 1P Eroliby déa%rmosrwaideﬁvde

solaztidan 3e4.8 menol; 4.0@&q()57 THS (1000 ml). Bhe\dolufion was cooled with an ice

heegtﬁ@@é{ 'dFrfcekByélpﬁ 26N8ss ﬂwm%f]' z'ﬁ'azeg.%>wa@%%d@adﬂ$pgn%§9ver 5

W se dr oppl ffunnel “over

i nfinuieg|and RREANGE: lﬁ*f@Oﬁt gls@r selytienwaehtgigedoAddifional THRHE00 mi)
adabd haved\Wafer SRFRY RF an h@uﬁﬂmlo&ﬁlﬂﬁtb& e @de Haftwas removed and

10" efe#Lt‘on ?‘%xtgtre eétl%&k\wgsg. \ﬁ'%)rm n\?/atg r}%,‘}*?r Pe&?g%%t%% g|h1 gour water

wi {230 gdrreaswaﬂ@t awwarays%epwn wes pbiaised thyb@mtate (400 mi)
Cywho asidabiiohas by GanhaddadiRsus REOIVEEH ﬂﬂ)dTﬁeh&gérﬁéiﬁﬁds@ Was

el 558 Bhesiraita Lider St bive 185 o &1 g, dhe Gy i

anteat: R8O mihwagraddehblieyedrbycthybeestaté (A0 mit. The orgenic phase was

et h
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Y it 8008428 R STt natens GOR ™ e BB Soqhs femperature.
sI Thehbdige nlid im@s [ijleted owircaglars fitan ermphednwith mpritane (50 mi) and
exaﬁeaq.tned Vedubn 6t ﬂ¥|rot§tg%'il§’ﬂo$at6rl PRe Bbili-of HaGiE AABLNRS LS 111

or gan extracts were .. Evapor ati on
1B Al ARG RDRU o e AR RS 00 i ) s
added to give a solution.?Upgn addition of n-pentane
(300 M) to this ether %56 ggmlmle stirring gave a
yel l ow precipitate. Fil ' a glass filter
and washing with n-pefi @
dryi ng under vacuumthe pure cygch&da

ovel

20112.6 mml ; LC>95% pure) as a yel3ow solid in 72%

25

30

]yl ?h& anl‘diy%:s M123 ﬁe@cmiﬁwt&nd).l%- 9 C (peak). The

n I
MGl o 250, LIRS L RS, 2
pr(dUuéH-Qibb@# (liHh ¢ H-8 oNNR).afhvéd (18 d. HeOr7.60 ik d.om5hy 52 and

chf eaat,our ARhY.1Uhat-4 ) ca gel, eluting with ethyl
acetate gave a second crop (17 g; 20 41.1 mmol ; 269 .
The overall yield was ca. 98% 1r)

C: trans-N-methyl-2<{2-iodophenyl)-3-(2-hydroxy-5-chiorophenyl)-pyrrolidine

A mixture of trans-2-iodo-5’-chloro-2'-hydroxystilbene {66.1 grams, 157.6 mmol) and
trimethylamine N-oxide dihydrate (52.55 g, 472.8 mmol) was dissolved in THF (570
ml} at room temperature while stirring. Not all of the trimethylamine N-oxide dihydrate

dissolved. The mixture was cooled with an ice bath to 0 °C. Then, a cooled LDA



2 * H 11 3HH 47 5N6 Mass anal ysis: M+l = 414
(C-isonmer found), M1 = 412 (Cl-isoner found),
IHNWR (CDCI3): 2.60 (3H, s, CH3), 2.30 + 2.96 + 3.77

+ 342 (4% 1H, t, dd, t, t, Ha- 5 Hb-5, Ha-6, Hb-
WO m HA + HT), 6. % (11-1, d, Hl),P%’B'?“W?‘#”“
d, H3), 257.02 (1H, d, H®), 7.32 + 7.15 (2x1H, 2xt,
H10 + H9), 7.51 + 7.85 (2x1H, 2xd, H 8+H11). WO

20Q81iA 3 60 BCE/ (B2 th{ 1H G Replane PHFAIRRRRIIE; 1.04 moles) was
Pr gguee?:lsdrc::[p wise with a dropping funnel over 25 minutes. The internal femperature
rose to ca. 20-26 °C. After the addition was complete the temperature of the
resulting orange/yeliow solution dropped to ca. 8 °C within 10 minutes. A sample was

5 taken, quenched with some water and analyzed by LC to show >80% cycloadduct
The ice-bath was removed and the reaction mixture was stirred for an additional 4
hours while warming to room temperature. Water (140 ml) was added and the
mixture was stirred ovemnight at room temperature. Then 2 N HCI (200 ml) was
added followed by ethyl acetate (500 ml). The organic layer was separated. The

10  aqueous layer, which was still slightly basic (pH indicator paper), was again extracted
with ethyl acetate (100 mi). The combined organic extracts were dried with Na.SO..
Evaporation under vacuum gave an oil. Diethyl ether (100 ml) was added to give a
solution. Upon addition of n-pentane (300 mi) to this ether solution while stirring gave

a yellow precipitate. Filtration over a glass filter and washing with n-pentane (2 x 25

15 ml) gave after drying under vacuum the pure cycloadduct {46.5 g, 112.6 mmol;
LC>85% pure) as a yellow solid in 72% vyield. M.p.: 123.1 °C {onset), 126.9 °C
(peak). The filtrates were combined and evaporated under vacuum 1o give 23 grams

oil, which contained a lot of product according to NMR analysis. Purification by

chromatography on silica gel, eluting with ethyl acetate gave a second crop (17 g;
20 41.1 mmol; 26%). The overall yicld was ca. 98%.
1 10

Mass analysis: M+1 = 414 (Cl-isomer found), M-1 = 412 (Cl-isomer found),
TH-NMR (CDCls): 2.60 (3H, s, CHs), 2.30 + 2.96 + 3.77 + 3.42 (4x 1H, t, dd, t, t, Ha-
5, Hb-5, Ha-6, Hb-6), 3.22 (2H, m, H4 + H7), 6.82 (1H, d, H-1), 6.92 (1H, d, H-3),

256 7.02(1H, d, H-2), 7.32 + 7.15 (2x1H, 2xt, H-10 + H-9), 7.51 + 7.85 (2x1H, 2xd, H-
8+H-11),



A m xture
trans- N-net hyl- 2- (2-i odophenyl) - 3- (2- hydr oxy-5-chl oro
phenyl)-pyrrolidine 5 (46.5 g 112.6 mmol ) and cesi um
carbonate (100 granms, 306.9 mol) in

WR20PHEPny | acet ani de (DVA, 350 ml) was heat BETVEB20§U¢9S876
C (internal tenperature) \}%l le stirring. After 2
hours no Asenapi ne was observed by NWR anal ysis of a
sny. e; only starting material was present.
T@'ﬁ%@% cesi um car bonate (98 g) was added (in
total 607.7 mmol Cs2003 d) 3 the m xture was
heat ed overni ght (16 A ordl ng to NWVR
anal ysis a m xture of ANt i ng~mEt erl al and Asenapi ne
was obt ai ned. The productTha 4§‘ubj ected to
purification by chromatogsapms 11-1- NVR (CDC6) was
in full agreenent. Process A m xture of
trans- N-net hyl- 2- (2- br onopheny1) - 3- ( 2- hydr oxy- 5-chl or
oplpegeks 1 15 pyrrolidine (27 g, 65.4 muol), cesium

rbonate (42.7 3 4. 98 26 2 Al
o PR ooy 2r i phanky Sl migfony,-igerhony T iine
Swa$ibfe gt BI2.8 onbhiOarg Cesiine rcagebnate fHlr griamse BO6.Afroreol) in N,N-
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m xt ure hen concen rated under vacuum wi t
KBTS HeE 2 ek 0 ASeraPRoVes HR5Em=s v (VAR (apBv ! @ sl
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r ans gﬁ%ﬁ%@? 9(%&15%750@53/ 8\%’32%&1 th et l.-éfe Ras heated overnight (16

Acet oxv ost |
105 Be EiNgde HMFernalisis agrixye CM@E‘"@ mai%@@wuaws
healbtelded rl'hb roreduey wap Bosiphed & ﬁ-&ﬁaanlgn glgcﬁﬂ)nm@réphf{ OH-BMR
xture was cool ed down. To

[ cylzl%? ﬁg’f@%@ 1769 mmol ) in tetrahydrofuran

at -10 C was 5 added portionwi se K& Bu (495
g A44ﬂ:ﬁxtummfdf £ Nrinsth\E2e(2FBRGHh o pRENse)- :ﬁbmv@rose@&cm&dﬁdanyn-
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n e
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20(42,'&9,.@3 at 20Cto -10 C. The product was i sol ated
by tration and dried under vacuum for 24 hours.

Yleld 514.8 ¢ (90% of the title stllbene Putity ¢
[ b Y

~—+

accordifig to HPLC |s >899, 5 o/ & N
( 2.39 (3H: ), ¥F08u(1H, @ 6 Hz, 9
ol efi NNy, 7.10 EtQI-PEt H3 +‘H§‘)"’ 7. 30 7. 35°c“2x1H,——c—»

t, + H3), 7.39 (&H, d, J = 16 Hz,colefin H),
74915+756+768(3x1HdddH4+H3 + H6')
Mel ti t: 134.135C. Mass: Mrl = 351 and 353

(Br- @ @ found C o
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20 trans-2- Acetoxy-2'-brono-V-chlorostil bene (1189 g,
3381 mmol) was dissolved in toluene (5350 m) and
trifluoroacetic acid (10.42 nl, 165 mmol) at 33 C

Nmet hox met hyl - N-tri net hyl si | yI N- net hyl amﬁ@]‘/&ﬁl@%ﬂ%m%

WO IBY ) was added in thse course of 1 ho
organi c | ayer was concent at ed under vacuumto an
oil. This oil was dissolved in nethanol (4160 m) at
30@.+ BQtaas 3t cﬁﬁm.d@-sm&o&ub&%% 25 mmol ) in
wa was adde ter ut es,
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15N, M%@ﬁﬁ@&ﬂh)ﬂ%@ﬁ@%%ﬂ@ﬂ 33 nmol) Ibn
e 0 give a brown
E%g'ﬁ'g%?ffx 1%?i"é"%gc’ﬁurry was degassed with nitrogen and
hewaes:t M+d 508 anfdsa éBre—i¢@epes] fhuwls added and t he
sl urry was heated to 111 C for 12-14 hours. Wen the
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P e NS, Bl SR Al G ap g,
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gréﬂ%*Tﬁé +osBr{ZpiHa b dadli tetad e, mg‘wfﬁ"éﬁ)ys,t aI li zed by
di memhy Po@t:t1ageccr ude product in acetone (51.5 m) at

55..60C he i ng, n-heptane (17.5 nl).
se¥as CPGESS‘%@"%%Q )gflﬂ'ﬂ%t he mixture was stirred
for an hour. Further n-heptane (43 ml) was added in
the course of 1 hour while the tenperature was

mai nt ai ned at 55-60C. The mixture was stirred for an
hour at this tenperature and then cooled to 10C over
6 hours. After stirring for at 25 | east one hour at
10C, the product was isolated by filtration and
washed with of a 1:1 m xture of acetone and n-heptane
(9 M) which had been cooled to 5-15C. The materi al
was then dried in a vacuumoven at 60C. Yield 8.8 g
(88 % of asenapine mal eate (orthorhonbic crystal
form. Purity according to HPLC 99.0 %

11-1-NMR (CDC13) 3.07 (3h, s, CH3), 3.94 (6H, br s,
pyrrolidine protons), 6.27 (2H, s, 30nual eate



Mel ti ng-point: 140-141C Process 2 To a 250 nL fl ask,
trans- N-net hy1- 2- ( 2- hydr ont phenyft - 342- br ono- 5-chl oro
phenyl) pyrrolidine (5g, 13.6mmol) , powdered Cs2
C(B‘S 8g, 2.5 mml), powdered WO

WORBHIBH8460PCT/ EP2007/ 005876 20 pot assi um cBFHEFEP74005876
(5.4g, 29 nmml), cuC (0.%, 5mml), N, N
-dinmethylglycine (1.1 g, 10.6 mml) and N, N
di nghﬂgeagﬁh@ma%te( 11 nL) were charged. The slurry is
deg&;gﬁ_ rogen and heated to 50 C. To the
re L xture degassed tol uene (44nlL) and water
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rTL‘()j-l-N?R 3f0?|(i3t9\éedH%)}’3 89 %q lﬂalee UsyrrSiblindtidéiths), B2 nieH, s,
gand stirr ut es, e layers were
se'Bﬁ'F%tFBE’%"f 208%%5%@ TRy APat Lo t%\'éghed with tol uene
( MeitiBg-priny:. 1471141 “€onbi ned organic | ayers were washed
W ,sgg,cggg i\IH4C]—I (3 x 60 nL). Toluene was r ermved by

a]cct E]é i‘ }"’Ifg'&"gt tg}zl% (ggygla ?qyﬁgé@gﬁ 5-ci;ll-grgphenyl),

pyrrolidine (Sg 13.6mmol) , powdered Cs; CO; (0.8g, 2.5 mmol) powdered



WO 2008/ 003460PCT/ EP2007/ 005876 21 Exanple 4 aA B N
-- 110 A Methvl-trinetleilsilandnethvl-amne A
pressure flask (500 nml) was charged with

Woc%hylogﬂﬁog%ﬁt hyl trimethylsilane (180 m, 716 5 Fg%ﬂzf)@%%ssm

eous net hyl am ne 73 m, 4.29 nol)
reacti on was heated to 85C for 6 hours, the reaction
generates | ess than 690 nbar. The reaction was cool ed

It 0 p&ess@namwna@ (5.3Y SOSMEY, @useao &b, eﬁnﬁhtdol) the—drletBagiFcine (1.1
34”308 By Sneb iy armeiuiaterics, L LG58 RO LSl i
vvagemseﬁ with fitroggueancaheated toub§ 'C.nEe ithel regetioprmige@0degassed
m )otue;l;@ Qa4rly Ring ev@té?r(g %ﬂiL? %e?eoadﬂ%& @né WEACME rr@éuﬁﬂ? Isfirry was
V ag Jﬂﬁd?&ﬂ 51 é iga%ﬂég mé‘pg ﬁ%ac’(ng\dg g)é'lo %iftg?o%mdtlemperlatlu?edand
rreﬁ Mqutecusmrim:a;MB anly wae bilkidd-amdwae s{rtdddorpiboingtes. Separate
Come% aﬂ@wa@%@@rganic]i ’\h Wﬁ 3 N ?ng%% aPnffi a((g} Bb mL? ' The

( 3 IueQe ls’,quvedltgd%%uump@q%efaa @HdThegalt is made n 2—propanoi
N- setidsontedrmbdyel - N-tri net hvli sil vl - N-net hsl am ne To a

10CoBlRdespl ution (0 G of formal dehyde (37 %in water,
8. g"gr'ms)

was added slowy a solution of
metf il S0P milnBaskress PhatgehErikariti-@agdrogphanyl-3radrome-5-
g hamiarepﬁeaﬁp@,rrmamee (g, 212 HRaD! ICRCI Ir(r1 &g, UT(E2 \Warfiol ) eofadisium
ol 7820, 5.4 i, SR oMtRyeng 2 25PELS foon ang 22 m.
hoNrN'tifﬁ'éthWaSjﬁéﬁ@'d%vé?% r@bp'gheaﬁlew Wiy degassed grsrim altrpwefor 20
15 pomm (ﬁéétb@fbadtﬁ"d beeés%ara JolWas (gndelgdua’sruad&manowed by 2-

cal Bk R Bb el B iy I ehtea 6 BEIST oot nowrs
Wayltrdwggpnop:t. @aditaiion. 45he:r@a¢&>r2mmamas cooled to 20 °C. Ammonium
hydroxide {3N, 90 ml) was added. The mixiure was fitered through celite. Methyl
THF (20 mL) was added to the filirate. The crganic layer was washed two additional
20 times with ammonium hydroxide (3N, 60 mL). Toluene was removed by vacuum
distiliation at 70-80 °C to give an oil. The salt is made in 2-propanol as described
above, '
Process 4
To a 500 mL flask were charged of trans-N-methyl-2-(2-hydroxyphenyl}-3-{2-bromo-
25  5-chlorophenyl)-pyrrofidine (10g , 27.3 mmol), CuCI (1.0g, 10.1 mmol), potassium
carbonate (7.52g, 544 mmol), N,N-dimethyiglycine (2.2g, 21.3mmol} and
dimethylformamide (50 mL). The mixture was heated to 110-115 °C for 3- 4 hours.
The reaction was monitored by HPLC until the starting material was less than 2%.
The reaction mixiure was cooled to 20 °C. Toluene (50 mL) was added followed by
30 aqueous 3N NH,OH (80 mL) and stirred for 20 minutes. The layers were separated.
The aqueous layer was washed with toluene {3 x 50 mL). The combined organic
layers were washed with 3N NH,OH (3 x 60 mL). Toluene was removed by vacuum
distillation at 70-80 °C to give an oil. The salt is made in 2-propanol as described
above,



251H NVR: (CDC6) 0.00 (9H, s, SiMe3), 2.00 (2H, s,
CH2Si), 2.30 (3H, s, MeN, 3.25 (3H, s, Ow),
3.88(2K, s, CH20). Mass: M+l 162 found. 30 WO
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-'br ono- 2' - acet oxv- y chl orostil bene

2- Bronobenzyl brom de (2519 0.100 nol) and tol uene
(25 M) were heated to 100 5 C. Next triethyl
phesahpea (19.3 nl, 0.108 nol) was added over 30
m nutes, while the tenperature was kept bel ow 116C.
The e Xeur e_vfis, st i TEEthFor_ 28 hour s ~ag~45€~whi | e
the toluene was disfilled..” The m xt/uire ivas cooled to
roomte erature and dlluted with THF (37.5 ).

; s L UKLt was di ssolved in THF

( 1K®réds&reald((6hedva% &hrfﬂfh&hioromethyltﬂmethylsﬁane (100 ml, 716

5 s B (3518, L1200 i s
( 1o 85° §,forB hawss. fe JeactienTagreratss l?ﬁS)ttha%gOaabﬁdTlaq rescton was
TheodBdtb 20 eC\Was trt |hydr£derfe%pé}aﬁd hméraqaéous ef Wadfooled to 5

U0 s O B i AR Th R e
aI waswashed “f'th S& pentspeEhbutyiyaethyd gther i-moms Toongrhiined drganics

ON@erldQuhconiiled R&adliokh Ubsut mfsvdrmé &Re @d&@wai\&%‘tﬁledzét@ls-mo

eSO 1 S5 o0& 6 et e sl iPelsH anpi the Produc

or erutains 108y eol/ingl MeRBE).or at ed under reduced pressure at
501 MKt sénbum obgﬁ s i, L 0.6PARCs, NH) 2PaB 28l &1884,), 2.42 (3H,
(73 %me)”

Mass: M+1 118 found.

B: N-methoxymethyl-N-trimethylsilyl-N-methylamine
To a cooled solution (0 °C) of fomaldehyde (37 % in water, 8.5 grams) was added

slowly a solution of methyl-trimethylsilanyimethyl-amine (205 g, 175 mmol) the
temperature of the reaction mixture was below 5 °C. Methanol (14 mi) was added,
followed by potassium carbonate (12 g). After stirring for one hour the layers were
separated. To the organic layer potassium carbonate (2 grams) was added and the
organics were stired for two hours. The potassium carbonate was removed by
filtration and the product was distilled at 45 °C and 20 mbar.

'H-NMR: (CDCL) 0.00 (9H, s, SiMes), 2.00 (2H, s, CH,Si), 2.30 (3H, s, MeN}), 3.25
(3H, s, OMe), 3.88 (2H, s, CH,0).

Mass: M+1 162 found.



58 42 3 11-1-NVR (CDCI 3): 2.38(3K, s, H11);
6.87(1H, d, H9), 7.19 + 7.34(2 x 1H, 2 x t, 11-2 20+
11-3), 7.26 (1H, d, 11-6), 7.46 (11-1, d, H8), 7.60

W%g%ﬁ“g%?4Hl + H4), 7.68 (111, d, H 5). l\)/g%(m,m[m005876
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60PCT/ EP2007/ 005876 23 C:
frans-N—netth-2-(2-bronng envl) - 3-(2-hvdroxv-Schl oro
phenvl) - pw ol i di ne
tr gRsmmieBr OND- 2' - acet oxy-5' -chl orostil bene (26 g, 73
mol) was slurried in toluene (91 nm) at 33C
Trifluoroacetic acid (200 mcrgfiters) was added. The
Nnethozynethyl N—trlnethyIS|I fret hyl am ne (14.59;

mol ) added tofthe 5 ctio 34
@imgf -E§£+e B n, “Lheé reacti 2
ter (25 m5© oluene was rennved

dlstlllatlon. Et hanol (30 m) was added and re
was di ssol yed |

. PotaSz
)add?e-d.c‘

2 30 m nut es, t%» [
adj usted ™o 8-9 with 3N HOI™N(8 10 m). Added Wit er
(10 m aAd cool ed to Iess than 10C. Filtered and
AnBfray ACH lgrogtilbeng j ed i n vacuumto
262—(Br<gf|(ﬂﬁﬁzy( Bﬁ%qel (eb @) o 180 riol )and(uﬂtﬁﬂndl(w ) verPhéatédto 100

28 O('g/ol\ﬁ nef%\;f E'l"?f E{g élgg n?%_? 1[% 3) CYSasta’ddef'd oV, wﬁﬁﬁgé\mﬁe the
Hategperdbure yvas Bem below/? 162¢.The m-muézwéaﬁti’rrm for 2-7urs & TI2°C.
( 1Hnledthe kbidone WasOdtstilied. 1The Rlixture s c&oiBto(rbbin thpéT‘btgﬂa and
(485 P F47% ' Kot b S s, 200 "ol dissplenn 77
or (136 smlbpid:ec@led to -10°C The {2-bromo-benzyl}-phosphonic acid diethyl ester-
solution was added at 5 °C. Next chlorosalicylaldehyde (17.2 g, 0.110 mol) in THF
(62 mi) was added at 5 °C. The mixture was stirred for one hour at -5°C to 0°C.
When the reaction was complete acetic anhydride (28.3 ml, 0.301 mol) was added

and the temperature was allfowed to rise to 20°C. The reacfion was compiete in one
hour and the mixture was cooled to 5°C. Next 250 mt 1N HCI is added rapidly. The
organic layer is washed with 200 ml saturated NaCl solution. The organic layer is
evaporated under reduced pressure at 50 °C, yielding the title stilbene in 25.8 grams,
{73%).

"H-NMR (CDCl,): 2.38 (3H, s, H-11); 6.87 (1H, d, H-8), 7.19 + 7.34(2 x 1H, 2 x t, H-2
+ H-3}), 7.26 (1H, d, H-6), 7.46 (1H, d, H-8), 7.60 (2H, dd, H-1 + H-4}, 7.68 (1H, d, H-
5).



20 Exanple 6 A: 5-chl oro-2-fluoro-benzvl brom de
5- Chl or o- 2-fl uoro-toluene (100 g, 692 mmol) was
di ssolved in ethylactate (300 mM) at 25 20 C. To this

WA por oxi de (2o, ge ) G0 g ioser

m xture was stirred at 80 for 3 hours. Heptane (300
m) was added and the solution was cool to 0 C

vvhc% Q'Hﬂ.ﬂﬂ-m I-S 038R A ER¢AE, -Q-QﬁI%F hg rrolidine
AT AR aE I RAIEeB 14 & o s g oen
vva(Qér i B0 B3AE.) Trifidoeoacetict @eit e(2BASmizallicent wad eddéd) The N-
I f.
L2y AR A R RGE,  So rgsome
Cr Eﬁf@tlctgrrwgar@tov?rlgplmlgptgmﬂemnea rihe Wc%m pashed with water
di €25irhl). ahé wivead waO rdthcarad bgB\'tthﬁlﬂﬁ;smEtrdrh Efhanol (30 ml) was added

pupth e AP RRBREGULE ol iR AR oty ..
4. Eotgssclgrlhn_dm)gpe @.gyms n gﬁlmd yp;er)} wangqded7TInglpgw bngan to
%éér)eﬁm?at@ﬁm(eﬂldtelmﬁéﬂ:ﬁ)) mih(te& the pl-t|1was adjusted to 8 9 \ﬁ]h 3N HCI (8
Cl e
100 ol Aeflie L3P b R0kg ks Bor BB TRCCFRratatd] fasffa g 11
ac E@%Mgwfttef Gried in vgouun fo ;264329%5 )(9%y-em~amm atcondd@ to
C ApLc tsrgset Byl phosphite (4039, 2.42 nol) was added

[ . e mxt tirr 2 urs
Bl edfl 20 in Bl 4580 48 S0 St e
di 8tHY-5, &ta-Coiib-6), BA2i 4 4. b (2e¢ Hri Rbxmo Hit dtdiTvebs?2d ét ot Het), B9
15 NIVRH a0 Bﬁ@b@tﬁs 8h-2] 7. 101UE85 (2x1H, 2xt, H-10 + H-9), 7.52 + 7.58
ﬂ*?ﬁ@f\% A_H,Bro benzyl ) - phosphonl c acid diethyl
& on m xture was cooled to room
terrperature yielding 681 grans (100 %9. C
tr pRs-Aepllifg O- 2-t I uoro- 2" - hydr oxystil bene 7
See examples 1 or 3 step D+E
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A: 5-chicro-2-fluoro-benzylbromide

5-Chloro-2-fluoro-foluene (100 g, 692 mmol) was dissolved in ethylactate (300 mi) at
25 20 °C. To this solution N-bromosuccinimide (147.7 g, 830 mmol} and dibenzoyl

peroxide (2 g, 8.25 mmol) was added. The mixture was stirred at 80 °C for 3 hours.

Heptane (300 ml} was added and the solution was cool to 0 °C whereupon




20To a solution of potassiumtert-butoxide (1088 g,
9.69 nol) in tetrahydrofuran (7 ft was added in 17
m nutes at 0 C crude
-chl or o- 2-fl uor o- benzyl) - phosphoni c acid gj I
W(é@t"%’!rﬂ’s%rg% g, 2.42 mol) i‘F tetrahydrofuran{"i{z'gﬂgzg{)f]mlogs"'6
this reaction mxture a séfution of sali cyl al dehyde
(325 g, 2.66 nmol) in tetrahydrofuran (31) was added

OV Qlicchini@8! precifitdtey. AR fitrdtiBs ah@ ha'slml’iyJNErSh Sangdﬁe trBfdue was
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o Pt 0T s JhE IR Y eanoRitaRn S ppmess,
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orati on vvlthh tane ( om?
g-glglore- Qrot-t?egﬁgbrgm@m(ggi gregis, 75 %). Pur:ty according to GC is
fl @6n&e &a- hydroxystil bene, which is purified by
add | 8 f
S MIRIPE3 @ GRS (R e o8, b Ze R m
B HC (1M 5 30 L) followed by saturated NaCl
soI ution (4 L). Concentration under reduce pressure

460
gr aﬁlor%@rﬂ%r&b@wlpw%@é? gi PHiit ascending do 84 7% A, 2.42 mol)
6"&:%6&@%?13@ ‘;_%&dﬁgetfigbﬁo]sﬂdte (k) g, Zm%l)gﬂdé,ad&d diBly in 1h
?@ 15}111-:-?Txt %_\Nas ltinﬂ 472 %oﬁ a{migﬁﬁ% aqq933rowt§7 Jrng ({Eﬂ_‘mn was
ddaddﬁld)and ﬂiSBIEdsv(ffl #ntil gd ethyibromjde was detegted by NMR:- T8 Higfate-the
15 288‘ué”eﬂ ¢5-etibko-b Misérd i0afz %EZsp'ﬁBﬁﬁc 263, didthdt 'élstégfh% reBdlioR ixture
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C: trans-5-chloro-2-fluorp-2’-hydroxystilbene

20 To a solution of potassium tert-butoxide (1088 g, 9.69 mol) in tetrahydrofuran (7 I)
was added in 17 minutes at 0 *C crude (5-chioro-2-fluoro-benzyl)-phosphonic acid
diethyl ester (680 g, 2.42 mmol} in tetrahydrofuran (3 [). To this reaction mixture a
solution of salicylaldehyde (325 g, 2.66 mol) in tetrahydrofuran (3 I) was added over 1
hour. After stirring for 3 hours at 0 °C the reaction was complete'. HCI {(2M, 3 I} was

25 added at 0 °C to obtain a acidic solution (pH=4.5). At 20 °C the organic phase was
isolated, dried over magnesium sulphate, filtered and concentrated under reduced
pressure. Coevaporation with heptane (2x 700 mi) provides crude frans-5-chioro-2-
fluoro-2’-hydroxystilbene, which is purified by adding MTBE (6.5 L) and NaOH (238
g) in 7.5 L. After stirring for 3.5 hours the organic layer was washed with HCl (1M, 5

30 L) followed by saturated NaCl solution (4 L}. Concentration under reduce pressure



Process 1 using trinethylam ne-N oxide.di hydrate To
a solution of
trans-5-chl oro-2-fluoro-2'-hydroxystil bene (451
.81 nmol) in tetrahydrofuran (2% L)

Wﬂﬂﬁﬁ?ﬁ@jl am ne- N- oxi de. di Qé/dr ate (272.9 g, E(FTA{%PZrOr%"V%ﬂssm
was added at 5 C. Lithium™diisopropylamde in
cycl ohexane (2M 3.6 |, 3.62 nol) was 15 then added
dusfidrgs tl?@zs@dhldi@%ﬂﬁogg-zhw#oxw{iibbﬁg naisn]tc g'ralf]ﬂsn ged h@). Purity
te r [ o C: ter conpletion of the reaction
sa ur&@geq;ioﬁcﬁ%?;("f’% ft was added at -10 Cin 30 mn.
Thé‘*-ﬂﬂ@aﬁqqglﬁcﬂ-%ﬁﬁ. dshdHidvEagol1Ht wdHah 6. 99 HEH,algt HTméas (1H,
M ¥ WeE 7. 1M rR oyl 031 &P, wats) exdd @At @ o 144 @hihad, Ha), 7.61

sacgg_{a\tgsé% 1). Concentration under reduced pressure

pr ki rude
t r Mass Ahalysis JM+Q:H:P = 2@ awl 291 IMEQHS]" 52T70ar8-27 B (Wi 5] h249yand
) el 0] e so4H ssol ved in
et ﬁ%%?i%&%?%g@sa%%%\?v%‘% at 80 C, slowy
cooling was applied until O Cto recrystallize
t r Bngrané-Nanidtinii-242-phe -fludte-5:hid [0 rolidine
chl orophenyl’) - pyrrolidine., The gqpystals were

fuced pressure to

i sol ated, and after dryig ger
' @ , 40 9. Purity

gave the title pyrroliﬂ [
according to GC 98.2 % 25 CDCl 3): 2.44 (1H, m
7OH, 116), 3.19 (111,

H5), 2.54 (1H, s, CH3), 2.
d, H6), 3.33 (1H, m H7), §761H, m 115), 3.61
10(1H, m H4), 6.65 (1H, m 1110), 6.79 (1H, dd, H11),

6. 7.12 (1H, m
'9’" ; "%Qi?ﬁéétﬂ‘é’gmﬁ%ﬁﬁ‘/’f"%y ' m 112) WO
20 p@gyﬁmﬁd@nEmw@-@ggq@’-hydroxystilbene (451 grams, 1.81 mol) in
tetrahydrofuran (2.5 L) trimethylamine-N-oxide. dihydrate (272.9 g, 2.45 mol) was

added at 5 °C. Lithium diisopropylamide in cyclohexane (2M, 3.6 |, 3.62 mol) was

15  then added during the course of 1 hour while maintaining the temperature at & °C.
After completion of the reaction saturated NH,Cl (1.8 I} was added at -10 °C in 30
min. The organic sclvent was evaporated and the obtained mixture, with a pH of 10
was extracted with ethyl acetate (2 I). Conceniration under reduced pressure
provides crude frans-N-methyl-2-(2-phenol)}-3-(2-fluoro-5-chlorophenyl)-pryrolidine,

20 which was dissolved in ethanol/water (855 mL, 3/7 viv) at 80 °C, siowly cooling was
applied unti 0 °C to recrystallize trans-N-methyl-2-(2~phenol)—3—(2—ﬂhoro—5~
chiorophenyl)-pyrrolidine. The crystais were isolated, and after drying under reduced
pressure to gave the title pyrrolidine (207 grams, 40 %). Purity according to GC 98.2
% afa.

25 'H-NMR (CDCl,): 2.44 (1H, m, H5), 2.54 (1H, s, CHs), 2.90 (1H, t, H6), 3.18 (1H, d,
H6), 3.33 (1H, m, H7), 3.56 (1H, m, H5), 3.61 (1H, m, H4), 6.65 (1H, m, H10), 6.79
(1H, dd, H11), 6.90 (1H, dd, H8), .98 {1H, m, H1), 7.12 (1H, m, HS), 7.17 (1H, dd,
H3), 7.18 (1H, m, H2)



26 Process 2 using trimethyl am ne-N oxi de anhydrate
Tri met hyl am ne- N- oxi de anhydrate was prepared in-situ
fromtrinmethyl am ne- N oxi de di hydrate by

ation of water with toluene. To a s '
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30

hy gisqgi-detofeddodhd),0. 78 nol ) in N-nethyl pyrrolidone (2
) was heated at 150 C under nitrogen for 6 hours.

Af E %gglﬁlo the reaction the m xture was
coé hd F .Q.a@‘; s added (7.2 1) to and extracted
with ethyl acetate (; 19 kg organi c | ayers were

washed with water a ; C,:' 30 concentrated
under reduce pressure . ¢ crilde asenapi ne in

§ = “COOH
COCH

_‘mz

A mixture of trans-N-methyl-2-(2-phenotl)-3-{2-fluoro-5-chlorophenyl)-pryrolidine (205
g: 0.67 mol) and potassium hydroxide (44 g; 0.78 mol) in N-methyipyrrolidone {2 |
was heated at 150 °C under nitrogen for 6 hours. After completion of the reaction the
mixture was cooled 20 °C. Water was added (7.2 I} to and extracted with ethyl
acetate (2 x 31). The crganic layers were washed with water and saturated NaCl,
concentrated under reduce pressure to afford crude asenapine in 187 grams vield.



WO 2008/ 003460PC1/ EP2007/ 005876 27 Purificati on was
done by crystallisation as the HBr-salt: crude
asenapi ne was di ssolved in acetone (930 nl). Slowy

47 % HBr in water (77 m) was added. The sus 'IenSi(%r}OOSSTG
WO M0y to 36 Cto obtain a clear sol ution"&d

after cooling, filtering ahd dryi ng under vacuum at
50 C asenapi ne brom de salt was isolated in 143 grans
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20pharmaceutically acceptable salt thereof,

characterised in that an E-stil bene derivative of
Formula 11,



R2 1l 10is reacted with an azonethine ylide to
provide a trans-pyrrolidine derivative of Fornula.
I, 1l fromwhich the protecting group, when
is renoved, and which is 155Ubsequ?@i‘}j@i‘zommossm

resent
ngzgﬁgﬁgsémunder condi tions vggi ch effect an
i ntranol ecular ring closure reaction to yield the.

compound of Forrmula I, and optionally converting the
corpamed of Formula Ito a pharmaceutically acceptable
salt thereof, wherein Ft; is F, Br or I; R2 and R3

are different and are each ? |l ected fromH and d;

ancF-Z‘bR&’W?f‘Pﬂpé?paﬁ"WFW°ng“ ting group. WO

2008/ 003460PCT/ EP2007/ 005 he process of
B

-claim1 wherein RL is Br

5 |
or a pharmaceutically acceptable salt thereof, characterised in that an £-stitbene
derivative of Formula Hl,
R3
1l

10 is reacted with an azomethine ylide to provide a frans-pyrrolidine derivative of

H

Formuia I,

from which the protecting group, when present, is removed, and which is
15 subsequently treated under conditions which effect an intramolecular ring closure
reaction to yield the compound of Formula |, and opfionally converting the
compound of Forinuia | to a pharmaceutically acoeptable' salt thereof, wherein
R,is F, Brorl; - .
R; and R; are different and are each selected from H and Cl; and
20 R, is H or a hydroxyl protecting group.
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3. The process of claim2 wherein RLis Br, R2 is H,
and R3is . 5 4. The process of any one of clains
1-3, wherein the azonethine ylide is generated in

u m t ri net hyl am ne- N- oxi de or from
ﬁﬁii“éf”% ‘ifmet hyl - Nt ri et hy),si | yI met hyl - N-mef RYFRA° A"
5. The process of any one 8t cl ai m 4, vvherei n the
azonethine ylide is generated in 10situ from
tr Iﬂew%raé@s@&ck\kmI“ﬁhsre.rm,qenbbmat fon with Iithium
di -i sopropyl am de or lithiumtetranethyl pi peridide.
6. The process of clains 4 or 5 wherein the
az ddreTie precegs dfchiairh @ whered Ry ie 8r, Rs rH, and R, is Cl.
Nmet hoxyr net hyl - N-tri net hyl si |l yl nmet hyI N- mat hyI am ne
with the aid of 15trifl uoroacetic acid

Sr gt e ke AreResyeiaTy PRgvef claifes &én‘fﬁ'lﬁﬁ"ri‘athSPz%%“i‘H‘ﬁ 3&"*? is gepgyated

or a phayfims errsttyRiine-oriae befneN- s&ltﬁoxydim%mmtmmethylsuyl-
wher et"gﬂ"& %@. S&gmlﬂr onostyryl)-4- chl orophenyl

aceta foacted in an inert solvent with an
azonet hine ylide generated in situ fromN

et OXHE dredeby bf-ahly bihd SfRidiy hswheréiieie Riydmdthinejiiay isajghérated in

1" U Rl bR e OSSR it 8. B0 Bfice o

chl or e tapremethylpipetididd. ne, 5Swhi ch pyrrol i di ne
derivative is treated to renove the acetyl group, and
whi ch_i s subse ent under

corfti THRess ot é %WB?’E'B%Po%B’S?‘F'P‘? VIgR I opgratspfiom M-
the i mehhatyuieﬁv!tﬂi—mmethylsgylmbﬂ)sltﬁ-meﬁnlagmeeaﬂth the a&mfpound

150f  Fogiiidrdacktic A&ad
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7. A process for preparing the compound of Formulal,

or a pharmaceutically acceptable salt thereof, wherein (E)-2-(2-bromostyryl)-4-
chlorophenyl acetate,, '

is reacted in an inert soivent with an azomethine yiide generated in situ from N-
methoxymethyl-N-trimethylsilyimethyl-N-methylamine with the aid of



optionally converting the conmpound of Fornmula Ito a

phar maceutically acceptable salt thereof. 10 8. The

trans-pyrrolidine derivative of Formula II11A, [1TTA

Brzuti%/oﬁﬁlsd; thereof, 15wherein R is F, Br or pdyepif482s7s
RS are different and afpe each selected fromH and

CI . 9. The trans-pyrrolidine derivative of claim8,

whi ch is trans-N nethyl-2- ‘

br ono pifiestydcefic 4ci fo\prwitte \trabs-Bifthediiyb phemphhenphd-2aiceidiyRg.

T O R
OAcBr%
“~ |

5 which pyrrolidine derivative is treated to remove the acetyl group, and which is
subseaquently tréated under Ullmann conditions with the aid of a copper{l) salt to
effect the intramolecular ring closure to give the compound of Formula |, and
optionally converting the compound of Formula | fo a pharmaceutically
acceptabie salt thereof.

10
8. The frans-pyrrolidine derivative of Formula lIA,

I OH R1 I

" R3 H H

or a salt thereof,
15 wherein R; is F, Bror |; and
R, and R are different and are each selected from H and Cl.

| 9. The trans-pyrrolidine derivative of ciaim 8, which is frans-N-methyl-2-
bromophenyl-3-(2-hydroxy-5-chlorophenyl)-pyrrolidine.
20
10. The E-stilbene-derivative of Formula I,



R2 It wherein R is F, Br or I; 5R2 and R3 are
different and are each selected fromH and Cl; and R4
is Hor a hydroxyl protecting group. 11. The conpound
woagodsosoy met hykN-t ri met hyl si | yl met hyl - NI - netRITEPRSO7E05876
31

i

wherein
RyisF,Brorl; , :

5 ~ R; and R; are different and are each selected from H and Cl and
RyisHora hydroxyf protecting group.

- 11. The compound N-methoxymethyl-N-trimethylsiiylmethyl-N-methylamine.



